
Rev. 09/18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Request  
For  
Proposals 
(Non-Federal) 
 
 

8000 Series Passenger Railcars, 
Simulator, Related Supplies and 
Services 
 
RFP No. : CQ19038-8K/FRV 

 
Date: September 4, 2018 
 
Proposal Closing Date: January 31, 2019 

 
 
 

WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY 

E025885
Typewritten Text

E025885
Typewritten Text



 

Rev. 09/18 

Date:  September 4, 2018 

 
 
SUBJECT:  RFP No. CQ19038-8K/FRV 

 
 
Dear Sir/Madam: 

 

The Washington Metropolitan Area Transit Authority (WMATA) requires the services of a qualified 
contractor to design, build, and deliver WMATA’s 8000 series passenger railcars, simulator, and  spare 
parts, with options for additional railcars, vendor managed inventory (VMI), and extended warranties.  

Offerors are required to submit sufficient information concerning all evaluation factors to enable 
Authority personnel to fully assess the capabilities of the Offeror to perform all requirements.  The 
proposal must be sufficient in detail and scope to enable evaluation and provide the evaluators a clear 
understanding of the Offeror’s approach, expertise, and capability as required by the solicitation.  
Proposals must demonstrate that the Offeror has a thorough understanding of all requirements and 
associated risks and is able, willing, and competent to devote the resources necessary to meet all 
requirements.  The Offeror shall not alter or rearrange the solicitation.  The burden of proof for all 
substantiation within the proposal rests with the Offeror.  Offerors are advised that the Authority may 
incorporate any part of the Offeror’s proposal deemed beneficial to the Authority, into the final contract, 
with or without discussions. 

In presenting material in the proposal, the Offeror is advised that quality of information is more 
important than quantity.  Clarity, brevity, and logical organization should be emphasized during 
proposal preparation.  It is the responsibility of the Offeror to present enough information to allow the 
Authority to evaluate its proposal without discussions.  Unsubstantiated statements that the 
prospective Offeror understands, can or will comply with the specifications, or paraphrasing the 
requirements or parts thereof are considered inadequate and may render a rating of unacceptable.   

The Offeror shall include any data necessary to illustrate the adequacy of the various assumptions, 
approaches, and solutions to problems.  There is no need to repeat information in more than one 
volume.  The detailed information must be included in the most logical place and summarized and 
referenced in other areas if an overlap exists.  Do not provide elaborate brochures or other 
presentation material beyond that sufficient to present a complete and effective proposal.   

WMATA would be interested in viewing alternative pricing models that would include opportunities for 
overall cost savings, incentives for expedited delivery of railcars, the achievement of quality and safety 
standards that prolong lifecycles of railcars, quantities price breaks, and the timely delivery of spare 
parts. Such alternative pricing models must include details of methodology, metrics and basis for 
incentives to reflect reasonable values for meeting stated objectives.  

The overall cost of this project is very important to WMATA. However, high quality standards for 
structural, systematic operating systems, and optimal designs remain a high priority focus for our 
railcar fleet. We expect a final product that will meet or exceed the stated technical requirements and 
serve the needs of our regional customers.  
 



Rev. 09/18

A pre-proposal conference will be held at 1 :00AM EST on October , 2018.  Details can be found 
in Solicitation Instruction #7 ‘Pre-Proposal Conference’.  If you have any technical, contractual, 
or administrative questions, please e-mail them to Frederick R. Voellm fvoellm@wmata.com  no
later than close of business, November 15, 2018.  WMATA will provide written responses via 
amendments to the RFP.  Amendments will be posted on WMATA’s website and FedBizOps, and 
e-mailed to all known potential offerors.

Your proposal must be received with all required submittals as stated in the RFP, no later than 5:00PM,
EST, January 31, 2019 at WMATA, Office of Procurement and Materials, 600 Fifth Street, NW, Room 
3C-02, Washington, DC  20001-2651.  

Sincerely,

____________________

Christopher Stewart
Contracting Officer
Office of Procurement and Materials
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DIRECTIONS FOR SUBMITTING OFFERS 
 

 

1. Read and comply with the solicitation instructions.   

   

2. Envelopes containing technical and price proposals must be sealed and separately marked 
and addressed to: 

 

WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY 
600 5th Street, N.W. 

Washington, DC  20001 
Room 3C-02 

Attn: RFP CQ19038-8K/FRV 
 

 

 

ALL ENVELOPES OR PACKAGES MUST BE SEPARATELY MARKED WITH THE 
SOLICITATION NUMBER AS SPECIFIED HEREIN. 

 

PROPOSALS SHALL BE TIMELY MAILED OR HAND DELIVERED TO REACH WMATA           
ON OR BEFORE 5:00 PM. EST. ON JANUARY 31, 2019. 
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NOTICE TO OFFERORS 
 

IN ORDER TO ENSURE THAT YOUR PROPOSAL COMPLIES WITH THE AUTHORITY’S 
PROCUREMENT REGULATIONS AND THAT IT WILL BE ACCEPTABLE TO THE AUTHORITY, 
THE FOLLOWING FORMS MUST BE COMPLETED & SUBMITTED AS SPECIFIED BELOW WITH 
YOUR OFFER: 

 

 SOLICITATION, OFFER & AWARD FORM (Must be signed.) - VOLUME III 

 

 PRICE SCHEDULE- VOLUME I 

 

 REPRESENTATIONS AND CERTIFICATIONS- VOLUME III 

 

 PRE-AWARD EVALUATION DATA- VOLUME III 

  

 ACKNOWLEDGMENT OF AMENDMENTS (IF ANY)- VOLUME III 

 

 TECHNICAL PROPOSAL-  VOLUME II   

    

 CERTIFICATE OF INSURANCE AND/OR LETTER FROM INSURER DEMONSTRATING 
INSURANCE ELIGIBILITY - VOLUME III (CHAPTER VII, ARTICLE 2) 

 

 LETTER FROM BONDING AGENCY DEMONSTRATING BONDING ELIGIBILITY – VOLUME III 

  

 

 

FAILURE TO SUBMIT ANY PORTION OF THESE REQUIREMENTS AS SPECIFIED MAY CAUSE 
YOUR PROPOSAL TO BE CONSIDERED NONRESPONSIVE AND SUBSEQUENTLY REJECTED. 

 

Questions concerning this Request for Proposals may be directed to Frederick R. Voellm at 202-
962-2485 or fvoellm@wmata.com.   

 

mailto:fvoellm@wmata.com
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NOTICE TO ALL VENDORS 
 

Please be advised that all vendors, contractors and subcontractors under this Contract must 
register in the WMATA Vendor Registration System.  The Contractor must include this provision 
in all of its subcontracts.  Registration is located at http://www.wmata.com.   

New Vendor Registration. 

 

If you are a vendor or contractor and HAVE done business with WMATA in the past, please 
electronically request your company’s User ID and Password at http://www.wmata.com 

Forgot User Id/Password. 

 

Registered Vendor Benefits: 

• Visibility to WMATA contract administrators and/or purchasing agents during the purchasing 
decision period; 
 

• Visibility to other 17,500 registered vendors for possible business opportunities; 
 

• Opportunity to update online, company information such as an e-mail address or contact 
person on-line; 

 
• Ability to sign up for electronic payment option; and 

 
• Ability to electronically reset user id and password. 

 

 

Any questions regarding registration may be sent to clm@wmata.com. 

 

 

 

http://www.wmata.com/
http://www.wmata.com/
mailto:clm@wmata.com
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WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY 

SOLICITATION, OFFER AND AWARD 

 
 
 

CONTRACT NO. SOLICITATION NO. DATE ISSUED ADDRESS OFFER TO OFFICE OF PROCUREMENT 

 

RFP CQ19038-8K/FRV 

09/04/18 

Office of Procurement 
600 Fifth Street NW 

Washington, DC 20001  X ADVERTISED  X NEGOTIATED 
  

SOLICITATION 
Sealed offer in original and  six (6) copies and two (2) USB flash drives     for furnishing the supplies or services in the schedules will be received at for 
furnishing the supplies or services in the schedules will be received at 

Authority until  5:00 P.M. EST.      Local time     January 31, 2019. 
   (Hour)                      (Date) 
CAUTION – LATE OFFERS: See paragraph 6 of Solicitation Instructions. 
 
All offers are subject to the following: 
1. The Solicitation Instructions that are attached. 
2. The Terms and Conditions that are attached. 
3. The Price Schedule included herein and/or attached hereto. 
4. Such other provisions, representations, certifications, and specifications, as are attached or incorporated herein by reference. 
Proposer’s E-mail       
Proposer’s Phone Number      Proposer’s Fax Number      

SCHEDULE 
ITEM NO. SUPPLIES/SERVICES QUANTITY UNIT UNIT PRICE AMOUNT 

 See Price Schedule (embedded Excel file)   
 
 
   

  
 
         

 
 

$            

 (Continued on the attached pages)     

 
DUN & BRADSTREET ID NUMBER:   
 

OFFEROR 
Name and 
Address 
(Street, city, 
county, state, 
and zip code) 

 Name and Title of Person Authorized to Sign Offer (Print or Type) 
 

Signature Offer Date 

  Check if remittance is different from above — enter such address in Schedule   
AWARD (To be completed by The Authority) 

ACCEPTANCE AND AWARD ARE HEREBY MADE FOR THE FOLLOWING ITEM(S): 
ITEM NO. QUANTITY UNIT UNIT PRICE 

 
  

 

 
 
 

 
 
 
 

 
 
 
 

 
The total amount of this award is $    
 
       Christopher Stewart                                   
       Name of Contracting Officer (Print of Type)           WASHINGTON METROPOLITAN TRANSIT AUTHORITY               AWARD DATE  
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WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY 

SOLICITATION, OFFER AND AWARD 

CONTINUATION SHEET 

ACKNOWLEDGMENT OF AMENDMENTS 

THE UNDERSIGNED ACKNOWLEDGES RECEIPT OF THE FOLLOWING AMENDMENTS 

TO SOLICITATION             RFP CQ19038-8K/FRV 
Amendment Number    Dated 

Amendment Number Dated 

Amendment Number Dated 

Amendment Number Dated 

Amendment Number Dated 

Amendment Number Dated 

Failure to acknowledge receipt of all amendments may render the offer unacceptable. 

_____________________________________ 
Authorized Signature 

Company Name 

Date 
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PRICE SCHEDULE  

 

 

 

Price Schedule.xlsx

 

 

(DoubleClick red tag above to open attachment) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


Base Proposal

		WMATA would be interested in viewing alternative pricing models including, but not limited to, opportunities for overall cost savings, incentives for expedited delivery of railcars, the achievement of quality and safety standards that prolong lifecycles of railcars, quantity price breaks, and the timely delivery of spare parts. Such alternative pricing models must include details of methodology, metrics and basis for incentives to reflect reasonable values for meeting stated objectives.  The overall cost of this project is very important to WMATA. However, high quality standards for structural, systematic operating systems, and optimal designs remain a high priority focus for our railcar fleet. We expect a final product that will meet or exceed the stated technical requirements and serve the needs of our regional customers. 

				PRICE SCHEDULE

				BASE PRICING PROPOSAL



		ITEM NO.		GENERAL 
REFERENCE		DESCRIPTION				UNIT PRICE		QUANTITY								EXTENDED PRICE



		BASE CONTRACT PRICING - 256 Railcars, 64 Quads 



		VEHICLE PRICING



				"A Car"

		1		TS Section 10		Carbody		$				x		128		Cars		=   $



		2		TS Section 11		Operator's Cab		$				x		128		Cars		=   $



		3		TS Section 12		Coupler and Drawbar		$				x		128		Cars		=   $



		4		TS Section 13		Doors		$				x		128		Cars		=   $



		5		TS Section 14		Trucks		$				x		128		Cars		=   $



		6		TS Section 15		Propulsion		$				x		128		Cars		=   $



		7		TS Section 16		Friction Braking 		$				x		128		Cars		=   $



		8		TS Section 17		Auxiliary Power		$				x		128		Cars		=   $



		9		TS Section 18		HVAC		$				x		128		Cars		=   $



		10		TS Section 19		Lighting		$				x		128		Cars		=   $



		11		TS Section 20		Automatic Train Control		$				x		128		Cars		=   $



		12		TS Section 21		Network and Trainline Control 		$				x		128		Cars		=   $



		13		TS Section 22 & 23		Communications & Monitoring Systems		$				x		128		Cars		=   $



		14		Section 25		Data Communication Interface		$				x		128		Cars		=   $



				SUBTOTAL "A" CAR VEHICLE PRICE (PRICE ITEMS 1 thru 14)				$										$





				Printed Authorized Name						Company Name



				Authorized Signature						Date

				"B Car"



		15		TS Section 10		Carbody		$				x		128		Cars		=   $



		16		Section 11		Hostler Panel		$				x		128		Cars		=   $



		17		TS Section 12		Coupler and Drawbar		$				x		128		Cars		=   $



		18		TS Section 13		Doors		$				x		128		Cars		=   $



		19		TS Section 14		Trucks		$				x		128		Cars		=   $



		20		TS Section 15		Propulsion		$				x		128		Cars		=   $



		21		TS Section 16		Braking		$				x		128		Cars		=   $



		22		TS Section 17		Auxiliary Power		$				x		128		Cars		=   $



		23		TS Section 18		HVAC		$				x		128		Cars		=   $



		24		TS Section 19		Lighting		$				x		128		Cars		=   $



		25		TS Section 20		Automatic Train Control		$				x		128		Cars		=   $



		26		TS Section 21		Network and Trainline Control 		$				x		128		Cars		=   $



		27		TS Section 22 & 23		Communications & Monitoring Systems		$				x		128		Cars		=   $



		28		Section 25		Data Communication Interface		$				x		128		Cars		=   $



				SUBTOTAL "B" CAR VEHICLE PRICE (PRICE ITEMS 15 thru 28)				$										$



				SUBTOTAL QUAD VEHICLE PRICE (2 "A" CAR & 2 "B" CAR)				$				x		64		Quad		=   $





				Printed Authorized Name						Company Name



				Authorized Signature						Date

				SUPPORT PRICING



		29		RFP Chapter XI, Article 5		Bonding & Insurance						Lump Sum						$



		30		RFP Chapter X, Article 11		Partnering						Lump Sum						$		120,000.00



		31		TS Section 2 (CDRLs)		Engineering Design						Lump Sum						$



		32		TS Section 2		Project Management						Lump Sum						$



		33		TS Sections 5		Quality Assurance						Lump Sum						$



		34		TS Sections 6		Software Quality Assurance						Lump Sum						$



		35		TS Section 7		RAMS (Reliability, Availability, Maintainability)						Lump Sum						$



		36		TS Section 3		Design Qualification Testing (DQT), Factory Acceptance Test (FAT), On-Site Acceptance Testing (OAT)						Lump Sum						$



		37		TS Section 8		Manuals						Lump Sum						$



		38		TS Section 8		Training						Lump Sum						$



		39		TS Section 9		Special Tools, Test and Diagnostic Equipment						Lump Sum						$



		40		TS Section 8		Simulator



		41		RFP Chapter III, Article 12		Warranty						Lump Sum						$



		42		RFP Chapter III, Article 10 and 11		Spare Parts (from Exhibit 1 total)						Lump Sum						$



				SUBTOTAL SUPPORT VEHICLE PRICING (PRICE ITEMS 29 thru 42)														$



				TOTAL BASE CONTRACT PRICE (64 QUAD CONSISTS & SUPPORT PRICING)														$





				Printed Authorized Name						Company Name



				Authorized Signature						Date



				VEHICLE OPTIONS (Pricing must be in base year dollars, shall not include price adjustment)



				VEHICLE OPTION No. 1;  104 Railcars, 26 Quads 



		43				"A" Car		$				x		52		Cars		=   $



		44				"B" Car		$				x		52		Cars		=   $



				SUBTOTAL VEHICLE OPTION NO. 1				$						26		Quad		$



				Vehicle Option 1 Support Pricing



		45		RFP Chapter XI, Article 5		Bonding & Insurance						Lump Sum						$



		46		TS Sections 5		Quality Assurance						Lump Sum						$



		47		TS Sections 6		Software Quality Assurance						Lump Sum						$



		48		TS Section 7		RAMS (Reliability, Availability, Maintainability)						Lump Sum						$



		49		RFP Chapter III, Article 12		Warranty						Lump Sum						$



		50		RFP Chapter III, Article 10 and 11		Spare Parts (from Exhibit 1 total)						Lump Sum						$



				TOTAL VEHICLE OPTION NO. 1; 104 Railcars (26 Quad) & SUPPORT PRICING														$





				Printed Authorized Name						Company Name



				Authorized Signature						Date















				VEHICLE OPTIONS (Pricing must be in base year dollars, shall not include price adjustment)



				VEHICLE OPTION No. 2;  104 Railcars, 26 Quads 



		51				"A" Car		$				x		52		Cars		=   $



		52				"B" Car		$				x		52		Cars		=   $



				SUBTOTAL VEHICLE OPTION NO. 2				$						26		Quad		$



				Vehicle Option 2 Support Pricing



		53		RFP Chapter XI, Article 5		Bonding & Insurance						Lump Sum						$



		54		TS Sections 5		Quality Assurance						Lump Sum						$



		55		TS Sections 6		Software Quality Assurance						Lump Sum						$



		56		TS Section 7		RAMS (Reliability, Availability, Maintainability)						Lump Sum						$



		57		RFP Chapter III, Article 12		Warranty						Lump Sum						$



		58		RFP Chapter III, Article 10 and 11		Spare Parts (from Exhibit 1 total)						Lump Sum						$



				TOTAL VEHICLE OPTION NO. 2 104 Railcars (26 Quad) & SUPPORT PRICING														$





				Printed Authorized Name						Company Name



				Authorized Signature						Date



















				VEHICLE OPTIONS (Pricing must be in base year dollars, shall not include price adjustment)



				VEHICLE OPTION No. 3;  120 Railcars, 30 Quads 



		59				"A" Car		$				x		60		Cars		=   $



		60				"B" Car		$				x		60		Cars		=   $



				SUBTOTAL VEHICLE OPTION NO. 3				$						30		Quad		$



				Vehicle Option 3 Support Pricing



		61		RFP Chapter XI, Article 5		Bonding & Insurance						Lump Sum						$



		62		TS Sections 5		Quality Assurance						Lump Sum						$



		63		TS Sections 6		Software Quality Assurance						Lump Sum						$



		64		TS Section 7		RAMS (Reliability, Availability, Maintainability)						Lump Sum						$



		65		RFP Chapter III, Article 12		Warranty						Lump Sum						$



		66		RFP Chapter III, Article 10 and 11		Spare Parts (from Exhibit 1 total)						Lump Sum						$



				TOTAL VEHICLE OPTION NO. 3 120 Railcars (30 Quad) & SUPPORT PRICING														$





				Printed Authorized Name						Company Name



				Authorized Signature						Date



				OPTIONS (Pricing must be in base year dollars, shall not include price adjustment)



				OPTION No. 4;  Vendor Managed Inventory 



		67		RFP Solicitation Instruction 31		Direct Cost 						Lump Sum						$



		68		RFP Solicitation Instruction 31		Indirect Cost (Excluding Profit)						Lump Sum						$



		69		RFP Solicitation Instruction 31		Profit						Lump Sum						$



				TOTAL OPTION NO. 4														$

				(Vendor must attach a detailed pricing schedule that corresponds to the VMI proposal reference Solicitation Instruction 11 (e) Section 27 and Solicitation Instruction 31.)





				Printed Authorized Name						Company Name



				Authorized Signature						Date



				OPTION No. 5;  Extended Warranty



		70		RFP Chapter III, Article 12 (d) (6)		Extended Warranty (2 Years)						Lump Sum						$





				Printed Authorized Name						Company Name



				Authorized Signature						Date







				FEATURE ALTERNATIVES, BASE CONTRACT VEHICLES

				(Increases or Decreases to Base Contract Price)



		71		Section 22.5.5.4		Operator  Platform Monitoring (Priced Option)		$				x		128		MP		=   $



		72		Section 10.11.3		Alternte Floor panel Configuration (Priced Option)		$				x		128		MP		=   $



				Section 10.14.2		Alternate Seating Configurations (Priced Option)

		73				Longitudinal Seating - A Cars only		$				x		256		Cars		=   $

		74				Longitudinal Seating - B Cars Only		$				x		256		Cars		=   $



				TOTAL FEATURE ALTERNATIVES, BASE CONTRACT VEHICLES														$





				Printed Authorized Name						Company Name



				Authorized Signature						Date













				RECAPITULATION



				TOTAL BASE CONTRACT PRICE 256 Railcars (64 Quad) & SUPPORT PRICING														$



				TOTAL VEHICLE OPTION NO. 1 104 Railcars (26 Quad) & SUPPORT PRICING														$



				TOTAL VEHICLE OPTION NO. 2 104 Railcars (26 Quad) & SUPPORT PRICING														$



				TOTAL VEHICLE OPTION NO. 3 120 Railcars (30 Quad) & SUPPORT PRICING														$



				VENDOR MANAGED INVENTORY OPTION NO. 4 														$



				EXTENDED WARRANTIES OPTION NO. 5 (2 Years)														$





				TOTAL FEATURE ALTERNATIVES, BASE CONTRACT VEHICLES														$







				GRAND TOTAL:  TOTAL BASE CONTRACT PRICE, OPTIONS & FEATURE ALTERNATIVES 														$





				Printed Authorized Name						Company Name



				Authorized Signature						Date



















		NOTES TO OFFERORS

		1		The prices shown on the Price Schedule shall constitute full compensation for all costs of performance under this contract.



		2		Every Line Item must be priced on every sheet.



		3		Vehicle Option Pricing shall be for a complete railcar vehicle in Quad and include all requirements not otherwise priced. 



		4		All pricing must be in base year dollars, and shall not include any price adjustment for future years.



		5		MP =  Married Pair = one (1) "A" car and one (1) "B" car.

				Quad = two (2) "A" cars and two (2) "B" cars in a "A-B-B-A" configuration.



		6		The quantities provided are based on the Authority's best estimate and WMATA reserves the right to negotiate the price if additional railcars are required and added to the base and option orders.  
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Alternate Price Proposal

				PRICE SCHEDULE

				ALTERNATE PRICING PROPOSAL



		ITEM NO.		GENERAL 
REFERENCE		DESCRIPTION				UNIT PRICE		QUANTITY								EXTENDED PRICE



		BASE CONTRACT PRICING - 256 Railcars, 64 Quads 



		VEHICLE PRICING



				"A Car"

		1		TS Section 10		Carbody		$				x		128		Cars		=   $



		2		TS Section 11		Operator's Cab		$				x		128		Cars		=   $



		3		TS Section 12		Coupler and Drawbar		$				x		128		Cars		=   $



		4		TS Section 13		Doors		$				x		128		Cars		=   $



		5		TS Section 14		Trucks		$				x		128		Cars		=   $



		6		TS Section 15		Propulsion		$				x		128		Cars		=   $



		7		TS Section 16		Friction Braking 		$				x		128		Cars		=   $



		8		TS Section 17		Auxiliary Power		$				x		128		Cars		=   $



		9		TS Section 18		HVAC		$				x		128		Cars		=   $



		10		TS Section 19		Lighting		$				x		128		Cars		=   $



		11		TS Section 20		Automatic Train Control		$				x		128		Cars		=   $



		12		TS Section 21		Network and Trainline Control 		$				x		128		Cars		=   $



		13		TS Section 22 & 23		Communications & Monitoring Systems		$				x		128		Cars		=   $



		14		Section 25		Data Communication Interface		$				x		128		Cars		=   $



				SUBTOTAL "A" CAR VEHICLE PRICE (PRICE ITEMS 1 thru 14)				$										$





				Printed Authorized Name						Company Name



				Authorized Signature						Date

				"B Car"



		15		TS Section 10		Carbody		$				x		128		Cars		=   $



		16		Section 11		Hostler Panel		$				x		128		Cars		=   $



		17		TS Section 12		Coupler and Drawbar		$				x		128		Cars		=   $



		18		TS Section 13		Doors		$				x		128		Cars		=   $



		19		TS Section 14		Trucks		$				x		128		Cars		=   $



		20		TS Section 15		Propulsion		$				x		128		Cars		=   $



		21		TS Section 16		Braking		$				x		128		Cars		=   $



		22		TS Section 17		Auxiliary Power		$				x		128		Cars		=   $



		23		TS Section 18		HVAC		$				x		128		Cars		=   $



		24		TS Section 19		Lighting		$				x		128		Cars		=   $



		25		TS Section 20		Automatic Train Control		$				x		128		Cars		=   $



		26		TS Section 21		Network and Trainline Control 		$				x		128		Cars		=   $



		27		TS Section 22 & 23		Communications & Monitoring Systems		$				x		128		Cars		=   $



		28		Section 25		Data Communication Interface		$				x		128		Cars		=   $



				SUBTOTAL "B" CAR VEHICLE PRICE (PRICE ITEMS 15 thru 28)				$										$



				SUBTOTAL QUAD VEHICLE PRICE (2 "A" CAR & 2 "B" CAR)				$				x		64		Quad		=   $





				Printed Authorized Name						Company Name



				Authorized Signature						Date

				SUPPORT PRICING



		29		RFP Chapter XI, Article 5		Bonding & Insurance						Lump Sum						$



		30		RFP Chapter X, Article 11		Partnering						Lump Sum						$		120,000.00



		31		TS Section 2 (CDRLs)		Engineering Design						Lump Sum						$



		32		TS Section 2		Project Management						Lump Sum						$



		33		TS Sections 5		Quality Assurance						Lump Sum						$



		34		TS Sections 6		Software Quality Assurance						Lump Sum						$



		35		TS Section 7		RAMS (Reliability, Availability, Maintainability)						Lump Sum						$



		36		TS Section 3		Design Qualification Testing (DQT), Factory Acceptance Test (FAT), On-Site Acceptance Testing (OAT)						Lump Sum						$



		37		TS Section 8		Manuals						Lump Sum						$



		38		TS Section 8		Training						Lump Sum						$



		39		TS Section 9		Special Tools, Test and Diagnostic Equipment						Lump Sum						$



		40		TS Section 8		Simulator



		41		RFP Chapter III, Article 12		Warranty						Lump Sum						$



		42		RFP Chapter III, Article 10 and 11		Spare Parts (from Exhibit 1 total)						Lump Sum						$



				SUBTOTAL SUPPORT VEHICLE PRICING (PRICE ITEMS 29 thru 42)														$



				TOTAL BASE CONTRACT PRICE (64 QUAD CONSISTS & SUPPORT PRICING)														$





				Printed Authorized Name						Company Name



				Authorized Signature						Date



				VEHICLE OPTIONS (Pricing must be in base year dollars, shall not include price adjustment)



				VEHICLE OPTION No. 1;  104 Railcars, 26 Quads 



		43				"A" Car		$				x		52		Cars		=   $



		44				"B" Car		$				x		52		Cars		=   $



				SUBTOTAL VEHICLE OPTION NO. 1				$						26		Quad		$



				Vehicle Option 1 Support Pricing



		45		RFP Chapter XI, Article 5		Bonding & Insurance						Lump Sum						$



		46		TS Sections 5		Quality Assurance						Lump Sum						$



		47		TS Sections 6		Software Quality Assurance						Lump Sum						$



		48		TS Section 7		RAMS (Reliability, Availability, Maintainability)						Lump Sum						$



		49		RFP Chapter III, Article 12		Warranty						Lump Sum						$



		50		RFP Chapter III, Article 10 and 11		Spare Parts (from Exhibit 1 total)						Lump Sum						$



				TOTAL VEHICLE OPTION NO. 1; 104 Railcars (26 Quad) & SUPPORT PRICING														$





				Printed Authorized Name						Company Name



				Authorized Signature						Date















				VEHICLE OPTIONS (Pricing must be in base year dollars, shall not include price adjustment)



				VEHICLE OPTION No. 2;  104 Railcars, 26 Quads 



		51				"A" Car		$				x		52		Cars		=   $



		52				"B" Car		$				x		52		Cars		=   $



				SUBTOTAL VEHICLE OPTION NO. 2				$						26		Quad		$



				Vehicle Option 2 Support Pricing



		53		RFP Chapter XI, Article 5		Bonding & Insurance						Lump Sum						$



		54		TS Sections 5		Quality Assurance						Lump Sum						$



		55		TS Sections 6		Software Quality Assurance						Lump Sum						$



		56		TS Section 7		RAMS (Reliability, Availability, Maintainability)						Lump Sum						$



		57		RFP Chapter III, Article 12		Warranty						Lump Sum						$



		58		RFP Chapter III, Article 10 and 11		Spare Parts (from Exhibit 1 total)						Lump Sum						$



				TOTAL VEHICLE OPTION NO. 2 104 Railcars (26 Quad) & SUPPORT PRICING														$





				Printed Authorized Name						Company Name



				Authorized Signature						Date



















				VEHICLE OPTIONS (Pricing must be in base year dollars, shall not include price adjustment)



				VEHICLE OPTION No. 3;  120 Railcars, 30 Quads 



		59				"A" Car		$				x		60		Cars		=   $



		60				"B" Car		$				x		60		Cars		=   $



				SUBTOTAL VEHICLE OPTION NO. 3				$						30		Quad		$



				Vehicle Option 3 Support Pricing



		61		RFP Chapter XI, Article 5		Bonding & Insurance						Lump Sum						$



		62		TS Sections 5		Quality Assurance						Lump Sum						$



		63		TS Sections 6		Software Quality Assurance						Lump Sum						$



		64		TS Section 7		RAMS (Reliability, Availability, Maintainability)						Lump Sum						$



		65		RFP Chapter III, Article 12		Warranty						Lump Sum						$



		66		RFP Chapter III, Article 10 and 11		Spare Parts (from Exhibit 1 total)						Lump Sum						$



				TOTAL VEHICLE OPTION NO. 3 120 Railcars (30 Quad) & SUPPORT PRICING														$





				Printed Authorized Name						Company Name



				Authorized Signature						Date



				OPTIONS (Pricing must be in base year dollars, shall not include price adjustment)



				OPTION No. 4;  Vendor Managed Inventory 



		67		RFP Solicitation Instruction 31		Direct Cost 						Lump Sum						$



		68		RFP Solicitation Instruction 31		Indirect Cost (Excluding Profit)						Lump Sum						$



		69		RFP Solicitation Instruction 31		Profit						Lump Sum						$



				TOTAL OPTION NO. 4														$

				(Vendor must attach a detailed pricing schedule that corresponds to the VMI proposal reference Solicitation Instruction 11 (e) Section 27 and Solicitation Instruction 31.)





				Printed Authorized Name						Company Name



				Authorized Signature						Date



				OPTION No. 5;  Extended Warranty



		70		RFP Chapter III, Article 12 (d) (6)		Extended Warranty (2 Years)						Lump Sum						$





				Printed Authorized Name						Company Name



				Authorized Signature						Date







				FEATURE ALTERNATIVES, BASE CONTRACT VEHICLES

				(Increases or Decreases to Base Contract Price)



		71		Section 22.5.5.4		Operator  Platform Monitoring (Priced Option)		$				x		128		MP		=   $



		72		Section 10.11.3		Alternte Floor panel Configuration (Priced Option)		$				x		128		MP		=   $



				Section 10.14.2		Alternate Seating Configurations (Priced Option)

		73				Longitudinal Seating - A Cars only		$				x		256		Cars		=   $

		74				Longitudinal Seating - B Cars Only		$				x		256		Cars		=   $



				TOTAL FEATURE ALTERNATIVES, BASE CONTRACT VEHICLES														$





				Printed Authorized Name						Company Name



				Authorized Signature						Date













				RECAPITULATION



				TOTAL BASE CONTRACT PRICE 256 Railcars (64 Quad) & SUPPORT PRICING														$



				TOTAL VEHICLE OPTION NO. 1 104 Railcars (26 Quad) & SUPPORT PRICING														$



				TOTAL VEHICLE OPTION NO. 2 104 Railcars (26 Quad) & SUPPORT PRICING														$



				TOTAL VEHICLE OPTION NO. 3 120 Railcars (30 Quad) & SUPPORT PRICING														$



				VENDOR MANAGED INVENTORY OPTION NO. 4 														$



				EXTENDED WARRANTIES OPTION NO. 5 (2 Years)														$





				TOTAL FEATURE ALTERNATIVES, BASE CONTRACT VEHICLES														$







				GRAND TOTAL:  TOTAL BASE CONTRACT PRICE, OPTIONS & FEATURE ALTERNATIVES 														$





				Printed Authorized Name						Company Name



				Authorized Signature						Date



















		NOTES TO OFFERORS

		1		The prices shown on the Price Schedule shall constitute full compensation for all costs of performance under this contract.



		2		Every Line Item must be priced on every sheet.



		3		Vehicle Option Pricing shall be for a complete railcar vehicle in Quad and include all requirements not otherwise priced. 



		4		All pricing must be in base year dollars, and shall not include any price adjustment for future years.



		5		MP =  Married Pair = one (1) "A" car and one (1) "B" car.

				Quad = two (2) "A" cars and two (2) "B" cars in a "A-B-B-A" configuration.



		6		The quantities provided are based on the Authority's best estimate and WMATA reserves the right to negotiate the price if additional railcars are required and added to the base and option orders.  
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Price Schedule - 
Spare Parts, Portable       

 

 

(DoubleClick red tag above to open attachment) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


Spare Parts

		This list is for price evaluation purposes only.

		CS - A Car Set is one (1) car whether it is A or B car.  Each Married Pair has 2 Car Sets (A and B).

		EA - Each. It refers to each married pair ( A and B car) - This is unit base. When not sure the actual location

		Item Description		Manufacturer's Recommended Quantity		UOM		Unit Price		Extended Price		Comments

		Carbody (TS Section 10)

		End BONNET ASSY(A-CAR F-END)		1		EA

		Intercar barrier (F and R end of A and B car)		2		CS

		Car Side Windows ( A Car and B Car)		2		CS

		Cab Side Window		2		CS

		Car End Window (F-end and R- End on A and B car)		4		CS

		CAB PARTITION DOOR GLASS		2		CS

		Passenger Seats Back and Bottom Cushion		2		CS

		Side doors ( A car and B Car)		2		CS

		Cab partition door		2		EA

		Gap Reducers ( A car and B Car)		2		CS

		Exterior Grab Handles ( A Car and B Car)		2		CS

		Interior Stanchions and Grab Rails (A Car and B Car)		2		CS

		Door Locks and Keys ( A car and B car)		2		CS

		Windscreens ( A Car and B Car)		2		CS

		Operator's Cab (TS Section 11)

		Cab Console Master Controller		1		EA

		Hostler Panel		1		EA

		Hostler Controller		1		EA

		Key Switch, Control Lock		2		EA

		WIPER Assembly		2		CS

		Emergency Equipment Locker		2		CS

		Cab Seat		1		EA

		Aux Flip Seat		1		EA

		Coupler and Drawbar (TS Section 12)

		Automatic Coupler, Complete with Mechanical and Electrical Coupler Draft Gear		2		EA

		R-End Drawbar 		2		EA

		Printed Authorized Name						Company Name



		Authorized Signature						Date

		Door Operation and Control (TS Section 13)

		Side Door Operators		6		CS

		Door Monitoring and Control Unit (DMCU)		6		CS

		Door Controller (Central)		4		CS

		Trucks (TS Section 14)

		Truck Assembly, Complete (Ready to Install, Including Frame, Motors, Gear Unites, Wheels, Axles, etc.)		2		CS

		JOUNAL BEARING ASSEMBLY		8		EA

		WHEEL(Not Yet Final Machined to Fit Axles)		16		EA

		Axles (Machined)		8		EA

		Collector Shoe		4		CS

		Propulsion (TS Section 15)

		High Speed Circuit Breaker		2		EA

		Propulsion Inverter (P-INV)		2		CS

		Propulsion Control Unit 		2		CS

		Brake Resistor Assembly		2		CS

		Traction Motor ™ with Speed Sensors		8		EA

		Gear Unit (GU)		8		EA

		Knife Switch		4		CS

		Friction Braking System (TS Section 16)

		Pneumatic Truck Control Unit		4		EA

		Electronic Control Unit		4		EA

		Supply Reservoir (SR)		2		CS

		Air Supply Unit		1		CS

		Emergency Pipe Control Unit		2		CS

		Leveling Valve (LV)		4		CS

		Brake Disc		8		CS

		Compact Brake Caliper		16		CS

		Brake Pads		8		CS

		Speed Sensors		4		CS

		Auxiliary Power (TS Section 17)

		Battery		1		CS

		APS/LVPS		2		CS



		Printed Authorized Name						Company Name



		Authorized Signature						Date

		HVAC  (TS Section 18)

		HVAC Control Unit		2		CS

		Evaporator Unit		2		CS

		Compressor/Condenser Units		2		CS

		Automatic HVAC Control		2		CS

		Lighting (TS Section 19)

		LED Main Light Assy(A Car)		1		CS

		LED Main Light Assy (B Car)		1		CS

		Automatic Train Control (TS Section 20)

		Assembly, WMATA ATC Enclosure Loaded		2		EA

		Vital Relay Kit		2		EA

		Aspect Display Unit Kit		2		EA

		Marker Antenna		1		CS

		Marker Detection Unit		1		CS

		TWC/ATP coil		1		CS

		Communication and Monitoring System (TS Section 22 and 23)

		V/TI Main Unit		1		CS

		LCU / VMDS		1		CS

		Train Control Display		1		CS

		Passenger Information Control Unit ( A car and B car)		2		CS

		Exterior Destination Sign ( F end and Side)		2		CS

		Interior Passenger Display ( A car and B Car)		2		CS

		Video Surveillance System (A car and B Car)		2		CS

		Network Video Recorder (NVR)		1		CS

		Color Video Cameras ( A car and B Car)		2		CS

		Commercial and Passenger information display Screens ( A Car and B Car)		2		CS

		Event Recorder (ER)		1		CS

		Carbone TWDT		1		CS

		TWDT Radio Unit (TRU)		8		CS

		TWDT Radio Unit Antenna		4		CS

		Truck Performance Monitor		1		CS

		Passengers Call Stations ( A Car and B Car)		2		CS

		Radio Units ( A Car and B Car)		2		CS

		Printed Authorized Name						Company Name



		Authorized Signature						Date
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Portable Test Units

		Coupler and Drawbar		2				Portable Test Unit ( TS Section 9)

		Door		2				Item Description				Quantitiy		Unit Price		Extended Price		Comments

		Trucks		2				PTU with application of all subsystem				100

		Master Controller		2

		Communications		2				Printed Authorized Name								Company Name

		TWDT		2

		VTI		2				Authorized Signature								Date

		TCD		2

		Video Surveillance System		2

		Truck Performance Monitor		2

































&12 8000 Series Railcars, RFP CQ19038-8K 
Price Schedule - Portable Test Units	




Special Tools 

		Special Tools ( TS Section 9)

		Item Description		Unit 
Qty		Total
Sets		Unit Price		Extended Price		Comments

		Propulsion Inverter

		Skid for Lifting Table		1		12

		Moving Core Assembling Tool 1
（For Line Contactor）		1		12

		Moving Core Assembling Tool 2
（For Line Contactor）		1		12

		Main Contact Tip Gap Gauge
(For CHK)		1		12

		Interlock Over Travel Gauge
（For CHK）		1		12

		Armature Gap Gauge 
（For DCHK）		1		12

		Main Contact Tip Gap Gauge （For DCHK）		1		12

		Interlock Over Travel Gauge （For DCHK）		1		12

		Cable Gland Fixing tool 1 (for Propulsion Inverter)		1		12

		Cable Gland Fixing tool 1 (for SCT-BOX)		1		12

		Control gauge BMS (for Line Contactor)		1		12

		COUPLER AND DRAWBAR

		Hook to Face "Go" Gauge		1		12

		Hook to Face "No Go" Gauge		1		12

		Hook Height Width Gauge		1		12

		Throat No Go Gauge		1		12

		Main Pin Hole Gauge		1		12

		Hook Spanner Tool		1		12

		Wrench Tool		1		12

		Template Contact Block, LH		1		12

		Template Contact Block, RH		1		12

		Electric Coupler Handle		1		12

		Coupler Adaptor		1		12



		Printed Authorized Name								Company Name



		Authorized Signature								Date

		Traction Motor

		Horizontal lifting jig		1		12

		Temporary shaft		1		12

		Guide stud		6		12

		Receiving plate		1		12

		Receiving seat		1		12

		Stud (p/n = D6915-000047)		4		12

		Working Table		1		12

		Stud (p/n = D6915-000049)		6		12

		Split ring		1		12

		Ring		4		12

		Stud  (p/n = D6915-000051)		4		12

		Pressuring ring		1		12

		Joint		1		12

		Receiving seat		1		12

		HSCB

		HSCB Upper Shell Lifting Tool		1		12

		ATC

		Receptacle Spring Removal Tool		1		12

		Door

		Obstruction Gauge		1		12

		Door Installation Lifter		1		12

		Pneumatic Lifter Attachment		1		12

		LED Template		1		12

		Leading Edge Rubber Wrench		1		12

		Side Brush Clearance Gauge		1		12

		SPECIAL ADAPTOR FOR CREW KEY		1		12

		SIDE DOOR RUBBER CLEARANCE GAUGE(INSTALLATION)		1		12

		SIDE DOOR RUBBER CLEARANCE GAUGE(FINAL INSPECTION)		1		12



		Printed Authorized Name								Company Name



		Authorized Signature								Date

		Truck

		Bolster Anchor Bushing Removal Tool 		2		12

		Air Spring Height Gauge (Wheel Diameter 28")		1		12

		Air Spring Height Gauge (Wheel Diameter 27.25")		1		12

		Air Spring Height Gauge (Wheel Diameter 26.50")		1		12

		Air Spring Height Gauge (Wheel Diameter 25.75")		1		12

		Measurement Jig Assembly		1		12

		Dimension and Calibration Check Device (Wheelbase)		1		12

		Dimension and Calibration Check Device (Diagonal)		1		12

		Current Collector Height Adjustment Gauge		1		12

		Flange Lubricator Adjustment Gauge (type 1)		1		12

		Flange Lubricator Adjustment Gauge (type 2)		1		12

		Air Spring Lifting Bolt		1		12

		Slide Rail		1		12

		Special Bolt		1		12

		Slide Table Assy		1		12

		Vertical Damper Bushing Removal Tool		1		12

		Primary Suspension Lifting Block		1		12

		Spacer for Journal Bearing		1		12

		Spacer for Lifting Block		1		12

		SCALE-CURRENT COLLECTOR SPRING (Spring Gauge)		1		12

		Mounting Seat		1		12

		Pin		1		12

		Gauge Pin		1		12

		Support   		1		12

		Gauge Holder		1		12

		HVAC

		Lifting Jig		1		12

		Storage Rack		1		12

		Drain Plug for HVAC		1		12



		Printed Authorized Name								Company Name



		Authorized Signature								Date

		APS/LVPS

		Brakes

		Front Adapter 		1		12

		Coding Connector (ESRA FSK)		1		12

		Pole Wheel Simulator		1		12

		Installation Hook 		1		12

		Diaphragm Lifter 		1		12

		Test Fitting Adapters		2		12

		Base Plate Assy 		1		12

		Bushing Cover		1		12

		Bushing Driver 		1		12

		Puller Assy		1		12

		Suspension Bushing Driver		1		12

		Shaft		1		12

		Fixture Base		1		12

		Driver 		1		12

		Spring Compressor 		1		12

		Clutch Removal Slack Adj		1		12

		Pad Gap Gauge		1		12

		Removal Assy 		1		12

		Measurement Unit (SU06A)		1		12

		Test Box Kit



		Printed Authorized Name								Company Name



		Authorized Signature								Date

		Gear Unit

		bush 78/22x140		1		12

		ring gauge 186/128.2x3.5		1		12

		adjusting device 1/1x1		1		12

		spacer 40x60		1		12

		stud bolt		2		12

		spacer 220x116x19		1		12

		measuring device		1		12

		plate 150/22x18		1		12

		pin 30x135		1		12

		bush 172/71.5x38		1		12

		ring gauge 174/121.2x3		1		12

		pressure bush		1		12

		adapter 35/2.2x230		1		12

		distance bush		1		12

		ring gauge 320/258x3		1		12

		plate 190/M24x40		1		12

		threaded spindle M24x750		1		12

		suspension device		2		12

		knurled nut 60/M24x64		1		12

		extension sw22/5x120		1		12

		thrust spindle M20x520		1		12

		knurled nut 60/M20x60		1		12

		adapter 35/2.2x52.5		1		12

		strut 220x30x12		2		12

		press-off plate 220x15		1		12

		internal extractor 62-080		1		12

		counterstay 62-300		1		12

		internal extractor 62-071		1		12

		Extractor		1		12



		Printed Authorized Name								Company Name



		Authorized Signature								Date

		Pliers		1		12

		basic unit 64-600		1		12

		support 62-201		1		12

		Extension		1		12

		spacer 300x12x315		1		12

		spacer 248x7.5x310		1		12

		thrust plate 305x45		1		12

		bush 306/M100x2x105		1		12

		extractor 54-600		1		12

		Extractor		1		12

		bush 76/21x20		1		12



		Printed Authorized Name								Company Name



		Authorized Signature								Date



&12 8000 Series Railcars, RFP CQ19038-8K 
Price Schedule - Special Tools(cont.)	


&12 8000 Series Railcars, RFP CQ19038-8K 
Price Schedule - Special Tools	




Test Equipment

		Bench Testers ( TS Section 9)

		System - Equipment (BTE)		# of BTE 		Unit Price		Extended Price		Comments

		Automatic Train Control		2

		Propulsion Control Logic		2

		Braking Control Unit ( Electronic)		2

		DC-to-DC Converters		2

		Friction Brake ( Mechanical and Pneumatic)		4

		Auxiliary Motors		2

		Passenger Information and Destination Signs ( Interior and Exterior)		2

		HVAC Control Logic		2

		Communications ( Control Panel, Public Address, and Intercom System)		2

		Power Supplies ( ATC, Lamp Dimmer, Console)		2

		High Voltage Propulsion Components		2

		Traction Motors ( Variable Voltage, Variable Frequency, Vibration, Windings)		2

		High Voltage Auxiliary Power System ( APS)		2

		Vehicle Monitoring and Diagnostic System		2

		Side Doors and Controls		2



		Printed Authorized Name						Company Name



		Authorized Signature						Date







&12 8000 Series Railcars, RFP CQ19038-8K 
Price Schedule - Test Equipment	




WMATA
Price Schedule Spare Parts
Price Schedule Spare Parts (Excel)
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RFP SOLICITATION INSTRUCTIONS 

1. INTRODUCTION 
 
a. The Authority seeks to award a contract to design, build, and deliver WMATA’s 8000 

series passenger railcars, simulator, and spare parts, with options for additional 
railcars, vendor managed inventory (VMI), and extended warranties.   To that end, 
it is issuing this Request for Proposals (RFP) to solicit proposals from qualified firms 
and individuals who can satisfy the requirements described herein.  
 

b.  Since this is a Best Value solicitation, award of a Contract hereunder shall be to the 
offeror whose proposal provides the best overall value to the Authority, based upon 
application of the evaluation criteria set forth in herein.  
 

c. The Authority contemplates award of a firm fixed price contract with an Option Price 
Adjustment. Unless otherwise specified in the Price Schedule, the Authority reserves 
the right to make multiple awards pursuant to this solicitation. 

 
d. REQUIREMENTS CONTRACT  

 
This is a requirements Contract. A requirements Contract provides the Contractor with 
both the legal right and the legal duty to supply goods and/or services in an amount 
that is determined by WMATA’s needs, rather than by a fixed quantity. If, however as 
the result of an urgent need, the Authority requires any quantity of goods or services 
before the date otherwise specified under this Contract, and if the Contractor will not 
accept an order providing for the accelerated delivery, the Authority may acquire the 
urgently required goods or services from another source. 

.  
If the Contractor is unable or otherwise fails to provide goods or services within the 
time frames required in this Contract, the Authority reserves the right to procure them 
from any other source and in any other manner it deems appropriate. Nothing 
contained herein shall be deemed to waive, modify or impair the Authority’s right to 
treat such failure as a material breach of the Contractor’s obligations pursuant to the 
“Default” article of this Contract, or to pursue any other remedy to which the Authority 
may be entitled pursuant to this Contract, at law or in equity. 

 
The Authority will provide the Contractor with written notice within a reasonable amount 
of time, if its estimated quantities for any item should change. The parties shall agree 
as to what constitutes a “reasonable amount of time.” While the quantities are 
dependent on WMATA’s needs rather than a fixed number, the parties may also agree 
on the amount of upward or downward fluctuation of quantities that will occur given 
there are design, planning, and production lead-times associated with this 
procurement. 

 
2. GOODS TO BE FURNISHED/SERVICES TO BE SUPPLIED  

 
In preparing their proposals, offerors are advised that: 
 
(a) If “services” are to be performed pursuant to this solicitation, they must be provided in 

all respects as specified in the Contract and include the services to be furnished, 
together with any labor, materials or other work necessary for satisfactory and 
complete performance. 
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(b) If “supplies” are to be provided pursuant to this solicitation, they must be delivered in 
all respects as specified in the Contract and include the items to be furnished, together 
with any labor, service or other work necessary for satisfactory and complete 
performance. 

 
3. NOT USED 
 
4. COMMUNICATIONS WITH THE AUTHORITY 

 
Prospective offerors are advised that any and all communications with WMATA relating to this 
solicitation and made by, or on behalf of, a prospective offeror at any time between release of 
this Request for Proposals and award of a Contract hereunder, must be directed to the 
Contract Manager, Frederick R. Voellm at 202-962-2485, fvoellm@wmata.com. 

 
A violation of this provision, deemed willful by the Authority, may result in a determination that 
an offeror is not responsible, and thus ineligible for award, for purposes of this and/or future 
Authority solicitations. 

 
5. PREPARATION OF OFFERS 
  

(a) Offerors shall furnish all information requested by the solicitation and, in so doing, are 
expected to examine the Request for Proposals and all referenced documents 
carefully.  Failure to do so will be at Offeror’s risk. 

 
(b) The Offeror shall sign the solicitation and print or type its name on the Price Schedule 

and on each continuation sheet if an entry has been made.  Erasures or other changes 
must be initialed by the person signing the offer.  Offers signed by an agent are to be 
accompanied by evidence of his or her authority, unless such evidence has been 
previously furnished to the Contracting Officer. 

 
(c) Offerors must state a definite time for delivery of spare parts, supplies, or for 

performance of services unless otherwise specified in the solicitation.  Time if stated 
as a number of days, will include Saturdays, Sundays and holidays. 
 

(d) In preparing its proposal, an offeror should be aware that all prices for the work shall 
be deemed to include the cost of all work, labor and materials required by the Contract 
including, without limitation, delivery charges, insurance, bond premiums or any other 
expenses required by this Contract, as well as expenses associated with compliance 
with Federal, state or local laws or regulatory requirements.  All prices are deemed to 
be F.O.B. Destination. 
 

6. EXPLANATIONS TO OFFERORS 
 

(a) Any explanation desired by an offeror regarding the meaning or interpretation of the 
solicitation or Contract including, without limitation, the terms and conditions, technical 
specifications or Statement of Work, and Contract drawings, must be requested in 
writing with sufficient time allowed for a reply to reach all offerors before proposal 
closing.   Absent extraordinary circumstances, all inquiries must be transmitted in a 
time frame to ensure the Contracting Officer’s receipt no later than seventy five (75) 
days prior to the date specified for proposal closing.  All such requests must be 
submitted via e-mail or first-class mail to the Contract Manager identified in Paragraph 
3. Include the RFP number and Contract title in any correspondence.  
 

(b) Any information that the Authority furnishes to a prospective offeror relating to the 
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solicitation will be provided in writing to all prospective offerors in the form of an 
amendment if, in the Contracting Officer’s judgment, the information is necessary to 
the preparation and/or submittal of proposals or the lack of such information would be 
otherwise prejudicial to other prospective offerors. Offerors must acknowledge receipt 
of all amendments on the form provided. 

(c) Offerors are advised that oral explanations, representations or instructions of any kind 
relating to the subject matter of this solicitation given at any time before award of the 
Contract by any employee, officer or agent of the Authority, will not be binding upon 
the Authority. The Authority does not assume responsibility for the accuracy of any 
such communication. 

(d) The failure of a prospective offeror to request an explanation will serve to preclude it 
from claiming any ambiguity, inconsistency or error that should have been discovered 
by a reasonably prudent offeror. 

7. PRE-PROPOSAL CONFERENCE

For the purpose of clarifying the terms, conditions, and requirements, a pre-proposal 
conference will be held to respond to questions by prospective offerors.  This pre-proposal 
conference will be held at 10:00 a.m. on  October 9, 2018 , in the Lobby Level Board 
Room of the WMATA Jackson Graham Building, 600 5th Street, NW, Washington, DC  
20001.   It is requested that offerors submit their questions in writing, whether in advance of 
the meeting or during the meeting.  Questions from the floor, however, are permissible.

8. AMENDMENTS PRIOR TO DATE SET FOR RECEIPT OF PROPOSALS

(a)  The Authority reserves the right to amend any of the terms of this RFP or the Contract, 
prior to the date set for the proposal closing.   Copies of any such amendments as 
may be issued will be furnished in writing to all prospective proposers and posted 
online at www.wmata.com and www.fbo.gov.  

(b)  If, in the Contracting Officer’s judgment, any amendment(s) would require material 
changes to price proposals and/or other substantive element(s) of the proposals, the 
date set for proposal closing may be postponed for such period as in the Contracting 
Officer’s opinion will enable offerors to revise their proposals.  In such instances, the 
amendment will include an announcement of the new date for proposal closing. 

(c) In the event of an amendment, all other terms and conditions of the solicitation shall 
remain unchanged. 

9. ACKNOWLEDGMENT OF AMENDMENTS

Offerors are required to acknowledge receipt of all amendment(s) to the solicitation on the
designated form to be submitted with their proposal.  If this solicitation is amended, then all
terms and conditions that are not modified will remain unchanged.  Failure to do so may,
at the Contracting Officer’s discretion, jeopardize the offeror’s right to have its proposal
reviewed by the Authority.

10. SUBMISSION OF PROPOSALS

Proposals, and any revisions thereto, shall be enclosed in sealed envelopes and addressed
to the office specified in the solicitation.  Proposals shall show the hour and date specified in

http://www.wmata.com/
http://www.fbo.gov/
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the solicitation for receipt, the solicitation number, and offeror’s name and address on the face 
of the envelope.  Faxed or emailed proposals will not be considered. 

11. PROPOSAL FORMAT INSTRUCTIONS/REQUIREMENTS 
 

Offerors shall submit proposals as follows: 
 
(a) Proposal Format 
 

The original of Volumes 1 and 2 shall be unbound.  All copies of Volumes 1 and 2, as 
well as Volume 3, will be separately bound. All copies shall have the RFP number, the 
proposer’s identity, volume number, and volume title printed on the cover page.  All 
proposals and submittals shall also be submitted as follows:  
 
(1) Volume I – Price Schedule - One (1) original and six (6) copies of the price 

proposal and two (2) flash drives.  The price proposal must include the Price 
Schedule; Spare Parts, Portable Test Units, Special Tools and Test Equipment 
pricing; and any other related pricing information.  
 

(2) Volume II – Technical - One (1) original and six (6) copies of the technical 
proposal and two (2) flash drives. The technical proposal must also include the 
VMI and Economic Benefits plans. (See Solicitation Instructions 31 and 32, 
respectively.) Volume II shall not include any cost/price information. 
 

(3) Volume III – Contractual - One (1) original and six (6) copies and two (2) flash 
drives of the completed, signed solicitation documents to include Solicitation, 
Offer and Award form; Acknowledgment of Amendments; Representations and 
Certifications; Pre-Award Evaluation Data; Certificate(s) of Insurance and/or 
Letter from Insurer Demonstrating Insurance Eligibility; and Letter from 
Bonding Agency Demonstrating Bonding Eligibility.  
 

(b) Cost/Price.   
 
All information relating to cost or pricing data must be included in Volume I.  Under no 
circumstances shall cost or pricing data be included elsewhere in the proposal. This 
includes, but is not limited to any proposal for Financing. 
 
(1) Proposers should be advised that, for purposes of comparative evaluation, 

WMATA will only consider proposals that provide underwritten commitments 
and full guarantees, and that “best efforts” undertakings to arrange or provide 
“financing” will not be viewed by WMATA as adding value to a proposal. 

 
(2) The financing proposal must identify the financing structure, the amount 

financed, the interest rate, the loan term, all fees and expenses, and details 
relative to the repayment and methods of payment. 
 

(3) Identify the underwriters as well as the guarantors. 
 

(4) WMATA requires 100% financing of total project costs.  The proposal should 
provide for capitalization of interest during the manufacturing period as well as 
interim financing or deferral of payments during the delivery period. 
 

(5) WMATA reserves its right to request other financing proposals either as part 
of the negotiation process, if any, or at any time prior to the issuance of a Notice 
to Proceed for subsequent phases or optional elements of the procurement. 
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(c) Technical Proposal.  
 
The technical proposal should address the stated Evaluation Criteria in such a manner 
as to enable the Authority to engage in a thorough evaluation of its overall technical 
merit.  Technical proposals shall be specific, detailed and complete and shall 
demonstrate that the offeror has a thorough knowledge and understanding of the 
Contract’s requirements. Concise text, graphs, tables and drawings should be 
included, as needed, to clearly describe the equipment and its performance. 

 
Technical Proposal Worksheet (Attachment A).  Note: Sections A through O of the 
worksheet must be filled in completely.   The offeror must list at least one subcontractor 
if applicable, but not more than two in Sections A through O.  The requested 
information must be filled in completely for each subcontractor.  This worksheet is to 
be included as part of the offeror's technical proposal. 
 
(1) The technical proposal must include the following:  

 

i The technical proposal in PDF searchable format; 

ii Attachment A, Technical Proposal Worksheet  

iii Brand Name, Design Status and Service History in Excel 
spreadsheet. 

iv Any drawings, diagrams or renderings. 

v Attachment B, Compliance Matrix  
 

 Offerors shall avoid generalized statements that for example, paraphrase the 
specifications or attest that "standard procedures will be employed."  The Authority 
wishes to be satisfied that the offeror maintains an understanding of the specific 
Contract requirements and maintains the means to fully satisfy them.  Proposals shall 
be specific enough to enable the Authority to make a sound determination as to 
whether the proposed vehicles and associated supplies and services will meet its 
requirements.  The Authority seeks a contract that provides the best solution for the 
procurement while allowing the offeror flexibility in providing a cost-effective solution.  
Accordingly, the Authority expects offerors to include their own solutions in proposed 
designs, as appropriate. 

 
(2) Layout  

 
The technical proposal shall consist of 28 numbered sections, as defined 
below, clearly separated from each other by index tabs.  The title and number 
used to identify the first 25 sections shall be consistent with the sections of the 
Technical Specifications. Section 26 shall address warranty and spare parts.  
Section 27 shall address Vendor Managed Inventory (VMI). (See Solicitation 
Instruction 31) Section 28 shall address the Economic Benefits plan. (See 
Solicitation Instruction 32). 
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 Each section shall be complete and self-contained and present a complete description 
of the approach and equipment/services.  Each section shall enable the reviewer to 
obtain a thorough understanding of the solution(s) being offered and how the solutions 
meet the requirements of the associated specification section.  

 
(3) Format  

 
The entire technical proposal shall be contained within two 3 inch D ring 
binders.  It shall be submitted on white, 8 ½ x 11 inch, 20 pound or better paper.  
Printing shall be in Arial or equivalent 10.5 point font.  Double sided printing is 
acceptable. 

 
Top and bottom margins shall be no less than 1 inch.  The binder side margin 
shall be no less than 1 ½ inches and the right hand margin shall be no less 
than 1 inch. Each page shall be numbered with the applicable section number 
followed by sequential page numbering. 

 
All drawings, schematics, tables, or other pre-packaged technical 
documentation shall be included as enclosures or appendices to the proposal 
section to which they pertain. The drawings shall be bound within the proposal, 
and those larger in size than 8 ½ x 11 inches shall be properly folded.  
Drawings may not be larger than 11 x 17 inches.   

 
All associated renderings shall be submitted on a USB flash drive. Clarity and 
legibility shall be maintained in all submitted materials. 
 

(4) Technical Proposal Arrangement 
 
Section 1 of the Technical Proposal shall be arranged in the following order:    

(a) Table of Contents 

(b) Compliance Matrix 

(c) Service History 

(d) Description 

(e) Specific Requirements 

(f) Proposed Alternative Solutions Requiring a Specification Change 
 

Sections 2 through 9, 24 and 25 of the Technical Proposal shall be arranged 
in the following order: 

(a) Table of Contents 

(b) Compliance Matrix 

(c) Description 

(d) Specific Requirements 
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(e) Proposed Alternative Solutions Requiring a Specification Change 
 

Sections 10 through 23 of the Technical Proposal shall be arranged in the 
following order: 

(a) Table of Contents 

(b) Compliance Matrix 

(c) Brand Name  

(d) Design Status 

(e) Developmental Risk  

(f) Service History  

(g) Diagnostics  

(h) Preventive Maintenance  

(i) Description 

(j) Specific Requirements 

(k) Required Alternatives 

(l) Proposed Alternative Solutions Requiring a Specification Change  
 

Section 26 of the Technical Proposal shall be arranged in the following order, 
as detailed below: 

(a) Table of Contents 

(b) Description of  WARRANTY Plan 

(c) Specific Requirements of  WARRANTY ARTICLE 

(d) Description of  SPARE PARTS ARTICLE 

(e) Specific Requirements of  SPARE PARTS ARTICLE 

(f) Proposed Alternative Solutions Requiring Specification Changes 
  

Section 27 of the Technical Proposal shall be arranged in the following order, 
as detailed below:  

(a) Table of Contents 

(b) Proposed VMI Plan 

(c) Specific Requirements of  VMI 
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(d)  List of current and prior VMI contracts 
 

Section 28 of the Technical Proposal shall be addressed as indicated in 
Solicitation Instruction 32.  

 
(d) Technical Proposal Arrangement Guidelines 

 
(1) Table of Contents 

 
The Table of Contents shall list major subdivisions of the section, all enclosures and 
other attachments comprising the individual section. 

 
(2)  Compliance Matrix  

 
The Compliance Matrix (Attachment B) shall either state that the offered solution is 
fully compliant with the specifications or list those specification requirements with 
which the offer does not comply.  For each noncompliance, the offeror shall include 
the reason for the noncompliance and the specification reference in the compliance 
matrix.   

 
(3) Brand Name 

 
The Brand Name shall be an Excel spreadsheet listing original equipment 
manufacturers (OEM) and/or subcontractors for major systems and/or equipment.  The 
spreadsheet shall include the manufacturer’s model and/or part number, relevant 
ratings, capacity and location(s) for the manufacturing and assembly. 

 
(4) Design Status 

 
The Design Status shall be an Excel spreadsheet categorizing design status (where 
applicable) as it relates to proposed equipment.  The design status categories are: 
existing design, further development/modification of existing design, or required design 
and development of new equipment. Include both hardware and software in the status 
category.  

 
(5) Developmental Risk 
 
Assess the developmental risk, with respect to performance and delivery schedules. 
Describe any system development needed to meet the requirements, especially those 
performance requirements that are new to the proposed equipment.  Indicate the 
magnitude of the developmental effort, how the product will be qualified prior to 
production and the degree of risk. 

 
(6) Service History 
 
The Service History shall be an Excel spreadsheet that provides evidence of in-service 
performance of the offeror’s railcars on other transit projects.  Service History for 
Section 1 shall list railcars. Service History for Sections 10 through 23 shall list 
equipment. The categories are:  number of sets, type of service, transit 
authority/agency where railcars were in service, car builder, duration of service 
including dates, performance record (failures per million miles), life expectancy and 
overhaul frequency. 
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The spreadsheet shall be divided into two sections: the first section shall list the 
relevant in-service performance within the United States of America, the second 
section shall list the remaining relevant in-service performance elsewhere.  Include 
contact points and telephone numbers of individuals at properties where the equipment 
has been in service. 

 
(7) Diagnostics 
 
The diagnostics shall contain a description of the diagnostic capabilities of the 
equipment. The description shall indicate whether the diagnostics are self-contained, 
accessible via the vehicle monitoring and diagnostic system or a combination of both. 
Include the type of records and a description of how the diagnostics minimize 
troubleshooting, fault determination and mean time to repair. 

 
(8) Preventive Maintenance 
 
Explain the preventive maintenance plan associated with the equipment including 
specific requirements, intervals and average time associated with each interval to 
perform preventive maintenance for the proposed equipment. Mileage between minor 
and major overhauls shall also be included. 

 
(9) Description 
 
The description shall be a complete explanation of the management and/or technical 
method being offered and how each specification requirement will be met. The 
description shall incorporate sufficient information to permit a thorough understanding 
of the proposed vehicles and systems, without the need for additional information or 
discussion.  All drawings required to adequately describe the design elements of the 
vehicles being offered shall be of sufficient quality and detail to enable a meaningful 
evaluation. 

 
(10) Specific Requirements 
 
Specific requirements that must be included in the Technical Proposal are stated in 
subparagraph 11(e) below. The offeror shall address each specific requirement with 
information that is more detailed than that included in the description. If the offeror 
feels that the specific requirement is duplicative of information provided in the 
description, the offeror should complete the specific requirement and reference it in 
the description. 

 
(11) Required Alternatives 
 
Certain sections of the Technical Specifications specify an alternative solution denoted 
as a Priced Option.  The Priced Options are identified in the technical specifications 
under section 10.14.2 for Alternative Seating Configuration and Section 21.8.3.2 
Operator Platform Monitoring.  Provide a description that includes a discussion of the 
advantages/disadvantages of the Priced Option regarding impact to any essential 
function or characteristic of the vehicle such as safety, performance, service life, 
reliability, economy of operation, maintainability, standardization and customer 
service. The offeror shall also address any additional training or test equipment 
requirements. The cost of the Priced Option shall be included only in the Price 
Schedule.  
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(12) Proposed Alternative Solutions Requiring a Specification Change 
 

The offeror may include alternative solutions in its initial offer that may deviate from 
the requirements in the specifications., Should the offeror include solutions which it 
believes to be advantageous to the Authority, that are not in full compliance with the 
specifications, they shall be clearly identified and included in the applicable technical 
proposal section under a separate heading called "Proposed Alternative Solution(s) 
Requiring a Specification Change."  The offeror shall include under this heading, a 
clear explanation of the advantages of the alternative, and the specific changes to the 
specification required to make the alternative compliant.   

 
Any price benefits associated with each proposed alternative solution shall be 
identified only in a separate attachment to the Price Schedule in Volume I, with proper 
reference made to the written text in the Technical Proposal in Volume II. 
 
Non-compliant alternatives shall not be included in any best and final offer (BAFO) or 
other final proposal revision(s).  

 
(e) Technical Proposal Specific Requirements 

 
Each section shall address the following specific requirements: 

  
Section 1 - Performance Requirements 

(1) Discuss the process(es) used by the offeror to control total vehicle, lateral 
imbalance, end-to-end and A-car to B-car weights. Identify subcontractor 
involvement in the weight control process. (Reference TS 1.5) 

(2) Provide analysis to show how the performance and duty cycle of the proposed 
vehicle meets the specified track, wayside and environmental characteristics.  
The analysis should cover acceleration, deceleration, continuous speed, 
energy consumption, regeneration and friction brake energy dissipation.  The 
data should be presented both in writing and graphically. (Reference TS 1.7) 

(3) Describe how the proposed vehicle meets wheel diameter matching 
requirements. (Reference TS 1.4) 

(4) Discuss the process(es) used by the offeror to control electromagnetic 
interference.  Describe how the offeror will assure emissions do not affect 
existing wayside and/or car borne equipment and how the proposed vehicle 
will satisfactorily operate in WMATA’s existing environment. (Reference TS 
1.8) 

 Section 2 - Program Management and Commissioning 

(1) Describe the offeror’s experience in utilizing an internet-based document 
management system for program correspondence, and how it proposes to do 
so for this Contract. (Reference TS 2.2.1) 

(2) Provide the proposed program organizational chart along with a description of 
the responsibilities of all parties shown thereon. Show how the program 
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management team fits into the entire company’s organization. Include resumes 
for the key personnel as specified in Technical Specifications Section 2.4.  
Resumes should contain information on education, work history, experience 
within the rail industry with emphasis on rapid transit, accomplishments, and 
other pertinent qualifications. Each resume shall identify work experience 
within the transit industry in the United States of America. (Reference TS 2.3 
Items 3b and 3c). In this section, note whether the proposed key personnel are 
willing to sign a letter of intent to commit to working on this project, if the 
proposer is awarded the contract. 

(3) Describe the offeror’s process for managing multi-party communications and 
design integration between the carbuilder and subcontractors/suppliers. 
Address the interaction of the carbuilder and subcontractors/suppliers to 
ensure integration of the total car system is clearly established. (Reference TS 
2.3 Item 3d) 

(4) Provide a master program schedule in graphic display with key milestones, 
events and program phases emphasized. Identify the critical path of the master 
program schedule. (Reference 2.5.1) 

(5) List all other programs that might compete for resources with this Contract and 
state the measures that will be taken to ensure the competing work will not 
adversely affect this Contract. . 

(6) Identify the locations where the major engineering and manufacturing work will 
be performed, including the facility to be used for final assembly of the vehicles. 
Provide evidence to demonstrate that the prime contractor and major 
subcontractors/suppliers will have adequate human and facility resources 
available to the project during the scheduled work, warranty, and reliability 
demonstration periods. 

(7) Provide a preliminary version of the Systems Integration Testing Plan and 
Matrix. (Reference TS 2.6.3) 

(8) Describe the offeror’s methodology for producing drawings and maintaining the 
drawings throughout the design and manufacturing of the railcars with 
emphasis on configuration control. (Reference TS 2.14.4.5) 

(9) Describe the offeror’s measures to avoid cost overruns and commitment to 
completing the work, including cooperation with sub-suppliers, in the event cost 
overruns occur. 

Section 3 - Testing 

(1) Provide a description and capabilities of the offeror’s test track (Reference TS 
3.2.2.2 Item 4) 

(2) Describe how the Master Test Plan will be developed. (Reference TS 3.3.2.1) 

(3) Describe how the Operational Characteristics Analysis will be used to identify 
relevant aspects of the existing fleet and system interfaces. List anticipated key 
areas of focus. (Reference TS 3.2.2.1) 
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(4) Identify the climate laboratory where the air conditioning and heating 
qualification tests will be performed. (Reference TS 3.6.3.1)   

(5) Identify the facility where the combined systems tests will be conducted. 
Describe the capabilities of the testing facility. Provide a block diagram of the 
test configurations.  Provide the sequence of required tests. (Reference TS 
3.6.13) 

Section 4 - System Safety 

(1) Demonstrate that the offeror has a system safety organization in place. 
(Reference TS 4.1.2) 

(2) Describe the offeror’s participation in a Safety and Security Certification 
Program.  Provide a list of vehicles that have gone through a safety and 
security certification process. (Reference TS 4.1.12) 

Section 5 - Quality Assurance 

(1) Provide the company policy statement that defines the authority and role of the 
quality assurance function within the offeror’s organization, particularly with 
regard to schedule and costs. (Reference TS 5.1.2.2) 

(2) Describe the offeror’s methods for selection and control of subcontractors and 
suppliers. (Reference TS 5.1.2.5) 

(3) Describe the offeror’s procedures for internal and external quality system 
audits, including the process for assuring that quality parts, from legitimate 
suppliers, are used in production. (Reference TS 5.1.4)  

Section 6 - Software Quality Assurance 

(1) Provide the status of Capability Maturity Model integration (CMMI) maturity 
level rating for the offeror and each supplier in the proposal. (Reference TS 
6.2) 

(2) Provide the company policy statement that defines the authority and role of the 
software subcontractor’s management function within the offeror’s 
organization, particularly with regard to software performance, defect tracking 
and schedules. (Reference TS 6.3.3 and 6.3.4) 

(3) Provide a consolidated list of all software that will be used in the various vehicle 
systems, including the operating systems.  Classify the software as 
commercially available, supplier’s standard product, modified standard product 
or new/developed for this program.  State whether software source code will 
be provided to the Authority or place in escrow with a third party. (Reference 
TS 6.3.6) 

(4) Describe the offeror’s experience in utilizing software metrics for defect 
tracking, root cause analysis and phase containment effectiveness. 
(Reference TS 6.7) 
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Section 7 - Reliability and Maintainability 

(1) Demonstrate that the offeror has a reliability and maintainability (RAM) 
organization in place. Summarize the reliability organization and task 
assignments, including reliability issues management. (Reference TS 7.2) 

(2) Indicate the ability to meet   “Mean Distance Between Delays”, “System 
Reliability”, “Fleet Availability” and “Mean Time to Repair” requirements.   
Offerors may suggest different goals as long as the rationale for each 
suggested change is explained, and the offeror indicates that it will meet the 
changed goal. (Reference TS 7.3, TS 7.4 and TS 7.5) 

(3) Describe methods that will be used to ensure that reliability requirements of 
subcontractor-supplied equipment are met. (Reference TS 7.6.1) 

Section 8 - Manuals and Training 

(1) Provide an organizational chart showing primary responsibility for manual 
development, along with all individuals, departments or suppliers who will be 
working on the manuals. (Reference TS 8.1.2)  

(2) Define activities, management controls and monitoring processes to be utilized 
by the offeror to ensure that manuals are provided on schedule. (Reference 
TS 8.1.8) 

(3) Describe the process for controlling manual revisions, especially during field 
modification of systems, subsystems and assemblies. (Reference TS 8.1.9) 

(4) Provide an organizational chart showing primary responsibility for training, 
along with all individuals, departments or suppliers who will be working on the 
training program. (Reference TS 8.2.1) 

(5) Identify customer training programs that have been provided on similar 
projects. (Reference TS 8.2.7) 

Section 9 - Special Tools and Test Equipment 

(1) Provide a list of each car system and note whether the system will be tested 
via the Vehicle Monitoring Diagnostics System (VMDS) display in the train 
operator’s cab or a portable test unit. (Reference TS 9.2.1) 

(2) Describe how the list of special tools will be developed and maintained 
throughout the program. (Reference TS 9.5.3)  

Section 10 - Carbody 

(1) Discuss whether the offeror will meet the specifications for carbody materials. 
Discuss any alternative carbody materials to those specified, including the 
reasons for the selection. (Reference TS 10.1.3) 

(2) Explain the welding/joining techniques and standards proposed, and how 
welding will meet American Welding Society’s (AWS) code. Simply stating that 
welding will meet AWS code is unacceptable. (Reference TS 10.3.2 and TS 
24.6.3.1 
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(3) Describe the offeror’s work practices that ensure the carbody’s elements will 
be free of nicks, dents, weld marks and other surface imperfections. 
(Reference TS 10.3.3) 

(4) Explain the methodology applied to meeting the crashworthiness criteria of the 
specifications (including occupant protection), and previous application of this 
methodology.  Describe the carbody’s structural features incorporated to 
ensure the crashworthiness of the proposed design, and structural and 
crashworthiness compatibility with the existing 7000 series fleet. Identify the 
highest risk issues in meeting these requirements. (Reference TS 10.4.9) 

Section 11 - Operator’s Cab 

(1) Describe the ergonomic design features of the proposed cab and hostler 
control area that will promote ease of operation and reduce operator fatigue 
and discomfort. (Reference TS 11.6.1.1) 

(2) Describe how visibility of the controls and indications in the cab and hostler 
control area will be assured under all possible lighting conditions. (Reference 
TS 11.6.1.2) 

Section 12 - Coupler and Drawbar  

(1) Discuss the approach to ensuring mechanical compatibility with existing 
Authority rail cars. (Reference 12.1.1) 

(2) Describe the contact pin type proposed for the train control network, train 
communication and diagnostic network and discrete trainline network. Include 
the operational experience with the pin. (Reference TS 12.6.4) 

Section 13 - Doors 

(1) Describe how the proposed door control system will achieve 100% availability 
of side door operations while in service. (Reference TS 13.1.2) 

(2) Describe the proposed method for achieving the selective reopen function. 
(Reference TS 13.1.12.2) 

(3) Discuss the ability of the proposed door system to change door direction at 
any time during the open or close cycle. (Reference TS13.1.12.4)  

Section 14 - Trucks 

(1) Explain what type of trucks will be included for the proposed railcars. Discuss 
why the proposed trucks were selected. (Reference TS 14.2) 

(2) Explain how the vehicle dynamics simulations will account for specification 
requirements, especially for special trackwork and worn conditions. Discuss 
conditions in the yards, as specified, and their impact on the vehicle/truck 
design, especially truck equalization. Identify the highest risk issues in meeting 
these requirements. Describe in detail the proposed derailment criteria, if 
different than stated in the specifications. (Reference TS 14.3)  
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(3) Describe the advantages or disadvantages of the proposed leveling control 
system over alternative designs. (Reference TS 14.5.3) 

Section 15 - Propulsion 

(1) Describe how it was determined that the proposed propulsion system ratings 
meet the specified performance characteristics. (Reference TS 15.2.6) 

(2) Discuss mitigation and avoidance of nuisance trips due to normal transient 
effects. (Reference TS 15.2.5 and TS 15.7.1) 

(3) Provide motor characteristic curves for both motoring and braking. (Reference 
TS 15.4)   

(4) Discuss how traction motor bearings are protected from leakage current. 
(Reference TS 15.4.9) 

(5) Describe the proposed method for sensing third rail potential and providing 
dead-rail protection. (Reference TS 15.7.4) 

Section 16 - Braking 

(1) Describe the hardware, software and functional interfaces that exist between 
the proposed friction braking and propulsion systems. (Reference TS 16.1.1) 

(2) Discuss the fail-safe design of the proposed train protection braking and load-
weighing system. (Reference TS 16.4.1 and TS 16.4.2) 

(3) Describe the operation and functioning of the proposed slip-slide system.  In 
the description, include detection of all slides whether they are random or 
synchronous, correction for braking effort in excess of that which available 
adhesion will support, minimization of stopping distance, prevention of wheel 
flats, and integration with electric braking. (Reference TS 16.4.8.3.3) 

(4) Describe the proposed friction brake pad and disc materials, where they will 
be manufactured, where they were used before, and actual operating 
experience with regard to pad life, smoke and odor. (Reference TS 16.4.11) 

Section 17 - Auxiliary Power 

(1) Discuss how the offeror has ensured that the proposed auxiliary power system 
meets the 10% excess capacity requirement. (Reference TS 17.1.3.2) 

(2) Discuss the proposed auxiliary power system’s ability to traverse and recover 
from non-bridgeable third rail gaps. (Reference TS 17.1.3.7) 

Section 18 - Heating, Ventilation and Air Conditioning 

(1) Discuss the proposed method of meeting the “No Fresh Air Intake” feature. 
(Reference TS 18.4.7)  

(2) Explain the HVAC system’s capability of meeting the proposed cooling 
capacity per car, overhead heating capacity per car and floor heating capacity 
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per car to maintain the car interior at the specified temperatures under the 
specified conditions. (Reference TS 18.6.5) 

Section 19 - Lighting 

(1) Provide a graph depicting the decay of intensity as the proposed LED ages. 
(Reference TS 19.1.4) 

Section 20 – Automatic Train Control  

(1)  Provide a list of the proposed vital relays. (Reference TS 20.1.1) 

(2) Provide a description of the offeror’s approach to ensuring the ATP system is 
fail-safe and meets the specified reliability and fail-safe requirements. 
(Reference TS 20.2) 

(3) Describe the proposed methodology for ensuring accurate station stopping 
when operating in the automatic mode. (Reference TS 20.3.4)  

Section 21 - Network and Trainline Control  

(1) Provide a block diagram of the proposed network communications and trainline 
system. Include physical redundancy, redundant networks and associated 
circuitry, in the diagram. (Reference TS 21.3) 

(2) Identify the various car level interfaces with the E-TCN Ethernet Consist 
Network. (Reference TS 21.3.2) 

(3) Discuss the proposed technology for transporting data across the specified 
electrical coupler system, including the level of risk associated with this 
technology. (Reference TS 21.3.2 Item 10) 

(4) Discuss how the specified trainlines are managed and operated in conjunction 
with the Train Control Network. Describe how they ensure safe operation of 
critical systems and provide a limp-home mode of train operation in case of 
Train Control Network failure. (Reference TS 21.3.5) 

(5) Discuss how security measures shall be designed and implemented such that 
their effect on reliability, availability and basic system operation is minimized. 
(Reference TS 21.5) 

(6) Discuss how the interoperability requirements will be met. (Reference TS 
21.6.3) 

(7) Identify the proposed computer network integrator. Describe successful prior 
experience in performing such work. (Reference TS 21.7) 

Section 22 - Communication - PA, Intercoms, Screen, Video Surveillance 

(1) Discuss the capabilities of the proposed passenger information system for 
uploading general information, advertising and other public information data 
and for acquiring train location information. (Reference TS 22.2) 
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Section 23 - Monitoring and Diagnostics 

(1) Describe the user interface of the proposed vehicle’s monitoring and diagnostic 
systems. How the train operator will access information to reduce train delays; 
how the maintenance personnel will use the system for troubleshooting; and 
how the system will alert users of pending or current problems. (Reference TS 
23.2) 

Section 24 - Materials and Workmanship 

(1) Provide a list of intended standards for materials and workmanship other than 
those specified in Section 24.1.3. (Reference TS 24.1.3) 

(2) Describe the offeror’s method for controlling: fastener types, sizes, styles, 
lengths, materials, grades and finishes, keeping counterfeit components from 
reaching its production line, and the production lines of its suppliers. 
(Reference TS 24.4.1.2) 

(3) Discuss the offeror’s method for keeping piping and tubing clean and clear of 
dirt, metal chips, oily contamination and moisture. (Reference TS 24.14.1)  

(4) Discuss how the offeror will keep the number of wire types and sizes to a 
minimum. (Reference TS 24.21.1) 

Section 25 – Data Communication Interface with WMATA 

(1) Define the activities, management controls and configuration processes to be 
utilized by the offeror to ensure that the Illustrated Parts Catalog (IPC) provided 
is complete and accurate.  (Reference 25.4)  

(2) Describe other telemetry data that is collected but not identified in section 25. 
(Reference TS 25.11.4) 

(3) Describe system configuration methods and system use by the offeror. 
(Reference 25.8) 

Section 26 – Warranty and Spare Parts 

(1) Describe how the offeror will be organized to meet the 24-hour repair 
requirement.  

(2) Provide a list of warranty work the offeror has performed during prior contracts.  
Indicate the number of cars under warranty, the warranty duration, whether a 
time period for repair was specified, and the number of warranty staff, for both 
the carbuilder and suppliers. 

(3) Describe how the offeror will be organized to fulfill the spare parts provisioning 
requirements.  

(4) Describe the offeror’s process employed for ensuring that the spare parts are 
delivered in the correct configuration and that the inventory is updated 
whenever equipment is modified.  
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Section 27 – Vendor Managed Inventory (VMI) - (In addition to the requirements 
of Solicitation Instruction 31) 

(1) Describe how the offeror will be organized to meet inventory and spare parts 
needs of WMATA.  

(2) Provide a list of VMI work the offeror has performed during prior 
contracts.  Indicate the number of cars the VMI supports, the duration of 
contract, the number of staff, and if the VMI was managed by a sub-contractor.   

(3) Describe how the offeror plans to implement VMI to support the railcars 
warranty and maintenance plans.   

(4) Describe how the offeror’s VMI plan ensures that the inventory is in the correct 
configuration and that the inventory is updated whenever equipment is 
modified.  

(f) Technical Specification Alternatives 

The offeror shall include the following alternatives in the technical proposal:  

(1) Longitudinal Seating - all A and B cars (Reference TS 10.14.2); 

(2) Longitudinal Seating - A cars only (Reference TS 10.14.2.1); 

(3) Longitudinal Seating - B cars only (Reference TS 10.14.2.2); 

(4) Operator Platform Monitoring (Reference TS 22.5.5.4);  

(g) Contractual  
 

The Contractual Volume 3 shall contain completed, signed solicitation documents to 
include Solicitation, Offer and Award form; Acknowledgment of Amendments; 
Representations and Certifications; Pre-Award Evaluation Data; Certificate(s) of 
Insurance and/or Letter from Insurer Demonstrating Insurance Eligibility; and Letter 
from Bonding Agency Demonstrating Bonding Eligibility.  In the event that the offeror 
takes any exception to any of the Contract’s terms and conditions, wishes to propose 
alternative Contract language or is otherwise unwilling or unable to satisfy any of the 
Contract’s requirements such information should be clearly noted on the first page(s) 
of Volume III of the proposal. Failure to take exception shall constitute the offeror’s 
acceptance.  

12. LATE SUBMISSIONS AND REVISIONS OF PROPOSALS 
 

(a) Any proposal or revision received at the office designated in the solicitation after the 
time specified for receipt will not be considered unless it was sent, properly addressed:   

  
1. By registered or certified U.S. or Canadian mail not later than the fifth (5th) day 

before the date specified for proposal closing. (e.g. A proposal or revision 
relating to a solicitation with a closing date of the 20th of a month must have 
been placed in registered or certified mail by not later than the 15th of such 
month.); 
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2. By first class mail, if the Contracting Officer determines that the late receipt 
was due solely to the Authority’s mishandling after delivery on its premises; or 

 
3. By U.S. Postal Service, Express Mail, Next Day Service, not later than 5:00 

p.m. at the place of mailing two (2) business days prior to the date specified 
for proposal closing; or 

 
(b) A revision submitted after the date and time set for proposal closing will only be 

accepted if the Contracting Officer authorizes it. A submission in the nature of a Best 
and Final Offer (“BAFO”) received after the time and date specified in the Contracting 
Officer’s request for BAFOs will not be considered unless received before award and, 
in Contracting Officer’s judgment, the late delivery was not attributable to the offeror’s 
acts or omissions. 
 

(c) The only acceptable evidence to establish the time of receipt by the Authority is the 
time/date stamp of that event on the proposal or any other documentary evidence of 
receipt maintained by the Authority. 

 
(d) A proposal received after proposal closing may be considered if it is the only proposal 

received for the solicitation, or if a late revision of any otherwise successful proposal 
makes its terms more favorable to the Authority. 
 

13.   WITHDRAWAL OF PROPOSALS 
 

Proposals may be withdrawn by written notice received by the Contracting Officer before 
award. Proposals may be withdrawn in person by an offeror or an authorized representative, 
if the representative's identity is appropriately demonstrated and the representative signs a 
receipt for the proposal before award. Proposals shall be valid for one year from proposal 
closing.  A proposal may not be withdrawn after 90 days from proposal closing without the 
Contracting Officer’s written approval. 

 
 
14.  RECEIPT AND REVIEW OF PROPOSALS BY THE AUTHORITY 

 
(a) There will be no public opening of proposals for this solicitation. Proposals will be 

opened by the Contracting Officer, or his or her designated representative and copies 
of the six (6) volumes of the proposal will be distributed for review by Authority 
designated personnel only, as appropriate.  All reasonable efforts will be made to 
ensure confidentiality of the information contained in the proposals, consistent with 
applicable provisions of law. 

 
(b) The Authority may award a Contract on the basis of the initial proposals as evaluated 

in accordance with the Evaluation Criteria without discussions.  Accordingly, the initial 
proposal should contain the offeror’s best terms from both a price and technical 
standpoint.  
 

(c) Notwithstanding a determination by the Authority to proceed without conducting 
substantive negotiations or discussions with offerors, the Authority may engage in 
communications with one (1) or more offerors relating to clarification(s) of their 
proposals.  
 

(d) The Contracting Officer may, in his or her discretion engage in oral or written 
discussions with one (1) or more offerors regarding the Authority’s understanding of 
the proposals and/or to discuss deficiencies in the initial proposals. In determining 
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those offerors with whom he or she chooses to engage in discussions, the Contracting 
Officer shall first make a determination regarding the initial proposals that he or she 
deems to be within the competitive range for Contract award. The Contracting Officer 
shall conduct discussions with all offerors submitting proposals that are within the 
competitive range. 
  

(e) The Contracting Officer may, following such discussions, direct those offerors whose 
proposals are within the competitive range to submit Best and Final Offers (“BAFOs”). 
In such instances, the Contracting Officer shall award the Contract based upon his or 
her review of the BAFOs in accordance with the Evaluation Criteria.  Nothing contained 
herein shall limit, modify or impair the Contracting Officer’s right to engage in any 
additional oral or written discussions or other communications relating to the 
solicitation that may, be consistent with the Authority’s best interests.  
 

(f) The Authority maintains the right to waive informalities and minor irregularities in 
proposals at any time during the solicitation process. 
 

15. BASIS FOR AWARD 
  

BEST VALUE 
 
The Authority will award a contract to the responsible offeror whose proposal conforms to 
the solicitation and is judged to be the most advantageous or “best value” to the Authority 
based on an overall assessment of technical merit and price in accordance with the 
Evaluation Criteria.  In conducting this assessment, the Authority is more concerned with 
obtaining superior technical and reliability   features than with making an award at the 
lowest overall cost to the Authority.  Therefore, the Authority may select other than the 
lowest priced offer if it is determined that the additional technical merit offered is worth the 
additional price.  However, the Authority will not make an award at a significantly higher 
overall cost to achieve only slightly superior technical or management features. For 
evaluation purposes, as proposals become more technically equivalent, price becomes 
more important. 
 

16. RATINGS FOR PROPOSAL EVALUATION CRITERIA – (BEST VALUE ONLY) 
 

Each criterion will be rated using the adjectival scoring method as follows: 
Definition of adjectival rankings: 
 
(a) Beneficially Exceeds - The proposal is responsive beyond the minimum requirements 

of the RFP with no significant weaknesses and only a few, if any, minor weaknesses 
noted. Fulfilling the definition of Beneficially Exceeds indicates that, in terms of the 
specific factor, the proposal demonstrates a level-of-effort beyond that required by the 
RFP, and that this effort has, or could produce, results that should prove to be 
substantially beneficial to the Authority. 

 
(b) Acceptable - The proposal is adequately responsive with no major weaknesses noted.  

A rating of Acceptable indicates no exceptional features or innovations that could prove 
to be beneficial and/or only minor weaknesses. 

 

(c) Marginal - The proposal fails to meet the evaluation standards; however, any 
significant deficiencies are considered correctable.  A rating of Marginal indicates that 
corrective actions by the offeror which would improve the rating are attainable. 
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(d) Unacceptable - The proposal is not adequately responsive or does not address a 
specific factor.  The offeror’s interpretation of the Authority’s requirements is so 
superficial, incomplete, vague, not comprehensive, or incorrect as to be unsatisfactory.  
A rating of Unacceptable indicates that mandatory corrective action would be required 
to prevent significant weaknesses from affecting the overall contract effort.  In essence 
a complete rewrite of that portion of the offeror’s proposal that is unacceptable would 
be required. 

 

A rating of “Acceptable” or higher is required to be eligible for award consideration.  
Offerors are cautioned to be aware of this standard when preparing proposals. 
 

17. PRICE PROPOSAL EVALUATION 
 
(a) The Contracting Officer will evaluate price proposals for reasonableness, 

completeness, and realism as appropriate.  Costs will be evaluated in terms of the 
following:  

 
(1) Submittal of proposed prices for both the base order and the options; 
 
(2) Any offer that is materially unbalanced may be rejected.  An unbalanced offer 

is one (1) that is based on prices that are significantly overstated for some line 
items and understated for other line items; 

 
(3) The Contracting Officer will compare the price proposals to the Authority’s 

estimate and otherwise determine reasonableness by performing a price 
analysis, if adequate competition exists.  If, in the Contracting Officer’s 
judgment, adequate price competition does not exist, he or she will conduct a 
cost analysis in order to ascertain whether the proposed price is fair and 
reasonable; 

 
(b) The offeror shall provide certified cost or pricing data, if the Contracting Officer 

requests it. 
 

18. TECHNICAL PROPOSAL EVALUATION CRITERIA  
 

The Authority will evaluate technical proposals in accordance with the “Evaluation Criteria” set 
forth below and render an assessment as to the overall technical merit of the proposal.  The 
proposal’s failure to demonstrate that it meets or surpasses an acceptable level with respect 
to any such element may result in a determination that the proposal is unacceptable and thus 
ineligible for award.   
Technical Proposals will be evaluated based upon the following criteria that are listed 
below in the order of importance: 

 
(a) Technical Adequacy - This factor shall consider the degree to which the offeror is 

proposing service-proven equipment and how well the offeror is expected to meet the 
requirements contained in the Technical Specifications. 
 

(b) Availability – This factor shall consider the availability for revenue service of the 
vehicles.  Among the factors that affect availability are reliability, maintainability, spare 
parts, warranty, test equipment, on-site support, equipment modifications and training.  
The offeror shall demonstrate how the Authority will maintain the vehicles.  
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(c) Schedule - This factor shall consider the schedule logic and how well the offeror will 
be able to manage the schedule to ensure delivery and acceptance of the vehicles by 
stated deadlines.  Risks in modifying the requirements while meeting the Authority’s 
schedule will also be taken into account. Be sure to include a description of any 
proposed scheduling software and how it will be used. 
 

(d) Managerial Approach - This factor shall consider familiarity with and application of 
management tools, past experience of the program manager and his or her team, 
facility capacity and competing programs, design capacity, subcontractor and sub-
supplier capacity, demonstrated understanding of the Authority’s requirements and of 
risks associated with the proposed approach. 

 
(e) History of Past Performance – This factor shall consider the quality of previous work 

accomplished by the offeror comparable and similar to the work to be performed under 
this Contract. 

 
19.  TECHNICAL PROPOSAL EVALUATION CRITERIA FOR ADDITIONAL OPTIONS 
 

(a) Vendor Managed inventory (VMI) – This factor shall include solutions based on 
industry leading best practices that address in sufficient detail the requirements 
and aspects of a VMI program identified including but not limited to those identified 
in Solicitation Instruction 31.   
 

(b) Economic Benefits – This factor shall consider and identify actions that the offeror 
will take to ensure economic benefits accrue to the local region resulting from the 
potential award of this contract as discussed in Solicitation Instruction 32.   

 

20. PRE-AWARD INFORMATION/CONTRACTOR RESPONSIBILITY 
 

(a) In order to be eligible for award of a Contract, a proposer must affirmatively 
demonstrate to the Contracting Officer’s satisfaction that it is responsible for purposes 
of this Solicitation. Such demonstration must include a showing that it maintains the 
requisite integrity, overall technical expertise and experience, (including prior 
performance on other Authority contracts or contracts with other government 
agencies), and sufficient financial resources to perform the Contract in a timely, 
satisfactory and appropriate manner. 
 

(b) The Contracting Officer may conduct a pre-award survey and/or take other actions to 
obtain information regarding the proposer’s responsibility, if its offer is in the 
competitive range or is otherwise under consideration for award.  The proposer shall 
promptly supply information that the Contracting Officer requests regarding its 
responsibility in such manner and form as he or she requests. 

 
21. PRE-AWARD MEETING  
 

The Authority reserves the right to require that a pre-award meeting be held with the apparent 
successful offeror prior to Contract award in order to review the offeror’s understanding of the 
Contract’s requirements and/or further assist the Authority in determining the offeror’s 
responsibility for purposes of award.  The Contractor shall be represented at such meeting by 
individual(s) fully familiar with the Contractual requirements including, where so requested by 
the Contracting Officer, representative(s) of one or more major subcontractor(s).  
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22. SITE VISIT/INSPECTION OFFEROR’S FACILITIES 
 

A successful Offeror must maintain sufficient facilities that will allow it to adequately perform 
Contract as specified herein.  WMATA may make site visits prior to Contract award to examine 
the offeror’s facilities.  This will include verification that necessary equipment, supplies, etc. 
are readily available.   

 
23. CONTRACT AWARD 
 

At the conclusion of the technical and price evaluation processes, the Contracting Officer will 
award a Contract to the responsible offeror whose proposal conforms to the solicitation and is 
the most advantageous to the Authority based upon application of the Evaluation Criteria. Such 
determination shall be based upon the initial proposals received where the Contracting Officer 
determines not to conduct discussions or shall be based upon the BAFOs, if the Contracting 
Officer directs their submission. 
 

24. OPPORTUNITY FOR DISADVANTAGED BUSINESS ENTERPRISES TO PROPOSE  
   

The Washington Metropolitan Area Transit Authority hereby notifies all prospective offerors 
that it will affirmatively ensure that disadvantaged minority business enterprises will be 
afforded full opportunity to submit proposals in response to this solicitation and will not be 
discriminated against on the basis of race, color, creed, sex, religion, national origin, disability, 
sexual preference or gender identity in consideration for award. 

 
25. WMATA’S TAX EXEMPT STATUS 
 

(a) Pursuant to Article XVI, Paragraph 78, of the Washington Metropolitan Area Transit 
Authority’s Compact, as adopted by the State of Maryland, the District of Columbia, 
and the Commonwealth of Virginia, with the authorization and consent of the Congress 
of the United States, the Authority has been accorded exemption from taxes as follows: 

 
"The Authority and the Board shall not be required to pay taxes or 
assessments upon any of the property acquired by it or under its 
jurisdiction, control, possession or supervision, or upon its activities in 
the operation and maintenance of any transit facility or upon any 
revenues therefrom, and the property and income derived therefrom 
shall be exempted from all Federal, State, District of Columbia, 
municipal, and local taxation.  This exemption shall include without 
limitation, all motor vehicle license fees, sales taxes and motor fuel 
taxes." 

 
(b)  By submission of its proposal, the offeror certifies that none of the taxes that the 

Authority is exempt from are included in its cost proposal. 
 
26. RESTRICTION ON DISCLOSURE AND USE OF DATA 

 
The Authority shall provide all reasonable precautions to ensure that proprietary, technical and 
pricing information remains within the review process. Offerors shall attach to any proprietary 
data submitted with the proposal the following legend: 
 
(a) "This data furnished pursuant to this RFP shall not be disclosed outside the Authority, 

be duplicated, or used, in whole or in part, for any purpose other than to evaluate the 
offer.  If a Contract is awarded on the basis of this offer, the Authority shall have the 
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right to duplicate, use, and disclose this data, in any manner and for any purpose 
whatsoever. 
 

(b) This information does not limit the Authority's right to use information contained in this 
data, if the Authority obtains it from another independent, legitimate source. 

 
(c) Except for the foregoing limitation, the Authority or its agents may duplicate, use, and 

disclose in any manner and for any purpose whatsoever, all data furnished in response 
to this solicitation." 
 

27 ENGLISH LANGUAGE AND UNITED STATES CURRENCY 
 
 With respect to both this solicitation and the resultant Contract: 
 

(a) All communications (oral, written, electronic and otherwise including but, not limited to, 
software coding) shall be in the English language. 
 

(b) All pricing shall be in United States dollars. 
 

28. BRAND NAME OR EQUAL 
 

(a) If items called for by this RFP have been identified in the Price Schedule by a "brand 
name or equal" description, such identification is intended to be descriptive, but not 
restrictive, and is to indicate the quality and characteristics of products that will be 
satisfactory.  Proposals offering "equal" products including products of the brand name 
manufacturer other than the one (1) described by brand name will be considered for 
award, if such products are clearly identified in the proposals and the Authority 
determines them to fully meet the salient characteristics (physical, functional, or 
performance) requirements in the Technical Specifications.  
 

(b) Unless the offeror clearly indicates in its proposal that it is offering an "equal" product, 
the proposal shall be considered as offering a brand name product referenced in the 
RFP. 

 
(c) If the offeror proposes to furnish an "equal" product, the brand name, if any, of the 

product to be furnished in the space provided in the RFP, or such product shall be 
otherwise clearly identified in the proposal. The determination as to equality of the 
product offered shall be at the Authority’s sole discretion. 
 

CAUTION TO OFFERORS.  WMATA is not responsible for locating or securing any 
information that is not identified in the proposal and reasonably available to the 
Authority.   The offeror must furnish as a part of its proposal all descriptive material 
(such as cuts, illustrations, drawings, or other information) necessary for the Authority 
to determine whether the product offered meets the salient characteristics of the RFP. 

 
The information furnished may incorporate by specific reference, information 
previously furnished or otherwise available to the Authority. If the Offeror proposes to 
modify a product to make it conform to the RFP, it shall include in the proposal, a clear 
description of such proposed modifications, and clearly mark any descriptive material 
to show the proposed modifications. 
 

29. REQUEST FOR RECORDS 
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The Washington Metropolitan Area Transit Authority (WMATA), in the regular course of 
business, may receive from the public, including prospective vendors and bidders, requests 
for records on a variety of topics.  It is WMATA’s policy to make official agency records, 
including electronic records, available to the public, unless specifically prohibited by WMATA’s 
policy or applicable laws.  
 
(a) “Records” means any existing writings, drawings, maps, recordings, tapes, film, 

microfilm, correspondence, forms, cards, photographs, optical disks, photo copies, 
and records stored by computer (electronic records) that are made or received by 
WMATA in connection with a public contract. A record does not include uncirculated 
personal notes, papers, electronic records and any other records that were created 
and retained solely as work papers for personal use of the Contracting Officer, 
Contract Administrator or other WMATA employee. 
 

(b) WMATA’s contracting process allows for the release/posting of certain information 
concerning this Contract after its award. This includes the name of the successful 
offeror and the amount of the award.  This information is available on WMATA’s 
website under “Business with Metro” or directly from the Contract Administrator. 

 

(c) Upon WMATA’s request, the successful offeror shall be required to provide a redacted 
copy of the successful technical and price proposals with confidential and proprietary 
information redacted. 
 

(d) After the award is announced, the winning proposal may be subject to release under 
WMATA’s Public Access to Records Policy (PARP).   

 

(e) When WMATA determines that a successful proposal will be of wide public interest, 
WMATA will post the redacted proposal on its website.  When WMATA receives three 
(3) or more requests for a successful proposal, WMATA will post the redacted proposal 
on its website. 
 

(f) Requests for Records that are not made available during the procurement process and 
that are not generally made available during the de-briefing process will be submitted 
in accordance with the PARP.  Requests must be in writing and sent by mail to the 
Office of General Counsel, Washington Metropolitan Area Transit Authority, 600 Fifth 
Street, NW, Washington, D.C. 20001, or by electronic mail at parpprivreq@wmata.com 
or by facsimile to the attention of the PARP Administrator at (202) 962-2550. If a 
request for records is sent directly from the requestor to a Contract Administrator, 
department, or independent office, that entity shall immediately forward the request to 
the PARP Administrator in the Office of General Counsel.  If records are subject to a 
PARP request, a member of the PARP team will contact the company to begin the 
PARP document review process, which includes providing detailed written 
justifications for any information for which exemptions are claimed.  

 

(g) Neither WMATA’s proposal/debriefing process nor the PARP process generally allow 
for the release of information that would cause competitive harm to the proposers, 
other organizations, WMATA’s employees, or interests. Information that will be 
withheld includes the following: 
 
(1) The names of unsuccessful offerors; 

  
(2) The technical and price proposals of unsuccessful offerors; 
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(3) Personal information (this does not include education and qualifications which 

are released) about the successful offeror or its employees that is not available 
to the public on the website of the successful offeror; 
 

(4) Unit price details of the successful price proposal (this does not include the 
bottom line price, which is released);  
 

(5) WMATA’s technical evaluation of any proposals submitted to WMATA 
pursuant to a solicitation;  
 

(6) The names of the vendors who file a protest to the solicitation or its award;  
 

(7) The written adjudication of any protests;  
 

(8) Personal information concerning WMATA’s employees; and 
 

(9) Trade secrets and confidential commercial or financial information obtained 
from an offeror.  
 

(h) If your company’s records are subject to a PARP request (i.e., if it is the successful 
offeror), a broad claim of confidentiality for the entire proposal or pages of the proposal 
is rarely acceptable, and will likely be rejected during the PARP process. Therefore, 
WMATA suggests that you narrowly identify your confidential/proprietary information 
based on the following guidance: 
 

(i) Information that may be withheld/redacted: 
 

(1) Detailed pricing except bottom line offer amounts; 
 

(2) Trade Secrets; 
 

(3) Unique proprietary solutions not publicly known; 
 

(4) Employee/personnel names below the executive level; however, information 
regarding qualifications of employees is released; and 

 
(5) Subcontractor/vendor identities, if not publicly known. 

 
(j) Public information subject to release: 
  

(1) Any information on your company’s website; 
 

(2) Publicly known information (even if not on your company’s website); 
 

(3) General company background; 
 

(4) Mere compliance with RFP requirement; and 
 

(5) Anything standard to the industry. 
 

30. NOTICE OF PROTEST POLICY  
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(a) The Authority’s procedure for the administrative resolution of protests is set forth 
in Chapter 17 of the Procurement Procedures Manual.  The procedures contain 
strict rules for filing a timely protest, for responding to a notice that a protest has 
been filed, and other procedural matters. 
 

(b) Alleged violations must be submitted to the Contracting Officer who will 
administratively decide the protest.  
 

(c) The United States District Courts for the Districts of Maryland, Virginia and the 
District of Columbia, and the local courts in Maryland, Virginia and the District of 
Columbia have jurisdiction over court actions concerning protest decisions. 
 

 
31. VENDOR MANAGED INVENTORY (VMI)  
 

Provide in narrative form, a proposal to establish a Vendor Managed Inventory (VMI) system 
for the 8000 Series passenger rail cars parts for 10 years from exercise of Option 4.  The 
proposal shall encompass all categories of inventory including, but not limited to consumables, 
non-consumables, replacement parts, repairable, overhaul parts, maintenance parts, and 
spares.  The Contractor will be responsible for the procurement and availability of all categories 
of inventory on a non-consignment basis, 24 hours a day, 7 days a week.  The Contractor will 
be required to provide the manufacturer’s name and part number for all inventory.  The 
offeror’s VMI proposal shall address, but not be limited to, the following areas: 
 
(a) Provisioning – material planning, availability, sourcing, forecasting and integration 

with WMATA systems (Maximo software); 
 
(b) Storage & distribution – warehouse management, stock rotation, delivery/pick-up 

plan, core management, security; 
 
(c) Financial – invoicing, price control; 
 
(d) Quality – obsolescence management, technical and engineering support,  
 
(e) Reports – inventory levels, usage, reorder points, out-of-stock, lead-times;  
 
(f) Continuity – master parts database (manufacturer’s name and part number, price 

analysis, usage trends), knowledge repository (methodology, best practices, training 
manuals, lessons learned), and a turnkey solution. 

 
An acceptable VMI proposal shall address the above aspects and must be beneficial to 
WMATA in terms of measurable cost savings and improved efficiencies. The offeror must 
describe the methodology used in determining cost savings and improved efficiencies.    

 WMATA reserves the right to award the VMI option as a negotiated separate contract.   
 
32. ECONOMIC BENEFITS  
 

Provide a narrative describing economic benefits that will accrue to the local region as a direct 
or indirect result of the Contractor’s performance of this Contract.  The local region is defined 
as the District of Columbia, Maryland (Montgomery and Price George’s Counties), and 
Northern Virginia.  Examples of economic benefits include but are not limited to, building an 
assembly plant in the region, subcontracting to local businesses, hiring local employees, 
providing job training, supporting local business initiatives, etc.  The economic benefits must 
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be measurable as a percentage of the of contract value to the local region.  The offeror must 
provide the methodology used to calculate this percentage.   
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REPRESENTATIONS & CERTIFICATIONS 
 
Instructions:  Check or complete all applicable boxes or blocks on this form and submit it with your offer.  
 
1. TYPE OF BUSINESS ORGANIZATION 
 

By submission of this offer, the offeror represents that it operates as [  ] an individual, [  ] a 
partnership, [  ] a limited liability company, [  ] a joint venture, [  ] a nonprofit organization, or [  ] a 
corporation, incorporated under the laws of the State of _________________. 
 

Name Signature 
 

Title  
 

Company  
 

Date 
 

 

 
 
2. AFFILIATION AND IDENTIFYING DATA  
 

Each offeror shall complete 2.1, 2.2 if applicable, and 2.3 below, representing that: 
 

2.1 It [  ] is, [  ] is not, owned or controlled by a parent company.  For this purpose, a parent 
company is defined as one that either owns or controls the activities and basic business 
policies of the offeror.  To own another company, means that the parent company must 
own at least a majority, i.e., more than fifty percent (50%), of the voting rights in that 
company.  To control another company, such ownership is not required. If another 
company is able to formulate, determine or veto the offeror’s basic business policy 
decisions, such other company is considered the parent of the offeror.  This control may 
be exercised through the use of dominant minority voting rights, use of proxy voting, 
Contractual arrangements or otherwise. 

 
2.2 If the offeror is owned or controlled by a parent company, it shall insert in the space below 

the name and main office address of the parent company: 
 

___________________________________________ 
Name of Parent Company 
 
___________________________________________ 
Main Office Address (including ZIP Code) 

 
2.3 If the offeror has no parent company, it shall provide in the applicable space below its own 

employer's identification number (E.I.N.), (i.e., number used on Federal tax returns or, if it 
has a parent company, the E.I. N. of its parent company). 

 
Offeror E.I. N.: ____________ or, Parent Company's E.I. N.: ______ 
 

Name Signature 
 

Title  
 

Company  
 

Date 
 

 

 
3. NOT USED 
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4. COVENANT AGAINST GRATUITIES  
 

By submission of this offer, the offeror certifies, and in the case of a joint offer, each party thereto 
certifies as to its own organization, that in connection with this procurement: 
 
Neither it nor any of its employees, representatives or agents have offered or given gratuities (in 
the form of entertainment, gifts or otherwise) to any Board member, employee or agent of the 
Authority with the view toward securing favorable treatment in the awarding, or administration of 
this Contract. 
 

Name Signature 
 

Title  
 

Company  
 

Date 
 

 

 
 
5. CONTINGENT FEES  
 

By submission of this offer, the offeror certifies, and in the case of a joint offer, each party thereto 
certifies as to its own organization, that in connection with this procurement: 
 
5.1 It [  ] has, [  ] has not, employed or retained any company or persons (other than a full-

time, bona fide employee working solely for the offeror) to solicit or secure this Contract, 
and 

 
5.2 It [  ] has, [  ] has not, paid or agreed to pay any company or person (other than a full-time, 

bona fide employee working solely for the offeror) any fee, commission, percentage, or 
brokerage fee contingent upon or resulting from the award of this Contract. 

 
Name Signature 

 
Title  
 

Company  
 

Date 
 

 

  
 
6. DEBARMENT, SUSPENSION, INELIGIBILITY, AND VOLUNTARY EXCLUSION 
 

This certification is applicable to federally assisted contracts over $25,000.  
 

6.1 Primary Covered Transactions.  This certification applies to the offer submitted in response 
to this solicitation and will be a continuing requirement throughout the term of any resultant 
Contract. 

 
6.1.1 In accordance with the provisions of 2 C.F.R. Part 1200 and 2 C.F.R. Part 180, 

Subpart C, the offeror certifies to the best of its knowledge and belief that it 
and its principals: 

 
6.1.1.1 are not currently debarred, suspended, proposed for debarment, 

declared ineligible, or voluntarily excluded from covered 
transactions by any Federal or state department or agency; 
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6.1.1.2 have not, within a three (3) year period preceding this offer, been 
convicted of or had a civil judgment rendered against them for 
commission of fraud or a criminal offense in connection with 
obtaining, attempting to obtain, or performing a public (Federal, 
state, or local) transaction or contract under a public transaction; 
violation of Federal or state antitrust statutes, or commission of 
embezzlement, theft, forgery, bribery, falsification or destruction 
of records, making false statements, or receiving stolen property; 

 
6.1.1.3 are not currently indicted for or otherwise criminally or civilly 

charged by a governmental entity (Federal, state, or local) with 
commission of any of the offenses enumerated in paragraph (1)(ii) 
of this certification; and have not, within a three (3) year period 
preceding this offer, had one (1) or more public transactions 
(Federal, state, or local) terminated for cause or default. 

 
6.1.2 Where the offeror is unable to certify to any of the statements in this 

certification, the offeror shall attach an explanation to this offer. 
 
6.2 Lower Tier Covered Transactions. This certification applies to a subcontract at any tier 

expected to equal or exceed $25,000 and will be a continuing requirement throughout the 
term of this Contract. 

 
6.2.1 The prospective lower tier subcontractor certifies, by submission of this offer, 

that neither it nor its principals is currently debarred, suspended, proposed for 
debarment, declared ineligible, or voluntarily excluded from participation in this 
transaction by any Federal or state department or agency. 

 
6.2.2 Where the prospective lower tier subcontractor is unable to certify to any of 

the statements in this certification, such prospective participant shall attach an 
explanation to this proposal. 

 
6.3 The Certification required by 6.2, above, shall be included in all applicable subcontracts 

and   the Contractor shall keep a copy on file. The Contractor shall be required to furnish 
copies of certifications to the Contracting Officer upon his or her request. 

 
 
 

Name Signature 
 

Title  
 

Company  
 

Date 
 

 

 
 
7. CERTIFICATION OF INDEPENDENT PRICE DETERMINATION  
 

7.1 By submission of its offer, the offeror certifies, and in the case of a joint offer, each party 
thereto certifies as to its own organization, that in connection with this procurement: 

 
7.1.1 The prices in this offer have been arrived at independently, without, for the 

purpose of restricting competition, any consultation, communication, or 
agreement with any other offeror or with any other competitor; 
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7.1.2 Unless otherwise required by law, the prices that are quoted in this offer have 
not been knowingly disclosed by the offeror and will not be knowingly disclosed 
by the offeror prior to award (in the case of a negotiated procurement), directly 
or indirectly, to any other offeror or to any competitor; and 

 
7.1.3 No attempt has been made or will be made by the offeror to induce any other 

person or firm to submit or not to submit an offer, for the purpose of restricting 
competition. 

 
7.2 Each person signing this offer certifies that: 

 
7.2.1 He or she is the person in the offeror’s organization responsible for the 

decision regarding the prices being offered herein and that he/she has not 
participated, and will not participate, in any action contrary to 7.1.1 through 
7.1.3  above; or 

 
7.2.2 He or she is not the person in the offeror’s organization responsible for the 

decision regarding the prices being offered herein, but that he/she has been 
authorized in writing to act as agent for the persons responsible for such 
decision in certifying that such persons have not participated; and will not 
participate, in any action contrary to 7.1.1 through 7.1.3 above; or and as their 
agent he or she does hereby so certify. 

 
 
 

Name Signature 
 

Title  
 

Company  
 

Date 
 

 

 
 
 
8. NONDISCRIMINATION ASSURANCE  
 

 By submission of this offer, the offeror certifies, and in the case of a joint offer, each party 
thereto certifies as to its own organization, in connection with this procurement, that it will 
not discriminate on the basis of race, color, creed, religion, national origin, sex, age, 
disability, sexual preference and/or gender identity in the performance of this Contract.  
The offeror is required to insert the substance of this clause in all subcontracts and 
purchase orders. The Contractor’s failure to carry out these requirements is a material 
breach of this Contract, that may result in the termination of this Contract or such other 
remedy as the Authority deems appropriate. The offeror further agrees by submitting this 
offer, that it will include this certification, without modification, in all subcontracts and 
purchase orders. 

 
 

Name Signature 
 

Title  
 

Company  
 

Date 
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9. DISCLOSURES OF INTERESTS OF WMATA BOARD MEMBERS 
 

For purposes of this disclosure, terms in bold are defined by the Code of Ethics for Members of the 
WMATA Board of Directors a copy of which is available at www.wmata.com.  Financial interests 
include ownership interests and prospective and actual income.  Firm includes parents, subsidiaries 
and affiliates. 

 
By submission of this offer, the offeror certifies, and in the case of a joint offer, each party thereto 
certifies as to its own organization, that to the best of its knowledge, information and belief in 
connection with this procurement: 
 
9.1 [  ] No WMATA Board member, household member or business associate has a 

financial interest in this firm, in a financial transaction with the Authority to which this firm 
is a party or prospective party, or in an actual or prospective business relationship with 
the Authority to which this firm is a party. 

 
9.2 [  ]  The following WMATA Board member(s), household member(s) or business 

associate(s) has a financial interest in this firm, in a financial transaction with the 
Authority to which this firm is a party or prospective party, or in an actual or prospective 
business relationship with the Authority to which this firm is a party,  Include in “Nature 
of Interest” below, a description of the financial interest and (1) for ownership interests, the 
value of the interest, the name and address of the firm in which the interest is held, and the 
total equity or equivalent interest of the firm; and (2) for income, the amount of all income 
received by the Board member, household member or business associate in the 
current and preceding fiscal year for services provided, and the name and address of the 
firm from which the income was received. 

 
Name of Board Member   Nature of Interest 
Household Member or 
Business Associate 
___________________   ________________ 
___________________   ________________  
___________________   ________________ 
 

9.3 The certification required by 9.1 and 9.2 above shall be included in all subcontracts.  The 
prime contractor shall furnish copies of certifications to the Contracting Officer and retain 
a copy for inspection upon his or her request. 

 
 

 
Name Signature 

 
Title  
 

Company  
 

Date 
 

 

 
 
10. CRIMINAL BACKGROUND SCREENING CERTIFICATION (QUARTERLY) 

 
By submission of this offer, the offeror certifies that: 
 
10.1 It will contract with or engage a reputable third-party vendor to conduct, criminal 

background screenings of all Contractor personnel who will have access to WMATA’s 
customers, WMATA’s property, or WMATA’s information in connection with this Contract.  

http://www.wmata.com/
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This requirement also applies to Contractors who engage with the general public on 
WMATA’s behalf.  

 
10.2 It will screen for criminal convictions, taking into consideration (1) the nature of the services 

or work being performed under the contract with particular regard for the individual’s access 
to, and interaction with, WMATA’s customers, property, and confidential information; (2) 
the nature or gravity of the offense or conduct resulting in a criminal conviction; and (3) the 
time that has lapsed since the conviction and/or completion of the sentence, all Contractor 
personnel who will have access to WMATA’s customers, the general public, WMATA’s 
property, or WMATA’s information and who work on this Contract during each calendar 
year within this Contract’s period of performance. The Offeror will provide certification that 
it conducted these screenings to the Contracting Officer’s Technical Representative 
(COTR) on a quarterly basis, on a form provided.  

 
10.3 The Contractor shall submit to the COTR, a list of all employees and agents who will require 

Contractors’ access badges not less than 7 days prior to the date on which access will be 
required. 

 
10.4 The Offeror will determine that all Contractor personnel working on this Contract during the 

calendar year passed the Contractor’s criminal background screening and will be in good 
standing and otherwise fit to work on this Contract.  

 
10.5 The Offeror has not obtained or otherwise been made aware of any information about any 

Contractor personnel working on this Contract that contradicts or otherwise impacts the 
Contractor’s determination that such persons passed the Contractor’s criminal background 
screening and/or are fit to work on this Contract. 

 
10.6 The Contractor will flow this requirement down to all of its subcontractors who will have 

access to WMATA’s customers, the general public, WMATA’s property, or WMATA’s 
information within this Contract’s period of performance. 

 
 

Name Signature 
 

Title  
 

Company  
 

Date 
 

 

 
 
11. CERTIFICATION REQUIRED FOR ALL SAFETY-SENSITIVE1 CONTRACTS.    
 

11.1 By submission of this offer, the offeror represents and certifies that it will comply with the 
Federal Transit Administration (FTA) regulations, “Prevention of Alcohol Misuse and 
Prohibited Drug Use in Transit Operations,” 49 C.F.R. Part 655, and applicable provisions 
of the U.S. Department of Transportation (DOT) regulations, “Procedures for 
Transportation Workplace Drug and Alcohol Testing Programs,” 49 C.F.R. Part 40.  

 
11.2 Offeror agrees that its employees and agents, including but not limited to, safety-sensitive 

subcontractors will be enrolled in a drug and alcohol testing program that meets the policy 
and procedural requirements listed in Appendix A of this document.  

 

                                                           

1 See the Combined Glossary for a definition of “safety-sensitive.” 
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11.3 Offeror understands that Washington Metropolitan Area Transit Authority (WMATA) will 
perform oversight during the contract’s period of performance to ensure that the successful 
offeror complies with the DOT/FTA regulations.  

 
11.4 Failure to comply with this certification may result in WMATA issuing sanctions and 

pursuing available contractual remedies. 
 
 

Name Signature 
 

Title  
 

Company  
 

Date 
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PRE-AWARD EVALUATION DATA 
 
 
PROJECT DESCRIPTION:           
 
1. Name of firm            
     
2. Address:           
  
     
3. [   ] Individual [   ] Partnership [   ] Corporation [   ] Joint Venture 
 
4. Date organized    . 
 
 State where incorporated or organized     . 
 
5. Names of officers or partners: 
 
  a.        
  b.        

  c.        
  d.        

  e.        

  f.        
 
  
6. How long has your firm been in business under its present name?   
  
7. Attach as Schedule One (1) a list of similar current contracts that demonstrate your firm’s 

technical proficiency, each with contract amount, name of contracting party, character or type 
of work and percentage of completion. 

 
8. Attach as Schedule Two (2) a list of similar contracts, each with contract amount, name of 

contracting party, and character or type of work for similar contracts completed in the last two 
(2) years. 

 
9. In the last two (2) years has your firm been denied an award where it was the offeror?  
 
 If the answer is yes, attach as Schedule Three (3) the full particulars regarding each 

occurrence. 
 
10. Has your firm failed to complete, in the last two (2) years, any contract on which it was the 

offeror?  
 

If the answer is yes, attach as Schedule Four (4), the full particulars regarding each 
occurrence. 

 
11. Financial resources available as working capital for the Contract: 
 
 a. Cash on hand:  $     
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 b. Sources of credit:      
 
12. Attach as Schedule Five (5) financial statements and letters from banks regarding credit as 

required by the “Pre-Award Information” article. 
 
13. What percentage of work (Contract amount) does your firm intend performing with its own 

personnel?    %. 
 
14. Attach as Schedule Six (6), a list of all principal subcontractors and the percentage and 

character of work (Contract amount) that each will perform.  Principal items of work shall 
include, but not be limited to, those items listed in the “Pre-Award Information” article. 

 
15. If the Contractor or subcontractor is in a joint venture, submit “Pre-Award Evaluation Data” 

forms for each member of the joint venture. 
 
 The above information is confidential and will not be divulged to any unauthorized personnel. 
 
 The undersigned certifies to the accuracy of all information. 
 
 
  COMPANY:         
 
  SIGNATURE:       
 
  NAME:         
 
  TITLE:         
 
  DATE:          
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TERMS AND CONDITIONS 
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CHAPTER I – TERMS AND CONDITIONS 
 

1. AGREEMENT 
 

The work to be performed under this Contract may briefly be described as the requirement to design, 
build, and deliver WMATA’s 8000 series passenger railcars, simulator, and spare parts, with options 
for additional railcars, vendor managed inventory (VMI), and extended warranties, including all 
necessary or incidental work, labor and materials.  The Contractor agrees to perform the work in 
accordance with requirements and terms and conditions hereinafter set forth in this Contract. In 
consideration for the Contractor’s complete, satisfactory and proper performance of the Contract, the 
Authority agrees to pay to the Contractor, and the Contractor agrees to accept as full compensation, 
the sums of money set forth in the Price Schedule at the time and in the manner and upon the terms 
and conditions set forth in the Contract. 

 
2. ARRANGEMENT OF CONTRACTUAL PROVISIONS 
 

For ease of reference, this Contract is divided into chapters, articles (also referred to as “clauses”) 
paragraphs and subparagraphs.  While the chapters and articles are titled, it is understood that both 
the use of such titles and the manner and overall arrangement of the Contractual provisions are 
intended solely for the convenience of the parties and are without independent Contractual or legal 
significance. 

 
3. ORDER OF PRECEDENCE   
 

(a) Any inconsistency in the Contract shall be resolved by giving precedence to the following order: 
(a) terms and conditions (b) the specifications or Statement of Work; (c) drawings, if any; (d) 
other documents, exhibits, and attachments generated by the Authority as part of the Contract; 
(e) the technical proposal, if any, and other Contractor submissions generated as part of the 
Contract. In the event of a conflict within or between provisions entitled to equal precedence, 
the more stringent requirement shall apply. 

 
(b) Notwithstanding paragraph (a), if this Contract is funded, in whole or part, through funding 

provided by the Federal Government, all contract terms mandated for inclusion by the Federal 
Government shall be deemed to supersede any other conflicting or inconsistent provisions of 
the Contract. 

 
4. REQUIREMENTS CONTRACT  

 
(a) This is a requirements Contract. A requirements contract provides the Contractor with both the 

legal right and the legal duty to supply goods and/or services in an amount that is determined 
by WMATA’s needs, rather than by a fixed quantity. If, however as the result of an urgent need, 
the Authority requires any quantity of goods or services before the date otherwise specified 
under this Contract, and if the Contractor will not accept an order providing for the accelerated 
delivery, the Authority may acquire the urgently required goods or services from another 
source.  

 
(b) If the Contractor is unable or otherwise fails to provide goods or services within the time frames 

required in this Contract, the Authority reserves the right to procure them from any other source 
and in any other manner it deems appropriate. Nothing contained herein shall be deemed to 
waive, modify or impair the Authority’s right to treat such failure as a material breach of the 
Contractor’s obligations pursuant to the “Default” article of this Contract, or to pursue any other 
remedy to which the Authority may be entitled pursuant to this Contract, at law or in equity. 

 



WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY 

SUPPLY AND SERVICE CONTRACT     RFP CQ19038-8K/FRV   

47 

Rev. 09/18 

(c) The Authority will provide the Contractor with written notice within a reasonable amount of 
time, if its estimated quantities for any item should change. The parties shall agree as to what 
constitutes a “reasonable amount of time.” While the quantities are dependent on WMATA’s 
needs rather than a fixed number, the parties may also agree on the amount of upward or 
downward fluctuation of quantities that will occur given that there are design, planning, and 
production lead-times associated with this procurement. 

 
5. NOT USED  
 
6. ORDERING  
 

(a) The Contracting Officer shall order any supplies and/or services to be furnished under this 
Contract by the issuance of delivery orders or task orders. Such orders may be issued 
throughout the Period of Performance. 
 

(b) All delivery orders or task orders are subject to the terms and conditions of this Contract.  In the 
event of a conflict between a delivery order or task order and this Contract, this Contract shall 
control. 

 

(c) If mailed, a delivery order or task order is considered “issued” when the Authority places the 
order in the mail. Orders may be issued electronically, if authorized by the Price Schedule. 
 

7. ORDER LIMITATIONS 
  

The Authority will not order any parts beyond the Approved Recommended Spare Parts List as 
referenced in Chapter II, Article 4, and “Options”. 

  
The initial order of 256 railcars in the base order, two option quantities of 104 each and a third option 
of 120 railcars reflect the Authority’s best estimate of the total quantity to be ordered over the life of 
this requirements contract.  The estimated quantities are not a guarantee of the actual quantity to be 
required or ordered.  The maximum number of railcars that may be ordered under this contract is 800.   
The total base spare parts price shall not exceed 10% of the total base vehicle price, as detailed on 
the Price Schedule.  The total spare parts price for the options shall not exceed 10% of the total option 
vehicle price. 

 
8. AUDIT, AVAILABILITY, AND INSPECTION OF RECORDS 
 

(a) Authorized persons.  The Contracting Officer and his or her representatives, including 
representatives of the Authority’s governing jurisdictions and any other Federal, state, or local 
entity providing funding for this Contract and the U.S. Comptroller General shall have access 
and inspection rights described in this article. 
 

(b) Examination of costs.  The Contractor shall maintain, and the Contracting Officer shall have 
the right to examine and audit, all records sufficiently to properly reflect all costs incurred or 
anticipated to be incurred directly or indirectly in performance of this Contract. This right of 
examination shall include inspection of the Contractor’s facilities engaged in performing this 
Contract at all reasonable times.  

 

(c) Cost or pricing data.  If the Contractor is required to submit cost or pricing data in connection 
with any pricing action relating to this Contract, the Contracting Officer shall have the right to 
examine and audit all of the Contractor’s records related to: (1) any proposal for the Contract, 
subcontract, or modification; (2) any clarifications or discussions conducted on the proposal; 
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(3) pricing of the Contract, subcontract or modification; or (4) performance of the Contract, 
subcontract or modification. 
  

(d) Availability. The accounts, records and cost information required to be originated under this 
Contract, and together with all other accounts, records and cost information related to this 
Contract, shall be maintained and made available by the Contractor and subcontractor(s): 
 
(1) At their offices at all reasonable times for inspection, audit, reproduction or such other 

purposes as the Contracting Officer or anyone he or she authorizes may require or 
pursuant to any other provision of this Contract; and 

 
(2) Except to the extent otherwise expressly set forth in this Contract, until three (3) years 

from the date of final payment under this Contract. If the Contract is completely or 
partially terminated, such records shall be maintained for a period of three (3) years 
from either the date of any resulting final settlement or the date of final payment, 
whichever is later.  If a pricing adjustment is involved in any dispute or litigation related 
to this Contract, such records shall be maintained for a period equal to the later of 
three (3) years from the date of final payment or one (1) year following the final 
disposition of the dispute or litigation. 

 
(e) Subcontracts.  The Contractor shall insert this article, in all subcontracts that exceed 

$150,000.   

 
9. AVAILABILITY OF FUNDS FOR THE NEXT FISCAL YEAR  
 

Funds are not guaranteed for performance under this Contract beyond the current fiscal year that ends 
on June 30th. The Authority’s obligation for performance of this Contract beyond that date is contingent 
upon the availability of funds from which payment for Contract purposes can be made. The Authority’s 
legal liability for any payment cannot arise for performance under this Contract, until funds are made 
available to the Contracting Officer for performance and until he or she notifies the Contractor of the 
availability, in writing. Any option exercised by the Authority that will be performed, in whole or in part, 
in a subsequent fiscal year is subject to availability of funds in that year and will be governed by the 
terms of this article. 
 

10. CONTRACTING OFFICER’S TECHNICAL REPRESENTATIVE (COTR) 
 
(a) The work will be conducted under the Contracting Officer’s general directions. Authority will 

be delegated to the Contracting Officer's Technical Representative (COTR) to take the 
following actions; 

 

(1) Act as the principal point of contact with the Contractor.  The COTR will submit a copy 
of each item of incoming correspondence and a copy of any enclosures to the Contract 
Administrator; 

(2) Approve in writing, the Contractor’s progress schedule and submittals when required; 

(3) Inspect the work for compliance with this Contract; 

(4) Review and approve invoices and payment estimates. The COTR will forward invoices 
and receipts to accounting.  The COTR will bring any significant discrepancies in, or 
disputes concerning, Contractor invoices or payments to the Contracting Officer’s 
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attention.  In those cases, requiring release of final retained percentages of payment, 
the COTR will make his or her recommendations to the Contracting Officer in writing;  

(5) Coordinate correspondence with the Contract Administrator, if its importance 
significantly impacts the Contractual terms and conditions; 

(6) Evaluate the Contractor’s technical letters and proposals for the Contracting Officer; 

(7) Advise the Contracting Officer of potential problems that may affect Contract 
performance;  

(8) Advise the Contracting Officer whenever the COTR has reason to believe that the 
Contractual not-to-exceed amount will be exceeded; 

(9) Prepare the Authority’s estimate for proposed Contract modifications.  Participate in 
negotiations for modifications; 

(10) Approve, in writing, the Contractor’s progress schedule when required. 

(11) Receive from the Contractor certified payroll reports and prepare a log sheet indicating 
the following: (1) name of the Contractor and subcontractor; (2) the Contract number; 
(3) the certified payroll number (number for the payroll for the project starting with the 
number 1); (4) the time frame of the payroll period (i.e. 1/21/11-2/3/11); (5) the 
statement of compliance date (first page of the report); and (6) the date the report was 
received by WMATA; 

(12) Maintain a comprehensive file/record of documents and correspondence concerning 
Contract activities and actions; 

(13) Provide the Contract Administrator with a written notification after all supplies/services 
have been received with a statement that the COTR is not aware of any open issues 
that would preclude closeout of the Contract and that it is ready for closeout.  The 
COTR will return the file, containing all records, correspondence, etc., to the Contract 
Administrator; 

(14) Execute a detailed performance evaluation of the Contractor.   If, there are one (1) or 
more categories in which the Contractor is deemed unsatisfactory, these evaluations 
must be provided to it for comment;  

(15) Provide the Contract Administrator with a written request (and requisition) to exercise 
option(s) (if any) a minimum of ninety (90) days prior to the time established in this 
Contract for exercise of the option; and 

(16) The presence or absence of the COTR or his or her inspectors shall not relieve the 
Contractor from any requirements of this Contract. 
 

(17) The COTR may not re-delegate or sub-delegate his or her authority to act on the 
Contracting Officer’s behalf. If, for whatever reason the COTR is unable or unwilling to 
fulfill his or her responsibilities under this Contract, only the Contracting Officer can 
designate a new COTR. 

  
(b) The COTR’s name and address will be provided after award. 
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CHAPTER II – TIME/DELAYS/LIQUIDATED DAMAGES 

 
1. PERIOD OF PERFORMANCE 
 

The period of performance is from the date of Notice to Proceed (NTP) through five years after final 
acceptance of the last car delivered, including all options if exercised and any additional quantities 
ordered, as defined in the Acceptance of Supplies article.  

2. OPTIONS – EVALUATION 
 
In awarding this Contract, the Contracting Officer shall evaluate offers for any option quantities or 
periods contained in a solicitation in accordance with PPM §§ 4-21 through 4-23. 
 

3. OPTIONS – EXERCISE 
 

(a) When exercising an option, the Contracting Officer shall provide written notice to the 
Contractor within a reasonable amount of time before exercising the option. 

 
(b) In accordance with PPM § 4-23, the Contracting Officer may exercise options only after 

determining that— 
 

(1) Funds are available; 
 

(2) The requirement covered by the option fulfills an existing WMATA need; 
 

(3) The exercise of the option is the most advantageous method of fulfilling WMATA’s 
needs, when price and other factors are considered.  
 

(4) Contractor is not listed in the System for Award Management’s Exclusions (See 
www.sam.gov).  

 
(5) The Contractor’s past performance evaluations on other Contract actions have been 

considered; and 
 

(6) The Contractor’s performance on this Contract has been acceptable in that it received 
satisfactory ratings. 

 
(c) The Contracting Officer, after considering price and other factors, shall make the determination 

on the basis of one (1) of the following: 
 

(1) A new solicitation fails to produce a better price or a more advantageous offer than 
that offered by the option. If it is anticipated that the best price available is the option 
price or that this is the more advantageous offer, the Contracting Officer should not 
use this method of testing the market.  
 

http://www.sam.gov/
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(2) An informal analysis of prices or an examination of the market indicates that the option 
price is better than prices available in the market or that the option is the more 
advantageous offer.  
 

(3) The time between the award of the Contract containing the option and the exercise of 
the option is so short that it indicates the option price is the lowest price obtainable or 
the more advantageous offer. The Contracting Officer shall take into consideration 
such factors as market stability and comparison of the time since award with the usual 
duration of Contracts for such supplies or services. 

 
(d) The determination of other factors under subparagraph (d), should take into account WMATA’s 

need for continuity of operations and potential costs of disrupting operations. 
  

(e) Before exercising an option, the Contracting Officer shall make a written determination for the 
Contract file that the exercise is in accordance with the terms of the option, and the 
requirements of this clause. To satisfy requirements for full and open competition, the option 
must have been evaluated as part of the initial competition and be exercisable at an amount 
specified in or reasonably determinable from the terms of the basic contract, such as: 

 
(1) A specific dollar amount; 
 
(2) An amount to be determined by applying provisions (or a formula) provided in the basic 

contract, but not including renegotiation of the price for work in a fixed-price type 
contract; 

(3) In the case of a cost-type contract, if— 
 

    (i) The option contains a fixed or maximum fee; or 
 

(ii) The fixed or maximum fee amount is determinable by applying a formula 
contained in the contract;  

  
(4) A specific price that is subject to an option price adjustment provision; or 
 
(5) A specific price that is subject to change as the result of changes to prevailing labor 

rates provided by the U.S. Secretary of Labor. 
 

(f) The Contract modification or other written document that notifies the Contractor of the exercise 
of the option shall cite this article as authority. 

 
 

4.  OPTIONS  
 
 This Contract consists of a base quantity of 256 railcars, plus two (2) 104 railcar options, a third option 

of 120 railcars, and optional VMI and Extended Warranties, exercised solely at the discretion of the 
Authority. Each order of railcars shall include an initial set of spare parts as defined in the approved 
Recommended Spare Parts List. 

 
(a) The Authority has the unilateral right to exercise Option #1 (104 cars) by giving 

written notice of the exercise to the Contractor at any time prior to base order NTP 
+ 54 months (Date TBD). 
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(b) The Authority has the unilateral right to exercise Option #2 (104 cars) by giving 
written notice of the exercise to the Contractor at any time prior to base order NTP 
+ 60 months (Date TBD). 
 

(c) The Authority has the unilateral right to exercise Option #3 (120 cars) by giving 
written notice of the exercise to the Contractor at any time prior to 5 years from the 
final acceptance of the last railcar of the most recent order.  
 

(d) The Authority has the unilateral right to exercise Option #4, a Vendor Managed 
Inventory (VMI) at any time after NTP, based on the terms and conditions to be 
mutually agreed upon by the parties. 

 
(e) The Authority has the unilateral right to exercise Option #5, Extended Warranties 

at any time prior to final payment. 
 

5. OPTIONS TO EXTEND SERVICES 
 
WMATA may require continued performance of any services within the limits and at the rates specified 
in this Contract. These rates may be adjusted only as a result of revisions to the prevailing labor rates 
provided by the U.S. Secretary of Labor. This option provision may be exercised more than once, but 
the total extension of performance thereunder shall not exceed six (6) months. The Contracting Officer 
may exercise the option by written notice to the Contractor within a reasonable amount of time 
exercising the option. 
 

6. OPTION TO EXTEND THE TERM OF THE CONTRACT 
 
(a) WMATA may extend the term of this Contract by written notice to the Contractor within a 

reasonable amount of time exercising the option, provided that WMATA gives the Contractor 
a preliminary notice of its intent to extend within a reasonable amount of time before the 
Contract expires. The preliminary notice does not commit WMATA to the extension. 

 
(b) If WMATA exercises this option, the extended Contract shall include this option article. 
 
(c)  The total duration of this Contract, including any options under this article shall be reasonable 

as determined by the Contracting Officer in consultation with counsel (COUN). 
 

7. OPTION PRICE ADJUSTMENT 
 
Time for Option Price Adjustment: The price (Option Price) for the option items listed in the Price 
Schedule shall be subject to a one-time adjustment (either up or down) at the time that WMATA 
exercises the option under this contract.  The Option Price Adjustment will be calculated two different 
ways – Methods A and B.   The method that results in the lower price adjustment will be selected.  No 
Option Price Adjustment will be made if an option is exercised within twelve (12) months of any 
previous order including the base order.     

    

Method A 

(a) Price for the options shall be adjusted for the following two factors:  

Changes in Labor indices 
Changes in Material indices 
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(b) Adjustment to the Car Price for changes in Labor Indices shall be made as set forth below, 
based upon the change in the following Labor Indices, as determined by comparing the Base 
Labor Indices to the Current Labor Indices at the time option(s) are exercised. Each labor 
index shall be 50% of the labor price adjustment. 

CEU3133530008 - Average Hourly Earnings of Production and Non-Supervisory  
        Employees, Electrical Equipment, Not Seasonally Adjusted  

 
CEU313360008 - Average Hourly Earnings of Production and Non-Supervisory  
      Employees, Transportation Equipment, Not Seasonally Adjusted  

 
These indices are published by the U.S. Department of Labor, Bureau of Labor Statistics 
(BLS). 

(c) Adjustment to the Car Price, for changes in Material Indices shall be made, based upon the 
change in the following Material indices, as determined by comparing the Base Material 
Indices to the Current Material Indices at the time option(s) are exercised. Each material index 
shall be 50% of the material price adjustment. 

WPU10 - Metals and Metal Products, Not Seasonally Adjusted  
 

WPUID61113 - Materials for Durable Manufacturing, Not Seasonally Adjusted 
 

These indices are published by the U.S. Department of Labor, Bureau of Labor Statistics 
(BLS). 

(d) The adjustment to the Car Price shall be based on changes in the labor and material indices 
identified herein as described below. 
 
(1) 40% of the Car Price shall be deemed to constitute the labor cost. 

 
(2) 40% of the Car Price shall be deemed to constitute the material cost. 

 
(3) No adjustment will be made on 20% of the Car Price. 

 
(4) The Base Labor Indices and Base Material Indices are the arithmetic average of the 

indices for the three months prior to contract award. 
 

(5) The Current Labor Indices and Current Material Indices shall be the arithmetic average 
of the indices for the three months prior to the time options are exercised. 
 

(e) In the event the US Department of Labor, Bureau of Labor Statistics discontinues an index 
cited in this Contract, the parties agree to use the index identified by the BLS as the appropriate 
substitute for the discontinued index for use in determining the price adjustments. 

The calculation of the labor and material adjustment is as follows: 

(1) The Base Labor or Material Indices shall be subtracted from the Current Labor and 
Material Indices, respectively and the difference computed as a plus or minus figure. 
 

(2) The difference shall be divided by the appropriate Base Index and the resulting 
quotient carried to four decimal places. 
 

(3) The quotient from above shall be multiplied by the dollar amount of the appropriate 
apportioned cost and the resulting product carried to two decimal places. 
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(4) The product shall be added or subtracted to the base price to arrive at the adjusted 

price. 

Method B 

(a) Price for the option(s) shall be adjusted for the following index:  

Changes in Transportation Equipment-Railroad Cars index 

(b) Adjustment to the Car Price for changes in Transportation Equipment-Railroad Cars index 
shall be made as set forth below, based upon the change in the following index, as determined 
by comparing the Base Index to the Current Index at the Time for Option Price Adjustment. 
The index shall be 100% of the price adjustment.  

WPU144204 – Transportation Equipment-Railroad Cars, Not Seasonally Adjusted 
This index is published by the U.S. Department of Labor, Bureau of Labor Statistics (BLS). 

(c) The adjustment to the Car Price shall be based on changes in the Transportation Equipment-
Railroad Cars index as follows: 
 
(1) 80% of the Car Price shall be subject to the adjustment 
 
(2) No adjustment will be made on 20% of the Car Price. 
 
(3) The Base Index shall be the arithmetic average of the final indices for the three months 

prior to contract award. 
 
(4) The Current Index shall be the arithmetic average of the final indices for the three 

months prior to the Time for Option Price Adjustment. 
 

(d) In the event the US Department of Labor, Bureau of Labor Statistics discontinues an index 
cited in this Contract, the parties agree to use the index identified by the BLS as the appropriate 
substitute for the discontinued index for use in determining the price adjustments. 

The calculation of the adjustment is as follows: 

(1) The Base Index shall be subtracted from the Current Index, respectively, and the 
difference computed as a plus or minus figure. 
 

(2) The difference shall be divided by the Base Index and the resulting quotient carried to 
four decimal places. 
 

(3) The quotient from above shall be multiplied by the dollar amount of 80% of the base 
price and the resulting product carried to two decimal places. 
 

(4) The product shall be added or subtracted to the base price to arrive at the adjusted 
price. 

 
8. LIQUIDATED DAMAGES  
 

Both time and quality are of the essence to this Contract.  In the event of an unexcused delay or other 
performance failure under this Contract beyond the period of performance, beyond the period 
designated for correction, or beyond any agreed-upon extensions thereto, the Authority shall be paid 
damages. Since the amount of such damages and the loss to the Authority will be extremely difficult 
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to ascertain, it is hereby expressly agreed that such damages will be liquidated and paid as outlined 
below. Depending on the nature of the delay(s) and/or performance failure(s) the liquidated damages 
may compound and shall cumulate. The liquidated damages shall not be construed as penalties. 

The Authority shall have the right to deduct such liquidated damages from any monies due or which 
may become due to the Contractor under this Contract. If the amount that becomes due is less than 
liquidated damages owed to the Authority, the Contractor shall pay the difference upon the Contracting 
Officer’s demand. Liquidated damages may be assessed at any time after they occur, but prior to the 
final payment.  Liquidated damages are not waived by conditional or final acceptance of the railcars 
or related supplies or services. 

 

Item Description Rate Period 
1 Late Delivery $1168.00/day/car Until delivery is 

completed 
2 Over- Weight (The required 

weight shall not exceed 
82,500 lbs.) 

82,500-83,500 lbs.: $65.00/lbs. 
83,500-84,000 lbs.: $69.00/lbs. 
84,000-84,500 lbs.: $72.00/lbs. 

One Time Assessment 

3 Different weight of A and B 
car 

>1500 lbs. between A and B car: 
$6.00/lb. 

One Time Assessment 

4 Different weight of A end 
and B end car 

>2% : $6.00/.lb One Time Assessment 

5 Weight Lateral Imbalance >20,000 inch-lb.: $6.00/.lb One Time Assessment 
6 Offload Weekday:$8,400 

Saturday : $5,200.00 
Sunday: $4,120.00 

Reliability Demonstration 
Period ( 9 months) 

7 Availability LD=$1833.00 *( Numbers of Cars 
* (90% - Actual Availability)) 

Reliability Demonstration 
Period ( 9 months) 

8 MDBF-INS LD = (20,000-Actual MDBF-INS) * 
$8.33 

Reliability Demonstration 
Period ( 9 months) 

9 MDBF-ALL LD = =(10,000-Actual MDBF-ALL) 
* $8.33 

Reliability Demonstration 
Period ( 9 months) 

10 MDBD LD = (200,000-Actual MDBD) * 
$8.33 

Reliability Demonstration 
Period ( 9 months) 

11 MTTR LD = Q - Average MTTR) (Hourly 
rate) * # of PI (Base order Cars) * 
life of railcars * Inflation factored 
over 40 year life of cars  

One Time Assessment 

 

(a) Delivery 
 

(1) In accordance with the delivery requirements, the Contractor shall be required to 
deliver to the Authority a specific number of transit cars in accordance with the 
approved contract delivery schedules.  Failure on the part of the Contractor to deliver 
the required number of units or failure to deliver units in the required time shall cause 
the assessment of liquidated damages pursuant to this clause in the sum of $1168.00 
per car per calendar day beyond the specified delivery date as detailed in Chapter III, 
Delivery Schedule. 
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(2) Liquidated damages may be excused, and will not be assessed, for late delivery if the 

Contractor can substantiate that the delay was beyond its control and without the fault 
or negligence of the Contractor including but not limited to language as set forth in 
Chapter II, Section 9, Extensions of Time/Force Majeure.  Delays of subcontractors 
will not deems to be beyond the Contractor’s control.  

 
(b) Weight: 

 
The total damaged assessed per weight limits are tied to costs associated with the energy 
consumption requirements of the railcars, additional infrastructure decrement and increased 
maintenance efforts. 

Liquidated damages will be assessed by the Authority as follows when the specified weight is 
exceeded, as shown on the weight tickets of a scale meeting the requirements of the Technical 
Specifications, Section 1.5.1, Weight Requirements and Load Definition, unless the excess is 
attributable to a change made in accordance with Chapter IV—Changes/ Pricing Adjustments, 
Section 1. Change Orders. 
 
Liquidated damages will be assessed by Authority when the weight of a finished pair of cars 
is in excess of the maximum permissible Ready-To-Run Weight (AW0). Liquidated damages 
for weight will be based on the average actual weight of all pairs of cars.  Liquidated damages 
will be assessed according to the following table: 

 
Up to 1,000 pounds overweight 
 $65/pound for all overweight pounds; 

From 1,000-pound overweight up to 1,500 
pounds overweight $69/pound for all overweight pounds; 

From 1,500-pound overweight up to 2,000 
pounds overweight $72/pound for all overweight pounds; 

In excess of 2,000 pounds overweight 
 
Cars will not be accepted. 
 

 
(1) Liquidated damages of $6.00 per pound will be assessed by the Authority when the 

difference in ready-to-run weight between the “A” and “B” cars of a married pair of a 
finished pair of cars is in excess of the maximum permissible weight of 1,500 pounds. 
Liquidated damages will be based on the average actual weight difference of all pairs 
of cars. 
 

(2) Liquidated damages of $6.00 per pound will be assessed by the Authority when the 
difference in weight of the two ends of a car exceeds 2% of the ready to run weight of 
a finished car, measured at the trucks. Liquidated damages will be based on the 
average actual weight difference of all pairs of cars. 
 

(3) Liquidated damages of $6.00 per inch-pound will be assessed by the Authority when 
the weight of a car is in excess of permissible lateral imbalance of 20,000 inch-lb. 
Liquidated damages will be based on the average actual weight of all pairs of cars. 

 
(c) Offload 

 
Offload LD will be assessed per offload/per 8 car consist (warranty period). 
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The Authority will assess liquidated damages for each incident of a chargeable fault or failure 
which causes a revenue 8 car consist to be offloaded.  

 
Damages will be assessed at three (3) separate rates: 

  
Weekday LD per offload = $8,400.00 
Saturday LD per offload = $5,200.00 
Sunday LD per offload = $4,120.00 
 

(d) Reliability, Availability and Maintainability: 
  
Failure to meet the minimum requirements detailed in Technical Specifications Section 7 will 
result in Liquidated damages. Damages will be assessed as per the following items detailed 
below - Availability, MDBF-INS, MDBF-ALL, MDBD, MTTR, and Offload. 

 
(1) Availability - assessed per car/per month 

 
Each Eight (8) car consist shall maintain a fleet wide availability of no less than 90%, 
calculated daily during revenue hours. Failure to meet the requirement will result in 
Liquidated damages assessed per month / per car, using the formula below:  
 
Daily average revenue per car = $1,833.00 
 
LD=$1,833 [X *(90% - Y)] 
 
Where:  
X – Average Number of Conditionally Accepted Cars for each calendar month 
Y – % Average Monthly Availability 
 
For Example: 
If the average number of Conditionally Accepted cars for the month of March, 
and the availability for the month of March is 85%, which is below the spec 
requirement of 90%, then the Availability LD is calculated as follows:  

 
$1,833.00 * [200 (90%-85%)] = $18,330.00 (LD) 
 
Refer to TS 7.4 for Availability Requirements. 

 
(2) Mean Distance Between Failure - In Service (MDBF-INS) assessed per month. 

 
Each Railcar shall meet a minimum MDBF-INS of 20,000 miles. Failure to meet the 
requirement will result in Liquidated Damages calculated monthly and assessed at a 
rate based on lost revue per mile. Revenue per mile is $8.33. Any variance in mileage 
below the MDBDF-INS will be $8.33 per mile calculated and assessed monthly 
 
For Example: 
If the MDBF-INS for the month of March is 17,000 miles, which is below the spec 
requirement of 20,000, LD for March will be as follows: 
 
(20,000 – 17,000) * $8.33 = $24,990.00 
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Refer to TS 7.3 for Reliability Requirements. This LD will remain in force until the 
reliability demonstration period is successfully completed. 

  
(3) Mean Distance Between Failure ALL (MDBF-ALL) assessed per month. 

    
Each Railcar shall meet a minimum MDBF-ALL of 10,000 miles. Failure to meet the 
requirement will result in Liquidated Damages calculated monthly and assessed at a 
rate based on lost revue per mile. Revenue per mile is $8.33. Any variance in mileage 
below the MDBDF-ALL will be calculated and assessed at $8.33 per mile.  
 
For Example: 
If the MDBF-ALL for the month of March is 8,000 miles, which is below the spec 
requirement of 10,000, LD for March will be as follows: 
 
(10,000 – 8,000) * $8.33 = $16,660.00 
 
Refer to TS 7.3 for Reliability Requirements. This LD will remain in force until the 
reliability demonstration period is successfully completed. 

 
(4) Mean Distance Between Delay (MDBD) assessed per month. 

    
The Base Railcar fleet and subsequent optional railcars and any additional quantities 
ordered shall meet a minimum MDBD of 200,000 miles, 1 year after conditional 
acceptance. Failure to meet the requirement will result in Liquidated Damages 
calculated monthly and assessed at a rate based on lost revenue per mile. Revenue 
per mile is $8.33. Any variance in mileage below the MDBD will be calculated and 
assessed at $8.33 per mile.  
 
For Example: 
If the MDBD for the month of March is 190,000 miles, which is below the spec 
requirement of 200,000, LD for March will be as follows: 
 
(200,000 – 190,000) * $8.33 = $8,330.00 
 
Refer to TS 7.3 for Reliability Requirements. This LD will remain in force until the 
reliability demonstration period is successfully completed. 

 
(5) Mean Time to Repair (MTTR) assessed after RAM of the Last conditionally accepted 

car. 
    

Mean Time to Repair is “average time required to bring the system from a failed state 
to an operational state”.  
 
Major systems repairs shall not exceed an MTTR of more than the duration detailed in 
“System Maintainability Requirements in MTTR” (Exhibit 7-4) in the Technical 
Specifications. 
 
LD shall be based on the MTTR (calculated as a single damage, to include future dollar 
costs, accounting for inflation) assuming a fleet life of 40 years. 
 
MTTR takes into consideration diagnostic, repair (or replacement), and re-test times 
only.  
 
Q = Actual hours to repair 
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Average MTTR per spec= 1.17 
 
PI inspection * 4 times per year (Periodic Inspection) 
 
LD = (Q - Average MTTR) (Hourly rate) * # of PI (Base order Cars) * life of railcars * 
Inflation factored over 40 year life of cars 
 
WMATA will assess LDs on MTTR after the last conditionally accepted car has entered 
the Reliability, Availability and Maintainability (RAM) Demonstration period, but not 
before the end of the warranty period of the first Conditionally Accepted car. 

 
Refer to TS 7.5 for Reliability Requirements.  

 
(e) Limitation 

 
Liquidated damages will be limited, for all causes, to a maximum of 10% of the unit price of 
the Transit Car (A car or B car) as listed in the Price Schedule for which an assessment is 
applied 

 

(f) Termination 
 
WMATA may terminate this contract in whole or in part, under the Termination for Default 
article, if delivery or performance is delayed beyond the limits of the agreed Project Schedule 
or if contract requirements cannot be met.  In such case, the Contractor is liable for liquidated 
damages accruing until WMATA reasonably obtains delivery or performance of similar 
supplies or services.  These liquidated damages are in addition to excess costs of re-
procurement under the Termination for Default article.   

 
9. CONTRACTOR PERFORMANCE INCENTIVES 
 

(a) Weight 

(1) A weight incentive will be assessed by the Authority when the weight of a finished pair 
of cars is below the AW0 weight requirement in the Technical Specifications and the 
cars meet all of the technical requirements.  For up to 2,500 pounds average 
underweight WMATA will provide an incentive payment of $13/pound for all 
underweight pounds. Incentive payments for weight will be based on the average 
actual weight of all pairs of cars. 

 
(b) Reliability 

(1) A reliability incentive (Refer to TS 7.3 for Reliability Requirements) of $500 per base 
order car will be assessed if the entire base order meets its reliability requirements of 
more than 21,000 miles for nine (9) continuous months during the reliability 
demonstration period, OR  

(2) A reliability incentive (Refer to TS 7.3 for Reliability Requirements) of $1000 per base 
order car will be assessed if the entire base order meets its reliability requirements of 
more than 22,000 miles for nine (9) continuous months during the Reliability 
Demonstration Period. 
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10. EXTENSIONS OF TIME/FORCE MAJEURE 

   
(a) For purposes of this clause, the term “force majeure” shall mean an unforeseen event or 

circumstance, beyond the control of, and not occasioned by the fault or negligence of, the 
Contractor or the Authority, that gives rise to a delay in the progress of the Contract, including, 
without limitation, acts of God, acts of war or insurrection, unusually severe weather, fires, 
floods, strikes, freight embargoes or other events or circumstances of like nature. 

 
(b) Notwithstanding the provisions of the “Liquidated Damages” article of this Contract, if the 

Contractor is delayed at any time during the performance of this Contract, by the Authority’s 
negligence or by a force majeure event, then the Contracting Officer shall extend the time for 
completion and/or the affected delivery date(s) in the following circumstances: 

 
(1) The cause of the delay arises after the award of the Contract and neither was nor could 

have been anticipated by the Contractor by reasonable investigation before such 
award; 
 

(2) The Contractor demonstrates to the Contracting Officer that the completion of the work 
and/or affected delivery(ies) will be actually and necessarily delayed; 

 
(3) The delay cannot be avoided or mitigated by the exercise of all reasonable 

precautions, efforts and measures available to the Contractor, whether before or after 
the cause of delay; and 
 

(4) The Contractor makes a written request and provides other information to the 
Contracting Officer, as described below. 

 
(c) If the Contractor will be delayed at any time or for any period by two (2) or more of the above-

mentioned causes, the Contractor shall not be entitled to a separate extension for each cause, 
but shall be entitled to only one (1) period of extension for the cumulative effects of the delay. 
 

(d) The Contracting Officer may rescind or shorten any extension previously granted, if he or she 
subsequently determines that any information that the Contractor provided in support of a 
request for an extension of time was erroneous, if accurate information would have resulted in 
a denial of the request for an excusable delay.  The Contracting Officer will not rescind or 
shorten any extension previously granted, if the Contractor acted in reliance upon it and if, in 
his or her judgment, such extension was based on information that the Contractor submitted 
in good faith, even if it is later determined to be erroneous. 

 
(e) The request for an extension of time shall be made within ten (10) days after the Contractor 

knows or should know of any cause for which it may claim an excusable delay. The 
Contractor’s request shall contain any potential basis for an extension of time, describing, as 
fully as possible, the nature and projected duration of the delay and its effect on the completion 
of the work identified in the request.  Within thirty (30) days after his or her receipt of all such 
information, the Contracting Officer shall advise the Contractor of his or her decision on such 
requested extension. Where it is not reasonably practicable for the Contracting Officer to 
render his or her decision in the thirty (30) day period, he or she shall, prior to the expiration 
of such period, advise the Contractor that he or she will require additional time and state the 
approximate date upon which he or she expects to render a decision. 

 
(f) In no event shall a delay in performance of the Contract occasioned solely by a force majeure 

event or the acts or omissions of any party outside of the Contractor’s control be the basis for 
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a termination for default pursuant to this Contract. In no event shall a subcontractor at any tier 
be deemed a party outside of the Contractor’s control. 

 
11. THE AUTHORITY’S DELAY  

 
(a) If the performance of all or any part of this Contract is delayed in a material manner or extent 

by the Authority’s acts or omissions that are not expressly or impliedly authorized by this 
Contract or by applicable provisions of law, the Contracting Officer shall make an adjustment 
(excluding profit) for any increase in the cost of performance of this Contract caused by such 
delay and shall modify the Contract, in writing. The Contracting Officer shall make an 
adjustment to the delivery or performance dates and to any other Contractual provision, if such 
delay or interruption affected Contract compliance. The Contracting Officer shall make no 
adjustment under this Contract for any delay or interruption, if performance was or could have 
been delayed by any other cause, including, without limitation: (i) the fault or negligence of the 
Contractor or any subcontractor; (ii) an act constituting a force majeure event pursuant to this 
Contract; or (iii) any other cause for which an adjustment is provided under any other article of 
this Contract, at law or in equity. 

   
(b) An adjustment pursuant to paragraph (a) shall not be allowed:  

 
(1) For any costs incurred more than twenty (20) days before the Contractor notifies the 

Contracting Officer, in writing, of the delay.  
 
(2) Unless the claim, in a sum certain, is asserted in writing as soon as practicable after 

the termination of the delay. In no event, shall a Contractor assert a delay claim later 
than thirty (30) days after its termination. The delay claim shall be accompanied by 
appropriate documentation, specifically supporting the nature and extent of the 
claimed impact upon the cost and/or time required for performance. In any instance 
where it is not possible for the Contractor to fully project such impact within the thirty 
(30) day period, it shall support the claim with such documentation as is then 
reasonably available, along with a statement of the anticipated time frame when the 
Contractor expects to provide the additional materials.  The Contracting Officer shall 
maintain the right throughout the process to request such additional materials as he or 
she shall reasonably require in consideration of the claim and shall be under no 
obligation to conclude his or her consideration of the claim prior to review of all relevant 
materials.  Any adjustment to the Contract price pursuant this clause must be 
determined prior to final payment under this Contract. 

 
12. NOTICE TO THE AUTHORITY OF LABOR DISPUTES 
 

(a) Whenever the Contractor has knowledge that any actual or potential labor dispute is delaying 
or threatens to delay the timely performance of this Contract, the Contractor shall immediately 
give notice thereof, including all relevant information with respect thereto, to the Contracting 
Officer. 
 

(b) The Contractor agrees to insert the substance of this article, including this paragraph (b), in 
any subcontract hereunder, if a labor dispute may delay the timely performance of this 
Contract.  
 

13. NOTIFICATION OF BANKRUPTCY OR INSOLVENCY 
 
In the event the Contractor becomes insolvent or files or has filed against it a petition in bankruptcy, 
whether voluntary or involuntary, the Contractor agrees to furnish, by certified mail or electronic 
commerce method authorized by the Contract, written notification of such to the Contracting Officer. 
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This notification shall be furnished as soon as possible, but in no event more than ten (10) days of the 
initiation of the proceedings relating to bankruptcy filing. This notification shall include the date on 
which the bankruptcy petition was filed, the identity of the court in which the bankruptcy petition was 
filed, and a listing of all WMATA Contract numbers for all WMATA contracts against which final 
payment has not been made. This obligation remains in effect until final payment under this Contract. 
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CHAPTER III – DELIVERY/ACCEPTANCE/INSPECTIONS/DEFICIENCIES 

 

1. DELIVERY AND CONDITIONAL ACCEPTANCE SCHEDULE 
 

(a) Delivery of the base contract four pilot cars shall occur no later than NTP + 36 months (Date 
TBD) 

 
(b) Delivery of the base contract four production cars shall occur no later than NTP + 42 months 

(Date TBD) 
 

(c) Conditional acceptance of the base contract four pilot cars and four production cars shall occur 
no later NTP + 48 months (Date TBD). 
 

(d) Delivery and conditional acceptance of the remaining base order (248) cars shall begin 
immediately after conditional acceptance of the pilot cars at a rate of 16 cars per month, unless 
otherwise agreed.  Conditional acceptance of all base order cars shall occur no later than NTP 
+ 66 months (Date TBD). 
 

(e) Delivery of special tools and test equipment shall meet the dates required in the Technical 
Specifications of this solicitation. Refer to TS 9.5.3 Special Tools (CDRL) 
 

(f) Delivery of manuals, drawings and technical data shall meet the requirements of the contract 
data requirement list (CDRL) in the Technical Specifications. 
 

(g) Delivery of training shall meet the dates required in the Technical Specifications. Refer to TS 
2.5.1 Master Program Schedule (CDRL).  
 

(h) Delivery of the approved recommended spare parts shall meet the dates required in Chapter 
III, Article 11 Spare Parts of this solicitation. 
 

(i) Delivery and conditional acceptance of option cars shall immediately follow the base order 
delivery and conditional acceptance, using a delivery rate of 16 cars per month, as agreed.  
There shall be no gap in commencement of delivery of option cars unless approved by the 
Authority. Should WMATA decide to exercise an option, at its sole discretion, WMATA and the 
parties will negotiate the date to avoid a gap in delivery.  
 

(j) Delivery of cab simulator shall occur no later than conditional acceptance of the four Pilot Cars 
(Date TBD).  

 

2. SPECIAL DELIVERY INSTURCTIONS 
 

(a) Rail cars shall be delivered F.O.B. Washington Metropolitan Area Transit Authority 
Commissioning Facility at Greenbelt Yard S&I Shop, 5801 Sunnyside Avenue, College Park, 
Maryland 20740. The Contractor shall be responsible for the transportation of the rail cars and 
placement of the rail cars onto the Authority's tracks at the Commissioning Facility. 
 

(b) Spare parts shall be delivered in accordance with Chapter III, Article 12 Spare Parts. 
 
(c) Simulator, Special tools and test equipment shall be delivered as directed by the COTR. 
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(d) There shall be no more than four Quad units (16 cars) of unaccepted cars (i.e. cars undergoing 
or preparing for qualification and/or acceptance testing or undergoing repairs under the 
cognizance of the Contractor) on the Authority's property at any time. 

 
3. INSPECTION OF SERVICES  
 

(a) The Contractor shall provide and maintain an inspection system acceptable to the Authority 
covering the services under this Contract. The Contractor shall maintain complete records of 
all inspection work it performs and make them available to the Authority during Contract 
performance in the manner and in accordance with the time periods set forth in the “Audit and 
Inspection of Records” article of this Contract. 
  

(b) The Authority has the right to inspect and test all services called for by this Contract, at all 
times and places reasonably practicable during the term of this Contract.  The Authority shall 
perform inspection and tests in a manner that will not unduly delay the Contract.  
 

(c) If the Authority performs inspections or tests on the Contractor’s or subcontractor’s premises, 
the Contractor shall furnish, and shall require subcontractors to furnish, without cost, all 
reasonable facilities and assistance for the safe and convenient performance of such 
inspections or tests. 
 

(d) If any of the services performed do not conform to the Contract’s requirements, the Authority 
may require the Contractor to perform them again in conformity with the Contract’s 
requirements, without additional cost.  When the defects in performance cannot reasonably 
be corrected by such further performance, the Authority may: 

 
(1) Direct the Contractor to take necessary action to ensure that future performance 

conforms to this Contract’s requirements; and/or   
 
(2) Reduce the Contract price to reflect the reduced value of the services performed.   

 
(e) If the Contractor fails to comply with the provisions of paragraph (d), the Authority may: 

 
(1) By contract or otherwise, perform the services and charge to the Contractor any cost 

thereby incurred by the Authority; and/ or 
 

(2) In the event that the Contracting Officer deems such failure to comply a material 
breach, terminate the Contract for default.   

 
(f) Nothing contained herein shall be deemed to preclude the Contracting Officer from reducing 

the Contract price due to the reduced value of nonconforming services to the Authority. 
 

4. INSPECTION AND TESTING OF SUPPLIES  

 
(a) The Contractor shall provide and maintain an inspection system acceptable to the Authority 

covering supplies under this Contract and shall tender to the Authority for acceptance only 
supplies that have been inspected in accordance with the inspection system and that the 
Contractor determines to be in conformity with this Contract’s requirements. As part of the 
system, the Contractor shall prepare records evidencing the nature and result of all 
inspections. These records shall be made available to the Authority during the term of the 
Contract and thereafter in accordance with the “Audit and Inspection of Records” article of this 
Contract. The Authority may perform reviews and evaluations as reasonably necessary to 
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ascertain compliance with this article. These reviews and evaluations shall be conducted in a 
manner that will not unduly delay the Contract. Reviews, whether exercised or not, do not 
relieve the Contractor of its obligations under this Contract. 
  

(b) The Authority has the right to inspect and test all supplies under this Contract, to the extent 
practicable, at all places and times, including during manufacturing, and before acceptance. 
The Authority shall perform inspections and tests in a manner that will not unduly delay the 
Contract. The Authority assumes no Contractual obligation to perform any inspection and/or 
test nor shall the Authority’s failure to perform any inspection and/ or test relieve the Contractor 
of any obligation under this Contract. 
 

(c) If the Authority performs inspection(s) or test(s) on the Contractor’s or subcontractor’s 
premises, the Contractor shall furnish, and shall require subcontractors to furnish, without 
additional cost, all reasonable facilities and assistance for the safe and convenient 
performance of these inspections or tests.  
 

(d) When supplies are not ready at the time specified for inspection or testing, the Contracting 
Officer may charge the Contractor for any additional, associated costs.  The Contracting 
Officer may also charge the Contractor for any additional costs of inspection or testing when 
prior rejection makes re-inspection or retesting necessary. 

 

5. ACCEPTANCE OF SUPPLIES  
  

(a) The Authority shall accept or reject the railcars, spare parts and simulator (supplies) as provided 
in this Contract.  The Authority’s failure to inspect and/or accept or reject the supplies shall not 
relieve the Contractor from responsibility, nor impose liability upon the Authority, for 
nonconforming supplies. 

 
(b) The Authority’s final acceptance shall be deemed conclusive, except for latent defects, fraud, 

willful misconduct, gross mistakes amounting to fraud or as otherwise provided in this Contract.  
In such instances, the Authority, in addition to any other rights and remedies it has under this 
Contract, at law or in equity, shall have the right: 
 
(1) To direct the Contractor, at no increase in Contract price, to correct or replace the 

defective or nonconforming supplies at the original point of delivery or, if the 
Contracting Officer determines, at the Contractor’s facility, in accordance with a 
reasonable delivery schedule as may be agreed upon between the parties. The 
Contracting Officer may reduce the Contract price, if the Contractor fails to meet such 
delivery schedule; or 
 

(2) Within a reasonable time after the Contractor’s receipt of a Notice of Defects or 
Nonconformance, the Contracting Officer may reduce the Contract price, as is 
equitable under the circumstances, if he or she elects not to require correction or 
replacement. When supplies are returned to the Contractor, the Contractor shall bear 
the costs of transportation.  If the Contractor fails to perform or act as required in this 
Article and does not cure such failure within a period of ten (10) calendar days (or such 
longer period as the Contracting Officer may authorize in writing) after receipt of notice 
from the Contracting Officer specifying such failure, the Authority shall have the right 
by contract or otherwise, to replace or correct such supplies and charge to the 
Contractor the Authority’s costs. 
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(i) If this contract provides for the performance of Authority quality assurance 
at source, and if requested by the Authority, the Contractor shall furnish 
advance notification of the time when the Contractor’s inspection or tests 
will be performed in accordance with the terms and conditions of this 
Contract; and when the supplies will be ready for the Authority’s 
inspection. The Authority’s request shall specify the period and method 
of the advance notification and the COTR to whom it shall be furnished. 
Requests shall not require more than two (2) workdays of advance 
notification if the Authority representative is in residence in the Contractor’s 
plant, nor more than seven (7) workdays in other instances. 

6. RESPONSIBILITY FOR INSPECTION  

Notwithstanding the requirements for any Authority inspection and/or test contained in the 
Technical Specifications applicable to this Contract, except where specialized inspections 
or tests are specified for performance solely by the Authority, the Contractor shall perform 
or have performed the inspections and tests required to substantiate that the supplies and 
services provided under the Contract conform to the Drawings, Technical Specifications and 
Contract requirements. 

7. FINAL ACCEPTANCE  

 
(a) The Contracting Officer shall notify the Contractor of final acceptance of the cars upon 

completion of all tests prescribed in the Technical Specifications, including completion of the 
Reliability Program test and before final payment, if he or she finds that the cars are in good 
order and conform to the Specifications in all respects. 
 

(b) The Contracting Officer shall notify the Contractor of final acceptance of spare parts upon 
delivery in good order and verification that no further configuration changes are required to 
make them compatible with the final “as built” configuration of the car and its systems. 

 
(c) The Contracting Officer shall notify the Contractor of final acceptance of portable and bench 

test equipment upon delivery in good order and verification that no further configuration 
changes are required to make them compatible with the final "as built” configuration of the car 
and its systems. 
 

(d) The Contracting Officer shall notify the Contractor of final acceptance of operations and 
maintenance manuals and spare parts catalogues upon delivery in good order and verification 
that no further configuration changes are required to make them compatible with the final “as 
built" configuration of the car and its systems. 

 
(e) The Contracting Officer shall notify the Contractor of final acceptance of as-built drawings upon 

delivery in good order and verification that no further configuration changes are required to 
make them compatible with the final "as built" configuration of the car and its systems. 
 

(f) The Contracting Officer shall notify the Contractor of final acceptance of the User Education 
Program at its conclusion in a manner satisfactory to the Authority and upon the delivery of all 
appropriate lesson plans, training aids, training films, and other specified materials. 

 
(g) Payments will be initiated by final acceptance, as specified in the article entitled “Payment 

Milestones/Performance Based Payments.”  At the Authority's discretion, the percentage 
retained for final acceptance may be adjusted downward upon determination by the 
Contracting Officer that final acceptance is achievable and likely. 
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8. CONDITIONAL ACCEPTANCE  
 

(a) The transit cars will be accepted as four-car (quad) units. At its discretion, the Authority 
may conditionally accept the cars although not completely conforming to the 
Specifications. The Authority will provide a written notice of conditional acceptance or 
rejection of the transit cars within 30 days of completion of Acceptance Tests or, in the 
case of spare parts, verification of receipt on the Authority’s property. 
 

(b) Notice of conditional acceptance indicates that the cars and/or parts meet minimum 
standards for revenue service however, deficiencies remain that the Contractor must 
resolve for final acceptance to occur. “Minimum standards for revenue service” are defined 
as having no conditions that would lead to an open failure service report and having no 
operating restrictions. The notices of conditional acceptance will include lists of such 
deficiencies known to exist at the time of the conditional acceptance.   Such deficiencies 
shall not limit the Authority’s rights to correct or eliminate deficiencies subsequently 
discovered. Specifically stated, the Authority does not waive any contractual rights, 
including the right to terminate for default, or assess liquidated damages by conditionally 
accepting any supplies or services under this Contract. 

 
(c) Upon conditional acceptance of a car, the Contractor will have a 90-day period in which 

to correct all deficiencies listed on the Notice of Conditional Acceptance. Should the 
Contractor elect not to correct any or all of the deficiencies in the allotted time, the Authority 
shall, at its sole discretion, have the right to issue a Notice of Final Acceptance and deduct 
the total value of these defects from the amount being retained pending final acceptance. 
 

(d) Conditional Acceptance of the first four pilot cars shall not be granted until the Draft 
Manuals and Draft Illustrated Parts Catalogs have been approved by the Authority. The 
Authority requires a minimum of thirty (30) days for the review process. The Illustrated 
Parts Catalogs must include, but is not limited to, the Original Equipment Manufacturer 
(OEM) name and original part numbers. 
 

(e)  Conditional acceptance of 248 base contract cars shall occur no later than NTP + 81 
months (Date TBD). 
 

9.  NEW MATERIAL (SUPPLIES)  
 

Unless this Contract specifies otherwise, the Contractor represents that any railcars, simulators or 
spare parts and related supplies to be provided under this Contract are new (not used or 
reconditioned, and not of such age or so deteriorated as to impair their usefulness or safety). If at 
any time during the performance of this Contract, the Contractor believes that furnishing supplies or 
components that are not new is in the Authority’s best interests, the Contractor shall notify the 
Contracting Officer immediately in writing.  The Contractor’s notice shall include the reasons for the 
request, along with any proposed price reduction, that the Authority may take if the Contracting 
Officer agrees to authorize such supplies or components.  The Contracting Officer’s authorization to 
use such supplies or components shall be final and binding and not subject to further review 
pursuant to the “Disputes” article of this Contract or otherwise. 

 
10.  SPARE PARTS  
 

This contract involves provisioning of three type of spare parts: initial spare parts, spare parts for 
warranty, and maintenance spare parts. Through this contract, WMATA will purchase initial spare 
parts to accompany the base cars and any options exercised or future quantities ordered.  Initial spares 
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consist of consumables, replacement, repairable, and overhaul parts.  Spare parts for warranty will be 
provided by the Contractor at no additional cost to the Authority.  Maintenance spares will be 
purchased either under the Vendor Managed Inventory (VMI) option or through separate contracts.  
Although WMATA is seeking to procure only initial spares, WMATA requires a comprehensive spare 
parts plan as outlined below. 

 
11.  SPARE PARTS PLAN 
 

(a) The Contractor shall manage spare parts provisioning for the railcars delivered under this 
Contract. Provisioning shall be based on the Contractor's warranty requirements (Chapter III, 
Article 12, Warranty), the initial spare parts as listed in the Price Schedule, and an established 
plan for spare parts inventory for maintaining the railcars for 20 years.   

 
(1) The Contractor shall submit a Spare Parts Provisioning Plan (CDRL 2-13) as part of 

the Conceptual Design Review. 
 
(i) The provisioning plan shall specify the processes that the Contractor will 

employ to ensure sufficient spare parts are on-hand for performing the 
preventative maintenance as outlined in the Periodic Inspection Manual (TS 
8.1.7.5) and the warranty requirements on the accepted railcars. 

 
(ii) The provisioning plan shall emphasize the measures from a spare parts 

perspective for keeping the accepted railcars available for revenue service. 
 

(iii) The provisioning plan shall reference a list of recommended spare parts that 
will be developed throughout the railcar design phases. 

 
(iv) The provisioning plan shall describe the process that will enable the Authority 

to establish an inventory of spare parts for the railcars delivered under this 
Contract. 

 
(2) The Contractor shall submit at the time of the Final Design Review, a Recommended 

Spare Parts List (CDRL 2-14) for the equipment to be furnished. The list shall be 
created using the Contractor's Bill of Materials and shall be updated as the railcar 
design and assembly progresses. All items in the Recommended Spare Parts List shall 
be referenced in the Illustrated Parts Catalog (TS 8.1.7.6). 
 
The Recommended Spare Parts List shall be based on the Contractor's experience 
with similar equipment in service on other transit systems, the Authority's operating 
conditions as determined from the Operational Characteristics Analysis (TS 3.2.2.1), 
and performance of preventive maintenance as outlined in the Periodic Inspection 
Manual (TS 8.1.7.5). 
 
The recommended spare parts shall be grouped into four categories as listed below: 
 
(i) Consumable Parts - Parts that are regularly replaced as part of the scheduled 

maintenance of the railcar, and that once replaced are not expected to be 
reused. Examples of consumable parts are brake pads, air filters, and 
windshield wiper blades. Quantities shall be based on the parts necessary to 
maintain a 64 Quad-Unit consist for one year based on an annual operating 
mileage of 100,000 miles.  
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(ii) Replacement Parts - Parts that are not regularly replaced as part of the 
scheduled maintenance of the railcar, but that are expected to require 
replacement due to external causes such as vandalism, abuse, or accidents. 
Once replaced, the parts are not expected to be reused. Examples of 
replacement parts are seat cushion covers and windows.  Quantities shall be 
based on the parts necessary to maintain 64 Quad-Unit consists until a mid-
life overhaul at approximately 20 years of operation based on an annual 
operating mileage of 100,000 miles. 
 

(iii) Repairable Parts - Parts that are not regularly replaced as part of the 
scheduled maintenance of the railcar, but that are expected to require 
replacement due to random failure. Once replaced, the parts are expected to 
be repaired and returned to the parts inventory. Examples of repairable parts 
are electrical assemblies, printed circuit boards, and destination signs.  
Quantities shall be based on the parts necessary to maintain 64 Quad-Unit 
consists until a mid-life overhaul at approximately 20 years of operation based 
on an annual operating mileage of 100,000 miles. 
 

(iv) Overhaul Parts - Parts that are scheduled to be replaced at planned intervals. 
Once replaced the parts are expected to be overhauled or reconditioned for 
further use. Overhaul parts are normally provided in kit form, with the kit 
containing those parts usually replaced during an overhaul. Examples of 
overhaul parts are pneumatic assemblies, gear units, and motors.  Quantities 
shall be based on the parts necessary to maintain 64 Quad-Unit consists until 
the first overhaul cycle is due based on an annual operating mileage of 
100,000 miles. 
 

(3) Information shall be provided for each item on the Recommended Spare Parts List 
according to the tables in the Technical Specification section TS 25. 
 

(4) The quantities of recommended spare parts shall be based upon the Reliability 
Prediction (TS 7.3.1), usage rate, and lead time with consideration given to: 

 
(i) Wear - Quantity requirements shall be based on the total population of items 

installed in equipment on the railcars and mean time between failures. 
 

(ii) Repairable Items - Quantity requirements shall be based on the degree to 
which an item is capable of being repaired or reconditioned to a serviceable 
operational condition. 

 
(iii) Long Lead Time - Components which are not available from commercial 

distributors or manufacturers within 30 calendar days. 
 

(5) The Contractor shall apply a single control numbering system to organize the spare 
parts list and to provide for efficient tracking of pricing, ordering, and receiving. 
Individual sub-supplier numbering systems will be cross-referenced and subservient 
to the Contractor’s system. The control numbering system shall be proposed to and 
approved by the Authority (CDRL 2-15) prior to submittal of the first Recommended 
Spare Parts List. 
 

(6) All data received from the Contractor shall be in a format that can be directly imported 
into the Authority’s Maximo System. 
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(7) Submittal of the Recommended Spare Parts List shall be based on the following 
schedule: 

 
(i) Final Design Review - Complete Recommended Spare Parts List including 

consumable, replacement, repairable, and overhaul parts. 
 

(ii) 6 months before delivery of pilot cars - Revised Recommended Spare Parts 
List for consumable, replacement, and repairable parts. 

 
(iii) One year after acceptance of pilot cars - Revised Recommended Spare Parts 

List for overhaul parts. 
 

(iv) Two years after acceptance of pilot cars - Final Recommended Spare Parts 
List for consumable, replacement, repairable, and overhaul parts. 

 
(8) Each edition of the Recommended Spare Parts List shall identify the revisions from 

the previous submittal as additions, deletions or revised information. Each revision to 
the list shall address adjustments to recommended quantities of individual parts and 
unit pricing. 
 

12.  SPARE PARTS DELIVERY 
 

The Contractor is advised that the Authority has the unilateral right to order spare parts beyond the 
initial delivery of the base and option cars (Chapter II, Article 4, “Options”) from any vendor pursuant 
to another contract.   
 

(1) The total base spare parts price shall not exceed 10% of the total base vehicle 
price, as detailed on the Price Schedule.  The total option spare parts price shall 
not exceed 10% of the total option vehicle price. 
  

(2) Spare parts delivery will be based on the Contractor’s lead-times. The Contractor 
shall seek the Authority’s approval of the lead-times for delivery of spare parts. 
 

(3) Delivery of the Approved Recommended Spare Parts per Chapter II, Article 4, 
“Options” for the base order shall occur in accordance with the following schedule: 
 

(i) Delivery of the pilot cars - Complete consumable spare parts delivered to the 
Authority’s warehouse. 
 

(ii) Acceptance of pilot cars - Complete replacement spare parts and complete 
repairable spare parts delivered to the Authority’s warehouse. 

 
(iii) 6 months before any scheduled overhaul - Overhaul parts delivered to 

Authority’s warehouse. 
 

(4) The Recommended Spare Parts List and subsequent revisions to the list, together 
with cost and pricing data and a certificate of Current Cost and Pricing Data from 
the Contractor and all applicable subcontractors and suppliers, shall be furnished 
to the Contracting Officer. Such cost and pricing data shall be subject to audit by 
the Authority.  The Authority shall negotiate fair and reasonable prices for spare 
parts prior to final approval of the Recommended Spare Parts List. 
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Set, assembly, or group prices must be further broken down to show the unit price of 
each sub-element that makes up the set or group. For example, the unit price of each 
circuit board in a set of boards must be provided and a motor-gear assembly, while it 
may be offered at a single unit price, must also include a breakdown with prices of 
each element used in repair and maintenance of the assembly, such as bearings, 
gears, etc. 

 
The Contractor's markup on spare parts provided by subcontractor's or sub-vendors 
shall not exceed 10%. 

 
(5) Unless otherwise directed by the Contracting Officer or his or her designated 

representative, spare parts shall be delivered F.O.B. at the receiving platform of 
the Authority’s Metro Supply Facility, 8201 Ardwick-Ardmore Road, Landover, 
Maryland 20801. The parts shall be properly packaged or crated so as to prevent 
damage during shipment and long-term storage. 

Shipping documentation, including bills of lading and packing lists shall clearly identify 
the shipment as “CONTRACT CQ19038-8K SPARE PARTS”. In addition to any other 
identifiers, e.g. subcontractor part number, etc., all items shall be identified to the 
control numbering system addressed above. The following instructions shall appear in 
bold lettering on each page of the packing list: 

 
Receiving Supervisor: 
Notify the Authority (Contract CQ19038-8K) of material received in this 
shipment. A signed copy showing quantities actually received shall be 
forwarded to the COTR.  

 
(6) The Contractor shall provide for the modification or replacement of any spare part 

which is not in accordance with the final approved system and/or equipment 
configuration. This applies to cases such as where equipment design modifications 
are introduced into components during or subsequent to the production period to 
improve reliability or performance. 
 

(7) The spare parts shall not be available to the Contractor to satisfy its obligations 
under Chapter 3, Warranty, unless, and to the extent authorized by the Authority, 
and then only to the extent new or in-kind replacement is made at the earliest 
possible time. 
 

13. WARRANTY   

(a) The Contractor warrants all railcars, components, parts, and equipment furnished under this 
Contract against defects or failures, as defined herein, for the specific periods stated in this 
Article. The Contractor's on-site staff shall provide technical assistance, 24 hours per day, 7 
days per week and troubleshooting support. 

(b) Any defect or failure occurring prior to commencement of the warranty period shall be covered 
under the ‘Inspection’ and ‘Correction of Deficiencies’ Articles. 

(c) For purposes of this Article, “defect or failure” shall mean any condition, whatsoever the cause, 
whereby a railcar, simulator, component, part or equipment shall require maintenance, repair, 
or replacement or otherwise fail to conform to the Specifications other than: 

(1) Scheduled maintenance recommended by the Contractor and accepted by the 
Authority, including repair or replacement of consumable items where the item has met 
the minimum life expectancy generally recognized in the industry for such item; and  
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(2) Maintenance, repair, or replacement resulting solely from causes beyond the control 
and without the fault or negligence of the Contractor. 

(d) The Authority reserves the right to perform normal, routine maintenance and periodic 
inspections without voiding the warranty. 

(e) The warranty period(s) shall commence, for each individual car, when that car is conditionally 
accepted and shall run for: 

(1) Ten years for carbody, carbody structures, under floor equipment supports, and truck 
structural parts; 

(2) Five years for axles, blower motors, bearings, axle journal bearings, special tools and 
test equipment; 
 

(3) Six years for traction motors and propulsion gear units; 
 

(4) Three years for the propulsion system; 
 

(5) Two years for all elements, components, parts and equipment furnished under the 
Contract; not mentioned above; 

 
(6) Optional two-year extension consecutive to the two-year warranty. 

 
(f) Consumable items, such as brake pads, light bulbs, air filters, and windshield wiper blades, 

shall not be subject to the warranties set forth in the subparagraphs above, but shall have a 
minimum life expectancy generally recognized in the industry for such an item. If during the 
warranty period, a consumable item exhibits a defect caused by defective manufacture or 
design and more than 10% of the consumable item exhibits the defect and/or fail, the 
Contractor shall replace the item in every railcar, spare part or simulator supplied under the 
Contract. 

(g) The warranty period(s) shall not run while a car is out of service for warranty work, field 
modifications, or modifications necessary to correct defective design, materials, or 
workmanship and shall be extended one day for each day that a railcar is not available for 
service. 

(h) In the event that there is a Fleet Defect as described below, the warranty period for any work 
performed to correct the Fleet Defect shall be two years from the completion of the work on 
the last railcar. 

(i) In the event any railcar, simulator, component, part or equivalent (supplies) exhibits a defect 
or failure within the warranty period including all warranty extensions, the Contractor shall 
furnish a replacement part and repair the supply to ready for revenue status within 24 hours of 
receipt of the record of the deficiency. All costs associated with the removal, replacement, and 
reinstallation of equipment and materials necessary to access the work area shall be borne by 
the Contractor. All shipping and handling costs shall be borne by the Contractor. 

In order to meet the 24-hour repair onsite requirement, the Contractor shall: 

(1) Assume that the railcars will be repaired at any of the Authority's maintenance shops 
24 hours a day, 7 days a week, and 365 days a year. 

(2) Coordinate the scope of any warranty work and the optimum manner of accomplishing 
such work taking into account out-of-service time, manpower requirements, skill levels, 
space restraints, and other relevant factors with the applicable shop superintendent; 
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(3) Minimize downtime of the affected equipment while repairs are being done. 

(j) Failure to comply with the 24-hour repair requirement of the preceding subparagraphs shall 
not relieve the Contractor from the obligation to repair the railcar. 

(1) Should the Contractor fail to satisfactorily comply with the 24-hour requirement, the 
Authority may assume responsibility for the diagnosis and repair of the railcar. In this 
case, the Contracting Officer, in his or her discretion shall offset the contract payments 
or the retainage by the amount of costs incurred by the Authority in diagnosing and 
repairing the railcar including, without limitation, costs for materials, supplies, 
equipment, direct and indirect costs and other costs reasonably allocable and 
allowable under Federal Acquisition Regulation (FAR) part 31 for performance of the 
corrective work.  

(2) The Contracting Officer or his or her authorized representative may authorize removal 
of spare parts from the Authority inventory’s for the Contractor’s warranty work.  In 
such case, the Contractor shall furnish a new replacement part within 45 calendar days 
of receipt of the part along with the record of the deficiency and warranty repair signed 
by an authorized representative of the Contracting Officer. Failure to comply with the 
45-calendar-day requirement shall not relieve the Contractor from the obligation to 
furnish the part.  The Contractor shall pay the cost of the part plus transportation costs 
which shall be deducted from the retainage payment. 

(3) The Authority reserves the right to perform such repair work without voiding any 
warranties. 

(k) The Contractor shall submit a Warranty Plan (CDRL 2-12) that describes how the warranty will 
be implemented and managed. The plan shall address Contractor’s and subcontractors’ 
staffing, parts provisioning, engineering support, warranty documentation, and parts 
disposition. 

(1) The Contractor shall maintain a log of defects and failures found in the equipment, and 
of any adjustments and/or changes made in order to repair such defects and failures. 
A weekly summary of the warranty logs signed by the Contractor’s Resident Engineer 
shall be submitted to the Authority. 

(2) The Contractor and Authority shall meet on a monthly basis to review the warranty 
work. 

(3) As part of the monthly review, the Contractor shall list any spare parts obtained from 
the Authority, per paragraphs (j) (1) of this Article, and the return date. The Contractor 
shall maintain the spare parts list throughout the duration of the warranty. 

(l) Where defects or failures of components, parts, or equipment exceed the requirements set 
forth below, the Contracting Officer shall declare a Fleet Defect or Reliability Failure  and the 
Contractor shall retrofit or replace all of the components, parts, or equipment of the fleet on all 
delivered and non-delivered railcars that the Contracting Officer deems to contain the defect 
or failure, regardless of whether all of the components, parts, or equipment in the fleet installed 
or rehabilitated under this Contract have exhibited the defect or failure and regardless of the 
warranty status. 

(1) Fleet Defect – A fleet defect shall be declared if: 

(i) 5% of the total quantity of identical components used for the same function, in 
the same assembly, subsystem, or system, or identical failures affecting 
conditionally accepted vehicles. 
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(ii) Identical components used for the same function, in the same assembly, 
subsystem, or system affecting 10% of the conditionally accepted vehicles. 

 
(iii) Fleet Defects will be evaluated during an 18-month moving window and may 

be declared any time the count reaches the Fleet Defect quantity beginning 
with conditional acceptance of the first married pair of vehicles and extending 
until expiration of the warranty period or extended warranty period on the last 
married pair of vehicles. 

(2) Reliability Failure - A Reliability failure shall be declared if: 
 

(i) The system reliability requirements specified in Exhibit 7-3 in Section 7 of the 
Technical Specifications are not met at the conclusion of the reliability test. 
 

(ii) The Mean Distance Between Delay (MDBD) requirement of 200,000 miles 
specified in Exhibit 7-2 in Section 7 of the Technical Specifications is not met. 

(m) In the event of a Fleet Defect or Reliability Failure, the Authority will, if deemed necessary not 
conditionally accept any additional railcars until such time as the fleet defect is corrected or 
reliability and/or MDBD for the existing railcars meets the Contract requirements. 

(n) In the event of any Fleet Defects or Reliability Failures as specified above, the Authority shall 
have the right at the sole discretion of the Contracting Officer, to direct the Contractor to correct 
the defect or cause of failure, including performance of any design or engineering studies or 
analyses reasonably necessary to such correction, within 60 calendar days of receipt of the 
Contracting Officer’s notice. Should the Contractor fail to satisfactorily comply with the 
requirements, the Contracting Officer may exercise any of three options: 

(1) WMATA may perform any engineering or design studies or analyses reasonably 
necessary and may return to the Contractor for repair, replacement or retrofit any 
component or part of equipment that is necessary for correction. Upon receipt, the 
Contractor shall repair the item and return it to the Authority, or furnish a replacement 
or retrofit the defective or failed component or part within 60 calendar days. Failure to 
comply with the 60 calendar day requirement shall not relieve the Contractor from the 
obligation to furnish the part. 

(2) Obtain correction of the defect or cause of failure, including performance of any 
engineering or design studies or analyses reasonably necessary to such correction, 
by any reasonable means. When the Contracting Officer has directed the Contractor 
to correct the defect or cause of failure and it fails to do so within 60 calendar days, 
the Authority may contract with another company to complete the work. 

(3) Direct that no corrective measures be taken and, modify the Contract as necessary to 
reflect such action, including an equitable adjustment (reduction) in the Contract price 
in accordance with the Changes article.  

(o) The Contractor shall be liable to and shall reimburse the Authority for all costs incurred by the 
Authority in correcting, or obtaining the correction of, a defect or failure covered by this Article 
including, without limitation, costs for materials, supplies, equipment, and other direct and 
indirect costs reasonably allowable pursuant to FAR part 31 and allocable to performance of 
corrective work. Where the Authority contracts for all or part of such corrective action, such 
costs shall be reimbursable by the Contractor. 
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(p) All costs incurred by the Contractor for performing corrective actions, or for delays incident 
thereto, shall be solely the Contractor’s responsibility. The Contractor shall also prepare and 
furnish to the Authority, data and reports applicable to any correction required under this Article 
(including revision and updating of all other affected data called for under this Contract) at no 
increase in the Contract price. The Authority shall not be liable for any costs incurred by the 
Contractor in complying with this Article. 

(q) The Contractor shall bear the risk of lost components, parts, or equipment while in transit to or 
from the Contractor’s facility. 

(r) The period of performance of this Contract shall not be extended nor shall the Contractor's 
liability for liquidated damages be reduced as a result of delay in performance of the Contract 
caused, in whole or in part, by compliance with this Article. 

(s) Any component, part, or equipment replaced by the Authority under this Article shall be 
disposed of by the Authority in the manner requested by the Contractor and at the Contractor's 
expense. If the Contractor fails to furnish disposition instructions after reasonable notice from 
the Contracting Officer requesting such instructions, the Contracting Officer will dispose of 
such items in the manner which, in the Contracting Officer's sole judgment, is appropriate 
under the circumstances. 

(t) The rights and remedies of the Authority under this Article are in addition to any of WMATA’s 
contractual rights, including, but not limited to, those accrued under the Inspection and Testing 
Article and/or the Acceptance Article of this Contract, as well as all other rights at law or in 
equity.  

(u) The Authority has unilateral right to exercise the option to extend any existing warranty for an 
additional one or two years, at any point up to the end of the warranty period on the last cars 
 

14. WARRANTY OF SERVICES  
 
(a) Definitions. 
 

“Acceptance,” as used in this clause, means the act(s) of WMATA’s authorized representative 
by which WMATA approves specific services, in partial or complete performance of the 
Contract. 

 
(b) Notwithstanding inspection and acceptance by WMATA, the Contractor warrants that all 

services performed under this Contract will, at the time of acceptance, be free from defects in 
workmanship and conform to the requirements of this Contract. The Contracting Officer shall 
give written notice of any defect or nonconformance to the Contractor within thirty (30) days 
from the date of acceptance by WMATA. This notice shall state either -- 

 
(1) That the Contractor shall correct or re-perform any defective or nonconforming 

services; or 
 
(2) That WMATA does not require correction or re-performance. 

 
(c) If the Contractor is required to correct or re-perform, it shall be at no cost to WMATA, and any 

services corrected or re-performed by the Contractor shall be subject to this clause to the same 
extent as work initially performed. If the Contractor fails or refuses to correct or re-perform, the 
Contracting Officer may, by contract or otherwise, correct or replace the services with similar 
services and charge the Contractor with the cost, or make an equitable adjustment to the 
Contract price. 
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(d) If WMATA does not require correction or re-performance, the Contracting Officer shall make 

an equitable adjustment to the Contract price. 
 
15.  CORRECTION OF DEFICIENCIES 

 
(a) Definitions: As used in this article: 

 
(1) Deficiency means any conditions or characteristics in any supplies (including 

related technical data) or services furnished hereunder, that are not in 
compliance with this Contract ’s requirements. 

 
(2) Correction means any and all actions necessary to eliminate any and all 

deficiencies. 
 

(b) The rights and remedies of the Authority provided in this article:  
 
(1) Shall not be affected in any way by any other provisions under this Contract 

concerning the conclusiveness of inspection and acceptance; and 
 
(2) Are in addition to and do not limit any rights afforded to the Authority by any 

other article of this Contract. 
 

i. The Contractor shall not be responsible under this article for the 
correction of deficiencies in Authority furnished property, except for 
deficiencies in installation, unless the Contractor performs or is obligated 
to perform any modifications or other work on such property. In that event, 
the Contractor shall be responsible for correction of deficiencies to the 
extent of such modifications or other work. 

 
ii. The Contractor shall not be responsible under this article for the 

correction of deficiencies caused by the Authority. 
 

(c) Deficiencies in accepted supplies or services: 
  

(1) If the Contracting Officer discovers that a deficiency exists in any of the supplies 
or services accepted by the Authority under this Contract, he or she shall 
promptly notify the Contractor of the deficiency, in writing. Upon timely 
notification of the existence of such a deficiency, or if the Contractor 
independently discovers a deficiency in accepted supplies or services, the 
Contractor shall (within 30 days) submit to the Contracting Officer, its 
recommendation for corrective action, together with supporting information, in 
sufficient detail for the Contracting Officer to make a decision on a Corrective 
Action Plan. 
 

(2) Within a reasonable amount of time after receipt of the Contractor's 
recommendations for a Corrective Action Plan, the Contracting Officer shall 
provide the Contractor with written notice of WMATA’s Corrective Action Plan, if 
any, to be implemented. 
 

(3) The Contractor shall promptly comply as agreed to by the parties with WMATA’s 
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corrective action plan at no increase in the Contract price. The Contractor shall 
also furnish to the Authority, data and reports applicable to any correction 
required under this Article (including revision and updating of all other affected 
data called for under this Contract) at no increase in the Contract price. 

 

(4) In the event of timely notice of a decision not to correct or only to partially correct 
a deficiency, the Contractor shall promptly negotiate with the Contracting 
Officer for an equitable reduction in Contract price that will be reflected in a 
modification to this Contract. 

(5) If the Contractor becomes aware at any time before acceptance by 
the Authority (whether before or after tender) that a deficiency exists in 
any supplies or services, it shall promptly inform the Contracting Officer, 
in writing, together with its detailed recommendation for corrective action. 

(6) In no event shall the Authority be responsible for delays under this Contract as a 
result of the Contractor's obligations to correct deficiencies. There shall be no 
adjustment to the delivery schedule or period of performance as a result of the 
Contractor’s correction of deficiencies, unless the Contracting Officer agrees to an 
adjustment in a written modification to this Contract. This article shall not be 
construed as obligating the Authority to increase the Contract price. When the 
Authority returns supplies to the Contractor for correction or replacement, and 
when the Contractor returns them to the Authority, the Contractor shall be liable for 
transportation charges. The Contractor shall bear the risk of loss or damage for the 
supplies while in transit. 

(7) If the Contractor fails to present a detailed recommendation for corrective action; 
fails to correct deficiencies or fails to furnish data and reports in accordance with 
the above requirements, the Contracting Officer shall provide the Contractor with 
a written cure notice, specifying the time within which such failure must be cured. 
If the failure is not cured within the specified period, the Contracting Officer may, 
by contract or otherwise: correct the supplies or services, or replace them. If the 
Contractor fails to furnish timely disposition instructions, the Contracting Officer 
may dispose of deficient supplies in a reasonable manner. Upon disposition, the 
Authority is entitled to reimbursement from the Contractor or to set-off from the 
Contract amount, the reasonable expenses of care and disposition, of deficient 
supplies as well as any other associated costs. In such case, the Authority may 
obtain applicable data and reports and charge to the Contractor, the cost 
occasioned thereby. 

(8) Any supplies corrected or replaced and any services re-performed shall be subject 
to this Article to the same extent as supplies or services initially accepted. 

(9) The Contractor shall be liable for the reasonable costs of disassembly or re-
assembly necessary to remove the supplies to be returned for correction or 
replacement. 

16. SURVIVAL  
 

Any provision expressly set forth as surviving the expiration or termination of this Contract, shall 
be deemed to survive any such expiration or termination. 

 
17. FIRST ARTICLE INSPECTION 



WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY 

SUPPLY AND SERVICE CONTRACT     RFP CQ19038-8K/FRV   

78 

Rev. 09/18 

(a) The Contractor shall cooperate in a First Article Inspection (FAI) on all major systems and 
components, subassemblies, Pilot A-car and B-car, and the first production A-car and B-
car. The Contractor shall propose a list of all FAI activities for the Authority’s approval. The 
Contractor shall submit control samples of materials and finishes with its Technical 
Proposal. 

(b) The Contractor shall deliver one (1) unit of each major system and component, subassembly, 
Pilot A-car and B-car, and the first production A-car and B-car to the Authority for first article 
(pre-production) tests. The shipping documentation shall contain this Contract number and the 
lot/item identification number. The characteristics for the first article inspection and its testing 
requirements are stated in Section 5.1.3.7.1 of technical specifications.  
 

(c) A FAI will not be conducted until the design drawings of the article, and any control samples 
required to evaluate subjective characteristics, have been approved or conditionally approved. 
If conditionally-approved drawings and control samples are used, they must be finally approved 
at the FAI as represented in the Inspection Article. 
 

(d) An FAI will only be performed on a component built using approved production processes and 
tooling, materials and manpower, and shall establish new quality standards for the balance of 
like components. 
 

(e) The FAI requirements shall be established jointly by the Authority and the Contractor through 
the establishment of a Book of Standards for FAI, detailing FAI standards for the railcars. 
Photographs and/or video of the FAI shall be used to document results and shall be retained 
by the Contractor and the Authority for subsequent reference during production. 
 

(f) The Contracting Officer or designee shall notify the Contractor, in writing, of the conditional 
approval, approval, or disapproval of the first article.  The notice of conditional approval or 
approval shall not relieve the Contractor from complying with all requirements of the 
specifications and all other terms and conditions of this Contract.  A notice of conditional 
approval shall state any further action required of the Contractor.  A notice of disapproval shall 
cite the reasons for the disapproval. 
 

(g) If the first article is disapproved, the Contractor, upon the Authority’s request, shall submit an 
additional first article for testing.  After each request, the Contractor shall make any necessary 
modifications, or repairs to the first article or select another first article for testing.  The 
Contractor shall pay for all costs related to these tests.  The Contractor shall furnish any 
additional first article under this Contract within the time specified by the Authority. The 
Contracting Officer may make an equitable adjustment to the Contract for any schedule 
extension related to these tests, at no cost to the Authority. 
 

(h) Unless otherwise provided in the Contract, the Contractor: 
 

(1) Shall remove and dispose of any first article from the Authority’s test facility at the 
Contractor's expense. 

 
(i) The Contractor is responsible for providing operating and maintenance instructions, spare 

parts support, and repairs to the first article during any first article test. 
 

(j) The Authority will inspect the first article in accordance with the Contract’s requirements.  A 
written report will be forwarded to the Contractor in accordance with this article. 
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18. F.O.B. DESTINATION  
 

(a) The Contractor shall furnish all supplies to be delivered under this Contract "F.O.B. 
Destination."  As used herein, “F.O.B. Destination” means: 
 
(1) Free of expense to WMATA on board the carrier's conveyance, and in the case of 

railcars, delivered to Washington Metropolitan Area Transit Authority’s Commissioning 
Facility at Greenbelt Yard S&I Shop, 5801 Sunnyside Avenue, College Park, Maryland 
20740; 

 
(2) In the case of capital spares, they shall be delivered to WMATA’s warehouse unloading 

platform, or receiving dock, at the Contractor’s expense in accordance with the Spare 
Parts Article. The special tooling and test equipment shall be delivered at the 
Contracting Officer’s Technical Representative’s direction.   

 
(3) WMATA shall not be liable for any delivery, storage, demurrage, accessorial, or other 

charges involved before the actual delivery of the supplies to the destination, unless 
such charges are caused by WMATA’s acts or omissions, acting in its Contractual 
capacity.  If the Contractor uses a rail carrier or freight forwarder for less than full 
carload shipments, the Contractor shall assure that the carrier will furnish tailgate 
delivery, if transfer to truck is required to complete delivery to WMATA.  

 
(b) The Contractor shall be responsible for the transportation of the railcars and placement onto 

the Authority's tracks at the Commissioning Facility. There shall be no more than four Quad 
units (16 cars) of unaccepted cars (i.e. cars undergoing or preparing to undergo qualification 
and/or acceptance testing or undergoing repairs under the Contractor’s control) on the 
Authority's property at any time. 

 
(c) For all delivered items, the Contractor shall: 
 

(1) Pack and mark the shipment to comply with this Contract’s specifications; 
  

(2) Prepare and distribute commercial bills of lading; 
 

(3) (Deliver the shipment in good order and condition to the delivery point specified in the 
Contract; 
 

(4) Be responsible for any loss of and/or damage to the goods occurring before receipt of 
the shipment by WMATA at the delivery point specified in the Contract; 
 

(5) Pay and bear all charges to the specified point of delivery. 

 
19. QUALITY ASSURANCE/QUALITY CONTROL 

(a) The Contractor shall be responsible for quality assurance (QA) and for assuring that the 
work conforms to the requirements of this Contract contained in TS 5.1 of the Technical 
Specifications.  The Contractor shall maintain an effective and economical quality control 
program planned and developed to satisfy this Contract’s requirements.  The Contractor 
shall ensure Contract compliance by all subcontractors and suppliers. Surveillance of 
subcontractors shall include sampling and review of products, records, procedures, 
processes, manufacturing operations, and Quality Control methods. 
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(b) The Contractor shall maintain documented evidence of these activities and make it available 
to the Authority upon request. 

(1) The Contractor shall appoint a dedicated QA Manager at each facility, subject to 
approval, who has appropriate training, experience, and qualifications to oversee 
the QA process, and the authority to accept or reject and/or stop work, if 
necessary. 

(2) The Contractor shall also appoint an individual who will serve as the single 
coordinator for project quality assurance for all Contractor facilities. 

(3) All Contractor, subcontractor, and supplier quality assurance efforts, including the 
Quality Assurance Program Plan of each, shall be in compliance with the 
requirements of the following standards. Where those requirements differ from 
the terms of the Contract, the more stringent requirements shall take precedence: 

(i) ANSI/ISO/ASQ 9001. The Contractor shall be registered under ISO 9000 
to obtain compliance with this requirement. 

(ii) The Federal Transit Administration’s requirement FTA-PA-27-5194-12.1 

 

Quality Assurance Program Plan: The Contractor shall submit a work-specific Quality Assurance 
Program Plan for approval due at the Kick-Off Meeting.  Quality Assurance Program Plan (CDRL 5-
1). 

(a) The Plan shall include a company policy statement that clearly defines its objectives and 
the Contractor’s commitment to quality. 

(b) The Plan shall define the authority of the Contractor’s Quality Assurance Department, 
reflecting its independence from the production function: 

(1) The QA Manager must report to an officer or top-level manager within the 
Contractor's organization, not to the Contractor's project manager for this 
project. 

(2) Responsibility for the quality assurance function shall be so placed within the 
Contractor’s organization that meeting schedule and cost projections will not 
compromise the quality of supplies and/or services delivered under the terms 
of this Contract. 

(3) The Plan shall clearly indicate that quality assurance personnel have sufficient 
authority and organizational freedom to ensure that nonconforming or 
discrepant products or services will not be delivered to the Authority. 

(4) Any conflicts that may arise as a result of this provision shall be brought to the 
Authority’s attention by the Contractor’s Quality Assurance designee and shall 
be resolved to the Authority’s satisfaction prior to the shipment of affected 
items. 

(c) Management responsibility for the quality assurance function shall be set forth in the 
Contractor’s policy statement. 

(1) The Contractor shall appoint a dedicated QA Manager with appropriate training, 
experience and qualifications to oversee the QA process, and the authority to 
accept or reject work and/or stop work, if necessary.  The individual proposed 
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for this position shall be approved by the Authority before starting work on the 
project. 

(2) Organizational charts shall be submitted to show individuals in the Contractor’s 
and all sub-contractors’ organizations involved in the QA function, showing the 
reporting relationships among all management staff. 

(3) Quality assurance responsibilities shall be established for every department. 

(d) The Plan shall provide objective, technical evidence of the adequacy of the Contractor’s 
Quality Assurance Program to ensure product compliance. 

(1) It shall regulate procedures, methods, and processes to ensure compliance 
with all Contract requirements. 

(2) At a minimum, the Contractor shall incorporate written procedures identified in 
this Section into its Quality Assurance Program. 

(3) Procedures shall define methods to implement and maintain the Contractor’s 
QA Program. Engineering, procurement, manufacturing, and inspection 
procedures, and test plans shall be developed using the methods and 
procedures found in the Contractor’s Quality Assurance Manual. 

(4) Quality assurance procedures pertaining to engineering and design shall be 
reviewed as part of the project’s kick-off meeting (See Technical Specifications, 
Section 2.5.2, Project Kick-off Meeting). 

(e) The Plan shall include work-specific quality organization and inspection flow charts for the 
Contractor and all major subcontractors at various manufacturing and assembly 
operations for critical quality functions, including, but not limited to the following: 

(1) Receiving inspection and source inspection; 

(2) In-process and final inspections; 

(3) Non-conforming material; 

(4) Material Review Board; 

(5) Testing products; 

(6) Contract compliance; 

(7) Corrective action and prevention Recurrence procedures; 

(8) Software QA requirements, (See Section 6 of the Technical Specifications, 
Software Quality Assurance); 

(f) The Plan shall contain or refer to a comprehensive collection of forms for documentation 
of quality control activities. Forms shall be designed to ensure compliance of materials, 
processes, personnel, and products to the approved design drawings and applicable 
specifications (see Section 5.1.2.15 of the Technical Specifications, Quality Assurance 
Procedures). 

(g) The Plan shall provide procedures to control reliability and maintainability activities. 

(h) The approved Quality Assurance Program Plan including all manuals, procedures, and 
instructions shall be subject to periodic audits by the Contractor and the Authority, including 
any third party who may assist the Authority in this function. Audits will assess 
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implementation of the Quality Assurance Program. 

(i) The Plan shall include an Inspection and Testing Plan. (CDRL 5-2, Inspection and Test 
Plan) 

(1) The Inspection and Testing Plan shall show major manufacturing and 
inspection milestones on a schedule, including planned dates for submittals 
and be integrated with the Master Program Schedule, (See Technical 
Specifications, Section 2.5.1, Master Program Schedule). 

(2) The Inspection and Testing Plan shall identify Contractor inspection points and 
the Authority’s witness and hold point inspections. The Plan will be used by the 
Authority’s quality assurance representative to identify the Contractor’s 
inspection and test witness points. 

(3) The Inspection and Testing Plan, and its attendant schedule, shall be updated 
and submitted to the Authority for approval as milestone dates or other 
significant items change. 

(4) Quality Assurance Manual 

The Contractor’s and major subcontractor’s Quality Assurance Manual shall be submitted for 
Authority review, and used as a reference when performing Authority inspections, 
assessments, and audits. (CDRL 5-3, Quality Assurance Manuals) 

20. PROGRESS SCHEDULE 

(a) The Contractor shall prepare, maintain, and update a progress schedule. It shall be a critical 
path network diagram of sufficient detail to show how mandatory milestones are intended to 
be met. Sufficient information shall be shown to enable proper control and monitoring of the 
work. The Progress Schedule shall show intended time for starting and completing each 
activity; the duration and interrelationship of each activity including: submittal and approval 
times of drawings, data, samples, and tests; delivery of sub-supplier material and equipment; 
equipment removal and installations; car shipments; acceptance tests; and other significant 
items related to the progress of the work. 

(b) Timely submittal and revision of the Progress Schedules is essential to ensure the 
satisfactory prosecution of the work. If the Contractor fails to submit the required schedule 
within the times stipulated, the Authority, in addition to all other remedies for such default, 
may withhold payments otherwise due, and may direct the Contractor to take remedial 
measures, as provided in these terms and conditions. All schedules submitted shall show 
the effects of any occurrence upon which the Contractor has based or will base any claim or 
notice of potential claim for an extension of time, for additional compensation, or for both, 
regardless of the cause and shall expressly call the Authority's attention thereto. Failure to 
do so in the case of any occurrence shall conclusively preclude the Contractor from asserting 
any claim for additional compensation, damages, or schedule extension. 

(c) The schedules required in Technical Specifications Section 2, Program Management and 
Commissioning, when approved, shall be the basis for monitoring and controlling progress 
under the Contract and shall remain effective without change throughout the remainder of 
the project. If, in Contracting Officer’s opinion, the Contract falls behind the approved 
schedule, he or she shall direct the Contractor to take such steps as may be necessary to 
improve his progress.  The Contracting Officer may require the Contractor to increase the 
number of shifts, overtime operations, days of work, or the amount of facilities dedicated to 
the project, at no additiona cost to the Authroity.  The Contracting Officer shall also direct 
the Contractor to submit for approval such supplementary schedule or schedule as may be 
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deemed necessary to demonstrate the manner in which the agreed rate of progress will be 
regained, all without additional cost to the Authority. 

(d) Failure of the Contractor to comply with the requirements and directions of the Contracting 
Officer under this Article shall be grounds for determination by the Contracting Officer that 
the Contractor is not prosecuting the work with such diligence as will ensure completion 
within the time specified. Upon such determination, the Contracting Officer may terminate 
the Contractor's right to proceed with the work, or any separable part thereof, in accordance 
with the Termination for Default Article. 

(e) Submittals shall include pertinent scheduling documents as specified by the Contracting 
Officer. 
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CHAPTER IV—CHANGES/ PRICING ADJUSTMENTS 

 
1. CHANGE ORDERS 
 

(a) The Contracting Officer may at any time, by a written order, and without notice to the sureties, 
direct and implement change orders, within the general scope of this Contract, including but 
not limited to one or more of the following: 
 

(i) Nature and/or extent of services to be performed or supplies to be furnished; 
 

(ii) Time of performance (i.e., hours of the day, days of the week, etc.); or 
 

(iii) Place of performance of the services or delivery of the supplies. 
 

(iv) Drawings, designs, or specifications, where the supplies to be furnished are to be 
specially manufactured for the Authority. 

 
(v) Method of shipment or packing of supplies 

 
(b) If, in the Contracting Officer’s judgment, any change causes an increase or decrease in the 

cost of, or the time required for, the performance of any part of this Contract, whether or not 
directly changed by the order, he or she shall make an equitable adjustment to the Contract 
price, the delivery schedule, or both, and shall modify the Contract, in writing, accordingly. 

 
(c) In any instance where the Contractor asserts a right to an adjustment in the Contract price or 

time required for performance as the result of a change, it must submit a written claim advising 
the Authority within thirty (30) days from the date of receipt of the written order directing the 
change.  The claim shall be accompanied by appropriate documentation, supporting the nature 
and extent of the claimed impact upon the Contract price and/or time required for performance.  
In any instance where it is not reasonably practicable to fully project such impact within the 
thirty (30) day period, the Contractor shall accompany its claim with such supporting 
documentation as is then reasonably available, along with a statement of the anticipated time 
frame when the Contractor expects to provide the additional materials.  The Contracting Officer 
shall maintain the right throughout the process to request such additional materials as he or 
she shall reasonably require in consideration of the claim and shall be under no obligation to 
conclude his or her consideration of the claim prior to review of all relevant materials.  Any 
adjustment to the Contract price pursuant to this Article must be agreed upon or otherwise 
determined prior to final payment.  

 
(d) If the Contractor's proposed price adjustment includes the cost of property rendered obsolete 

or excess by the change, the Contracting Officer shall have the right to prescribe the manner 
of property disposition. 

 
(e) Disagreement regarding either party’s right to any adjustment in price or time for performance 

as the result of a change implemented pursuant to this Article shall be subject to adjudication 
in accordance with the “Disputes” Article of this Contract.   Notwithstanding the pendency of 
any such dispute, the Contractor expressly acknowledges that it shall remain fully obligated to 
perform the Contract as so changed. 
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(f) The Contractor shall promptly notify the Contracting Officer of matters, whether implemented 

as change orders or otherwise, that the Contractor believes may reasonably result in either an 
increase or decrease in the Contract price or the time required for performance of any part of 
the Contract and shall take action as the Contracting Officer directs.  The Contractor’s failure 
to provide notification shall constitute a waiver of its right to seek an adjustment in the Contract 
price or time required for such performance. 

 
(g) In no event shall the Contractor be entitled to payment for change orders, additional or extra 

supplies or services or other modifications to this Contract, unless the Contracting Officer 
authorizes, it in writing. 

 
2. PRICING OF ADJUSTMENTS  
 

(a) The parties agree that, notwithstanding any interpretation of contract cost principles to the 
contrary, the Authority will not be liable for interest, however represented, on or as a part of 
any claim, request, proposal or adjustment, including equitable adjustments, whether it 
arises under the Contract or otherwise.  
 

(b) As part of its proposal for any Contract modification requiring a price adjustment in excess of 
$150,000, the Contractor shall submit to the Contracting Officer, cost or pricing data under 
the conditions described in this paragraph and certify that, to the best of its knowledge and 
belief, the cost or pricing data submitted is accurate, complete and current as of the date 
submitted. At the Contracting Officer’s discretion, the Contractor, may be required to submit 
cost or pricing data for price adjustments less than $150,000.  
 

(c) The Contractor shall ensure that this Article is included in all subcontracts at any tier, if the 
value of the subcontracted work exceeds $150,000. 

 
3. ACCOUNTING AND RECORD KEEPING FOR ADJUSTMENTS  
 

(a) Applicability. This article shall apply to any adjustment in the Contract price initiated by the 
Contractor or the Authority. 

 
(b) Forward Price Adjustments. Unless waived in writing, the Contractor shall furnish to the 

Contracting Officer, a proposed price adjustment in advance of performance of any work for 
which the price adjustment is requested. The Contractor shall generate such records as are 
necessary to substantiate all elements of the proposed adjustment, which records shall be 
specifically segregated and identified in the Contractor's accounting system as being 
applicable to the pricing adjustment request. 
 

(c) Post Price Adjustments. This paragraph shall be applicable to price adjustments that either 
(i) are expected to exceed $50,000; or (ii) arise in connection with a Contract with a base sum 
in excess of $1,000,000.  In addition to the records required pursuant to paragraph (b) above, 
if  pricing of an adjustment under this Contract is not agreed upon between the parties prior to 
the commencement of work for which the pricing adjustment is requested, the Contractor and 
any subcontractor engaged in work for which the pricing adjustment is requested, shall 
maintain accounts and original cost records specifically segregated and identified by job order 
or other appropriate accounting categories that the Contracting Officer approves for  all 
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incurred, segregable costs related to the work for which the pricing adjustment is requested. 
The Contractor shall maintain accounts and records that segregate and account for the costs 
of all work associated with that part of the Contract for which the pricing adjustment is 
requested. The Contractor shall allocate the costs so accumulated between: (1) work required 
under the base Contract; (2) work requested to be reimbursed under the pricing adjustment; 
and (3) work claimed or determined to be related to other actual or proposed adjustments, 
including but not limited to, changes orders, differing site conditions, and the like. The accounts 
and records so established shall accumulate such costs under logical costs groups, such as 
material, labor, equipment, subcontracts, field overhead and the like. The Contractor shall 
record these costs on a form approved by the Contracting Officer. 

 
(d) Access to Records.  As a condition to the Authority’s obligation to consider any claim for a 

potential price adjustment under any provision of this Contract, the Contractor shall grant the 
Authority access to review and ascertain the validity of the accounting records being 
maintained for segregation of costs, including base cost records, and to audit any such costs 
as the Contracting Officer deems appropriate.  

 
(e) Limitation on Price Adjustments. If the Contractor or any subcontractor fails to generate, 

maintain, or make available any records required under this Contract, in addition to any rights 
to which the Authority may be entitled, the Contracting Officer shall determine whether such 
failure is willful, deliberate or otherwise precipitated by the Contractor’s bad faith, in which case 
the Contractor shall not be entitled to any price adjustment for the work in question.  Where 
the Contracting Officer determines that the failure was not the result of the Contractor’s bad 
faith, he or she shall determine the reasonable direct costs of the work for which records are 
not available, and add a single mark-up for indirect expenses not to exceed ten percent (10%) 
of the direct costs based on: 

 
(1) An audit of the Contractor’s or subcontractor’s records made available to the Authority; 

and/or 
 
(2) The Authority’s estimate as the Contracting Officer adopts or modifies  
 

(f) In no event shall the Contractor and/or subcontractor be allowed any profit on claimed work 
for which records are not made available in accordance with its obligations under this Contract. 

 
(g) Flow-down clause. The Contractor shall ensure the inclusion of this Article in all subcontracts 

issued under this Contract, modified as necessary, for proper identification of the contracting 
parties and the Contracting Officer. 
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CHAPTER V – INVOICES/PAYMENTS/ DEDUCTIONS 

1. BILLING AND PAYMENT  
 

(a) The Authority shall pay and the Contractor shall accept the amounts set forth in the Price 
Schedule as full compensation for all costs and expenses of completing this Contract, 
including, but not limited to, all labor and material required to be furnished under this Contract, 
all overhead, expenses, fees and profits including the cost of providing storage yards or 
facilities; all risks and obligations set forth in this Contract; any applicable fees or taxes; and 
all expenses due to any unforeseen difficulties encountered in the prosecution of the work. 
 

(b) Payments will be made following acceptance of the services or supplies to be provided under 
this Contract and after receipt and acceptance of a properly completed invoice.  WMATA will 
accept the submittal of invoices in one of the following methods: 

 
(1) Email: Invoices may be submitted through email at: apinvoice@wmata.com. Please 

submit one (1) invoice and supporting documentation per PDF attachment. You may 
submit more than one PDF attachment per email.  

 
(2) Fax: Invoices may be submitted via the following number: 1-866-534-9063. Please 

submit one (1) invoice and all supporting documentation for this invoice per fax. 
 
(3) Regular Mail: Invoices may be submitted via U.S. Postal Service to the following 

address: 
 

WMATA-Accounts Payable 
PO Box 1910 
Beltsville, MD 20704-1910  
 
Note: This address is only for vendor invoices. Correspondence should not be sent to 
this address.  

 
(c) Invoices shall contain the vendor’s name, a unique invoice number for each shipment or 

service, invoice date, payment terms, total invoice amount, “remit to” address, purchase order 
number, freight terms, description of each item being invoiced, quantity, unit item cost, 
extended cost by item, total freight/handling costs, and contact name and email address. Final 
invoices must clearly be marked "Final" and cite the amount of this Contract, amount 
previously paid, and the balance due.  
 

(d) The Authority shall remit payment, generally within thirty (30) days of its receipt and 
acceptance of an invoice satisfying the requirements of paragraphs (b) and (c), at the prices 
stipulated in the Contract for supplies delivered and accepted or services rendered and 
accepted, less any applicable deductions.  

  

mailto:apinvoice@wmata.com
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2. PAYMENT MILESTONES/PERFORMANCE BASED PAYMENTS 

 
(a) The Contractor may submit requests for payment of milestone or performance-based 

payments, within thirty (30) days of the events described herein, in a form and manner that is 
acceptable to the Contracting Officer.  Unless the Contracting Officer directs otherwise, all 
performance based payments in any period for which payment is requested shall be included 
in a single request, appropriately itemized and totaled. 

(b) The Contractor shall not be entitled to payment of a request for performance based payments 
prior to the successful accomplishment of the event or performance criterion for which payment 
is requested. The Contracting Officer or his or her designee shall determine whether the event 
or performance criterion for which payment has been requested has been successfully 
accomplished in accordance with the terms and conditions of this Contract. The Contracting 
Officer may, at any time, require the Contractor to substantiate the successful performance of 
any event or performance criterion that it represents as being payable. 

(c) The approval of a request for a performance based payment does not constitute either 
conditional or final acceptance under this Contract, and specifically does not excuse the 
Contractor from performance of any obligations under this Contract.  

(d) If at any time, the amount of payments under this Contract exceed any limitations in this 
Contract, the Contractor shall repay the excess to WMATA. Unless the Contracting Officer 
determines otherwise, such excess shall be credited as a reduction in unliquidated 
performance based payment balances. 

 
(1) The Contracting Officer may reduce or suspend performance based payments, 

liquidate performance based payments by deduction from any payment under this 
Contract, or take a combination of these actions, after finding one of the following: 
 

(2) The Contractor failed to comply with any material requirement of this Contract; 
 

(3) Performance of this Contract is endangered by the Contractor’s failure to make 
progress or its unsatisfactory financial condition; 
 

(4) The Contractor is seriously delinquent in the payment of any subcontractor or supplier 
under this Contract, in the ordinary course of business. 
 

(e) Title to property described in this paragraph shall vest in WMATA upon conditional acceptance 
in accordance with the Title and Risk of Loss article.  

(f) Before conditional acceptance by WMATA, the Contractor shall bear the risk of loss in 
accordance with the Title and Risk of Loss article. If any property is lost, stolen, damaged or 
destroyed, The Contractor shall be deemed not in compliance with this Contract, and the 
associated milestone shall not be paid, or the Contractor shall refund the related performance 
based payments.  

(g) The Contractor shall maintain records and controls adequate for administration of this Article. 
The Contractor shall have no entitlement to performance based payments during any time that 
the Contracting Officer determines that the Contractor’s records or controls were not accurate.  
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(h) The Contractor shall promptly furnish reports, certificates, financial statements or other 
pertinent information that the Contracting Officer requests for administration of this Article or 
to determine that an event or other criterion triggering a milestone payment has been 
successfully accomplished.  The Contractor shall give WMATA reasonable opportunity to 
examine and verify the Contractor’s records and to examine and verify the Contractor’s 
performance of this Contract for administration of this Article.  

(i) If this Contract is terminated for default pursuant to the Termination for Default Article, the 
Contractor shall, upon demand, repay WMATA the amount of any unliquidated performance 
based payments.  In such case, WMATA shall be liable for no payments except as provided 
in the Default Article.  

(j) Applicable payment items shall be those set forth in the Price Schedule. Milestone payments 
will be made upon satisfactory completion and acceptance of each line item in accordance 
with the milestone allocation percentages listed below which are synonymous with the program 
phases shown in Exhibit 2-1 of the Technical Specifications.  

(k) Technical Specifications, Exhibit 2-2, Contract Data Requirements List (CDRL), assigns a due 
date for each CDRL item. The Contractor shall review Exhibit 2-2 of the Technical 
Specifications and submit recommended changes to the due dates for approval based on the 
Master Program Schedule.  

(l) The Contractor shall assign all deliverables not listed in Exhibit 2-1 to one of the 13 specific 
Program Phases in the Master Program Schedule.  

(m) Progress on CDRLs and deliverables will be measured at the phase completion meetings. 

(n) Payments will be made for the listed payment milestones. Partial payments for the listed 
payment milestones will be considered, but generally will not be made. 

 
BASE PAYMENT MILESTONES 

 

Base Payment Milestones 

Percentage 
of Contract 
less Spare 
Parts 

1. Program Kick Off  Subtotal 1.00% 

a. Approval of Subcontractors (SP 24) 0.50% 
b. Completion and Approval of Project Kick Off Activities  

(TS 2.5.2, Project Kick-off Meeting) 0.50% 
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Base Payment Milestones 

Percentage 
of Contract 
less Spare 
Parts 

2. Mobilization Subtotal 3.00% 

a. Delivery of Subcontracts for the following Primary Systems: 1.00% 

1) Carbody 
2) Coupler and Drawbar 
3) Passenger Seating 
4) Door Operators and Controls 
5) HVAC 
6) Interior Lighting System (overhead & emergency lighting) 
7) Auxiliary Power Supply 
8) Low Voltage Power Supply 
9) Propulsion 
10) Friction Brakes 
11) Trucks (truck frames, wheels, axles, and gearboxes) 
12) Automatic Train Control 
13) Communication and Monitoring Systems 

b. Approval of Operational Characteristics Analysis (TS 3.2.2.1)  0.50% 
c. Approval of Master Program Schedule (CDRL 2-2) 0.50% 
d. Approval of Quality Assurance Plan (CDRL 5-1)  0.50% 
e. Approval of Program Management Plan (CDRL 2-1) 0.50% 

3. Conceptual Design Subtotal 2.00% 

a. Approval of preliminary Reliability Prediction (CDRL 7-2)  0.17% 
b. Approval of Drawing List (CDRL 2-16)  0.17% 
c. Approval of Configuration Management Plan (CDRL 2-8)  0.17% 
d. Approval of Arrangement Drawings (CDRL 2-17) and Dynamic  

Outline Drawing (CDRL 2-18)  0.17% 
e. Completion and Approval of Conceptual Design Review Deliverables,  

Including Approval of CDR Packages (CDRL 2-20) 1.33% 

4. Preliminary Design Subtotal 4.00% 

a. Approval of Systems Engineering Plan (CDRL 2-4)  0.80% 
b. Approval of Overall System Functional Description (CDRL 2-6)  0.40% 
c. Approval of System Functional Description for each system (CDRL 2-7) 0.40% 
d. Approval of Carbody Stress Analysis (TS 10.4.7)  0.20% 
e. Approval of Cab Soft Mock-up (TS 2.16.1)  0.20% 
f. Completion and Approval of Preliminary Design Review Deliverables,  

Including Approval of PDR Packages (CDRL 2-21)  2.00% 
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Base Payment Milestones 

Percentage 
of Contract 
less Spare 
Parts 

5. Final Design Subtotal 5.00% 

a. Approval of Underfloor Equipment Mock-up 0.50% 
b. Approval of Master Test Plan (CDRL 3-1)  1.00% 
c. Approval of Final Design for Carbody and Trucks (CDRL 2-22)  0.50% 
d. Approval of Final Design for APS, LVPS, Propulsion and Friction  

Brakes (CDRL 2-22) 0.50% 
e. Approval of Final Design for Door System, HVAC, ATC, Coupler, and  

Lighting, and Cab Simulator (CDRL 2-22)  1.00% 
f. Approval of Final Design for Communications and Monitoring Systems  

(CDRL 2-22)  0.50% 
g. Completion and Approval of Final Design Review Deliverables, Including  

Approval of FDR Packages (CDRL 2-22)  1.00% 

6. First Article Inspection Subtotal 2.00% 

a. Approval of A-car / Underfloor Equipment Mock-up (CDRL 2-24)  0.57% 
b. Approval of Carbody Compression Test (TS 3.5.2) 0.14% 
c. Approval of Truck Static Load Test (TS 3.4.10.2.1) and Truck Overload  

Test (3.4.10.2.2) 0.14% 
d. Approval of Combined Systems Test (TS 3.6.13)  0.29% 
e. Approval of Carbody and Truck First Article Inspection  0.29% 
f. Completion and Approval of First Article Inspection Activities  0.57% 

7. Pilot Car Production Subtotal 15.00% 

a. Approval of Climate Room Testing (HVAC Qualification Test)  1.88% 
b. Completion and Approval of Pilot Production Activities  1.88% 
c. Acceptance of First Article Inspection of the Pilot Cars  1.88% 
d. Acceptance of First Article Inspection of the Production Cars  1.88% 
e. Delivery of 4 Pilot Cars to WMATA Site  3.74% 
f. Delivery of 4 Production Cars to WMATA Site  3.74% 

8. Pilot Car Qualification Testing Subtotal 14.00% 

a. Completion and Approval of Pilot Car Qualification Testing Activities  1.87% 
b. Approval of Vehicle Design Qualification Tests, On-site Qualification 

Tests, and delivery of Cab Simulator  2.80% 
c. Safety and Security Certification Achieved  1.87% 
d. Conditional Acceptance of 4 Pilot Cars including Car History Books  1.87% 
e. Conditional Acceptance of first 4 Production Cars including Car History  

Books  1.87% 
f. Completion and Approval of 8 car Burn-In Testing (TS 3.11.6)  3.72% 
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Base Payment Milestones 

Percentage 
of Contract 
less Spare 
Parts 

9. Serial Production Subtotal 42.00% 

a. Completion and Approved Delivery and Inspection of each Carbody  
at the Site of Final Assembly including Pilot Cars 5.0% @ 1/248 of 10.50% 

b. Delivery of Cars @ 1/240 of  10.50% 
c. Conditional Acceptance of Production Cars including Car History Books  

@ 1/240 of  21.00% 

10. Training  Subtotal 1.00% 

a. Completion and Approval of Training Activities 0.50% 
b. Completion of Operations Training Program 0.25% 
c. Completion of Maintenance Training Program 0.25% 

11. Manuals  Subtotal 1.00% 

a. Completion and Approval of the Manuals Activities  
b. Submittal of Draft Manuals  
c. Approval of Final Draft Manual  
d. Approval of Final Published Manuals  
e. Delivery and Acceptance of Manual Support System  

12. Special Tools and Test Equipment Subtotal 1.00% 

a. Delivery, Demonstration and Acceptance of Portable Test Units,  
Software and Licenses 0.50% 

b. Delivery, Installation, Demonstration and Acceptance of Bench Test  
Equipment, including meeting repair times. 0.25% 

c. Delivery and Acceptance of Special Tools 0.25% 

13. Delivery and Acceptance of As Built Drawings Subtotal 1.00% 

14. Warranty Subtotal 2.00% 

a. Completion of two-year warranty period items  1.33% 
b. Completion of five-year warranty period items  0.67% 

15. Reliability Subtotal 2.00% 

a. MDBD goal of 25,000 miles attained (Exhibit 7-2)  0.15% 
b. MDBD goal of 50,000 miles attained (Exhibit 7-2)  0.35% 
c. MDBD goal of 200,000 miles attained (Exhibit 7-2)  0.50% 
d. Reliability test successfully completed  1.00% 



WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY 

SUPPLY AND SERVICE CONTRACT     RFP CQ19038-8K/FRV   

93 

Rev. 09/18 

Base Payment Milestones 

Percentage 
of Contract 
less Spare 
Parts 

16. Final Acceptance Subtotal 4.00% 

a. Final Acceptance of Pilot and Production Cars @ 1/248 of  2.80% 
b. Final Acceptance of the User Education Program  0.30% 
c. Final Acceptance of All Operation and Maintenance Manuals and  

Spare Parts Catalogs, with correct part identification  0.30% 
d. Final Acceptance of All Portable and Bench Test Equipment, and  

Cab Simulator  0.30% 
e. Final Acceptance of As Built Drawings  0.30% 

Total for Base Order 100% 

 

OPTION PAYMENT MILESTONES 

For each option exercised, the following milestone percentages of each option total price will 
be paid: 

Option Payment Milestones 

Percentage 
of Contract 
less Spare 
Parts 

1. Option Kick Off Activities (TS 2.5.2)  2.00% 

a. Notice to Proceed 

b. Approval of Master Program Schedule 

c. Approval of Program Management Plan 
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Option Payment Milestones 

Percentage 
of Contract 
less Spare 
Parts 

2. Signing of Contract for Placement of Primary Subcontractors  10.00% 

a. Carbody 

b. Coupler and Drawbar 

c. Passenger Seating 

d. Door Operators and Controls 

e. HVAC 

f. Interior Lighting System (overhead & emergency lighting) 

g. Auxiliary Power Supply 

h. Low Voltage Power Supply 

i. Propulsion 

j. Friction Brakes 

k. Trucks (truck frames, wheels, axles, and gearboxes) 

l. Automatic Train Control 

m. Communication and Monitoring Systems 

3. Completion and Approved Delivery and Inspection of Each Carbody at 
the Site of Final Assembly at 1/xxxth* of:  8.00% 

4. Acceptance of Cars: 

a. Delivery of Cars @ 1/xxxth of  25.00% 

b. Conditional Acceptance of Cars including Car History  

Books @ 1/xxxth of  40.00% 

c. Acceptance of cars @ 1/xxxth of  10.00% 

5. Completion of Warranty Period: 

a. Completion of two-year warranty period items  2.00% 

b. Completion of five-year warranty period items  1.00% 

6. Completion of Reliability Test  2.00% 

Total for Option Order 100% 

 
Notes to Table: 
Where “xxx” is the quantity of each specific option. 
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3. PRICE REDUCTION FOR DEFECTIVE COST OR PRICING DATA – MODIFICATIONS  
 

If the Contracting Officer  determines that any price, including profit or fee, previously negotiated in 
connection with any modification to this Contract involving changes in cost plus applicable profit in 
excess of $150,000 was based upon the Contractor’s or subcontractor’s cost or pricing data that was 
not complete, accurate or current, such that the amount the Authority paid to the Contractor for such 
price adjustment was greater than the Contractor would have been entitled based upon accurate and 
complete data, the Authority shall be entitled to an adjustment in an amount equal to such 
overpayment. The Authority’s rights hereunder shall be in addition to any other rights it may have 
under this Contract, at law or in equity.  

  
4. SUBCONTRACTOR PAYMENTS  
 

(a) The Contractor shall, under this Contract, establish procedures to ensure timely payment of 
amounts due pursuant to the terms of its subcontracts. The Contractor shall pay each 
subcontractor for satisfactory performance of its contract, or any billable portion thereof, no 
later than ten (10) days from the date of the Contractor’s receipt of payment from the Authority 
for work by that subcontractor. The Contractor shall also release, any retention withheld from 
the subcontractor within ten (10) days of satisfactory completion of all work required by that 
subcontractor. 
 

(b) The Contractor shall certify on each payment request to the Authority that payment has been 
or will be made to all subcontractors in accordance with paragraph (a) above.  The Contractor 
shall notify the Contracting Officer with each payment request, of any situation where 
scheduled subcontractor payments have not been made. 

 
(c) In the event of a claim by any subcontractor that the Contractor has failed to comply with the 

terms of this article, the Contractor agrees to fully cooperate in any Authority investigation, 
and, if deemed appropriate by the Authority, to implement appropriate remedial measures to 
ensure future compliance.  
 

(d) The Contractor agrees that the Contracting Officer may provide information that he or she 
deems appropriate in response to inquiries from subcontractors seeking to determine the 
status of the Authority’s payments to the Contractor.  
 

(e) Nothing contained in this article or elsewhere in this Contract shall create a Contractual 
relationship between the Authority and any subcontractor, shall make the subcontractor an 
intended beneficiary of this Contract or shall alter or affect traditional concepts of privity of 
contract.  

 
5. GARNISHMENT OF PAYMENTS 
 

Payments under this Contract shall be subject to any garnishment, attachment orders, and/ or levies 
issued pursuant to the laws of the United States, Maryland, Virginia, and the District of Columbia. 
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CHAPTER VI – CONTRACT TERMINATION/STOP WORK ORDERS/DISPUTES 

 
1. STOP WORK ORDERS 
 

(a) The Contracting Officer may, at any time, by written order to the Contractor, require the 
Contractor to stop all, or any part of the work for a period of up to 180 days after the order is 
delivered to the Contractor, and for any further period to which the parties may agree. The 
order shall be specifically identified as a “Stop Work Order” (“SWO”) issued under this article. 
Upon receipt of the SWO, the Contractor shall immediately comply with its terms and take all 
reasonable steps to minimize the incurrence of costs allocable to the work covered by the 
SWO during the period of work stoppage. Within a period of 180 days after an SWO is 
delivered to the Contractor, or within any extension of that period to which the parties agree, 
the Contracting Officer shall either: 

 
(1) Cancel the SWO; or 

 
(2) Terminate the work covered by the SWO as provided in this Contract, as appropriate. 

 
(b) If a SWO is cancelled or expires, the Contractor shall resume work. The Contracting Officer 

shall make an equitable adjustment to the delivery schedule or Contract price, or both, and 
shall modify the Contract in writing if, in his or her judgment: 

 
(1) The SWO results in an increase in the time required for, or in the Contractor's cost 

properly allocable to, the performance of any part of this Contract; and 
 

(2) The Contractor submits a written claim for such adjustment within thirty (30) days after 
the end of the period of work stoppage. At the Contracting Officer’s discretion, the 
Authority may act upon any claim submitted at any time before final payment under 
this Contract.  

 
(c) If an SWO is not cancelled and the work covered by the Contract is terminated for the 

convenience of the Authority, the Contracting Officer shall allow reasonable costs, if any, 
resulting from the SWO in arriving at the termination settlement pursuant this Contract. 
 

2. TERMINATION FOR DEFAULT 
 

(a) The Contractor shall be in default if it commits a breach of any of its obligations under this 
Contract deemed material by the Contracting Officer.  In addition to those instances specifically 
referred to in this Contract, the Contractor shall be in default in the following circumstances: 

 
(1) It fails to begin, or abandons, the work of the Contract in accordance with the 

contractual requirements; 
 

(2) It fails to deliver the supplies or perform the services within the time specified in this 
Contract or any extension that the Contracting Officer approves; 
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(3) It fails to make progress in a manner that the Contracting Officer deems unreasonable 
so as to endanger performance of this Contract; or 
 

(4) In the view of the Contracting Officer, the Contractor is willfully violating this Contract 
or is not executing it reasonably and in good faith. 
 

(b) In the event the Contractor’s material breach pursuant to paragraph (a), the Contracting Officer 
is authorized to direct a written notice (a “Notice to Cure”) to the Contractor, specifying the 
nature of the breach and stating that the Contractor has ten (10) days to cure the breach or 
such additional time as the Contracting Officer authorizes.  If the Contractor fails to cure the 
breach in the time specified in the Notice to Cure, the Contracting Officer may terminate this 
Contract, in whole or designated part, for default after providing written notice to the 
Contractor. 
 

(c) Upon receipt of a “Notice of Default,” the Contractor shall immediately cease performance of 
the work so terminated. The Authority shall have the right to take any action necessary to 
complete the work, including performing the work itself, or contracting with another party to do 
so.  In the event the work is completed directly by the Authority or by a third party, the 
Contractor shall be liable for the additional costs and expenses necessary to complete the 
work, including, without limitation, labor, material costs, plant costs, tooling expenses, and 
equipment and property costs.  The Authority may deduct the costs and expenses so charged 
and pay them out of any monies otherwise payable to the Contractor.  Nothing contained 
herein shall be deemed to relieve the Contractor of its continuing obligation to perform any 
portion of this Contract that was not terminated.  
 

(d) The Contracting Officer may, at his or her sole discretion, waive a default by the Contractor, 
but such waiver shall not be deemed a waiver of any subsequent default.  
 

(e) Upon any termination for default, the Contracting Officer may require the Contractor to transfer 
title and deliver to the Authority, any completed or partially completed supplies, components 
(including data and intellectual property) and Contract rights that the Contractor has 
specifically produced or acquired for the terminated portion of this Contract. At the Contracting 
Officer’s direction, the Contractor shall also protect and preserve property in its possession in 
which the Authority may have an interest.  

 
(f) Upon any termination for default, the Authority shall pay for supplies delivered and accepted 

and/or services rendered and accepted in accordance with the terms of this Contract. The 
Authority may also compensate the Contractor for actions that it reasonably takes at the 
Contracting Officer’s direction for the protection and preservation of property.  The Authority 
may withhold from these payments any sum that the Contracting Officer determines to be 
necessary to protect the Authority against loss because of outstanding or claimed liens, or 
pending or anticipated claims under the Contract. 

 
(g) If, at any time following the Authority’s issuance of a termination for default hereunder, it is 

determined that the Contractor was not in default or that the default was excusable, the 
termination shall be converted to a termination for convenience and the rights and obligations 
of the parties shall be determined in accordance with the “Termination for Convenience” Article 
of this Contract.  
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(h) Any dispute or disagreement regarding any issue arising under this article shall be subject to 
adjudication in accordance with the “Disputes” article of this Contract. In no event shall the 
Authority’s issuance of a “Notice to Cure” pursuant to paragraph (b) be the basis of a dispute 
pursuant to the “Disputes” article or otherwise be subject to further review under this Contract 
or otherwise.  The pendency of any dispute shall not constitute a basis for the delay or 
suspension of, or otherwise affect the Authority’s right to proceed in accordance with this 
Article, including without limitation, its right to complete the work or its right to insist that the 
Contractor complete any portion of the Contract that was not terminated.  

 
(i) The Authority’s rights and remedies in this Article are in addition to any other rights and 

remedies provided under this Contract, at law or in equity. 
  
3. TERMINATION FOR CONVENIENCE 
 

(a) The Contracting Officer may terminate this Contract in whole, or in part, if he or she determines 
that a termination is in the Authority’s interest. The Contracting Officer shall terminate by 
delivering a “Notice of Termination” to the Contractor specifying the extent of termination and 
its effective date.  

 
(b) Upon receipt of a Notice of Termination, except as the Contracting Officer otherwise directs, 

the Contractor shall immediately: 
 

(1) Stop work as specified in the Notice of Termination;  
 

(2) Complete performance of the work not terminated;  
 

(3) Place no further subcontracts or orders for materials, services, or facilities, except as 
necessary to complete the remaining portion of the Contract;  
 

(4) Terminate all subcontracts to the extent that they relate to the work terminated; 
 

(5)  Assign to the Authority, as directed by the Contracting Officer, all of the Contractor’s 
right(s), title, and interest(s) under the subcontracts terminated. The Authority shall 
have the right to settle or pay any termination costs arising out of the subcontracts and 
have no further liability to the Contractor for the work that was the subject of such 
subcontracts;  
 

(6) With the Contracting Officer’s approval, settle all outstanding liabilities and settlement 
costs arising from the termination of subcontracts;  
 

(7) As the Contracting Officer directs, transfer title and deliver to the Authority: 
 
(i) Parts, work in process, completed work, supplies, and other material produced 

or acquired for the work terminated; and 
 

(ii) The completed or partially completed plans, drawings, information and other 
property that would have been required to be furnished to the Authority, if the 
Contract had been completed. 
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(8) Take any action that may be necessary, or as the Contracting Officer may direct, for 
the protection and preservation of the property related to this Contract that is in the 
Contractor’s possession and in which the Authority has or may acquire an interest; 

 
(9) Use its best efforts to sell, as the Contracting Officer authorizes, any property of the 

types as detailed above. The Contractor is not required to extend credit to any 
purchaser and may acquire the property under the conditions that the Contracting 
Officer prescribes.  The proceeds of any transfer or disposition will be applied to reduce 
payments to be made by the Authority under this Contract, credited to the price or cost 
of the work, or paid in any other manner that the Contracting Officer directs.   

 
(c) The Contractor shall submit complete termination inventory schedules not later than 120 days 

from the effective date of termination, unless the Contracting Officer extends the time in writing.  
 

(d) As soon as reasonably practicable, and not later than 180 business days following the 
Authority’s issuance of a “Notice of Termination” pursuant to paragraph (a), the Contractor 
shall submit a termination settlement proposal (TSP) to the Contracting Officer in the form that 
he or she prescribes, detailing the costs to which it asserts entitlement pursuant to this article.  
If the Contractor fails to submit the TSP within the time prescribed, the Contracting Officer may 
determine, on the basis of information available, the amount, if any, due to the Contractor as 
a result of the termination and shall pay the amount so determined.  
 

(e) Following submission of the Contractor’s TSP pursuant to paragraph (d), the parties shall 
agree upon the whole, or any part, of the amount to be paid or remaining to be paid as a result 
of the termination.  The amount may include a reasonable allowance for profit on work 
completed. In no event shall the total amount to be paid to the Contractor pursuant to this 
Article exceed the total Contract price as reduced by (1) payments previously made and (2) 
the Contract price of the remaining work, not terminated.   

 

(f) If the parties disagree on the whole amount to be paid because of the termination, the 
Contracting Officer shall pay the Contractor the amounts that he or she determines as follows, 
but without duplication of any amounts agreed upon under paragraph (e):  

 

(1) The Contract price for completed supplies or services that the Authority accepted [or 
sold or acquired under paragraph (b)(9)] not previously paid for, adjusted for any 
saving of freight and other charges. 

 
(2) The total of: 
 

(i) The costs incurred prior to termination in the performance of the work 
terminated, including initial costs and preparatory expenses allocable thereto, 
but excluding any costs attributable to items compensated or to be paid for 
under subparagraph (f)(1); 

 
(ii) Termination costs under terminated subcontracts that are properly chargeable 

to the terminated portion of this Contract, if not excluded in subparagraph 
(f)(2)(i); and 
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(iii) A sum, representing profit on the items described in subparagraph (f)(2)(i) that 
the Contracting Officer determines to be fair and reasonable pursuant to 
Section 49.202 of the FAR, in effect on the date of this Contract. If it appears 
that the Contractor would have sustained a loss on the entire Contract had it 
been completed, the Contracting Officer shall allow no profit under this 
subparagraph and shall reduce the settlement to reflect the projected rate of 
loss. 

 
(3) The reasonable indirect costs of settlement of the work terminated, including:  

 

(i) Accounting, legal, clerical, and other expenses reasonably necessary for the 
preparation of TSP(s);  
 

(ii) The termination and settlement of subcontracts (excluding the amounts of 
such settlements); and  
 

(iii) Storage, transportation, and other costs incurred, reasonably necessary for 
the preservation, protection, or disposition of the termination inventory. 

 
(g) Except for normal spoilage, and except to the extent that the Authority expressly assumed the 

risk of loss, the Contracting Officer shall exclude from the amounts payable to the Contractor 
under paragraph (f), the fair value, as he or she determines of property that is unavailable or 
damaged and undeliverable to the Authority or to a third party. 

 

(h) The cost principles and procedures of FAR Part 31 in effect on the date of this Contract, shall 
govern all costs claimed, agreed to, or determined under this Article, except that the Authority 
shall not be obligated to pay interest, however represented, on any claimed costs.  

 

(i) The Contractor shall have the right to appeal, under the “Disputes” article, from the Contracting 
Officer’s determination under paragraphs (d) or (f). The Contractor’s failure to submit the TSP 
within the time provided in paragraph (d), or to timely request an extension thereof, shall 
constitute a waiver of its right to appeal the Contracting Officer’s determination pursuant to the 
“Disputes” article or any otherwise applicable Contractual, legal or equitable remedy. 
 

(j) In determining any sum due to the Contractor under this Article, there shall be deducted: 
 

(1) All unliquidated advances or other payments to the Contractor under the terminated 
portion of this Contract;  
 

(2) The value, as the Contracting Officer, reasonably determines, of any claim that the 
Authority has against the Contractor under this Contract, including any third-party 
claim, if the Contracting Officer is not satisfied that sufficient insurance coverage is in 
place; and 
 

(3) The agreed price for, or the proceeds of sale of, materials, supplies, or other items that 
the Contractor procured or sold under this Article, not recovered by or credited to the 
Authority.  
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(k) If the Contractor asserts that any partial termination has rendered enforcement of the 
remainder of this Contract at the remaining Contract price inequitable, the Contractor may file 
a proposal with the Contracting Officer for an adjustment to the price(s) for the continued 
portion of this Contract.  Such proposal shall be submitted within ninety (90) days from the 
effective date of termination, unless the Contracting Officer extends it in writing, and shall be 
accompanied by appropriate supporting documentation. 
 

(l) The Contractor’s responsibilities and obligations under this Article shall remain in full force and 
effect notwithstanding the pendency of any dispute or other delay relating to determination of 
the appropriate price adjustment or any other issue arising from the termination for 
convenience. 
 

(m) Unless otherwise provided in this Contract or by statute, the Contractor and all subcontractors 
whose work is encompassed in the termination settlement shall maintain all records and 
documents relating to the terminated portion of this Contract for three (3) years after final 
settlement.  This includes all books and other evidence bearing on the Contractor’s costs and 
expenses under this Contract. The Contractor shall make these records and documents 
available to the Authority, its governing jurisdictions and any other Federal, state, or local 
entities providing funding for this Contract, and to the U.S. Comptroller General or the agents 
or representatives of any of them, at the Contractor’s office, at all reasonable times, without 
any direct charge.  

 

4. ASSIGNMENT 
 

(a) Except as otherwise provided in this article, the Contractor shall not transfer any of its rights 
and obligations under this Contract to third parties without the Contracting Officer’s prior, written 
consent. The Contracting Officer may recognize a third party as successor in interest to this 
Contract in the event of a transfer of all or substantially all of the Contractor’s assets, a change 
in a division of the Contractor involved in the performance of this Contract, or if a parent 
company provides performance guarantee(s) under this Contract, (i.e., sales of assets, transfer 
of assets pursuant to merger or consolation, or incorporation of a proprietorship or partnership). 
Such recognition shall be at the Contracting Officer’s discretion after review of the facts and 
circumstances surrounding each request. The Contracting Officer, at his or her discretion, may 
conduct an evaluation of the successor party’s capability to perform this Contract in the same 
manner and to the same extent that he or she conducted a responsibility determination as part 
of the original solicitation for this Contract.  Should the Contracting Officer, for any reason, not 
recognize such a successor in interest, he or she may terminate this Contract. 

 
(b) Any attempt to transfer by assignment that the Contracting Officer does not authorize shall 

constitute a material breach of this Contract and the Contracting Officer may terminate this 
Contract in accordance with the “Termination for Default” Article set forth in this Contract. 

 
(c) Nothing contained herein shall be deemed to preclude the Contractor’s assignment of claims 

for monies due or to be become due to it under this Contract to a bank, trust company or other 
financing institution, including any Federal lending agency, upon written notice of such 
assignment to the Contracting Officer. 
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5. DISPUTES 
 

(a) Any dispute concerning a question of fact arising under or related to this Contract that is not 
disposed of by agreement, shall be decided by the Contracting Officer, who shall reduce his 
or her decision to writing and mail or otherwise furnish a copy thereof to the Contractor. The 
Contracting Officer’s decision shall be final and conclusive unless, within thirty (30) calendar 
days from the date of its receipt, the Contractor mails or otherwise furnishes to the Contracting 
Officer, a written notice of appeal addressed to the Authority’s Board of Directors. Such notice 
must indicate that an appeal is intended and must reference the decision and Contract number.  
The decision of the Board of Directors or its duly authorized representative for the 
determination of such appeals shall be final and conclusive, unless in proceedings initiated by 
either party for review of such decision in a court or board of competent jurisdiction, it 
determines that the decision was fraudulent, or capricious, or arbitrary, or so grossly erroneous 
as necessarily to imply bad faith, or not supported by substantial evidence. In any appeal under 
this article, the appellant shall be afforded an opportunity to be heard and offer evidence in 
support of its appeal. Pending final decision of a dispute hereunder, the Contractor shall 
proceed diligently with the performance of this Contract in accordance with the Contracting 
Officer's decision. The Armed Services Board of Contract Appeals (ASBCA) is the Board of 
Directors’ authorized representative for final decisions on an appeal.   

 
(b) This “Disputes” article does not preclude consideration of questions of law in connection with 

decisions provided for in paragraph (a) above. Nothing in the Contract, however, shall be 
construed as making final, the decisions of the Board of Directors or its representative on 
questions of law. 
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CHAPTER VII – INDEMNIFICATION/INSURANCE/RISK OF LOSS 

 
1. INDEMNIFICATION  

 
(a) Contractor shall indemnify, defend and hold harmless the Authority, its  Board members, 

employees and agents, from all liabilities, obligations, damages, penalties, claims, costs, 
charges and expenses (including reasonable attorneys’ fees), of whatsoever kind and nature 
for injury, including personal injury or death of any person or persons, and for loss or damage 
to any property, including the property of the Contractor and the Authority, occurring in 
connection with, or in any way arising out of the use, occupancy and performance of the work 
and/or any acts in connection with activities to be performed under this Contract, unless the 
loss or damage is due to the sole negligence of the Authority.  Nothing in the preceding 
sentence shall be deemed to relieve Contractor from ultimate liability for any of its obligations 
under this Contract.  
 

(b) Contractor shall indemnify, defend and hold harmless the Authority, its Board members,  
employees and agents, against any and all claims, liabilities, losses, demands, damages, 
penalties, costs, charges, remedial costs, environmental claims, fees or other expenses 
including attorneys’ fees, related to, arising from or attributable to any effluent or other 
hazardous waste, residue, contaminated soil or other similar material discharged from, 
removed from, or introduced on, about or under the job site. The foregoing indemnity does not 
apply to loss or damage due to preexisting conditions, whether known or unknown.  
 

(c) If any action or proceeding relating to this indemnification is brought against the Authority, then 
upon written notice from the Authority to the Contractor, the Contractor shall, at its own 
expense, resist or defend such action or proceeding by counsel approved by the Authority in 
writing. No approval of counsel shall be required where the cause of action is resisted or 
defended by counsel of any insurance carrier obligated to resist or defend the same.  The 
Authority reserves the right to use its own counsel under this indemnity at Contractor’s sole 
cost and expense.  
 

(d) Contractor understands and agrees to its responsibility to provide indemnification to the 
Authority pursuant to this clause. The provision of insurance, while anticipated to provide a 
funding source for this indemnification, is in addition to any indemnification requirements. The 
failure of Contractor’s insurance to fully fund any indemnification shall not relieve the 
Contractor of any obligation hereunder. 

 
 
2. INSURANCE REQUIREMENTS  

 
If the offeror does not currently carry all of the required insurance for this RFP, a current certificate of 
insurance (COI) evidencing the insurance that the offeror does carry and a letter from its insurance 
agent/broker stating that ‘if our client (the offeror) is awarded the contract, the required coverage will 
be provided’ will suffice. 
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(a) MINIMUM REQUIRED INSURANCE: MINIMUM LIMITS OF INSURANCE 
 

INSURANCE TYPE LIMITS BASIS 

Workers’ Compensation Statutory  

Employers’ Liability $1,000,000 Each Accident 

 $1,000,000 Disease Policy Limit 

 $1,000,000 Disease Each Employee 

   

Commercial General 
Liability 

  

 $25,000,000 Each Occurrence Limit 

 $25,000,000 General Aggregate Limit 

 $25,000,000 Products-Completed 
Operations Limit 

   

Business Auto Liability   

 $5,000,000 Combined Single Limit 

 

Railroad Protective 
Liability Insurance (RRP) 

  

 $5,000,000 Each Occurrence Limit 

 $10,000,000 Aggregate Limit 

Professional Liability   

 $3,000,000 Each Claim 

 
 

(b) MINIMUM REQUIRED INSURANCE: MINIMUM INSURANCE COVERAGES AND 
COVERAGE PROVISIONS 

 
(1) Contractor is required to maintain the prescribed insurance outlined in this Article 

during the entire period of performance under this contract.  The Notice to Proceed 
(NTP) will not be issued until all required insurance has been accepted by WMATA. 
 

(2) The prescribed insurance coverage and limits of insurance are the minimum required 
coverages and limits.  Contractor is encouraged, at its sole cost and expense, to 
purchase any additional insurance coverages and/or limits of insurance that Contractor 
deems prudent and necessary to manage risk in the completion of this Contract. 
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(3) Upon written request from WMATA, Contractor shall provide copies of any requested 

insurance policies, including applicable endorsements, within five (5) business days of 
such request. 
 

(4) Receipt, review or communications regarding certificates of insurance (COI), 
insurance policies, endorsements, or other materials utilized to document compliance 
with these Minimum Insurance Requirements does not constitute acceptance by 
WMATA. 

 
(5) Insurance companies must be acceptable to WMATA and must have an A. M. Best 

rating of at least A- VII. 
 

(6) Unless otherwise noted, “Claims Made” insurance policies are not acceptable. 
 

(7) Any insurance policy utilizing a Self-Insured Retention (SIR) requires written approval 
from WMATA. 
 

(8) Contractor must incorporate these Minimum Insurance Requirements into contract 
requirements of all subcontractors of every tier, however, Contractor, at its sole peril, 
may amend these Minimum Insurance Requirements for its subcontractors, but doing 
so does not relieve Contractor from its respective liability to WMATA. 

 
(9) Compliance with these Minimum Insurance Requirements does not relieve Contractor 

from Contractor’s respective liability to WMATA, even if that liability exceeds the 
Minimum Insurance Requirements. 

 
(c) COVERAGE-SPECIFIC REQUIREMENTS 

 

Commercial General Liability  

(1) Commercial General Liability (CGL) shall be written on ISO Occurrence Form CG0001 
(12/04) or its equivalent.  Equivalency determination shall be made in WMATA’s sole 
and unreviewable discretion. 
 

(2) Required minimum limits of coverage may be achieved through a combination of the 
aforementioned CGL coverage form and an Umbrella/Excess Liability coverage 
form(s), provided that the Umbrella/Excess Liability coverage form(s) provides the 
same or broader coverage than the prescribed CGL coverage form. 

 
(3) Policy shall be endorsed with Additional Insured Endorsement(s) in compliance with 

the “Additional Insured” Section below.   
 

(4) Policy shall be endorsed with a Waiver of Subrogation Endorsement(s) in compliance 
with the Waiver of Subrogation” section below. 

 
(5) The definition of “Insured Contract” shall be modified to provide coverage for 

contractual liability for any contracts involving construction or demolition operations 
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that are within 50 feet of a railroad, and sidetrack agreements.  Evidence of this 
modification shall be provided to WMATA along with all other required documents. 
 

(6) Defense Costs (Allocated Loss Adjustment Expense) must be included and outside of 
the policy limits for all primary liability and Umbrella/Excess Liability policies. 

 

Business Auto Liability 

(1) Business Automobile Liability insurance shall be written on ISO Business Auto 
Coverage Form CA 00 01 03 06, or its equivalent.  Equivalency determination shall be 
made in WMATA’s sole and unreviewable discretion. 
 

(2) Policies shall be endorsed with Additional Insured Endorsement(s) in compliance with 
the “Additional Insured” Section below. 

 
(3) Policies shall be endorsed with a Waiver of Subrogation Endorsement(s) in compliance 

with the Waiver of Subrogation” section below. 
 

(4) Business Autombile Liability minimum Combined Single Limit requirements may be 
obtained through the combination of a primary business automobile liability policy and 
an Umbrella/Excess Liability policy provided that the Umbrella/Excess Liability policy 
complies with items 2 and 3 above. 

 
(5) MCS-90 Endorsement are required for work involving the transportation or disposal of 

any hazardous material or waste off of the jobsite.  If the MCS-90 Endorsement is 
required, minimum automobile liability limits of $5,000,000 per occurrence are also 
required as is form CA 99 48, for broadened coverage for pollution liability.  
 

(6) Non-Owned Disposal Site (NODS) Endorsement providing coverage for the 
Contractor’s legal liability arising out of pollution conditions at the designated non-
owned disposal site are required. 

 

Railroad Protective Liability 

Railroad Protective Liability Insurance is required for any work within 50 feet of WMATA railroad tracks 
or work within WMATA’s rail stations. 
 

(1) The Railroad Protective Liability (RRP) policy must be on a policy form and with an 
insurance company that is acceptable to WMATA.  
 

(2) WMATA shall be the Named Insured. 
 

(3) The original RRP policy shall be sent to WMATA at following address: 
 

Washington Metropolitan Area Transit Authority 
Office of Insurance, Room 8F 

600 Fifth Street, NW 
Washington, DC 20001 
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Professional Liability Insurance  
 
WMATA may require professional liability insurance (Errors and Omissions) for the work of 
Contractor or its subcontractors for certain types of consulting or engineering services.  

(d) OTHER 

Additional Insured 

(1) Contractor and subcontractors at every tier are required to add WMATA and WMATA’s 
Board of Directors as additional insureds on all required insurance including excess 
liability policies, with the exception of Workers’ Compensation and Professional 
Liability insurance policies. 
 

(2) Coverage provided to an Additional Insured shall be primary and non-contributory to 
any other insurance available to the Additional Insured, including coverage afforded to 
the WMATA as an additional insured by subcontractors, and from other third parties. 

 
(3) Coverage provided to any Additional Insured shall be for claims arising out of both 

ongoing operations and products and completed operations hazards. 
 

(4) Coverage available to any Additional Insured under the products and completed 
operations hazards can only be limited to the applicable statute of repose in the 
jurisdiction(s) where the Contract’s scope of work takes place.  

 
(5) Commercial General Liability and Umbrella/Excess Liability forms must provide 

defense coverage for additional insureds. The Additional Insured Endorsement shall 
provide coverage for Ongoing as well as Products and Completed Operations with no 
limitation on when claims can be made. 

Waiver of Subrogation 

Contractor and subcontractors at every tier are required to have all insurance policies except 
Professional Liability insurance policies endorsed to waive the respective insurance company’s rights 
of recovery against WMATA, and the WMATA Board of Directors.   
 

(1) Waivers shall be provided on an endorsements that are acceptable to WMATA.   
 
Certificate of Insurance (COI) 
Contractor shall provide WMATA an ACORD Certificate of Insurance (COI) and copies of all required 
endorsements as evidence that the insurance requirements of this Section have been satisfied.  
Certificates of Insurance shall be sent to WMATA.  
 
The Certificate Holder box should read: 

Washington Metropolitan Area Transit Authority 
Office of Insurance, Room 8F 

600 Fifth Street, NW 
Washington, DC 20001 

 
 



WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY 

SUPPLY AND SERVICE CONTRACT     RFP CQ19038-8K/FRV   

108 

Rev. 09/18 

Additionally: 

(1) Proposed material modifications to required insurance, including notice of cancellation, 
must be received by WMATA in writing at least 30 days prior to the effective date of 
such change or cancellation. 
  

(2) WMATA’s receipt of copies of any COI, policy endorsements or policies does not 
relieve Contractor of the obligation to remain in compliance with the requirements of 
this Section at all times.  Contractor’s failure to comply with these insurance 
requirements shall constitute a material breach of this Contract. 

 
Receipt of the COI does not constitute acceptance of the insurance outlined above. 
 

3. TITLE AND RISK OF LOSS  
 

(a) Unless this Contract specifically provides for earlier passage of title to deliverables (including 
documents, reports, and data) or other items resulting from this Contract, title shall pass to the 
Authority upon conditional acceptance, regardless of when or where the Authority takes 
physical possession.  Risk of loss, theft, destruction of, or damage to, such deliverables or 
other items remains with the Contractor, until the transfer of title or at the time when the 
Authority takes physical possession, whichever is later. 

 
(b) In the event of loss or damage to any deliverable or other item of work, prior to the time when 

the Authority takes physical possession, the Contractor agrees to repair or replace it as soon 
as reasonably possible to restore the item to the same condition that pre-existed the loss or 
damage, in accordance with all requirements of this Contract, without cost to the Authority. 
Nothing contained herein shall be deemed to require the Contractor’s repair or replacement of 
any loss or damage caused solely by the Authority’s acts or omissions.   

 

(c) Authority Furnished Property 
 

(1) WMATA retains title to all WMATA-furnished property. WMATA furnished property 
shall not become a fixture, or lose its identity as personal property by being attached 
to any real property. The Contractor shall use WMATA’s property, furnished under this 
Contract, only for performing this Contract, unless the Contracting Officer approves 
otherwise. Modifications or alterations of WMATA property are prohibited, unless they 
are (i) Reasonable and necessary due to the Technical Specifications for this Contract; 
(ii) Required for normal maintenance; or (iii) Otherwise authorized by the Contracting 
Officer. Risk of loss is on the Contractor for WMATA-furnished property, i.e. the 
Contractor is liable for loss, theft, damage or destruction to WMATA property while it 
is in the Contractor’s possession or control. The Contractor shall take all reasonable 
actions necessary to protect WMATA’s property from loss, theft, damage or 
destruction. The Contractor shall do nothing to prejudice WMATA’s rights to recover 
against third parties for any loss, theft, damage or destruction to WMATA’s property.   

 
4. INAPPLICABILITY OF CLAUSES REQUIRING UNAUTHORIZED OBLIGATIONS  

(a) Except where the Chief Procurement Officer specifically agrees in writing, when any supply 
or service acquired under this Contract is subject to any End User License Agreement 
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(EULA), Terms of Service (TOS), Master Agreement, Terms and Conditions or similar legal 
instrument or agreement, that includes any clause requiring WMATA to indemnify the 
Contractor or any person or entity for damages, costs, fees, or any other loss or liability or 
that would create an unauthorized obligation, the following shall govern: 

 
(1) Any such clause is unenforceable against WMATA. 
 
(2) Neither WMATA nor any authorized end user shall be deemed to have agreed to such 

clause by virtue of it appearing in the EULA, TOS, or similar legal instrument or 
agreement. If the EULA, TOS, or similar legal instrument or agreement is invoked 
through an “I agree” click box or other comparable mechanism (e.g., “click-wrap” or 
“browse-wrap” agreements), execution does not bind WMATA or any WMATA 
authorized end user to such clause. 
 

(3) Any such clause is deemed to be stricken from the EULA, TOS, or similar legal 
instrument or agreement. 

 
(b) When any supply or service acquired under this Contract is subject to any End Use License 

Agreement (EULA), Terms of Service (TOS), or similar legal instrument or agreement, any 
clause requiring WMATA to pay pre-judgment interest, taxes to which it is exempt, or automatic 
fines is void and without effect. 
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CHAPTER VIII – INTELLECTUAL PROPERTY RIGHTS 
 

 
1. PATENT INDEMNITY 
 

The Contractor shall indemnify the Authority and its Board members, agents and employees against 
liability, including costs, for infringement of any United States patent (except a patent issued upon an 
application that is now or may hereafter be withheld from issue pursuant to a Secrecy Order under 
35 U.S.C. § 181) arising out of the manufacture or delivery of supplies, the performance of services, 
or the construction, alteration, modification, or repair of real property under this Contract. If the 
Contractor is not the original equipment manufacturer (OEM) for a manufactured product purchased 
under this Contract, it will ensure that the patent holder provides indemnity to WMATA under this 
Article. This indemnity shall not apply unless the Contractor is informed as soon as practicable by 
the Authority of the suit or action alleging such infringement, and is given such opportunity as is 
afforded by applicable laws, rules, or regulations to participate in the defense thereof. Such 
indemnity shall not apply to: 

 

(a) An infringement resulting from compliance with the Contracting Officer’s specific written 
instructions directing a change in the supplies to be delivered or in the materials or 
equipment to be used, or directing a manner or performance of the Contract not normally 
used by the Contractor; 

(b) An infringement resulting from addition to, or change in, such supplies or components 
furnished or construction work performed that was made subsequent to delivery or 
performance by the Contractor; or 
 

(c) A claimed infringement that is unreasonably settled without the Contractor’s consent, unless 
required by final decree of a court of competent jurisdiction. 

2. SET-OFF 
 
The Authority has common law, equitable and statutory rights to set-off.  These rights shall include, 
but are not limited to, the Authority’s right to set-off any monies due to the Contractor under this 
Contract, by any amounts due and owing to the Authority with regard to, any Contract with the 
Authority, plus any amounts due and owing to the Authority for any other reason including, without 
limitation, tax delinquencies, fee delinquencies or monetary penalties relative thereto.  The Authority 
shall exercise its set-off rights in accordance with applicable law and practices including, in cases of 
set-off pursuant to an audit, the finalization of such audit by the Authority, its representatives, or the 
Federal Government. 

 
3. RIGHTS IN TECHNICAL DATA – UNLIMITED  
 

(a) The term technical data as used in this Article means technical writings, computer software, 
sound recordings, pictorial reproductions, drawings, or other graphic representations and 
works of a technical nature, whether or not copyrighted, that are specified to be delivered 
pursuant to this Contract.  The term does not include financial reports, cost analyses, and 
other information incidental to Contract administration. “Computer software” as used in this 
Article means computer programs, computer data bases, and documentation thereof.  
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(b) The Authority or its designated representative shall have the right to use, duplicate or 
disclose technical data, including computer software, in whole or in part, in any manner and 
for any purpose whatsoever, and to have or permit others to do so that is contained in or 
derived from: 
 
(1) Any manuals, instructional materials prepared for installation, operation, 

maintenance or training purposes; 
 

(2) Technical data pertaining to end items, components or processes that were prepared 
for the purpose of identifying sources, sizes, configurations, mating and attachment 
characteristics, functional characteristics and performance requirements ("form, fit 
and function" data such as, specification control drawings, catalog sheets, and 
outline drawings Except for computer software, it means data identifying sources, 
functional characteristics, and performance requirements, but specifically excludes 
the source code, algorithms, processes, formulae, and flow charts of the software.); 

 
(3) Other technical data that the Contractor or subcontractor, normally furnishes without 

restriction;  
 

(4) Other specifically described technical data that the parties have agreed will be 
furnished without restriction; 
 

(5) All computer software regardless of whether it is technical data as defined in this 
Article, including the source code, algorithms, processes, formulae, and flow charts, 
that the Contractor developed or materially modified for the Authority or for which the 
Authority is required by Federal law or regulation to provide a royalty-free, 
irrevocable and nonexclusive license to the Federal government. 
 

(c) The Authority shall have the right to use, duplicate, or disclose technical data other than as 
defined in paragraph (a), in whole or in part. Such technical data shall not, without the written 
permission of the party furnishing such technical data, be: 

 
(1) Released or disclosed, in whole or in part, outside of the Authority,  

 
(2) Used, in whole or in part, by the Authority for manufacturing, or 

 
(3) Used by a party other than the Authority except for: (i) emergency repair or overhaul, 

(ii) where the item or process concerned is not otherwise reasonably available to the 
Authority to enable timely performance of this work, or (iii) administration of this 
Contract or the inspection of any products produced under it, where the third party 
has a written contract with the Authority to perform these efforts. In all cases 
described in this subsection, the release or disclosure outside of the Authority shall 
be subject to a nondisclosure agreement. 
 

(d) Technical data provided in accordance with paragraph (c) shall be identified with a legend 
that suitably recites this limitation.  This article shall not impair the Authority’s right to use 
similar or identical data acquired from other sources. 
 

(e) Where any item is purchased as a separate line item in this Contract, that purchase includes 
all integral parts of that item, including any computer software, source code, algorithms, 
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processes, formulae, and flow charts. The Authority has full rights to use, duplicate or 
disclose any or all parts of the item, including computer software, in whole or in part, in any 
manner and for any purpose whatsoever, and to permit others to do so.  Should disclosure of 
the computer software be required only under this paragraph, then the Contracting Officer 
may waive the provisions of this paragraph if he or she certifies in writing that the item is 
commercially available from multiple sources and will be fully compatible with existing 
Authority property. 
 

(f) Material covered by copyright: 
 
(1) The Contractor grants to the Authority, and to its Board members, agents and 

employees acting within the scope of their official duties, a royalty-free, nonexclusive 
and irrevocable license throughout the world for the Authority’s purposes to publish, 
translate, reproduce, deliver, perform, dispose of, and to authorize others so to do, all 
technical data and computer software covered by subsection (b) (5) now or hereafter 
covered by copyright.  
 

(2) No such copyrighted matter shall be included in (i) technical data or (ii) computer 
software covered by subsection (b) (5) furnished hereunder without the written 
permission of the copyright owner for the Authority to use such copyrighted matter in 
the manner above described.  
 

(3) The Contractor shall report to the Authority promptly and in reasonable written detail 
each notice or claim of copyright infringement it receives regarding any technical 
data or computer software covered by subsection (b)(5) provided to the Authority. 

 
(g) Relation to patents:  Nothing contained in this article shall imply a license to the Authority 

under any patent, or be construed as affecting the scope of any license or other right 
otherwise granted to the Authority under any patent. 

 
(h) Any dispute under this article shall be subject to the “Disputes” Article of this Contract. 
 
(i)  The Contracting Officer may retain from payment up to ten percent (10%) of the Contract price 

until final delivery and acceptance of the technical data defined in this Article and as required to 
be furnished by the Price Schedule or the Contract’s specifications.  
 

(j) Proprietary Data shall be deposited into escrow by the Contractor. 
 

(1) The Contractor shall arrange for third party escrow of all Technical Data including but 
not limited to, software source code and other deliverables which constitute 
Proprietary Data with a recognized escrow service approved by WMATA and in 
accordance with an Escrow Agreement acceptable to the Contractor and WMATA. 
 

(2) The Escrow Agreement shall permit WMATA to timely and efficiently obtain 
Proprietary Data due to unforeseen circumstances so that the Authority may continue 
to satisfactorily use and maintain the Work provided under the Contract. At the 
minimum the Proprietary Data must be verifiable and the Escrow Agreement must 
provide that it will be delivered to WMATA in the event of Contractor bankruptcy, 
Contract termination based upon Contractor default, refusal by Contractor to provide 
maintenance support, or discontinuance of the product. 
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(3) The duration of the Escrow Agreement shall be equal to the expected life expectancy 

of the Work at the time of Contract execution. 

4. NOTICE AND ASSISTANCE REGARDING PATENT AND COPYRIGHT INFRINGEMENT 
[SUPPLIES] 

 

(a) The Contractor shall report to the Contracting Officer, promptly and in reasonable written 
detail, each notice or claim of patent or copyright infringement based on this Contract once 
the Contractor is notified thereof.  
 

(b) In the event of any claim or suit against the Authority based on any alleged patent or 
copyright infringement arising out of this Contract or out of the use of any supplies furnished 
or services performed hereunder, the Contractor shall furnish to the Contracting Officer, all 
evidence and information in its possession pertaining to such suit or claim. Such evidence 
and information shall be furnished at the Contractor’s expense since the Contractor has 
agreed to indemnify the Authority for such infringement claims.  
 

(c) This article shall be included in all subcontracts. 
 

5. ROYALTY INFORMATION 

  

(a) When an offer contains costs or charges for royalties totaling more than $250, the following 
information shall be furnished with the offer on each separate item of royalty or license fee: 
(1) Name and address of licensor; 

 
(2) Date of license agreement; 

 
(3) Patent numbers, patent application serial numbers or other basis on which the 

royalty is payable; 
 

(4) Brief description, including any part or model numbers of each Contract item or 
component on which the royalty is payable; 
 

(5) Percentage or dollar rate of royalty per unit; 
 

(6) Unit price or Contract item; 
 

(7) Number of units; and 
 

(8) Total dollar amount of royalties. 

 

(b) In addition, at the Contracting Officer’s request, prior to execution of the Contract, the 
successful offeror will provide copies of any current license agreements and identify 
applicable claims of specific patents. 
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CHAPTER IX – ADDITIONAL COVENANTS/LEGAL REQUIREMENTS 
 
 
1. NONDISCRIMINATION ASSURANCE 
  

(a) Nondiscrimination Assurance.  In  accordance  with  Title  VI  of  the  Civil  Rights Act,  as 
amended, 42 U.S.C. §2000 (d), section 303 of the Age Discrimination Act of 1975, as 
amended, 42 U.S.C. §6102, section 202 of the American with Disabilities Act of 1990, 42 
U.S.C. §12132, D.C. law and Federal transit law at 49 U.S.C. §5332, the Contractor, sub-
recipient, or subcontractor agrees that it will not discriminate against any employee or applicant 
for employment because of race, color, creed, religion, national origin, sex, age, sexual 
preference, gender identity and/or disability. In addition, the Contractor, sub-recipient, or 
subcontractor agrees to comply with applicable Federal implementing regulations and other 
regulations that FTA may issue.  

 
(b) Equal Employment Opportunity. The following equal employment opportunity requirements 

apply to this Contract: 
 

(1) Race, Color, Creed, National Origin, Sex:  In accordance with Title VII of the Civil 
Rights Act, as amended, 42. U.S.C. §2000(e), and Federal transit laws at 49 U.S.C. 
§5332, the Contractor agrees to comply with all applicable equal opportunity 
requirements of the U.S. Department of Labor (U.S. DOL) including, but not limited to 
“Office of Federal Contract Compliance Programs, Equal Employment Opportunity, 
Department of Labor, " 41 C.F.R. Part 60 et. seq., [implementing Executive Order No. 
11246, "Equal Employment Opportunity," as amended by Executive Order No. 11375, 
"Amending Executive Order 11246 Relating to Equal Employment Opportunity," 42 
U.S.C. § 2000(e) note], and with any applicable  Federal statutes,  executive  orders,  
regulations,  and Federal  policies  that may in the future affect construction activities 
undertaken in the course of this Contract.   The Contractor agrees to take affirmative 
action to ensure that applicants are employed, and that employees are treated during 
employment without regard to their race, color, creed, national origin, sex or age.   
Such action shall include, but not be limited to, the following: employment, upgrading, 
demotion or transfer, recruitment or recruitment advertising, layoff or termination; rates 
of pay or other forms of compensation; and selection for training, including 
apprenticeship. In addition, the Contractor agrees to comply with any implementing 
requirements that FTA may issue. 

 
(2) Age: In accordance with Section 4 of the Age Discrimination in Employment Act of 

1967, as amended, 29 U.S.C. § 623 and Federal transit law at 49 U.S.C. § 5332, the 
Contractor agrees to refrain from discrimination against present and prospective 
employees for reason of age.  In addition, the Contractor agrees to comply with any 
implementing requirements that FTA may issue. 

 
(3) Disabilities: In accordance with section 102 of the Americans with Disabilities Act, as 

amended, 42 U.S.C.  §12112, the Contractor agrees that it will comply with the 
requirements of U.S. Equal Employment Opportunity Commission, "Regulations    to    
Implement    the    Equal Employment Provisions of the Americans with Disabilities 
Act," 29 C.F.R. Part 1630, pertaining to employment   of persons   with disabilities. In 
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addition, the Contractor agrees to comply with any implementing requirements that 
FTA may issue. 

 
(c) The Contractor also agrees to include all of these requirements in each subcontract financed, 

in whole or in part, with Federal assistance provided by FTA, modified only, if necessary, to 
identify the affected parties. 

 
(d) Failure by the Contractor or subcontractor to carry out these requirements is a material breach 

of this Contract, that may result in the termination or such other remedy as the Authority deems 
appropriate. 

 
2. CONTRACT WORK HOURS AND SAFETY STANDARDS ACT-OVERTIME COMPENSATION 
 

This Contract, to the extent that it is of a character specified in the Contract Work Hours and Safety 
Standards Act (40 U.S.C. §§ 327-333), is subject to the following provisions and to all other applicable 
provisions and exceptions of such Act and the regulations of the U.S. Secretary of Labor thereunder. 

 
(a) Overtime requirements. No Contractor or subcontractor contracting for any part of the Contract 

work  that may involve the employment of laborers, mechanics, apprentices, trainees, 
watchmen, and guards shall require or permit any such employee in any workweek in which 
he or she is employed  to work in excess of forty (40) hours in such work week on work subject 
to the provisions of the Contract Work Hours and Safety Standards Act unless such employee  
receives compensation at a rate not less than one and one-half (1 ½) times his or her basic 
rate of pay for all  hours worked in excess of forty (40) hours in such work week. 

 
(b) Violation. Liability for Unpaid Wages - Liquidated damages. In the event of any violation of 

paragraph (a), the Contractor and any subcontractor responsible therefore shall be liable to 
any affected employee for his or her unpaid wages. In addition, such Contractor and 
subcontractor shall be liable to the Authority for liquidated damages.  Liquidated damages 
shall be computed with respect to each individual laborer, mechanic, apprentice, trainee, 
watchman or guard employed in violation of paragraph (a) in the sum of $10 for each calendar 
day on which such employee was required or permitted to be employed on such work in excess 
of his or her standard work week of forty (40) hours without payment of the overtime wages 
required by paragraph (a). 

 
(c) Withholding for unpaid wages and liquidated damages. The Contracting Officer may withhold 

from the Contractor, such sums as he or she determines to be necessary to satisfy any 
liabilities of such Contractor or subcontractor for unpaid wages and liquidated damages as 
provided in paragraph (b). 

 
(d) Subcontracts. The Contractor shall insert this article in all subcontracts at any tier. Contractor 

shall also require subcontractors to include this clause in any lower tier subcontracts. The 
Contractor shall be responsible for compliance by any and all subcontractors at every tier. 

 
(e) Records. The Contractor shall maintain payroll records containing the information specified in 

29 C.F.R. § 516.2(a). Such records shall be preserved for three (3) years from the completion 
of this Contract. 

  



WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY 

SUPPLY AND SERVICE CONTRACT     RFP CQ19038-8K/FRV   

116 

Rev. 09/18 

 
 
3. WALSH-HEALEY PUBLIC CONTRACTS ACT (N/A) 
 

4. CONVICT LABOR 
 

(a) Except as provided in paragraph (b), the Contractor shall not employ in the performance of 
this Contract any person undergoing a sentence of imprisonment imposed by any court of the 
Federal Government, a State, the District of Columbia, Puerto Rico, the Northern Mariana 
Islands, American Samoa, Guam or the U.S. Virgin Islands. 

 
(b) The Contractor is not prohibited from employing persons: 

 
(1) On parole or probation to work at paid employment during the term of their sentence; 

 
(2) Who have been pardoned or who have served their terms; or 

 
(3) Confined for violation of the laws of the Federal Government, the states, the District of 

Columbia, Puerto Rico, the Northern Mariana Islands, American Samoa, Guam, or the 
U.S. Virgin Islands who are authorized to work at paid employment in the community 
under the laws of such jurisdiction, if— 

 
(i) The worker is paid or is in an approved work or training program on a voluntary 

basis; 
 

(ii) Representatives of the local union’s central bodies or similar labor union 
organizations have been consulted; 

 
(iii) Such paid employment will not result in the displacement of employed 

workers, or be applied in skills, crafts, or trades where there is a surplus of 
available gainful labor in the locality, or impair existing contracts or services; 

 
(iv) The rates of pay and other conditions of employment will not be less than those 

paid or provided for work of a similar nature in the locality where the work is 
being performed; and 

 
(v) The Attorney General of the United States has certified that the work-release 

laws or regulations of the jurisdiction involved are in conformity with the 
requirements of Executive Order 11755, as amended by Executive Orders 
12608 and 12943. 

 
5. COVENANT AGAINST CONTINGENT FEES 
 

(a) The Contractor warrants that no person or selling agency has been employed or retained to 
solicit or secure this Contract upon an agreement for a commission, percentage, brokerage or 
contingent fee, excepting bona fide employees or bona fide, established commercial or selling 
agencies maintained by the Contractor for the purpose of securing business. For breach of 
this warranty, the Authority shall have the right to terminate this Contract without liability or, in 
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its discretion, to deduct from the Contract price, or otherwise recover, the full amount of such 
commission, percentage, brokerage, or contingent fee, if no fraud is suspected.  
 

(b) If fraud is suspected, the Authority’s only remedy prior to final adjudication by a court of 
competent jurisdiction is to report the matter to WMATA’s Office of Inspector General (OIG), 
the U.S. Department of Transportation’s Office of Inspector General (DOT-OIG), the Offices 
of Inspectors General of any agency providing funding under this Contract and/or appropriate 
Federal, state and/or local law enforcement authorities. 

 
6. SEAT BELT USE POLICY  
 

The Contractor agrees to comply with terms of Executive Order No. 13043 “Increasing Seat Belt Use 
in the United States” and is encouraged to include these requirements in each subcontract awarded 
for work relating to this Contract. 
 

7. SENSITIVE SECURITY INFORMATION 
 

The Contractor must protect, and take measures to assure that its subcontractors at each tier protect, 
“sensitive information” made available during the course of administering an Authority contract or 
subcontract in accordance with 49 U.S.C. Section 40119(b) and implementing DOT regulations, 
“Protection of Sensitive Security Information,” 49 CFR Part 15, and with 49 U.S.C. Section 114(s) and 
implementing Department of Homeland Security regulations, “Protection of Sensitive Security 
Information,” 49 CFR Part 1520. 

 
8. LAWS AND REGULATIONS  
 

The Contractor shall be responsible to comply with any applicable State of Maryland, Commonwealth 
of Virginia, District of Columbia, Federal and local laws and regulations governing the services and/or 
supplies to be provided under this Contract.  Further, the Contractor shall be responsible to obtain, at 
its own cost and expense, any and all licenses/permits required to transact business in any political 
jurisdictions where work will be performed. 
 

9. HAZARDOUS MATERIAL IDENTIFICATION AND SAFETY DATA SHEETS 
 

(a) The Contractor agrees to submit a Safety Data Sheet (U.S. Department of Labor Form OSHA-
20), as prescribed in Federal Standard No. 313B, for all hazardous materials five (5) days 
before delivery of the material, whether or not listed in Appendix A of the Standard.  This 
obligation applies to all materials delivered under this Contract that involve exposure to 
hazardous materials or items containing these materials. 

 
(b) "Hazardous material," as used in this clause, is defined in Federal Standard No. 313B, in effect 

on the date of this Contract. 
 
(c) Neither the requirements of this clause nor the Authority’s acts or omissions shall relieve the 

Contractor of any responsibility or liability for the safety of the Authority’s, personnel or 
property. 

 
(d) Nothing contained in this Article shall relieve the Contractor from complying with applicable 

Federal, state, and local laws, codes, ordinances, and regulations (including the requirement 
to obtain licenses and permits) in connection with hazardous materials. 
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(e) The Authority's rights in data furnished under this Contract regarding hazardous materials are 

as follows: 
 

(1) To use, duplicate and disclose any data to which this clause is applicable.  The 
purposes of this right are to (a) apprise personnel of the hazards that they may be 
exposed to in using, handling, packaging, transporting, or disposing of hazardous 
materials (b) obtain medical treatment for those affected by the materials; and (c) have 
others use, duplicate, and disclose the data for the Authority for these purposes.  

 
(2) To use, duplicate, and disclose data furnished under this Article in precedence over 

any other provision of this Contract providing for rights in data. 
 
(3) The Authority is not precluded from using similar or identical data acquired from other 

sources. 
 
(4) The data shall not be duplicated, disclosed, or released outside of the Authority, in 

whole or in part, for any acquisition or manufacturing purpose, if the following legend 
is marked on each piece of data to which this clause applies -  

 
“This data furnished under this Contract shall not be used, duplicated, or disclosed 
for any acquisition or manufacturing purpose without the Contracting Officer’s 
permission. This legend shall be marked on any reproduction of this data." 

  
(5) The Contractor shall not place any restrictive legend on any data that (i) the Contractor 

or any subcontractor previously delivered to the Authority without limitations; or (ii) 
should be delivered without limitations under the “Rights in Technical Data” clause. 

 
(f) The Contractor shall insert this article, with appropriate changes in the designation of the 

parties, in subcontracts at any tier (including purchase designations or purchase orders) under 
this Contract involving hazardous materials. 

 
10. NOT USED  
 
11. NOT USED 

 
12. LIVING WAGE  
 

(a) The Authority’s Living Wage Policy and implementing regulations apply with respect to all 
contracts for services (including construction) awarded in an amount that exceeds $150,000 
in a twelve (12) month period.  If this Contract meets those criteria, the following requirements 
are applicable:  

 
(b) The Authority’s living wage rate is $13.85 per hour, and may be reduced by the Contractor’s 

per-employee cost for health insurance. 
 
(c) The Contractor shall:   
 

(1) Pay the Authority’s living wage rate, effective during the time the work is performed, to 
all employees who perform work under this Contract; 
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(2) Include this “Living Wage” article in all subcontracts that exceed $150,000 in a twelve 
(12) month period awarded under this Contract; 

(3) Maintain payroll records, in accordance with the requirements of this Contract, and 
include a similar provision in affected subcontracts that requires the subcontractor to 
maintain its payroll records for the same length of time; and 

(4) Certify with each monthly invoice that the Authority’s living wage rate was paid to 
affected employees, or if applicable, certify prior to Contract award or Contract 
extension, if any, that one or more of the exemptions in paragraph (d) below applies. 

(5) The Contractor shall not split or subdivide this Contract, pay an employee through a 
third party, or treat an employee as a subcontractor or independent contractor to avoid 
compliance with this “Living Wage” article 

 
(d) Exemptions to this “Living Wage” article include: 
 

(1) Contracts and agreements subject to higher wage rates required by Federal law or 
collective bargaining agreements; 
 

(2) Contracts or agreements for regulated utilities; 
 

(3) Emergency services to prevent or respond to a disaster or                                                    
imminent threat to public health and safety; 
 

(4) Contractor employees who work less than full time; and 
 

(5) Contractors who employ fewer than ten (10) employees. 

 
(e) The Authority may adjust the living wage rate effective in January of each year.  The 

adjustment will reflect the average living wage rate among Metro’s Compact jurisdictions with 
living wage rates. If after Contract award the living wage rate increases, the Contractor is 
entitled to an equitable adjustment to the Contract price in the amount of the increase for 
employees who are affected by the escalated wage. 

 
(f) Failure to comply with the Authority’s Living Wage Policy shall result in the Authority’s right to 

exercise available contract remedies, including contract termination, where no fraud is 
suspected. 

 
(g) If fraud is suspected, the Authority’s only remedy prior to adjudication by a court of competent 

jurisdiction is to report the matter to WMATA’s Office of Inspector General (OIG), the U.S. 
Department of Transportation’s Office of Inspector General (DOT-OIG), the Offices of 
Inspectors General of any state or Federal agency providing funding under this Contract and/or 
appropriate Federal, state and/or local law enforcement authorities. 

 
13. METRIC SYSTEM 
 

To the extent the Federal Government directs, the Contractor agrees to use the metric system of 
measurement in its Contract activities, in accordance with the Metric Conversion Act, as amended by 
the Omnibus Trade and Competitiveness Act, 15 U.S.C. § 205 (a) et. seq.; Executive Order No. 12770, 
“Metric Usage in Federal Government Programs,” 15 U.S.C. § 205(a) note; and applicable U.S. DOT 
or FTA regulations in accordance with applicable Federal directives.  As practicable and feasible, the 
Contractor agrees to supply products and services with dimensions expressed in the metric system of 
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measurement.  Metric usage shall not be required to the extent that such use is impractical or is likely 
to cause significant inefficiencies or loss of markets to United States firms. 

 

 

14. MANDATORY DISCLOSURE 
 
The Contractor shall timely disclose, in writing, to WMATA’s Office of the Inspector General (OIG), 
with a copy to the Contracting Officer, whenever, in connection with the award, performance, or 
closeout of this Contract or any subcontract hereunder, the Contractor has credible evidence that a 
principal, employee, agent, or subcontractor of the Contractor has committed— 
 

(a) A violation of Federal criminal law involving fraud, conflict of interest, bribery, or gratuity 
violations found in Title 18 of the United States Code; or 

 

(b) A violation of the civil False Claims Act (31 U.S.C. §§ 3729-3733). 

 

(1) WMATA, to the extent permitted by law and regulation, will safeguard and treat 
information obtained pursuant to the Contractor’s disclosure as confidential where the 
information has been marked “confidential” or “proprietary” by the company. To the 
extent permitted by the law and regulation, such information will not be released by 
WMATA to the public pursuant to a Public Access to Records (PARP) request. 
WMATA may transfer documents provided by the Contractor to any department or 
agency within the state, Federal or local government, if the information relates to 
matters within the organization’s jurisdiction. 

 

(2) If the violation relates to an order against a government-wide acquisition contract, a 
multi-agency contract, a multiple-award schedule contract such as the Federal Supply 
Schedule, or any other procurement instrument intended for use by multiple agencies, 
the Contractor shall notify the OIG of the ordering agency and the OIG of the agency 
responsible for the basic contract. 

15. WHISTLEBLOWER PROTECTION – NON-FEDERAL  
 

(a) The Contractor and its subcontractors shall encourage their employees and independent 
contractors to report information, without fear of actual or threatened discrimination, retaliation 
or reprisal that they in good faith reasonably believe is evidence of gross mismanagement; 
gross misuse or waste of public resources or funds; fraud; violation of law; abuse of authority 
in connection with the conduct of WMATA’s operations or contracts; or a substantial and 
specific danger to health, security or safety.  The Contractor and its subcontractors shall notify 
their employees that they may make reports under this paragraph to: 

 
(1) WMATA’s Office of Inspector General (OIG), in person, in writing, through the OIG 

Hotline (888-234-2374), via email at wmata-oig-hotline@verizon.net or by any other 
reasonable means; 

 
(2) WMATA’s Metro Transit Police Department (MTPD), in person, by telephone (202-
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962-2121) or by any other reasonable means, or to the OIG, if the information 
constitutes a potential violation of criminal law; 

 
(3) WMATA’s Chief Safety Officer, in person, in writing, through the SAFE Hotline (202-

249-7233) or email safety@wmata.com, or by any other reasonable means; or 
 

(4) Any other official, office or agency within WMATA or outside WMATA that the 
employee or independent contractor reasonably believes has the authority to act on 
the matter. 

 
(b) The Contractor, its employees, independent contractors and subcontractors shall cooperate 

with any inquiry or review by an authorized official of WMATA, or by the Federal government 
or any other governmental entity with jurisdiction over WMATA, regarding a matter that would 
constitute a report under paragraph (a) or a violation of this or any whistleblower provision of 
this Contract, and with any enforcement or judicial proceeding arising from such inquiry or 
review.  

(c) Contractor and its subcontractors shall not interfere with or deny the right of any employee or 
independent contractor of either the Contractor or any of its subcontractors to make a report 
under paragraph (a).  The Contractor and its subcontractors shall not recommend, take or 
threaten to take any action having a negative or adverse impact on any employee or 
independent contractor of either the Contractor or any of its subcontractors because he or she: 

 
(1) Made or is perceived to have made a report under paragraph (a); 

 
(2) Sought a remedy under applicable law after making a report under paragraph (a);  

 
(3) Participated in or cooperated with an inquiry or review by an authorized official of 

WMATA, or by the Federal government or any other governmental entity with 
jurisdiction over WMATA, regarding a matter that would constitute a report under 
paragraph (a) or a violation of this or any whistleblower provision of this Contract, or 
with an enforcement or judicial proceeding arising from such inquiry or review;  

 
(4) Refused to obey an order that would violate law; or 

 
(5) Refused to work or authorize work when a hazardous safety or security condition 

presents an imminent danger of death or serious injury, there was no reasonable 
alternative to refusal, there was not sufficient time to eliminate the danger in absence 
of refusal and the individual, where possible, notified the Contactor or subcontractor of 
the condition and of his or her intent not to perform or authorize work. 

 
(d) The Contractor shall include, or shall cause to be included, the substance of this clause, 

including this paragraph (d), in its subcontracts at all tiers.  
 

16. WORKPLACE VIOLENCE/ZERO TOLERANCE  
 

Pursuant to Metro Policy/Instruction 7.8.3, all Metro Contractors must: (1) establish zero tolerance for 
acts of workplace violence for their employees and those of subcontractors at any tier, and (2) not 
retaliate against any of their employees or independent contractors for cooperating with investigations. 
 

17. DRUG AND ALCOHOL TESTING (FOR SAFETY SENSITIVE FUNCTIONS ONLY)  
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(a) Contractors who perform “safety sensitive” functions (as defined in the Combined Glossary 

attached hereto) shall be subject to compliance with a drug and alcohol testing program 
according to Federal guidelines published in FTA regulations.  The Contractor agrees to 
establish and implement a drug and alcohol testing program that complies with 49 C.F.R. Parts 
40 and 655, produce any documentation necessary to establish its compliance with these 
regulations, and permit any authorized representative of the U.S. Department of 
Transportation or its operating administrations, applicable state oversight agency, or the 
Authority to inspect the facilities and records associated with the implementation of the drug 
and alcohol testing program as required under 49 C.F.R. Part 655 and review the testing 
process. The Contractor further agrees as follows: 

 
(b) To certify its compliance with 49 C.F.R. Parts 40 and 655 and to submit a Management 

Information System (MIS) report, as required by Federal regulations, to WMATA’s Medical 
Compliance Monitor (MCM) and the Contracting Officer before February 15th of each year. To 
certify compliance, the Contractor shall use the "Alcohol and Controlled Substances Testing" 
certification contained in the "Annual List of Certifications and Assurances for Federal Transit 
Administration Grants and Cooperative Agreements," that is published annually in the Federal 
Register.  

 
(c) To submit to the MCM and the Contracting Officer before February 15th of each year, a copy 

of the policy statement developed to implement its drug and alcohol testing program.  
 
(d) To provide to the MCM and the Contracting Officer before February 15th of each year the 

following: 
 

(1) Employee and supervisor training documentation;  
 
(2) The name and location of the collection site(s), laboratory(ies), Medical Review 

Officer(s), Breath Alcohol Technician(s), Collector(s), and Substance Abuse 
Professional(s); and a description of their random selection drug and alcohol testing 
process.  

 
(e) The Contractor further agrees to submit quarterly management reports summarizing test 

results to the MCM and the Contracting Officer by the 15th of the month following the end of 
each quarter. 

 

18. EMPLOYMENT RESTRICTION WARRANTY 
 
(a) The Contractor warrants that it will not offer employment to, solicit or discuss prospective 

employment with, or otherwise engage in substantive employment related discussions or 
communications with, any present or former Board member of the Authority who has been 
involved, directly or indirectly, in any matter of financial interest to the Contractor until at least 
two (2) years after the Board member has ceased involvement in the matter. The post-
employment restriction on former Authority employees is one (1) year from the date of their 
last employment with WMATA. The Contractor shall not knowingly engage in communications 
of the nature described above with any immediate family member or member of the household 
of any Authority employee or Board member during the period when such employee or Board 
member is involved in any matter of financial interest to the Contractor. 
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(b) If a former Board member or employee of the Authority is eventually hired, the Contractor shall 

ensure that the former Board member or employee is not involved in negotiating or otherwise 
dealing with the Authority on any particular matter over which he or she had responsibility 
during his or her tenure. 

 
(c) Should the Contractor fail to comply with the provisions hereof, and no fraud is suspected, the 

Contracting Officer shall have the right to withhold payment under this Contract in an amount 
not to exceed two percent (2%) of the total Contract amount as liquidated damages to the 
Authority, such withholding to be in addition to any other withholding or retainage under this 
Contract. Any dispute shall be settled in accordance with the “Disputes” clause of this Contract.  

 
(d) If fraud is suspected, the Authority’s only remedy prior to a final decision by a court of 

competent jurisdiction is to report the matter to WMATA’s Office of Inspector General (OIG), 
the U.S. Department of Transportation’s Office of Inspector General (DOT-OIG), the Offices 
of Inspectors General of any state or Federal agency providing funding under this Contract 
and/or appropriate Federal, state and/or local law enforcement authorities. 

 

19. GRATUITIES 
 

(a) In connection with performance of  this Contract, or any changes or modifications relative 
thereto, the giving of or offering to give gratuities (in the form of entertainment, gifts or 
otherwise) by the Contractor, or any agent, representative or other person deemed to be acting 
on behalf of the Contractor, or any supplier or subcontractor furnishing material to or 
performing work under this Contractor, to any Board member, employee or agent of the 
Authority; with a view toward securing this Contract or securing favorable treatment regarding 
this Contract  is expressly forbidden. The terms of this “Gratuities” clause shall be strictly 
construed and enforced in the event of violations hereof. 

 
(b) Reported instances of the giving or offering to give gratuities within the context of this 

“Gratuities” clause will be investigated by the Authority’s Board of Directors or its duly 
authorized representative. A preliminary investigation will be made to determine whether there 
is probable cause to suspect that a violation of this clause exists.  If such probable cause 
exists, the Board of Directors, or its duly authorized representative, shall formally notify 
WMATA’s Office of Inspector General (OIG), the U.S. Department of Transportation’s Office 
of Inspector General (DOT-OIG), the Offices of Inspectors General of any state or Federal 
agency providing funding under this Contract and/or appropriate Federal, state and/or local 
law enforcement authorities.  

 
(c) The rights and remedies of the Authority provided in this clause shall not be exclusive and are 

in addition to any other rights and remedies provided under this Contract, at law or in equity. 
 

20. OFFICIALS NOT TO BENEFIT  
 
(a) No member of or delegate to Congress, resident commissioner or member of a state or local 

public body shall be admitted to any share or part of this Contract, or to any benefit that may 
arise therefrom during his or her tenure or for two (2) years thereafter, unless his or her interest 
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in the business entity that is awarded this Contract is placed in a blind trust in accordance with 
the rules and regulations of the U.S. Office of Government Ethics (OGE). 

 
(b) Enforcement of this clause shall be consistent with 18 U.S.C. § 431. 

 

21. ORGANIZATIONAL CONFLICTS OF INTEREST 
 
(a) An organizational conflict of interest (OCI) exists when the nature of the work to be performed 

under a proposed contract or a subcontract may, without some restriction on future activities 
result in an unfair competitive advantage to the Contractor or subcontractor; because of (1) 
unequal access to information, (2) biased ground rules or (3) impaired objectivity. An unequal 
access to information OCI may exist if in performing a Contract, a Contractor obtains access 
to non-public information that provides it with a competitive advantage in a later competition. 
A biased ground rules OCI may exist if the Contractor has a role in setting rules for a source 
selection in which it will compete. An impaired objectivity OCI may exist if, in performing a 
Contract, a Contractor is called upon to evaluate an offer from or performance by, itself or an 
affiliated entity. 
 

(b) In the event that the Contractor believes that it or any of its potential subcontractors may have 
an OCI, it shall notify the Contracting Officer, in writing, within five (5) working days after it 
becomes aware of the potential or actual OCI. The written notification shall identify the nature 
and circumstances of the perceived conflict and propose appropriate measures to eliminate or 
mitigate the OCI. The Contracting Officer will review the circumstances and the proposed 
mitigation plan and notify the Contractor stating whether: (1) no mitigation is required; (2) the 
conflict cannot be mitigated; or (3) the conflict can be mitigated and he or she accepts the 
proposed measures or recommends additional measures. 

 
(c) The Contractor’s failure to identify such perceived conflicts may result in the Contract being 

rescinded or terminated.  
 

(d) Should the Contractor identify or become aware of a conflict during the term of this Contract, 
including any extension thereof that it could not reasonably anticipate prior to award, it shall 
notify the Contracting Officer in accordance with paragraph (b), or request an exception to the 
restriction with supporting rationale. The Contracting Officer shall consider the Contractor’s 
proposed measures to mitigate or eliminate the conflict, or the request for an exception.   
 

(e) If the proposed measures are not determined to be feasible or are otherwise not acceptable 
to the Contracting Officer, he or she may terminate the Contract. If the Contracting Officer 
does not grant a request for an exception, and the Contract is not terminated, the Contractor 
shall be notified in writing and be given ten (10) days from the date of the written notification 
to take all necessary actions to comply with this Article. 
 

(f) If the proposed measures are determined to be acceptable to the Contracting Officer, he or 
she may grant a specific exception to this restriction, when in the Contracting Officer’s 
judgment, the exception will not create a conflict between the Contractor's duties and 
obligations under this Contract and the duties and obligations imposed on the Contractor under 
another contractual or other relationship.  
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(g) If the Contractor fails to comply with the terms of this clause, and no fraud is suspected, the 
Contracting Officer, may withhold payments due under this Contract until such time as the 
Contractor is in compliance or, should the non-compliance remain uncorrected at the 
expiration of ten (10) days from the Contracting Officer’s written notice as provided in 
paragraph (b), terminate the contract for default pursuant to this Contract. 
 

(h) If fraud is suspected, the Authority’s only remedy prior to a final determination by a court of 
competent jurisdiction is to report the matter to WMATA’s Office of Inspector General (OIG), 
the U.S. Department of Transportation’s Office of Inspector General (DOT-OIG), the Offices 
of Inspectors General of any state or Federal agency providing funding under this Contract 
and/or appropriate Federal, state and/or local law enforcement authorities. 
 

(i) The Contractor, in performing this Contract, shall avoid any conduct that might result in or give 
the appearance of creating for Board members or employees of the Authority in their 
relationship with the Contractor, any conflicts of interest or favoritism and/or the appearance 
thereof and shall avoid any conduct that might result in a Board member, or employee failing 
to adhere to any Code of Ethics or standards of conduct adopted by the Authority's Board of 
Directors. 
 

(j) The Contracting Officer’s determination under this clause shall be final and shall be considered 
a question of fact within the meaning of the “Disputes” article of this Contract. 

 
22. CONTRACTOR PERSONNEL  
 

(a) The Authority may direct the replacement of the Contractor’s employees reasonably deemed 
to be unsuitable by the Contracting Officer, or whose continued participation in the work is 
deemed contrary to the best interests of the Authority. Except in circumstances deemed 
exigent by the Contracting Officer, the reason for replacement will be discussed between the 
Contractor and the Authority before a replacement directive is issued.  Upon receipt of a written 
replacement directive from the Authority specifying the date by which the replacement must 
occur, the Contractor shall proceed with the replacement and shall do so in a manner that 
minimizes, to the greatest extent practicable, any impact upon the Contract. 

 
(b) Contractor personnel required to work on WMATA’s property must obtain a WMATA vendors’ 

badge and successfully complete the mandatory safety training that must be renewed yearly.  
The Contractor must advise its affected personnel that, to obtain a vendor’s badge, a signed 
waiver to perform a background check is required. 

 
(c) The Contractor acknowledges that award of this Contract was based partly upon the past 

experience of the proposed program manager and program team. As such, the Contractor 
shall assign the same personnel identified in the Technical Proposal as key personnel to the 
positions shown in the Contractor's proposed program organization. 
 

(d) Key personnel shall remain in the assigned positions unless circumstances beyond the 
Contractor's control occur, such as leaving the program because of retirement, resignation, 
death, disability, personal hardship, or termination of employment. 
 

(e) Replacements for key personnel shall be subject to the Contracting Officer’s Technical 
Representative’s approval. Key personnel shall be replaced by an equally qualified individual 
in accordance with Section 2.4, Staffing Requirements.  
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(f) In the event the Contractor elects to remove any key personnel (see Technical Specifications, 
Section 2.4, Staffing Requirements) from the program without the Authority's approval, the 
Contractor shall pay to the Authority the following assessment for each individual removed 
during the time period indicated below: 

 
First Year of Contract $1,000,000 
Second Year of Contract $1,000,000 
Third Year of Contract $1,000,000 
Fourth Year of Contract $500,000 
Remaining   $100,000 

 

23. FALSE STATEMENTS, CLAIMS OR SUBMISSIONS  
 

(a) The Contractor acknowledges its responsibility to undertake its obligations under this 
publicly funded Contract with full integrity and, to take all reasonable steps to ensure that 
statements, claims and submissions made pursuant to this Contract are provided in good 
faith and with a reasonable belief as to their truthfulness, accuracy and completeness. 

 

(b) In the event that it is finally determined by a court of competent jurisdiction that any statement, 
claim, submission, or certification  made by or on behalf of the Contractor pursuant to a 
material element of the Contract was knowingly false, fictitious or fraudulent, the Authority shall 
be entitled to recover from the Contractor, an amount equal to not more than three (3)  times 
the monetary value of the benefit derived or sought to be derived by the Contractor through its 
false statement, claim or submission. For purposes hereof, an element of the Contract shall 
be deemed material if it impacted or could reasonably have been intended to impact the 
disposition of any claim, dispute, proposed or implemented change order, proposed pricing or 
schedule adjustment of any nature, or other substantive issue directly affecting the rights of 
the parties under this Contract. 

 

(c) The Authority’s only remedy prior to a final determination by a court of competent jurisdiction 
is to report the matter to WMATA’s Office of Inspector General (OIG), the U.S. Department of 
Transportation’s Office of Inspector General (DOT-OIG), the Offices of Inspectors General of 
any state or Federal agency providing funding under this Contract and/or appropriate Federal, 
state and/or local law enforcement authorities. 

 

(d) The Authority’s rights set forth in this article are in addition to any contractual, legal or equitable 
rights that may arise upon the Contractor’s submission of a false claim or statement, including 
without limitation, the Authority’s right to terminate the Contract for default once fraud is finally 
determined by a court of competent jurisdiction.  The provisions of this clause shall not serve 
in any respect to limit, waive or modify any civil or criminal liability, of the Contractor or any of 
its officers, agents or employees that such conduct may precipitate. 
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CHAPTER X – MISCELLANEOUS ADDITIONAL PROVISIONS 

 
1. FEDERAL, STATE, AND LOCAL TAXES 
 

(a) Except as may be otherwise provided in this Contract, the Contract price shall be deemed to 
include all applicable Federal, state and local taxes and duties. 

 
(b) If a statute, court decision, written ruling or regulation regarding any Federal excise tax or duty 

on the transactions or property covered by this Contract takes effect after the Contract date, 
and: 

 
(c) Results in the Contractor being required to pay or bear the burden of any such Federal excise 

tax or duty or rate increase that would not otherwise have been payable on such transactions 
or property, the Contract price shall be increased by the amount of such tax or duty or rate 
increase, if the Contractor warrants in writing that no amount for such newly imposed Federal 
obligation was included in the Contract price as a contingency reserve or otherwise; or 

 
(d) Results in the Contractor not being required to pay or bear the burden of, or in its obtaining a 

refund or drawback of, any Federal excise tax or duty that would otherwise have been payable 
on such transactions or property or that was the basis of an increase in the Contract price, the 
Contract price shall be decreased by the amount of the relief, refund, or drawback, or that 
amount shall be paid to the Authority, as the Contracting Officer directs.  If the Contractor fails 
to follow the Contracting Officer’s instructions, it will be required to pay or bear the burden of, 
any such Federal excise tax or duty through a decrease in the Contract price. 

 
(e) Paragraph (b) above shall not be applicable to social security taxes or to any other employment 

tax. 
 
(f) No adjustment of less than $250 shall be made in the Contract price pursuant to paragraph 

(b). 
 
(g) As used in paragraph (b), the term “Contract date” means the date the Contract was executed 

by the Authority. As to additional services, supplies or construction procured by modification 
to this Contract, the term “Contract date” means the effective date of such modification. 

 
(h) The Contractor shall promptly notify the Contracting Officer of matters that may result in either 

an increase or decrease in the Contract price under this clause and shall take action as the 
Contracting Officer directs. The Authority shall be entitled to a reduction in the Contract price 
reflecting such amount and a refund of monies paid related to such taxes, plus applicable 
interest. 
 

2. PUBLIC COMMUNICATION 
 

The Contractor shall not issue communications to the media, place advertisements, nor publicize 
through any means the services, goods or construction that it is providing to WMATA under this 
Contract, without prior written consent of the Contracting Officer. The Contractor shall not publish, in 
print or online, any communications products such as newsletters, press releases, blogs or other 
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communications without the Contracting Officer’s prior, written consent.  Approval of any such 
requests shall be at the Contracting Officer’s sole discretion. 

 
3. CHOICE OF LAW, CONSENT TO JURISDICTION AND VENUE  
 

(a) This Contract shall be deemed to be executed in the District of Columbia, regardless of the 
domicile of the Contractor and shall be governed by and construed in accordance with the 
laws of the District of Columbia except to the extent, if any, superseded by Federal law. 

 
(b) The parties agree that any and all claims asserted by or against the Authority arising hereunder 

or related hereto shall be heard and determined either in the courts of the United States located 
in the District of Columbia, the State of Maryland or the Commonwealth of Virginia or in the 
courts of the District of Columbia, State of Maryland or Commonwealth of Virginia that maintain 
jurisdiction over such claims and where venue properly resides.   

 
4. SEVERABILITY  
 

If the Contract contains any unlawful provisions, the same shall be deemed of no effect, and shall 
upon the application of either party be stricken from the Contract without affecting the binding force of 
the Contract as it shall remain after omitting such provision. 

 
5. SURVIVAL  
 

Any provision expressly set forth as surviving the expiration or termination of this Contract, shall be 
deemed to survive any such expiration or termination. 

 
6. AUTHORITY REPRESENTATIVES FACILITY  
 

(a) At each plant where production, fabrication, or installation of materials is performed, the 
Contractor shall provide to Authority’s representatives two marked parking spaces and two 
private lockable heated and air-conditioned offices. The offices shall be adequately lighted with 
convenient access to restrooms. The Contractor shall also supply for the Authority 
representatives use: desks, chairs, locker facilities, filing cabinets, utilities, and 
telecommunication lines to include two telephones with unrestricted outside lines, separate 
high-speed internet lines, one fax line to be shared between the two offices and one copy 
machine with sorting and scanning capabilities. 
  

(b) The Contractor shall provide maintenance and services at each site throughout the term of the 
Contract to include janitorial services for cleaning the offices, all utilities, security measures 
and area protection equal to that used by the Contractor, uniform lighting in the offices of not 
less than 100 foot-candles at desk height, and the same level of maintenance and service as 
provided for Contractor employees. 
 

(c) Copies of all drawings and other data produced by the Contractor under this Contract shall 
also be made available to the Authority’s representatives. 
 

(d) Upon a specific request from the Authority, the Contractor shall extend to the Authority its full 
cooperation and, at no cost to the Authority, provide facilities at the location of major 
subcontractor(s) for subsystems such as propulsion, brakes, automatic train control, and 
HVAC to enable convenient inspection of subsystem components and equipment. 

 
7. CONTRACTOR’S VALUE IMPROVEMENT PROPOSALS 
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The Contractor is invited to submit, during the design and construction of the cars, proposals for 
changing the requirements of the Contract which improve the value of the cars. Such proposals shall 
be written in detail submitted to the Authority and shall indicate that the proposal: 

 
(a) Would result in a unit reduction in the total Contract price and would not impair any essential 

function or characteristic of the cars such as safety, service life, reliability, economy of 
operation, ease of maintenance, and necessary standardized features; or would result in no 
change in the total Contract amount, but would result in an improvement to any essential 
function or characteristic of the cars. 
 

(b) Would not detrimentally affect the delivery dates required.  
 

(c) Would require a change in the Contract Documents. 
 

The Authority may accept, in whole or in part, any proposal submitted pursuant to this Article by issuing 
a Change Order that will identify the proposal on which it is based. In the case of a cost reduction 
proposal, the Change Order will provide for an equitable adjustment to the Contract price and will 
change any affected provisions of the Contract.  
 
The equitable adjustment to the Contract price shall be established by determining the total decrease 
in Contractor's cost of performance resulting from the accepted changes (taking into account the cost 
of implementation by the Contractor). The total estimated decrease will be distributed to the individual 
Contract items in proportion to the amount each one is affected by the change. The Contract prices 
therefore will be reduced by 50% of such decrease, which shall represent full compensation to the 
Contractor for submitting an acceptable cost reduction proposal. 
 
The Authority will not be liable for any delay in acting upon, or for any failure to act upon, any proposal 
submitted pursuant to this Article. The decision of the Authority as to the acceptance of any such 
proposal under this Contract shall be final. The submission of a proposal by the Contractor shall not 
in itself affect the rights or obligations of either party under this Contract. 

8. ADVANCE COST AGREEMENT 

Within 30 days after Notice of Award, the Contractor shall make available for audit review, information 
on its accounting system used to project direct and indirect cost applicable to possible Contract 
changes. The Authority's office responsible for Contract audit, to the extent possible, will review and 
approve said accounting system. When appropriate and if possible, as a result of the audit review, 
Advance Cost Agreements should be executed between the Authority and the Contractor. The Cost 
Agreements shall be supplemental agreements to the Contract. 

9. CONTRACTOR RIGHT-OF-WAY TRAINING 

All Contractor and subcontractor personnel and/or their technical representatives or assistants 
performing on-site work, inspection, or testing involving access to the Authority's right-of-way shall 
have successfully completed a Right-of-Way (ROW) training course administered by the Authority. 

10. CONTRACT MANAGEMENT OFFICE 

The Contractor shall establish a Contract Management Office within the continental U.S. through which 
all Contract actions, correspondence, and documentation will be coordinated. The Contract Office 
shall at all times have an authorized representative with full authority to represent and act for the 
Contractor. Additionally, from delivery of the first pilot car up through acceptance of all four pilot cars, 
the Contractor’s lead technical representative shall be present at the Contract Management Office. 
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11. PARTNERING 

AUTHORITY PARTNERING POLICY: The Authority along with the Contractor and its principal 
subcontractors and suppliers shall develop a comprehensive and cohesive partnering program for the 
effective and efficient completion of this Contract. This partnership will strive to draw on the strength 
of each organization in an effort to achieve a quality project, completed within budget and on schedule. 
This partnership will be bilateral in make-up and participation of the parties is required. The partnering 
workshop(s) will be conducted by a professional facilitator at an offsite location convenient to the 
project within 45 days of Contract award. Attendees (Contractor and subcontractors) will be mutually 
agreed to by the Authority and the Contractor. Follow-up workshops may be conducted during the 
course of the Contract as agreed to between the Contractor and the Authority. 
 
The establishment of a partnership charter for on this project will not change the legal relationship of 
the parties to the Contract nor relieve either party from any terms of the Contract. 
 
All costs associated with initiating and maintaining this partnership, outside of participant's salaries 
and travel and travel-related costs, will be agreed to by both parties and will be shared equally through 
an allowance identified in the Unit Price Schedule which represents the Authority's share in the 
program. 
 
Allowance for Partnership Costs: 
 
(a) An allowance of $120,000 is listed in the Price Schedule to provide funds for the Authority's 

share of services for a Professional Facilitator and for the expenses of the partnering 
workshop(s). 

 
(b) The Contractor will be paid for the Authority’s share of hiring a Professional Facilitator and for 

conducting the workshop(s) on an invoice basis from the $120,000 allowance in accordance 
with the Contract payment provisions.  No cost incurred by the Contractor above the Authority’s 
$120,000 share will be compensated by Authority.  

 
Partnership Goals: 
 
For the Contractor and the Authority to work together proactively through a cohesive partnership with 
the objective to build a quality product on time, at a satisfactory cost to the Authority, with a satisfactory 
profit to the Contractor (fostering a win-win relationship). 
 
(a) To establish and maintain an atmosphere of trust with timely, positive, and ongoing 

communications. 
 

(b) To reach a mutual understanding on how the project will be managed. 
 

(c) To resolve disputes at the lowest working-level possible.  
 

(d) To avoid confrontation and disputes among the parties. 
 

12. POST AWARD CONFERENCE & SUBCONTRACTING PROGRAM REVIEW 
 

The Contracting Officer will conduct a post-award conference. The Contracting Officer will designate 
the time and place of the conference and will also designate the Authority and Contractor personnel 
to attend. 
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Upon notification of the date of the conference, the Contractor shall prepare and provide to the 
Contracting Officer at the conference its anticipated list of firms to be awarded subcontracts for all 
major items, including, but not limited to, the following equipment and systems: 

 
(a) Carbody; 
(b) Propulsion; 
(c) Friction Braking; 
(d) Automatic Train Control; 
(e) Trucks; 
(f) Auxiliary Power Supply and Low-Voltage Power Supply; 
(g) Battery; 
(h) Heating, Ventilation, and Air Conditioning; 
(i) Door Operation and Control; 
(j) Coupler and Drawbar; 
(k) Lighting; 
(l) Network and Trainline Control Systems; 
(m) Passenger Information System; 
(n) Vehicle Monitoring and Diagnostic System. 

 
The list shall be comprised of subcontractors proposed in the Technical Proposal Worksheet 
(Attachment A). The subcontractors for the equipment/systems listed above shall be subject to the 
Contracting Officer's final approval. Subcontractor approval shall neither affect the Contract price nor 
relieve the Contractor of any responsibility for performing the Contract. 

13. APPROVAL OF CONTRACTOR DRAWINGS & OTHER TECHNICAL DATA 

Wherever in the Contract Specifications the Contractor is required to submit drawings or other 
technical data (hereinafter referred to collectively as “technical data”) for the Authority’s approval 
during the progress of the work, electronic copies of such technical data shall be provided, as further 
detailed in the Technical Specifications. The technical data shall be complete and detailed and shall 
be submitted using standard transmittal forms or Contractor forwarding letters in accordance with 
instructions furnished by the Contracting Officer. 
 
The Contractor’s technical data shall be checked for completeness and accuracy and approved by the 
Contractor before they are submitted for the COTR’s approval. Technical data submitted without the 
Contractor’s approval affixed thereon may be returned to the Contractor for resubmission. 

 
The Contractor’s schedule shall provide a minimum of thirty calendar days for approval or return for 
correction of the submitted technical data. The thirty-day period shall start at the time of receipt of the 
data by the Contracting Officer. 

 
The approval of technical data will be general and shall not be construed as: 
 

Permitting any deviation or departure from the Contract requirements, unless such deviation 
or departure has been specifically identified and a Contract modification requested by the 
Contractor has been approved by the Authority. 
 
Relieving the Contractor of the responsibility for correcting the data to be compliant with the 
Contract’s requirements and to eliminate any errors, including erroneous details, dimensions, 
materials, and the like included in the submitted data and not detected in the Authority's 
approval process. 
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Approval of technical data or lack thereof shall not be considered as withholding the right or inhibiting 
in any way the Contractor’s responsibility to proceed with the work or otherwise delaying the 
manufacture of the materials and/or equipment pending such approval. 
 
The Authority will make every effort to meet or to shorten the thirty-day approval response time. To 
enhance the Authority’s response time to the maximum extent possible, the Contractor shall identify 
those instances where expedited Authority approval is particularly desirable. 

 
14. CONDITIONS AFFECTING THE WORK 

The Contractor shall be responsible for having taken steps reasonably necessary to ascertain the 
nature and extent of the work and the general and local conditions which can affect the work or the 
cost thereof.  The Contractor’s failure to ascertain the nature or extent of the work will not relieve the 
Contractor from responsibility for successfully performing work without additional expense to the 
Authority. The Authority assumes no responsibility for any understanding or representations 
concerning conditions made by any of its employees  or agents prior to the execution of this Contract, 
unless such understanding or representations are expressly stated in this Contract. 
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CHAPTER XI – ADDITIONAL PROVISIONS 

 
1. AMERICANS WITH DISABILITIES ACT ACCESSIBILITY – 
 

(a) The Contractor agrees that it will operate public transportation services in compliance with 42 
U.S.C. § 12101 et seq.; DOT regulations, “Transportation Services for Individuals with 
Disabilities (ADA)” using facilities and equipment that comply with 49 C.F.R. Part 37; and Joint 
ATBCB/DOT regulations, “Americans with Disabilities (ADA) Accessibility Specifications for 
Transportation Vehicles,” 36 C.F.R. Part 1192 and 49 C.F.R. Part 38.  Private entities must 
comply with the requirements of 49 C.F.R. Part 37 applicable to public entities with which they 
contract to provide public transportation services. 
 

(b) Facilities to be used in public transportation service must comply with 42 U.S.C. § 12101 et. 
seq.; DOT regulations, “Transportation Services for Individuals with Disabilities (ADA),” 49 
C.F.R. Part 37; and Joint ATBCB/DOT regulations, “Americans with Disabilities (ADA) 
Accessibility Specifications for Transportation Vehicles,” 36 C.F.R. Part 1192 and 49 C.F.R. 
Part 38.  

2. RETAINAGE 
 

Final Payment Only Retainage.  All amounts withheld from Contractor as retainage, based on a 
percentage of the work completed, or as a line item tied to the completion of the work shall be retained 
solely out of the Contractor’s final payment. Payment of any fund withheld from Contractor’s final 
payment shall be released to Contractor within thirty (30) days after completion of Contractor’s Work 
and Closeout Release. 
 

3. GOVERNMENT-WIDE DEBARMENT OR SUSPENSION- 
 

(a) The Contractor is bound by its certification contained in its offer to the Authority that neither 
the Contractor its principals, or affiliates, are excluded or disqualified, from Federal contracting. 
The certification is a material representation of fact, relied upon by the Authority in entering 
into this Contract. If it is later determined that the Contractor knowingly rendered an erroneous 
certification, in addition to remedies available to the Authority, the Federal Government may 
pursue available remedies, including but not limited to suspension and/or debarment. The 
Contractor agrees to comply with the requirements of 2 C.F.R, part 180, subpart C as adopted 
and supplemented by U.S. DOT regulations at 2 C.F.R, part 1200 “Nonprocurement 
Suspension and Debarment,” including any amendments thereto, Executive Orders Nos. 
12549 and 12689 “Debarment and Suspension” 31 U.S.C. § 6101 note, and other applicable 
Federal laws, regulations or guidance regarding participation with debarred or suspended 
contractors throughout the term of this Contract. 

(b) Flow-down requirement. The Contractor agrees to include this article in all subcontracts at all 
tiers under this Contract requiring lower tier contractors to comply with Federal suspension 
and debarment requirements, and review the System for Award Management (SAM) at 
www.sam.gov in order to comply with U.S. DOT regulations at 2 C.F.R, Part 1200 prior to 
awarding any subcontract under this Contract. 

 
4. FALSE STATEMENTS OR CLAIMS CIVIL AND CRIMINAL FRAUD 
 

(a) The Contractor acknowledges that the provisions of the Program Fraud Civil Remedies Act of 
1986, as amended, 31 U. S. C. § 3801 et. seq. and U. S. DOT Regulations, “Program Fraud 
Civil Remedies,” 49 C.F. R. Part 31, apply to its actions pertaining to this Contract.  Upon 

http://www.sam.gov/
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execution of this Contract, the Contractor certifies and affirms the truthfulness and accuracy 
of any statement it has made, it makes, it may make, or causes to be made, pertaining to this 
Contract or FTA assisted project for which this Contract is being performed.  In addition to 
other penalties that may be applicable, the Contractor further acknowledges that if it makes or 
causes to be made, a false, fictitious, or fraudulent claim, statement, submission, or 
certification, the Federal Government reserves the right to impose the penalties of the Program 
Fraud Civil Remedies Act of 1986 on the Contractor to the extent that it deems appropriate. 

 
(b) The Contractor also acknowledges that if it makes, or causes to be made, a false, fictitious, or 

fraudulent claim, statement, submission, or certification to the Federal Government under a 
contract connected with a project that is financed in whole or in part with Federal assistance 
originally awarded by FTA under the authority of 49 U. S. C. 5307, the Government reserves 
the right to impose the penalties of 18 U. S. C. 1001 and 49 U. S. C 5307 (n)(1) on the 
Contractor, to the extent the Federal Government deems appropriate. 

 
(c) Flow-down requirement.  The Contractor agrees to include this clause in each subcontract 

financed in whole or in part with Federal assistance provided by FTA.  It is further agreed that 
the clause shall not be modified, except to identify the subcontractor who will be subject to the 
provisions. 

 
 

5.  BONDING REQUIREMENTS – GENERAL 

(a) Performance and Payment Bonding Requirements. The Contractor must, as a condition to the 
issuance of a Notice to Proceed, furnish performance and payment bonds on forms acceptable 
to the Authority when necessary to protect the WMATA’s interests.  

(b) The Contractor shall be required to obtain performance bonds, as follows:  

(1) The penal amount of performance bonds shall be one hundred percent (100%) of the 
original Contract price.  

(2) WMATA may require additional performance bond protection when the Contract price 
is increased. The increase in protection shall generally equal one hundred percent 
(100%) of the increase in Contract price. WMATA may secure additional protection by 
directing the Contractor to increase the penal amount of the existing bond or to obtain 
an additional bond.  

(c) The Contractor shall be required to obtain payment bonds as follows:   

(1) Fifty percent (50%) of the Contract price, if it is not more than $1,000,000;  
(2) Forty percent (40%) of the Contract price, if it is more than $1,000,000, but not more 

than $5,000,000; or  
(3) Two and one half million ($2,500,000), if the Contract price is more than $5,000,000.  

  
(d) The Performance bond shall continue in full and effect, decreasing by an amount equal to 50% 

of the original balance upon delivery and conditional acceptance of the first 256 cars.  
Corporations executing the bonds as sureties must be among those appearing on the U.S. 
Treasury Department’s list of approved sureties and must be acting with the limitations set 
forth therein.  This bond is to guarantee the Contractor’s compliance with all terms and 
conditions of this Contract.  

 
(e) All alterations, extensions of time, extra work, and other changes authorized pursuant to the 

Changes Article by the Contract Documents may be made without giving notice to or securing 
the consent of the surety or sureties on the Performance Bond(s). 
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(f) Upon the Authority’s exercise of the Option(s), the Performance Bond(s) will be adjusted to 
equal fifty percent (50%) of the ordered value.  Adjustments may be in the form of a 
modification to the original Bond(s) or by the addition of another bond. 
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CHAPTER XII-WMATA POLICIES 

1. SAFETY REQUIREMENTS  
 

(a) The Contractor shall be responsible for ensuring compliance with the most stringent provisions 
of the applicable statutes and regulations of the District of Columbia, State of Maryland, 
Commonwealth of Virginia or political subdivision where the work is being performed, as well 
as the METRO Construction Safety and Environmental Manual (1984, as amended) issued by 
the Authority, and the U.S. Department of Labor’s OSHA standards pertaining to the safe 
performance of the work.  In the absence of a specific construction industry standard, the 
Contractor is required to comply with either an established OSHA General Industry Standard, 
National Institute for Occupational Safety and Health (NIOSH) guidelines, American 
Conference of Governmental Industrial Hygienists (ACGIH) guidelines, American National 
Standards Institute (ANSI) guidelines, the WMATA System Safety Program Plan, the WMATA 
Construction Safety and Environmental Manual, or the Metrorail Safety Rules and Procedures 
Handbook.  For contracts where work will be performed on, or will interface with the Metrorail 
System, the Contractor shall also comply with the publication entitled “Metrorail Safety Rules 
and Procedures Handbook.”  In the event of a conflict between these guidelines and applicable 
Federal, State or local health and safety laws, regulations or standards, the more stringent 
standard shall apply. Further, the Contractor shall ensure that all methods of performing the 
work do not involve danger to the personnel working at the site, and the public and private 
property, whether or not these methods are cited or indicated in the Contract.  The Contractor 
shall immediately provide to the Contracting Officer, a copy of all citations and/or warnings of 
safety violations received from any Federal, State or local jurisdiction or agency thereof, and/or 
all notifications of safety violations from insurance companies. The Contractor shall also provide 
to the Contracting Officer, copies of any and all subpoenas, complaints or other documents 
relating to any law suit alleging safety violations. 
 

(b) The Contractor shall employ and assign a full-time Safety Superintendent for Contracts 
involving “safety sensitive” functions. (See Combined Glossary attached hereto for a definition).  
The Safety Superintendent shall have a minimum of three (3) years of construction safety 
experience and hold an OSHA thirty (30) hour course card.  He or she shall have the ability to 
develop and conduct safety training courses.  He or she shall be familiar with industrial hygiene 
equipment and testing as required for the protection of all employees.  The Safety 
Superintendent shall be employed exclusively for the purpose of supervising the safety of 
persons on or about the worksite and the property affected thereby.  The Safety Superintendent 
shall also be responsible for providing first aid at the worksite and must have a current Red 
Cross First Aid Certificate. The Contractor shall notify the Contracting Officer a reasonable 
amount of time beforehand, any time that the Safety Superintendent will not be on site during 
work hours. If, at any time, the worksite is without the services of an approved Safety 
Superintendent for a period of three (3) calendar days or more, the work may be closed down 
at the Contracting Officer’s discretion.  The Safety Superintendent must be acceptable to the 
Contracting Officer and his or her performance will be reviewed on a continuing basis.  If the 
Safety Superintendent’s effectiveness is below standard, the Contractor shall provide 
immediate replacement at the Contracting Officer’s direction.  Once employed, the Safety 
Superintendent shall not be changed without the Contracting Officer’s permission. The Safety 
Superintendent can be terminated at any time, at the Contracting Officer’s discretion. 
 

(c) The Contractor shall provide, at the site of the work, a first aid kit which shall be fully equipped 
to meet the needs of the anticipated work force. 
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(d) The Contractor shall follow all appropriate RAIL Operational Rules, Operational Administrative 
Procedures (OAPs), Standard Operational Procedures (SOPs) and General and Special 
Orders while on the operational railroad and all Start-Up Rules and Manager’s Notices when 
in declared start-up areas. 

2. CRIMINAL BACKGROUND CHECK REQUIREMENT  
 

(a) As a prerequisite to eligibility for a WMATA-issued identification and access badge (“One 
Badge”), access to WMATA’s customers, property, or confidential information, and in 
consideration for this Contract, the Contractor shall have the sole responsibility for, and shall 
assure, adequate criminal background screenings on a routine basis of all of its personnel who 
are or will be working on WMATA’s premises (whether they receive a One Badge or not) or 
otherwise have access to WMATA’s customers, property, or confidential information.   

 
(b) Contractor shall implement, not later than Notice to Proceed, a criminal background check 

screening of the Contractor’s personnel that shall take into consideration (1) the nature of the 
services or work being performed under the contract with particular regard for the individual’s 
access to, and interaction with, WMATA’s customers, property, and confidential information; 
(2) the nature or gravity of the offense or conduct resulting in a criminal conviction; and (3) the 
time that has lapsed since the conviction and/or completion of the sentence.  
 

(c) The Contractor shall contract with, or otherwise engage, a reputable third-party vendor to 
conduct the required criminal background screenings and shall provide the vendor with a copy 
of its criminal background check screening policies and procedures. 
 

(d) The Contractor shall not place any person on or engage any person under this Contract, unless 
that person passes the Contractor’s criminal background screening.  At the end of each 
calendar quarter, the Contractor shall certify to the Contracting Officer’s Technical 
Representative on a form provided, its compliance with this criminal background screening 
requirement and confirm that all persons required to be screened passed the Contractor’s 
criminal background screening before working on this Contract.  For the sole purpose of 
monitoring the Contractor’s compliance, WMATA reserves the right to request additional 
documents or perform its own criminal background screening of Contractor’s personnel. The 
Contracting Officer will inform the Contractor, in writing, of any proposed action within a 
reasonable time before such action is taken. 

 
(e) The Contractor shall indemnify and hold WMATA harmless from any and all claims, demands, 

damages, costs and expenses, including attorneys’ fees and other costs and expenses 
associated with any claims, demands, requests for relief, and/or other liabilities arising out of 
or resulting from The Contractor’s criminal background screening obligations and processes. 
 

(f) The Contractor will include this requirement in all subcontracts under this Contract, and receive 
certifications from its subcontractors to ensure that its subcontractors’ personnel who are or 
will be working on WMATA’s premises (whether they receive a One Badge or not) or otherwise 
have access to WMATA’s customers, property, or confidential information undergo the 
required criminal background checks. 

3. WORKPLACE VIOLENCE/ZERO TOLERANCE  
 

Pursuant to Metro Policy/Instruction 7.8.3, all Metro Contractors and subcontractors at any tier must: 
(1) establish zero tolerance for acts of workplace violence for their employees and independent 
contractors, and (2) not retaliate against any of their employees or independent contractors for 
cooperating with investigations. 
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BOND FORMS 

 

 
PERFORMANCE BOND 

 
Contract No.:        Contract Date:  
 
Penal Sum of Bond: 
 
Date Bond Executed: 
 
 
KNOW ALL MEN BY THESE PRESENTS, that we, the Principal and Sureties hereto, are firmly bound to the 
Washington Metropolitan Area Transit Authority (hereinafter called the Authority) in the above penal sum for the 
payment of which we bind ourselves, our heirs, executors, administrators, and successors, jointly and severally:  
Provided, that, where the Sureties are corporations acting as co-sureties, we, the Sureties, bind ourselves in such sum 
"jointly and severally" as well as "severally" only for the purpose of allowing a joint action or actions against any or all 
of us, and for all other purposes each Surety binds itself, jointly and severally with the Principal, for the payment of such 
sum only as set forth opposite the name of such Surety, but if no limit of liability is indicated, the limit of liability shall be 
the full amount of the penal sum.  
 
THE CONDITION OF THIS OBLIGATION IS SUCH, that whereas the Principal entered into the contract identified 
above: 
 
NOW, THEREFORE, if the Principal shall perform and fulfill all the undertakings, covenants,  terms, conditions and 
agreements of said contract during the original term of said contract and any extensions thereof that may be granted 
by the Authority, with or without notice to the Sureties, and during the life of any guaranty required under the contract, 
and shall also perform and fulfill all the undertakings, covenants, terms, conditions and agreements of any and all duly 
authorized modifications of said contract that may hereafter be made, notice of which modifications to the Sureties 
being hereby waived, then the above obligation shall be void and of no effect. 
 
IN WITNESS WHEREOF, the Principal and Sureties have executed this performance bond and have affixed their seals 
on the date set forth above. 
 
 Principal(s) 
 
 
1. Firm Name 

and Address: 
 

Signature:      
 

Name and Title: 

 
Corporate Seal 

 
 
 
State of Inc.: 

 
2. Firm Name 

and Address: 
 

Signature:      
 

Name and Title: 

 
Corporate Seal 

 
 
 
State of Inc.: 

 
3. Firm Name 

and Address: 
 

Signature:      
 

Name and Title: 

 
Corporate Seal 

 
 
 
State of Inc.: 
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PERFORMANCE BOND – Page 2 

 

Corporate Sureties 

 

Surety 

 

 

A 

 

 

Surety Name 

 

 and Address: 

 

Signature:  
     
   

  

 

Liability Limit 

 

$ 

 

(Seal) 

  

Name and 

 

Title: 

 

 

State of Inc.: 

 

Surety 

 

 

B 

 

 

Surety Name 

 

 and Address: 

 

Signature:  
     
   

  

 

Liability Limit 

 

$ 

 

(Seal) 

  

Name and 

 

Title: 

 

 

State of Inc.: 

 

Surety 

 

 

C 

 

 

Surety Name 

 

 and Address: 

 

Signature:  
     
   

  

 

Liability Limit 

 

$ 

 

(Seal) 

  

Name and 

Title: 

 

 

State of Inc.: 
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Attach additional pages as needed. 

 Bond 

 

  

 Premium 

 

Schedule 

 

 

    Total Premium 

 

 

$ 

 

Instructions 

 

1. This form is authorized for use in connection with contracts for construction work or the furnishing of 
supplies and services. 

 

2. The full legal name and business address of the Principal shall be inserted in the space designated 
"Principal" on the face of this form.  The bond shall be signed by an authorized person.  Where such person 
is signing in a representative capacity (e.g., an attorney-in-fact), but is not a member of the firm, partnership 
or joint venture, or an officer of the corporation involved, evidence of his or her authority must be furnished. 

 

3. Corporation executing the bond as sureties must be among those appearing on the Treasury Department's 
list of approved sureties and must be acting within the limitations set forth therein.  Where more than a 
single corporate surety is involved, their names and addresses (city and State) shall be inserted in the 
spaces (Surety A, Surety B, etc.) headed "Corporate Sureties". 

 

4. Corporations executing the bond shall affix their corporate seals. 

 

5. The name of each person signing this performance bond should be typed in the space provided. 

 

6. The date this bond is executed must be the same date as the contract execution date. 
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PAYMENT BOND 

 

Contract No.     Contract Date: 

 

Penal Sum of Bond:    Date Bond Executed: 

 

KNOW ALL MEN BY THESE PRESENTS, that we, the Principal and Sureties hereto, are firmly bound to the Washington 
Metropolitan Area Transit Authority (hereinafter called the Authority) in the above penal sum for the payment of which we bind 
ourselves, our heirs, executors, administrators, and successors, jointly and severally:  Provided, that, where the Sureties are 
corporations acting as co-sureties, we, the Sureties, bind ourselves in such sum "jointly and severally" as well as "severally" only 
for the purpose of allowing a joint action or actions against any or all of us, and for all other purposes each Surety binds itself, 
jointly and severally with the Principal, for the payment of such sum only as set forth opposite the name of such Surety, but if no 
limit of liability is indicated, the limit of liability shall be the full amount of the penal sum. 

THE CONDITION OF THIS OBLIGATION IS SUCH, that whereas the Principal entered into the contract identified above:  

NOW, THEREFORE, if the Principal shall promptly make payment to all claimants as hereinafter defined supplying labor and 
material in the prosecution of the work provided for in said contract, and any and all duly authorized modifications of said contract 
that may hereafter be made, notice of which modifications to the Sureties being hereby waived, then the above obligation shall 
be void and of no effect, otherwise it shall remain in full force and effect, subject, however, to the following conditions: 

1. A claimant is defined as one having a direct contract with the Principal or with a subcontractor of the Principal for labor, 
material, or both, used or reasonably required for use in the performance of the contract, labor and material being 
construed to include that part of water, gas, power, light, heat, oil, gasoline, telephone service or rental of equipment 
directly applicable to the CONTRACT. 

2. The above-named Principal and Surety hereby jointly and severally agree with the Owner that every claimant as herein 
defined, who has not been paid in full before the expiration of a period of ninety (90) days after the date on which the last 
of such claimant's work or labor was done or performed, or materials were furnished by such claimant, may sue on this 
bond for the use of such claimant, prosecute the suit to final judgment for such sum or sums as may be justly due the 
claimant, and have execution thereon.  The Owner shall not be liable for the payment of any costs or expenses of any 
such suit. 

3. No suit or action shall be commenced hereunder by any claimant: 

a. Unless claimant, other than one having a direct contract with the Principal, shall have given written notice to the 
Principal within ninety (90) days after such claimant did or performed the last of the work or labor, or furnished the 
last of the materials for which said claim is made, stating with substantial accuracy the amount claimed and the 
name of the party to whom the materials were furnished, or for whom the work or labor was done or performed.  
Such notice shall be served by mailing the same by registered mail or certified mail, postage prepaid, in an 
envelope addressed to the Principal at any place where he maintains an office or conducts business, or his or her 
residence or such notice shall be served in any manner in which legal process may be served in the state or 
District of Columbia in which the aforesaid project is located, save that such service need not be made by a public 
officer. 

b. After the expiration of one (1) year following the date of final settlement of said CONTRACT, it being understood, 
however, that if any limitation embodied in this bond is prohibited by any law controlling the construction hereof, 
such limitation shall be deemed to be amended so as to be equal to the minimum period of limitation permitted by 
such law. 

 

c. Other than in a state court of competent jurisdiction in and for the county or other political subdivision of the state 
in which the project, or any part thereof, is situated or in the United States District Court for the district in which 
the project, or any part thereof, is situated, and not elsewhere. 
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PAYMENT BOND page 2 

IN WITNESS WHEREOF, the Principal and Sureties have executed this payment bond and have affixed 
their seals on the date set forth above. 

 Principal(s) 

1. Firm Name and Address: 

Signature:                                   

Name and Title: 

State of Inc.:  Corporate Seal 

2. Firm Name and Address: 

Signature:                                    

Name and Title: 

State of Inc.:  Corporate Seal 

3. Firm Name and Address: 

Signature:                                   

Name and Title: 

State of Inc.:  Corporate Seal 

Corporate Sureties 

 Surety Surety Name 

 and Address: 

 

 

 Liability Limit 

 (Seal) 

 A Signature:   $  

 Name and Title: State of Inc.:  

 Surety Surety Name 

 and Address: 

 

 Liability Limit  (Seal) 

 B Signature:   $  

 Name and Title: State of Inc.:  

 Surety Surety Name 

 and Address: 

 

 

 

 Liability Limit  (Seal) 

 C Signature:  $  

 Name and Title: State of Inc.:  

Attach additional pages as needed. 
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 Instructions 

 

1. This form is authorized for use in connection with contracts for construction work or the furnishing of supplies and 
services. 

 

2. The full legal name and business address of the Principal shall be inserted in the space designated "Principal" on the 
face of this form.  The bond shall be signed by an authorized person.  Where such person is signing in a representative 
capacity (e.g., an attorney-in-fact), but is not a member of the firm, partnership or joint venture, or an officer of the 
corporation involved, evidence of his authority must be furnished. 

 

3. Corporation executing the bond as sureties must be among those appearing on the Treasury Department's list of 
approved sureties and must be acting within the limitations set forth therein.  Where more than a single corporate surety 
is involved, their names and addresses (city and State) shall be inserted in the spaces (Surety A, Surety B, etc.) headed 
"Corporate Sureties". 

 

4. Corporations executing the bond shall affix their corporate seals. 

 

5. The name of each person signing this payment bond should be typed in the space provided. 

 

6. The date this bond is executed must be the same date as the contract execution date. 
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10.1 GENERAL 



10.1.1 Carbody Design 



The carbody design shall be governed by features important to passenger safety and comfort 
and to operational requirements on the Authority's system. These features include, but are not 
limited to safety concerns, such as overall carbody strength, fatigue resistance, emergency 
egress openings, resistance to projectiles, crashworthiness (including Operator protection) as 
required by ASME RT-2, protection against trip and slipping hazards, car-to-car gap protection, 
protection against pinch points of any kind, and fire resistance as required by NFPA 130. (In 
case of conflict between the requirements of ASME RT-2 and requirements that are the same as 
for the existing fleet and are included in the Specifications for compatibility, the latter shall 
govern.) 



The 8000 series railcars shall be configured as semi-permanently coupled married-pairs, as 
specified in Section 1.1.2., Railcar Configuration and Compatibility. Each married pair shall 
consist of an A-car and a B-car, and shall be capable of operation in both directions. The 
arrangement of the car shall conform to the Contract Drawings and the dimensions provided in 
Section 1, Performance Requirements. 



Compared to the 7000-series design, passenger side windows may be larger, and side doors 
may be wider provided structural and crashworthiness requirements can be met with the larger 
windows and doors.   



The design of the carbody, and of interior and exterior details, shall be subject to approval 
following the design review process. 



10.1.2 Watertightness and Drainage 



The carbody, including doors and windows, shall be watertight under all operating conditions, 
including passage through a car washer. 



Pockets and enclosed compartments shall be kept to a minimum during the design and 
construction of the vehicle. All pockets formed by the construction of the carbody structure, and 
all other areas where water or moisture may accumulate, shall be self-draining to prevent the 
collection of water and shall have appropriate corrosion protection. 



10.1.3 Carbody Material 



Except as otherwise specified for the end underframe and collision posts, the carbody shall be 
constructed entirely of austenitic stainless steel. 



1. The underframe, except for the end underframe, shall be of stainless steel. The end 
underframe shall be constructed of HSLA steel. 



2. Stainless steel shall be AISI Types 301L, 301LN, or 201L, per APTA PR-CS-S-004-98, and 
shall be used for all structural and exterior parts (excluding the end underframe and F-
end cap). 



3. All visible exterior stainless steel shall be 301L, or approved equal. 
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4. Side sills may be 201L. 



5. Surface finish shall be in accordance with ASTM A480/A480M. 



6. Material mechanical properties shall be per APTA PR-CS-S-004-98, direction of specimen 
for testing shall be transverse to the rolling direction. In addition, the mechanical 
properties in the longitudinal direction shall be provided. 



Carbody material must not be etched by the environmental conditions that exist on the 
Authority's system to the extent that the original appearance of the car cannot be restored by 
normal washing. This requirement shall extend for the duration of warranty period, as specified 
in the Terms and Conditions. 



The Contractor shall submit material specifications to the Authority for all materials to be used 
in the carbody, including chemical and physical properties in all conditions of hardness and 
post welding (CDRL 10-1, Material Specifications). The Authority may consider alternative 
materials to those specified providing that the Contractor submits details of the material using a 
U.S.-recognized trade name or UNS number with properties in customary U.S. units of measure 
and SI conversion, along with evidence that the proposed alternative material is equal or 
superior to the specified material in strength, toughness and performance for its intended 
application. For alternative carbody materials, evidence of satisfactory performance must 
address the effects of the chemical contents of water leaching through tunnel linings. 



10.1.4 Equipment Accessibility 



The degree of equipment accessibility shall be determined by the frequency of required service. 



1. All underfloor apparatus shall be accessible from maintenance pits or from the side of 
the car. 



2. Apparatus requiring inspection or attention more often than once a year shall be 
accessible and replaceable without requiring the removal of other apparatus. 



3. Apparatus requiring attention more often than every 60 days shall be accessible from the 
side of the car. 



10.1.5 Electrical Safety 



All current-carrying parts connected to circuits with potential of more than 150 volts, except 
contact shoes and their attachments, shall be insulated or shall be located or guarded to prevent 
accidental contact.  



1. Doors and cover plates guarding the apparatus shall be securely fastened in place, and 
inside and outside of the doors shall be marked with word "DANGER" and the nominal 
voltage of the circuit.  



2. Switches connected to circuits operating at potentials in excess of 150 volts, and which 
shall not be operated under load, shall be labeled. 
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10.2 EXTERIOR FINISH AND PAINTING 



10.2.1 Exterior Finish - Unpainted 



All exterior surfaces of the carbody shall, unless specified otherwise, be of smooth and 
corrugated unpainted stainless steel; see Contract Drawings 8000-01, 8k Exterior Composite 
View, and 8000-03, 8k Exterior Barriers. 



1. Where corrugated, the visible metal surface of stainless steel shall have AISI No. 2-B 
finish, and a fine grit scratch finish, with grain horizontal where it is not corrugated 
(except door framing and collision posts, which shall have a grain parallel to the longer 
dimension of each piece). 



2. All surfaces shall have the same finish, whether provided by Contractor, or furnished by 
a subcontractor. 



3. Exposed exterior spot welds, located in the unpainted surfaces on the sides and ends of 
the cars shall be arranged in regularly spaced patterns.  All other exposed welds shall be 
sufficiently finished to be unnoticeable except by close visual inspection. 



4. The exterior finishes, the location of all corrugated surfaces, corrugation pattern and 
termination of corrugations shall each be submitted for approval. (CDRL 10-2, Exterior 
Finish, Corrugation Details, and Samples) 



a. Where riveting is proposed, samples of each type and size of joint shall be submitted 
to the Authority for approval. 



b. Finish samples of every gauge combination and of every rivet style, type, and size 
shall be submitted to the Authority for approval. These samples shall establish the 
quality criteria for the car shells. 



c. Samples of all exterior finishes shall be submitted to the Authority for approval, 
including samples of 2B and scratch finishes and samples of all exposed resistance 
welding conditions illustrating the various metal build ups and configurations. 
These samples shall be used throughout the program to maintain quality. 



10.2.2 Exterior Finish - Painted 



Any exterior surfaces to be painted shall be prepared according to Section 24.18, Paints and 
Coatings. All paints and finishes must be submitted to the Authority for approval. 



10.2.3 Other Painting 



Contractor shall paint the following components: 



1. Underframe: Carbon steel underframe components shall be painted black. 



2. Enclosures: Any exposed exterior surfaces of enclosures shall be painted or powder-
coated and shall comply with Section 24.18, Paints and Coatings.  



a. Interior surfaces of enclosures shall be painted white.  
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b. Exterior surfaces of enclosures shall be painted black. 



3. Underfloor Equipment: When painted, all underfloor equipment shall be black. 



10.3 CONSTRUCTION CRITERIA 



10.3.1 General 



Adhesive bonding of major structural elements, as the sole means of joining, is not permissible. 
Adhesive bonding of minor structural elements will be considered on case-by-case basis.  



Procedures, tooling and fixtures shall be used to ensure all carbody shells are of uniform 
construction and configuration. 



The Contractor may request joining of dissimilar metals, if they are sufficiently protected 
against electrolytic corrosion for specific applications subject to approval. Such requests will be 
examined on case-by-case basis. 



10.3.2 Welding 



The carbody structure shall be assembled using welding.  All welding procedures shall conform 
to the  requirements of Section 24.6, Welding and Brazing. 



1. Stainless steel structural framing shall be assembled by means of resistance welding, 
laser welding, fusion welding, or arc welding, as appropriate. 



2. Measures shall be taken to eliminate the possibility of stress and inter-granular corrosion 
cracking. 



3. The joining method shall be subject to approval. 



4. Complete procedures for structural welding between stainless steel and HSLA shall be 
submitted to the Authority for review and approval, from filler metal selection through 
post weld treatment. (CDRL 10-3, Weld Procedures – Stainless Steel to HSLA)    



5. Limiting the number of visible welds is preferred. Resistance welds visible to the 
passengers shall be arranged in uniformly spaced patterns and shall display no 
discoloration, no displaced metal, and minimum indentation. All other exposed welds 
shall be finished sufficiently to be unnoticeable except by close visual inspection. 



6. Connections shall be designed such that they develop the full strength of the weakest 
member.  



7. All critical weld joints of the underframe shall be complete penetration groove welded 
joints conforming to the prequalified joint details of AWS D1.1/D1.1M. 
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10.3.3 Final Appearance 



The carbody elements including roof, sides and R-end shall be free of nicks, dents, weld marks, 
deep spot weld dimples, and other surface imperfections. 



Minimum flatness shall be as follows: 



1. 0.09375-inch peak-to-valley in 36 inches over 95% of the area 



2. 0.125-inch peak-to-valley in 36 inches over the remaining 5% of area 



3. Specified areas around the side doors will have a gradual slope toward the door trim 
with a 0.1875-inch maximum deviation 



4. Maximum acceptable variation from straight line for carbody exterior surfaces hidden 
by covers and shrouds shall not exceed 0.3125 inch in 40 inches 



After production, all exterior surfaces of the carbody shall be cleaned and free of iron 
contamination in accordance with APTA-PR-CS-S-004-98.  



10.3.4 Structural Elements 



Contractor shall comply with the following requirements: 



1. The carbody structure shall be designed to be structurally and crashworthy compatible 
with the Authority's existing cars. 



2. The structure shall be so designed that no fatigue failures will occur within the 40-year 
anticipated life of the car when repetitively loaded to AW2. 



3. The carbody shall protect occupants in the event of a collision between two trains or 
between a train and a wayside obstruction. 



a. Crash Energy Management (CEM) methods shall be used as specified so that the end 
underframe structure shall absorb the maximum of collision energy possible through 
controlled progressive buckling and plastic deformation. 



b. Controlled failure as part of collision energy absorption shall begin at the ends of the 
car and progress towards the coupler anchor or bolster. 



c. The compression strength of the main carbody structure enclosing the passenger 
compartment shall be greater than the compression strength of the carbody ends 
such that the main structure shall not collapse, buckle, or plastically deform until the 
sacrificial elements of the carbody ends have been permanently deformed. Localized 
yielding may be allowed if the ability of the structure to sustain the crash load(s) is 
not compromised. 



4. Care shall be taken in the design to avoid brittle fracture of structural connections. 



5. The connection of the end underframe structure, collision posts, corner posts, and other 
end structure, shall each resist loads up to the ultimate shear and tensile strength of the 
weakest member. 
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6. To the greatest extent possible, the carbody ends shall be designed such that repairs or 
replacement are as simple as possible following a collision. The preferred design would 
be a single frame that may be replaced as a unit in the event of collision damage. 



7. Each carbody end shall include at least two corner posts, two collision posts, and anti-
climber devices designed to prevent overriding and penetration into any passenger 
compartment in the event of a collision. 



a. Each collision post shall be located at a lateral position approximately equal to one-
third the width of the underframe as measured from the nearest corner of the 
underframe. 



b. The collision posts and corner posts shall be designed to have continuous cross 
sections from the floor structure to the roof, excluding shear reinforcements. 



c. The lower and upper connections of the collision posts, corner posts, and any shear 
reinforcements shall be built into the structure by connecting to the top and bottom 
plates or flanges of the end structure and roof structure. Welding used for these 
connections shall be full penetration in accordance with AWS procedures. 



8. Shear reinforcements, if used, shall have an ultimate shear strength equal to the loads 
specified in Section 10.4, Stress Levels and Design Considerations, and shall be of 
continuous cross section for a distance of 18 inches up from the underframe connection 
then taper to a point at least 30 inches above the connection. 



10.3.5 Camber 



The empty carshell shall have a positive camber between bolsters, as defined in Exhibit 10-1. 



1. Camber shall remain positive when carbody is loaded to the specified absolute 
maximum loading condition (AW4), and throughout the life of the car under all 
conditions, including but not limited to sag, creep, local yielding, and due to 
manufacturing discrepancies. 



2. All equipment, including side doors, shall operate without binding due to deflections 
caused by load variations between AW0 and AW4. 



3. Camber shall be measured from suitable points on the car structural side sills in the 
doorways; car roof, side frames and floor shall be constructed and connected so that 
camber is the same for all of these members. 



4. Carbody twist shall be measured at side bearings at one car end, while other end side 
bearings are firmly supported. 



5. Camber and twist shall be recorded for each carshell produced as part of the quality 
control documentation. 
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Exhibit 10-1, Carbody Camber Requirements 



Camber Requirement 
Positive camber between bolsters (AW0 load) 0.375-inch minimum, 0.75-inch maximum; circular arc 
Beyond the bolsters Straight and tangent to the arc 
Difference between left and right side camber 0.075-inch – 0.120-inch 
Carbody twist 0.120-inch max. 



 



10.4 STRESS LEVELS AND DESIGN CONSIDERATIONS 



10.4.1 Strength Requirements 



The main carbody design shall comply to requirements specified in ASME RT-2, Table 1, 
Structural Load Requirements. In addition, the main carbody structure enclosing the passenger 
compartment shall be capable of withstanding the following loading without exceeding the 
cited stresses:   



1. Compression Load of 200,000 lb: 



a. The application and distribution of the compression load shall be as transferred by 
the carbody ends with the compression load originally being applied to the anti-
climbers. 



b. This combined loading shall not cause stresses exceeding 90% of the yield strength in 
any member inboard of the carbody bolsters, or 100% of the yield strength in any 
member outboard of the carbody bolsters. 



2. Vertical AW3 Load: Static vertical loading corresponding to an AW3 loaded vehicle, 
which shall not cause stress levels in any structural member to exceed 50% of the yield 
or buckling strength. 



3. Anti-Climber: A vertical load of 75,000 lb in either direction, combined with a 
longitudinal inward load of 125,000 lb, without exceeding the yield strengths of the anti-
climber and its adjacent car structure, as detailed in Section 10.6.2, End Underframe and 
Anti-Climber. 



4. Fluctuating Loads due to passenger loading, unloading and whole body oscillations in 
response to track irregularities, and special track work. See Section 10.4.4, 
Fluctuating/Dynamic Loads, for additional requirements. 



5. Coupler Anchorage: A compression load of 135,000 lb, or 110% of maximum coupler 
release load, whichever is higher, applied horizontally and parallel to the longitudinal 
centerline of the carbody, to the center reaction point of the coupler anchorage, shall 
result in no yielding/no permanent deformation of the main structure. 



6. Diagonal Jacking: The empty car, with trucks attached, shall be capable of being lifted on 
diagonally opposite corner inboard jacking pads without permanent deformation in any 
element of the carbody structure or jack pads. 
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7. Collision Posts: 



a. The ultimate shear capacity of each collision post at the floor level shall be 300,000 lb, 
applied anywhere up to ±15 degrees from the longitudinal axis of the car. 



b. In addition, each collision post shall have sufficient capacity to withstand a load of 
60,000 lb applied 18 inches above top of floor, at up to ±30 degrees from the 
longitudinal axis of the car, with no stress exceeding the yield point. 



8. Corner Posts: 



a. The ultimate shear capacity of each corner post at the floor level shall be 75,000 lb for 
the F-end and 50,000 lb for the R-end, at any angle from longitudinal to transverse. 



b. In addition, each corner post shall resist an inward load in any direction, applied 
15 inches above the floor, of 25,000 lb at the F-end and 25,000 lb at the R end, with no 
stress exceeding the yield point. 



9. Roof Structure: 



a. The roof shall support the vehicle weight in rollover condition with damage in 
occupied spaces limited to roof sheathing and roof framing members. 



b. The roof shall be able to support a concentrated load of 300 lbf spaced over an area 
of 15 inches by 13 inches and by 300 lbf persons working on the roof at intervals of 
30 inches apart without permanent deformation of any structural sheathing or 
structural members. 



10.4.2 Jacking 



Contractor shall comply with the following requirements: 



1. Jacking pads shall be provided in nine locations on the underframe of each car: 



a. On each side of the car, 53.0 ±0.2 inches from the longitudinal centerline and 31.5 
±0.2 inches toward each end of the car from the transverse centerline of each body 
bolster (four locations). 



b. At each corner of the car, for re-railing purposes (four locations). The F-end corner 
jacking pads shall be compatible with the Authority's existing wheel truing 
machines, progression systems, and associated towing brackets. 



c. One under the A-end door area, for rerailing purposes. 



2. Jacking pads shall be at least 4 inches wide by 11 inches long with an anti-slip bottom 
surface, shall extend 0.5 inch to 1 inch below the bottom of the skirt, and shall be usable 
without interference or requiring the removal or hinging of any part of the skirt or F-end 
mask. The 11-inch dimension of the jacking pad shall be parallel to the side of the car. 



3. Minimum 6-inches clearance shall be provided around the jacking pads to permit use of 
the Authority’s standard shop jacks and towing adapters. 











Section 10, Carbody 



WMATA 8000 Series Railcars  10-9 Technical Specifications 



4. It shall also be possible, for re-railing purposes, to raise one end of the car with truck 
attached, with the other end resting on its truck, by means of a jack placed under the end 
sill or one corner jacking pad, without causing permanent deformation of any structural 
member. 



5. The vertical strength of the jacking pads and supporting structures shall be sufficient 
such that the AW0 weight of the car can be supported on only two pads, with the 
exception of end sill and corner jacks, without permanent deformation of the carbody or 
the jacking pads.  



6. Jacking pads and supporting structure shall be designed to carry one-half of the AW0 
weight of the car vertically in combination with one-eighth of the AW0 weight at any 
position in the horizontal plane of the pad with a safety factor of 2.0, based upon yield 
strength of material. 



7. Stress analysis and test shall be submitted to prove all jacking requirements are satisfied. 
(CDRL 10-4, Jacking Stress Analysis) 



10.4.3 Truck Connections 



Contractor shall comply with the following requirements: 



1. The ultimate strength of the truck-to-carbody connection or mechanism shall be 
sufficient to secure the entire truck to the carbody in a manner that will prevent 
separation of the truck from the carbody under the following conditions: 



a. During derailments, collisions and other adverse events; and 



b. Where a horizontal load of 150,000 lbf is applied in any direction at any point on the 
truck frame through the center of the truck rotation. 



2. All structural members of the carbody that serve to provide a connection between the 
truck and the carbody shall not fail when subjected to the 150,000-lb horizontal load 
specified above. 



3. The center pin shall be of forged design, or approved equal, and shall be bolted to the 
carbody bolster. Center pin and attachment design shall be subject to approval. 



4. A truck safety mechanism shall be provided to produce a connection between carbody 
and trucks such that the trucks will be raised with the carbody, unless intentionally 
detached. 



a. The truck safety mechanism shall not create an electrical connection between the 
truck frame and the carbody except possibly when the car is raised on jacks. 



b. The mechanism shall be easily repairable if damaged. 



c. The yield strength of the mechanism and supporting structures shall be sufficient, 
such that the weight of the truck can be supported with a minimum safety margin of 
5. 
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10.4.4 Fluctuating/Dynamic Loads 



The vehicle structure shall be able to sustain loads due to passenger loading and unloading and 
track inputs, including special trackwork. 



1. The load application shall be applied simultaneously and phased in a manner that 
would produce maximum fatigue damage. 



2. For design purposes, this load shall be fluctuating with a mean value of AW2 and an 
amplitude of ±25% vertically, ±25% laterally and ±10% longitudinally. Stresses caused 
by this loading shall be below the fatigue strength for 10 million cycles with a safety 
factor of least 1.1. 



Support structures for equipment shall withstand the following: 



1. A mean vertical load of 1g combined with dynamic loads of fluctuating amplitude of 
±25% vertically, ±25% laterally, and ±10% longitudinally. 



2. The load application shall be applied simultaneously at the center of gravity of the 
equipment, and phased in a manner that would produce maximum fatigue damage. 



3. Where applicable the effects of component vibration or rotational inertia shall be 
considered. 



Welded connections shall meet the following requirements: 



1. In steel structures, the fatigue requirement of AWS D1.1/D1.1M. 



2. In stainless steel structures, excluding resistance welds, the requirements of 
AWS D1.6/D1.6M. 



3. In aluminum structures, the fatigue requirements of the Aluminum Design Manual. 



4. In all cases, the allowable fatigue stress range for the appropriate class of weld shall be 
based on ten million cycles. 



Bolted joints and riveted joints in the carbody structure shall endure 10 million cycles, at the 
loading noted above, without failure or deformation. 



Strain measurement test(s) with subsequent fatigue life assessments shall be performed to prove 
the validity of the analysis, and anticipated useful life of the carbody structure.  (CDRL 10-5, 
Strain Measurement Test-Fatigue Life Assessment) 



10.4.5 Natural Frequency 



The natural frequency of the complete railcar shall be fully de-coupled from all potentially 
damaging excitation frequencies such as those from trucks, track, and equipment. 



1. The natural frequency of the first body bending mode shall be at least six to eight times 
that of the natural frequency of the secondary suspension. 
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2. This requirement shall be met at all speeds, up to and including maximum design speed, 
and all occupancy levels, and train consists. 



10.4.6 Vibration 



Structural body and panel natural frequencies shall be sufficiently removed from primary 
excitation frequencies to preclude any damaging resonant vibrations at all speeds and power 
conditions up to 110% of maximum cruise speed. 



10.4.7 Stress Analysis 



The Contractor shall submit both a preliminary and a final stress analysis of the carbody, 
underframe, and equipment supports for equipment weighing over 150 lb. 



10.4.7.1 Preliminary Stress Analysis 



Contractor shall submit a preliminary stress analysis based on the loading conditions and 
standards provided in the Specifications (CDRL 10-6, Preliminary Analysis of Carbody, 
Underframe, and Equipment Supports) .  In addition, comply with the following: 



1. The Contractor shall not proceed with the final structural carbody drawings or any 
procurement of materials until receiving approval of the preliminary stress analysis. 



2. The stress analysis shall be used to design the car structure to obtain the lightest weight 
car possible within the criteria set by the Specifications. 



3. A structural sketch shall be included in the analysis in accordance with ASME RT-2, 
Section 9.1, Structural Sketch. 



4. Structural tests shall be performed to confirm the analysis at a few points for a few loads 
to prove the validity of this analysis. 



5. The buckling strength of major members shall be calculated. Any member in any of the 
analyses with a calculated compressive stress equal to or greater than, 35% of its 
material's yield strength shall be included. 



6. Load factor is defined as a number by which the actual or specified load is multiplied in 
computing the calculated stress.  Load factors shall be as follows: 



a. For the service loading condition: 1.5g vertical, 1.0g longitudinal and 0.5g lateral. The 
loads shall be applied concurrently (as a static load) and shall not develop a stress 
greater than of the yield stress of material. 



b. For the overload condition:  3.0g vertical, 5.5g longitudinal and 2.0g lateral. 



• The loads shall be applied individually (as a static load) and shall not develop a 
stress greater than the ultimate strength of the material. 



• This shall be considered to be a one-time crash situation, where the structure 
shall not fail or tear free. 



c. With the exception of above defined load factors, APTA PR-CS-S-034-99, Rev 2  shall 
be observed. 
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7. Stress analyses for supports for equipment weighing over 30 lb shall be included in the 
analysis.    



10.4.7.2 Final Stress Analysis 



Contractor shall submit a final stress analysis based on the Specifications and cited standards 
(CDRL 10-7, Final Stress Analysis of Carbody, Underframe, and Equipment Supports). In 
addition, the final stress analysis shall comply with the following: 



1. The final analysis shall include the calculated stresses, allowable stresses, and safety 
margins for structural elements and for all specified loading conditions. 



2. The safety margin shall be defined as the allowable stress divided by the calculated 
stress, including safety factors required by the structural design criteria, minus 1.00, and 
shall be greater than zero. 



3. The stress analysis shall consist of finite element analysis and include manual or 
computerized calculations of the stresses in welded and bolted joints, joint elements and 
other important elements. At a minimum, finite element analysis shall be used for any 
complex structural element that, in a failed state, affects safety. 



4. The analysis shall include at least the following: 



a. Structural arrangements and layouts of the car. Materials and sizes of structural 
elements and the method of fastening shall be defined. 



b. Diagrams showing externally applied loads and boundary conditions. Where finite 
element analysis is used, diagrams shall be provided showing the finite element 
mesh, load applications and boundary conditions, and their relation to the 
car/vehicle structures. 



c. Documentation showing the properties of the materials used in the carbody 
structure.  At a minimum, this documentation shall include the guaranteed 
minimum yield and ultimate strengths, elongation, Young’s modulus, and allowable 
fatigue stress data for each material. 



d. Detailed stress calculations, including calculation of the safety margin, for each 
structural element. 



e. Drawing references. 



f. Natural frequency of the body in the first bending mode. 



g. Detailed conclusions. 



5. The Authority-approved final stress analysis shall be a prerequisite for approval of the 
structural test procedures required by the Specifications and shall be used as an aid in 
determining strain gauge locations. 



6. The preliminary stress analysis may require assumptions as to configuration and 
weights; also manufacturing and other considerations may require design changes. The 
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stress analysis shall be revised to address such changes and to replace assumptions with 
actual data, and shall be submitted for review. 



7. The final submitted and approved stress analysis shall be for the car as built. 



10.4.8 Finite Element Analysis (FEA)  



The stress analysis shall include a linear elastic finite element analysis (FEA) of the complete 
carbody based on the structural sketch and supplemented by the manual stress analysis. The 
FEA shall be a recognized computer program such as NASTRAN, ANSYS, ALGOR, 
SUPERSAP, or approved equal. 



10.4.8.1 Finite Element Analysis Model 



The Contractor shall submit and receive approval of the finite element model prior to 
performing the FEA. (CDRL 10-8, Finite Element Analysis Model Report) 



1. The following shall be included: 



a. The element mesh. 



b. All assumptions. 



c. A complete printed copy of the input file that includes input data, such as loads, 
boundary conditions, area properties and material properties. 



d. A key to symbols and colors. 



e. Boundary reaction forces of the shell at AW0. 



f. The input file on electronic media. 



2. With each revision, detailed revision notes shall be included that explain each change 
and indicate where changes were made in the report as a result of the change. 



3. Upon completion of the final design, the Finite Element Analysis Model shall be 
updated to represent final configuration of structure. 



10.4.8.2 Finite Element Analysis Report 



After receiving approval for the Finite Element Analysis Model and performing complete 
analysis, a Finite Element Analysis Report shall be submitted. (CDRL 10-9, Finite Element 
Analysis Report) 



1. In addition to the items required for this submittal, include those items required for the 
FEA Model submittal. 



2. A manual analysis shall be included that examines details of the carbody such as welded 
connections, welded and/or bolted joints, fatigue conditions, and column and plate 
stability.   



3. Upon completion of final design, an updated Finite Element Analysis Report shall be 
submitted to represent final configuration of structure. 
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4. Each load condition submittal shall include diagrams of areas of mesh refinement, 
assumptions, input data, reaction forces, and a table to show static equilibrium. 



5. For input and output files, each page shall be numbered and columns of data on each 
page shall be clearly labeled using terms, symbols, abbreviations, and units defined in 
the analysis report. 



6. Color plots shall be prepared showing the following: 



a. Deflections in all three axes separately plotted and imposed over the deflected shape. 



b. Von Mises, or other approved failure criteria, depending on the material. 



c. Maximum and minimum principal stresses. 



d. Direction of maximum and minimum principal stresses. 



e. Meshing accuracy index. 



f. Maximum and minimum values and values that are greater than 80% of specified 
maximum value. 



g. Triad showing direction of global axes. 



h. For plots at high magnification, key to a plot showing structure to an extent 
sufficient to orient high-magnification plots. 



7. A sufficient number of plots shall be furnished for each load case to see the stresses in all 
areas of the vehicle body, with special attention given to the following components: 



a. Side sill 



b. Body sills (if used) 



c. End sill 



d. Anti-climber 



e. Draft sills 



f. Tow bar supports 



g. Side frame rails 



h. Side frame posts 



i. Transverse and longitudinal sections at doorway 



j. Body bolster 



k. Floor and floor beams 



l. Collision posts 



m. Corner posts 



n. Structural shelf 
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o. Articulation end frame 



p. Roof structure 



q. Equipment supports 



r. Connections between structural elements 



8. Show in detail areas with a margin of safety less than 2.0. 



9. Detailed conclusions shall be furnished. 



10. Submittal of the input file is required at any time the file is changed, but not more often 
than monthly. Criteria for final approval of the stress analysis shall include the 
Contractor’s submittal of the fully configured input data files. 



10.4.8.3 Comparison with Carbody Tests 



Tables shall be prepared comparing the stresses computed in the analysis with stresses 
computed from the strain gauge readings of the carbody tests of Section 3, Test Program. 



1. These tables shall be prepared for each test. A minimum of 100 strain gauges shall be 
used for comparison in each table. 



2. The tables shall be annotated to explain differences between the predicted and test 
values. 



3. Analysis and test results shall agree within 15% for at least 80% of the strain gauges and 
none less accurate than 30%.  These tables shall be submitted with the test report per 
Section 3. 



Other methods for validating the accuracy of the FEA may be proposed. The Contractor shall 
submit documentation for Authority review and approval that demonstrates that the proposed 
methods validate the accuracy of the FEA. 



10.4.9 Crashworthiness Analysis and Verification 



The carbody structure and supplemental energy absorption devices shall be designed to absorb 
maximum energy in a collision and transmit minimum accelerations to passengers without 
override, telescoping, jackknifing and overturning.  The crashworthiness analysis shall satisfy 
the requirements of APTA PR-CS-S-034-99, Section 7.4, Crash Energy Management Analysis, 
and ASME RT-2, and the requirements of the Specifications.  The more stringent requirement 
shall apply. 



The 8000 Series cars shall be compatible in structure and crashworthiness with the Authority’s 
existing fleet cars. 



1. For design purposes, crashworthiness analysis shall be performed using simulated 
collisions between Train 1 and Train 2 using validated models of cars as follows: 



a. Train 1: An eight-car train of 8000 Series cars moving at speed V (with brakes 
applied) on level tangent track with a 50% effective full-seated passenger load. 
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b. Train 2: Two cases of stationary eight-car trains in normal passenger service with a 
50% effective full-seated passenger load, with brakes applied and couplers engaged, 
consisting of 8000 Series cars as the first case, and the Authority’s 7000 Series cars as 
the second case.   



• The Authority will supply weight, force-deflection (crush), and other 
characteristics and details of the 7000 Series cars as needed for use in performing 
this analysis.   



• General characteristics are: AW0; total energy absorption approximately 0.75 MJ, with 
0.07 MJ in a replaceable anticlimber absorber, 0.37 MJ in the main absorbers, and the rest 
in other structures (primarily the end sill and side sills in the crush zone); and total 
deformation at full crush of 16.9 inches, including the coupler.   



• A plot of the crush characteristic is available.   



c. Wheel to rail friction coefficient shall be 0.2. 



2. In addition to those in ASME RT-2, the following additional criteria shall apply to the 
collisions between Train 1 and Train 2 above: 



a. For V = 5 mph or less, there shall be no damage to any railcar or equipment, except 
for the coupler emergency release mechanism, and sacrificial elements, if used. 



• Use of non-retractive design element(s) to satisfy the 5.0 mph collision 
requirement are subject to approval. 



• Sixteen spares of sacrificial elements shall be provided for each group of 64 cars. 



b. For V = 20 mph, damage shall be confined to the ends of the railcars outboard of the 
bolsters:  



• The structure of the cars inboard of the bolsters shall remain intact, with no 
permanent deformation of any member except that very localized yielding may 
be allowed provided the ability of the structure to sustain the crash load is not 
compromised; 



• No passenger compartment shall rupture or collapse or suffer telescoping; 
• High-voltage devices and associated connecting cables shall remain contained 



and shall not create electrical shock hazards to personnel; and 
• There shall be no fire hazards. 



c. The force required to initiate controlled plastic deformation of the car ends outboard 
of the body bolsters shall be in the range of 550,000 to 675,000 lb. 



• The force required to crush the ends shall be steady as the deformation 
progresses without sudden reductions. 



• Intrusion into the Operator’s compartment at full crush shall be evaluated 
according to the requirements of ASME RT-2. 



d. For V = 20 mph, the maximum longitudinal acceleration in the passenger 
compartment following a collision shall not exceed 5.5g. The Head Injury Criteria 
(HIC) per APTA PR-CS-S-016-99 shall be used to evaluate the mode and severity of 
predicted injuries, and shall be less than 500 (HIC< 500). 



e. After collision all cars shall stay in line, on track, and couplers shall not disengage. 
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3. The Contractor shall provide crashworthiness analysis per the following to demonstrate 
that the railcar will satisfy these requirements: 



a. Analysis of the performance of individual absorbers validated by dynamic or quasi-
static test; 



b. Analysis shall include a video animation of the crashes with graphs of force and 
deflection versus time.  The animation shall accurately depict the progressive 
collapse, energy absorbed, and the post-crash condition of the carbody; and 



c. Analysis of exposed-end crush zone performance validated by a full-scale dynamic 
test of a representative portion of the end structure. 



The Contractor shall submit both a preliminary and a final crashworthiness analysis. 
(CDRL 10-10, Preliminary and Final Crashworthiness Analysis) 



1. At a minimum, the Contractor shall demonstrate by test that the main collision energy 
absorption elements of the structure can achieve the desired characteristics. 



2. The test results shall be correlated with the analyses within an accuracy to be agreed 
with the Authority. (CDRL 10-11, Crashworthiness Design Verification) 



10.5 UNDERFLOOR EQUIPMENT 



The carbody and attached equipment shall be designed to provide necessary clearances for the 
truck and track profiles. 



1. The design shall allow for 1.6 inches minimum clearance between carbody and all trucks 
parts, including wiring, hoses, cable, wheels and chains, under the worst combination of 
dynamic movement and wear, except for any stops attached to the carbody for limiting 
truck movement or for truck lifting during maintenance. 



2. Components vital to system operations, such as wiring, conduit, tubing or hoses shall be 
mounted in a manner that will guard against impact from projectiles, especially in the 
vicinity of the trucks. 



3. The failure of one equipment support point shall not cause the equipment to violate the 
clearance envelope. 



Underfloor apparatus shall be protected from flying ballast or similar missiles by easily 
removable screens or guards, where required or directed by the Authority. Buildup of trash and 
other foreign material inside the screened or guarded area shall be prevented without 
interfering with ventilation. 



Underfloor apparatus shall be suitably protected from wheel splash. 











Section 10, Carbody 



WMATA 8000 Series Railcars  10-18 Technical Specifications 



10.6 CARBODY STRUCTURE 



10.6.1 Underframe 



The underframe is the primary load bearing structure of the vehicle and typically includes 
bolsters, center sills (if used), coupler anchors, side sills, floor beams, and end underframe 
structure (draft sill and end sill).  



10.6.2 End Underframe and Anti-climber 



10.6.2.1 End Underframe 



Contractor shall comply with the following requirements: 



1. The end underframe structure shall be capable of transferring loads generated from 
passenger loading, couplers, and equipment under normal service conditions without 
permanent deformation. 



2. The design of the end underframe weldments shall provide for continuity of flanges and 
webs at any place where load-bearing members intersect. 



3. The end underframes shall be designed so that, in case of excessive impact, failure will 
be caused by buckling or crushing of structural elements in the region outboard of the 
coupler anchorage, rather than by shearing of structural elements or by failure of 
connections between elements. 



4. The end underframe/carbody bolster shall provide for installation of carbody side 
bearing plate installation, if used. Side bearing plate design and attachment shall be 
subject to approval. 



a. Side bearing plates shall be made of solid AISI 304L stainless steel. 



b. Surface roughness shall not exceed 30 micro inches rms (Ra ≤ 30). 



c. Surface flatness of installed side bearing plates shall be better than 0.005-inch over 
the entire plate surface. 



d. Side bearing plate design and installation shall ensure five years of Rulon J, truck 
installed side bearing pad useful life, if used. 



e. Side bearings and side-bearing plates shall be bolted to the carbody. 



10.6.2.2 Anti-Climber 



The anti-climber shall be an integral part of the end underframe: 



1. It shall be constructed of stainless steel of the type listed in the Specifications, or 
approved equivalent. 



2. It shall be designed so that cars under compressive forces that cause the coupler 
automatic release feature to be actuated, will mate in a manner that prevents one car 
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from climbing the other and mitigates telescoping in a collision, including any condition 
of failed or deflated suspension elements. 



3. It shall be compatible with the Authority’s existing cars. 



4. When engaged with the anti-climber of one of the existing cars, and using only three of 
the four ribs, this arrangement shall resist a vertical load of 75,000 lb in either direction, 
combined with a longitudinal inward load of 125,000 lb, without exceeding the yield 
strengths of the anti-climber and its adjacent car structure. 



5. Each rib shall be no less than 0.4375-inch thick at its outer edge, in order to provide 
resistance to crushing. 



6. The design of the anti-climbers shall ensure that they remain attached to the railcar after 
the crushable element is expended and the 75,000-lb vertical load applied through the 
full stroke of the crushable element. 



7. The anti-climber shall follow the shape of the end structure. 



8. The top surface of the F-end anti-climber shall contain suitable anchor points for the 
emergency ladder specified in Section 11.14.1, Emergency Ladder. The anchor points 
must drain water outside in such a way as to prevent entry of water into floor panels or 
insulation and to prevent formation of ice. 



10.6.3 Side Walls 



Contractor shall comply with the following requirements: 



1. Connections between all structural elements in the sidewalls shall be done such that 
optimum strength values are achieved without forgoing aesthetics. 



a. Visible bolts, or rivets, on the side are prohibited. 



b. A formation in the side sheathing shall run the full length below the windows, as 
shown in Contract Drawings 8000-01, 8k Exterior Composite View, and 8000-03, 8k 
Exterior Barriers. The ends of the formation shall be closed off to give a finished 
appearance at doors and at the ends of the car. 



2. Sound metalworking practices shall be employed such that undulations, mismatched 
seams, and warping are avoided. 



3. Means, such as trim work, shall be used to obscure welded areas around the doorway 
and at the rear end of the car. Such treatment shall not create a hazard for passenger 
clothes and shall be subject to approval. 



4. The side structure (including sheeting) shall be capable of sustaining, without 
permanent deformation, at all passenger loads, a lateral inertial load sufficient to cause 
overturning. 
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5. The side wall structure shall be capable of sustaining seat attachment, including three 
point and cantilever fixation without permanent deformation, with all seats loaded per 
Section 10.14.4, Seat Supports, and Section 10.14.7, Strength Criteria. 



10.6.4 Car End Structures 



10.6.4.1 Structural Requirements 



Car end structures shall be provided, at the sides of the end door openings, with vertical 
collision posts that comply with the structural requirements in Section 10.3.4, Structural 
Elements, and Section 10.4.1, Strength Requirements. 



1. Each collision post shall have a section modulus about the carbody transverse axis of at 
least 4.5 cu inches for 110,000 psi yield stress material, or a proportionately greater value 
for material of lesser yield stress. 



2. The collision posts shall be connected to the roof structure. 



3. The connections and supporting structure shall be adequate to resist either one 
separately, or both collision post top reactions simultaneously, without exceeding the 
yield strength of the load-carrying connections and supporting members, when the 
posts are loaded at a line 18 inches above the top of the end sill to which they are 
attached, with loads sufficient to develop the yield strength of the post material. 



4. The connections at the tops of the collision posts shall also be designed to develop 
sufficient longitudinal, vertical, and bending strength, such that if the collision posts 
should be overloaded in bending to their ultimate strength, the top post connections and 
supporting structure will resist without failure the longitudinal, vertical, and bending 
loadings to which they are subjected. 



Transverse structural members shall be used to reinforce the end frames at the bottoms of the 
end windows. 



1. These members shall be securely fastened to the collision posts and to the corner posts. 



2.  Structural shear panels shall be provided between the end sill top surface and the 
bottoms of the transverse structural members, to resist the torsional shear loading 
resulting from the specified diagonal jacking loading of Section 10.4.1, Strength 
Requirements. 



3. Corner posts shall be connected to principal side frame longitudinal members. 



10.6.4.2 Appearance Requirements 



The railcar ends shall be arranged and contoured as shown in Contract Drawings 8000-01, 8k 
Exterior Composite View, and 8000-03, 8k Exterior Barriers. 



1. The details of the design shall be developed through the use of renderings during the 
design review phase. (CDRL 10-12, Cab End Contour Details) 



2. Details of the contours must be approved prior to manufacture. 
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3. The end mask or sheathing shall be of stainless steel, or fiberglass-reinforced polyester 
plastic (FRP). 



4. See Section 10.13, Windows, for requirements on windows and Section 19.2, Exterior 
Lights, for requirements on headlights, taillights, and marker lights. 



5. The use of visible caulking in the connection of the end to the sides and roof shall be 
submitted for approval. 



6. Fiberglass-reinforced plastic used in the end sheathing shall conform to the fire-
resistance requirements of Section 24.19, Flammability, Smoke Emission, and Toxicity 
Requirements. 



10.6.5 Roof 



Contractor shall comply with the following requirements: 



1. Roof sheets may be longitudinally corrugated. The outermost corrugation from the 
longitudinal center line of the car shall not be visible to a 97.5 percentile male as seen 
from the platform. Corrugation height and width, spacing between corrugations and 
number of corrugations shall be submitted for approval. 



2. All parts of the roof shall be of sufficient strength as not to suffer any permanent 
deformation when passing through the Authority’s car washers. 



3. The roof structure shall be designed to support the following: 



a. Air conditioning apparatus, ducts, conduit, lighting fixtures, headlining, stanchions 
and other equipment 



10.7 EQUIPMENT ENCLOSURES 



Contractor shall comply with the following requirements: 



1. Equipment supports and associated structure shall sustain the design loads defined in 
Section 10.4.4, Fluctuating/Dynamic Loads, and Section 10.4.7, Stress Analysis, when 
applied at the center of gravity of the equipment. 



2. Equipment shall not separate from the railcar under the collision scenarios defined in 
Section 10.4.9, Crashworthiness Analysis and Verification. 



3. Equipment enclosures shall be watertight and dust-tight, and shall have covers that 
allow unrestricted access to internal components. Ventilation/drain hole(s) shall be 
provided to allow air circulation or water drainage but shall not allow vermin to enter 
the enclosure.  



4. Potential electrical shock hazards and heated surfaces shall be clearly marked. 



5. Heat-sensitive equipment and materials shall be located or shielded such that they are 
not adversely affected by heat-producing equipment when the cars are stopped or 
moving at any speed or in either direction. 
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10.7.1  Underfloor Equipment 



10.7.1.1 Underfloor Boxes 



Contractor shall comply with the following requirements: 



1. Underfloor boxes shall be sufficiently strong for their application. 



2. Boxes shall be provided with top-hinged doors that have suitable means for ready 
removal and door hardware that remains captive. 



a. Doors shall be interchangeable between the corresponding boxes on different cars 
and, to the extent possible, between boxes on the same car. 



b. Unless approved otherwise, all access covers and doors shall be provided with the 
same quick-release, spring-loaded latch that operates with a toggling-type action. 
The latches shall be arranged so that they are protected from flying debris from the 
roadbed and shall not violate the car’s dynamic envelope if not engaged. 



c. Hardware used to secure doors on underfloor boxes and enclosures, including 
latches and hinges, shall be stainless steel. All mounting hardware for access plates 
shall have captive fasteners. 



d. A spring-loaded safety catch shall be provided at the center of each equipment box 
cover. The safety catch shall be designed to retain the cover within the vehicle 
dynamic clearance envelope at all operating speeds without the cover latches 
engaged. 



3. The equipment boxes and doors shall conform to the fire-resistance requirements of 
Section 24.19, Flammability, Smoke Emission, and Toxicity Requirements. 



4. Outer vertical faces of boxes and apparatus mounted along the side sill shall be 
equidistant from the longitudinal centerline of the car (i.e., shall all lie in the same 
vertical plane), unless a deviation is needed to achieve balanced weight distribution. 
This requirement does not apply to boxes and apparatus with a clearance of less than 
16.875 inches above top of rail; these shall be located to allow for track curvature as 
directed by Contract Drawings 8000-25, Dynamic Outline, and 8000-26, Lateral Offset 
Requirements. 



5. Unless approved otherwise, devices enclosed in underfloor boxes and enclosures shall 
not be fastened directly to the walls, roof, or floor of the box or enclosure. 



6. All control and power cables shall be terminated within enclosures or junction boxes. 
Cable entry shall be by means of watertight sealing glands, without use of any sealing 
compounds. 
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10.7.1.2 Underfloor Equipment Supports 



Contractor shall comply with the following requirements: 



1. Supports for underfloor apparatus, pipes, conduits, and boxes shall be of HSLA steel, or 
stainless steel. 



a. Hangers and brackets may be resistance welded to car framing as subassemblies for 
subsequent attachment of equipment. 



b. Otherwise, brackets, supports, pipe hangers, conduit supports, and other 
attachments that are not part of the car body structure shall be attached to the 
structure with mechanical fasteners or other Authority approved welding. 



2. Apparatus requiring removal and replacement, for other than accident damage, shall be 
supported so that both bolts and nuts are accessible. Dissimilar metals shall not be used 
at connections requiring disassembly for removal and equipment replacement. 



3. Requirements for bolted attachment of apparatus shall be in accordance with APTA PR-
CS-S-034-99, Rev 2 except as otherwise specified herein.   



a. Resistance grids may be supported by bolts in tension if the connecting leads are 
strong enough to hold the grids should the bolts fail. 



b. Equipment supported by vibration isolators or resilient mounts, and equipment 
approved for support by bolts in tension, shall have safety straps or other devices 
per APTA PR-CS-S-034-99, Rev 2, that prevent equipment from dropping into the 
clearance envelope or falling from the roof. 



c. All installation guides and recommendations from the original equipment 
manufacturer shall be observed, and installation approach approved before 
underfloor mock-up review. 



d. Prior to commencing any detailed design work, the Contractor shall submit for 
review and approval, a Plan addressing all relevant issues for bolts in tension. 
(CDRL 10-13, Plan for Bolts in Tension (Underframe)) 



4. No equipment shall be supported by bolts in holes drilled or tapped in the underframe.  



5. Underfloor equipment supports and fasteners shall be designed to provide adequate 
fatigue strength for the life of the car: 



a.  In no case shall these supports be designed to withstand individually-applied loads 
of less than 2g lateral, 5.5g longitudinal, and 3g vertical loads, based on the ultimate 
strength of the material. 



b. Acceleration factors required for fatigue design shall be agreed by the Contractor 
and the Authority, based on baseline ride quality testing performed by the 
Contractor on the 6000 and 7000 Series railcars. 
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6. With one less than the total number of supports, the remaining supports shall withstand 
not less than one-half of the loadings for the overload condition in Section 10.4.7, Stress 
Analysis; i.e. load factors shall be 1.5g vertical, 2.75g longitudinal and 1.0g lateral. 



a. Each of the tri-axial loads shall be applied as a separate load case, each in 
combination with a 1.0g vertical down load representing the equipment weight. 



b. The limiting stress shall be material ultimate strength. 



7. All underfloor equipment shall be grounded to the carbody. 



10.7.1.3 Underfloor Equipment Signs 



Underfloor apparatus shall be marked by means of embossed metal plates, welded or 
mechanically fastened to the apparatus, and with the lettering in a contrasting color.  



1. The outside of each apparatus box shall be marked with a designation of each major 
item of apparatus contained within. 



2. Each air brake reservoir and all cut-out cocks, switches, fuses and junction boxes shall be 
designated. 



3. Warning advice shall be provided on the outside of boxes containing electrical 
apparatus energized at greater than battery potential, including the normal maximum 
voltages of circuits within. 



4. All underfloor equipment signs and marking shall be subject to approval by the 
Authority. 



10.7.2 Roof-Mounted Equipment 



All control and power cables shall be terminated within enclosures or junction boxes. 



1. Cable entry shall be by means of watertight sealing glands, without use of any sealing 
compounds. 



2. Glands, box covers, and cable terminations shall provide for cable replacement without 
the removal of lugs, terminals, or connectors from the wires. 



3. High velocity air exiting from any ventilation equipment shall be directed away from 
the roof, so as not to disturb dirt and debris. 



4. Exhaust air from equipment shall not be directed to the air intake of other equipment. 



10.7.3 Interior Equipment Lockers 



Contractor shall comply with the following requirements: 



1. Equipment location and enclosure construction shall protect the equipment from dirt, 
conductive dust, and spilled liquids, including corrosive cleaning fluids. 



2. Lockers shall be made from a rigid, durable, mar-resistant material. 
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3. All lockers shall be provided with key locks to ensure security. 



4. Access panels shall be hinged and shall incorporate safety chains, or latches to prevent 
injury when the panels are let down. 



5. Equipment that may require access by the Operator during normal or emergency 
operating conditions shall preferably be located in lockers within the Operator’s cab. 



6. Seatwells shall be provided with equivalent thermal and acoustic properties to that 
provided in the floor under and around the wells. 



a. Insulation shall also be provided to protect passengers from heat generated by the 
underseat apparatus. 



b. Permanent gasket(s) shall be provided on the seat base or well; separate covers shall 
not be used. 



c. Seatwell-mounted equipment shall be protected from spillage of liquids by a 
polycarbonate or other approved shield (i.e. drip pan) incorporated into the bottom 
of the seat. The appropriate drainage, approved by the Authority, shall be provided. 



7. ATC equipment shall be installed in either the full height equipment locker in the A-car 
or a seatwell located between Side Door 1 and the right side cab partition of the A-car. 



10.8 DOORWAYS 



10.8.1 Side Doors 



Each car shall be designed with three bi-parting sliding-type doors on each side, per Contract 
Drawing 8000-02, 8k Exterior Side View. Each side entrance door panel shall contain a fixed 
window as shown in Contract Drawings 8000-01, 8k Exterior Composite View, and 8000-02. 



1. Side doors shall be supported at the top and guided at the bottom. 



2. Doors shall be completely weather-stripped so as to effectively exclude water under all 
operating conditions and when car is passing through a mechanical car washer. 



3. Vertical gaps between door leaf and carbody shall be covered to prevent dirt and debris 
from entering the door pocket, or passengers from intruding fingers, without affecting 
proper door operation. 



4. The exterior of the side doors shall have an approved finish, matching that of the car 
sides. Interior door finish shall have an approved, brush finished, horizontal grain. 



5.  Side doors shall be able to sustain a load of 200 lbf concentrated in a 4-inch-square area, 
with maximum deflection of 0.25 inch and no permanent deformation, under the 
following conditions: 



a. Load applied perpendicularly to the plane of the door at the center of the leading 
edge. 



b. Door is supported at top and bottom. 
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6. It shall be possible to remove and replace a door leaf without removing a windscreen, if 
used. 



7. A stainless steel drain pan that drains underneath the car shall be provided in the 
bottom of each pocket to prevent water accumulation. The pans shall drain to the 
bottom exterior of the car through dedicated drain tubes. Drain tubes shall not be 
located near jacking pads. 



10.8.2 Door Closing Force 



The obstruction detection features of the door system shall be capable of detecting forces 
opposing door closing equal to or greater than a threshold value.   



1. The threshold value shall be 11 lbf or less.  Upon detection of an opposing force, at any 
point in the door closing cycle, the door system shall immediately begin to decelerate 
and reverse the door motion. 



2. The “Effective Force, FE”, measured as defined in Exhibit 10-2, with a pulse threshold 
value of 11 lbf shall not exceed 34 lbf. 



3. The “Peak Force, Fp”, measured as defined in Exhibit 10-2 shall not exceed 68 lbf. 



Exhibit 10-2, Typical Door Closing Forces 



 



 
The forces developed at the edge of a door closing against an obstruction are a time-dependent 
function of several factors.  These factors include the mass of the door panel, acceleration of the 
door panel and stiffness of the obstruction. 
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The effective force, FE is defined by the equation: 



 



 



Where: 



t1 time when opposing force exceeds the Pulse Threshold value 
t2 time when opposing force falls below the Pulse Threshold value, 
T t2 – t1 



10.8.3 Exterior End Doors 



A hinged door shall be provided at each end of the carbody, between the collision posts. The 
minimum clear opening shall be 30 inches to permit wheelchair and mobility aid users to be 
evacuated to an adjoining vehicle in an emergency, when the door is secured in the fully 
opened position. 



The end door and exterior finish shall match the car exterior. 



10.8.3.1 End Door Panel 



Contractor shall comply with the following requirements: 



1. The outside of the R-end doors, and B-car F-end door, shall be faced with metal of the 
same specification as is used for the car structure, with finish to match. 



a. The outside of the F-end door shall be colored as shown in Contract Drawing 
8000-01, 8k Exterior Composite View. 



b. The latches on the A-car F-end door shall be colored black. The inside of both end 
doors shall match the interior of the car. 



c. Details of the design shall be developed through the use of renderings during the 
design review phase.  



2. The door panel shall have a fixed window with FRA Type I glazing, radiused at the 
corners. The window shall be as close to the outside surface of the door as construction 
permits.  



3. End doors shall be able to sustain a load of 200 lbf concentrated in a 4-inch-square area, 
with maximum deflection of 0.25 inch and no permanent deformation, under the 
following conditions: 



a. Load applied perpendicularly to the plane of the door at the center of the front edge.  



b. Door is supported at both ends.  



4. Reinforcements shall be provided for the attachment of door hardware and operating 
arms. 
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5. Doors shall be free of internal vibration, shall not vibrate in their supports and guides, 
and, if hollow, shall be insulated as to comply with Section 10.12, Insulation. 



10.8.3.2 Hardware and Sealing 



When closed, the door shall be sealed, secured, and lockable: 



1. Joints and edges shall be sealed so as to be water- and air-tight in all weather conditions 
and at all speeds in either direction of travel, up to and including the maximum 
operating speed. It shall be insulated against noise, air leakage, and vibration. 



2. The door shall have a latch and lock: 



a. The latch shall have a lever-type operating handle on each side of the door. It shall 
be possible to lock and unlock the door from either side. 



b. Exposed portions of latches and locks on the inside or outside of the car shall be 
constructed of white bronze, or stainless steel. Internal parts of the locks shall be 
bronze or stainless steel. 



c. The A-car, F-end door shall be equipped with two wedge-type latches having lever-
type handles for operation from both sides of the door. 



• Wedge-type latches shall be of a design that precludes injury to fingers. 
• These additional latches are for use when the door is at the front or rear of a 



train, and the handles shall be arranged so that vibration shall not cause the latch 
to move to the opposite position, either while engaged or disengaged. 



• The latched and unlatched positions of the handles shall be the same as on the 
Authority’s existing cars. 



• Opening and closing force for door and latches shall not exceed 25 lb. 



3. The door shall be equipped with a door closer: 



a. It shall have adjustable control valves for closing speed, latching speed, and back 
check. 



b. It shall have adjustable spring power adequate to fully close the door when released 
from the half-open position. 



c. It shall not obstruct access to any service area or equipment. 



4. Swing-limiting devices, rollers, or stops shall be provided as required to prevent 
damage if the cab door and the F-end door are both opened at the same time. These 
devices shall not present a tripping hazard. 



5. When fully open, no door or door latch shall contact a passenger seat. 
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10.8.3.3 Thresholds 



Door thresholds shall be designed and constructed to prevent the entry of water between the 
threshold and door, including entry of water when the car is subject to the horizontal spray jets 
of the car washing facility. 



1. The side door thresholds and the end door walkways shall be of stainless steel with a 
rough, non-slip finish that shall be subject to approval. 



2. Thresholds shall be attached to the carbody structure using stainless steel hardware. 



3. At all door openings, the floor shall make a weather-tight connection with the threshold 
plates. 



4. Side-door thresholds shall be heated: 



a. Heaters shall be self-regulating devices operating on AC voltage, via a dedicated 
circuit breaker, to maintain a surface temperature of no greater than 50ºF. 



b. Heaters shall activate automatically to prevent ice from forming and the buildup of 
snow, without the need for intervention by operating or maintenance personnel. 



5. Side-door thresholds shall be designed so that the removal and replacement of the 
threshold or of the heater requires no more than 30 minutes, and does not require 
removal of side door panels. 



6. Side-door thresholds shall incorporate guideways for the sliding doors. 



a. The guideways shall have cleanout slots for the continuous discharge of 
accumulated debris. 



b. The configuration and depth of the door tracks in the threshold shall be sufficient to 
provide for carbody deflection, such as occurs between no load and absolute 
maximum passenger load, without resulting in door binding or escape from tracks. 



c. The door track shall be rounded at the bottom of the track to prevent the door from 
binding during opening or closing. 



d. There shall be no less than 0.25-inch engagement between the door and threshold 
and no less than 0.125-inch clearance between the door and threshold under the 
AW4 passenger load. 



e. Neoprene rubber or equivalent material block shall be used in the middle of the side 
door to prevent rattling. 



7. Drainage: 



a. Side-door thresholds shall be designed to be self-cleaning, and shall slope and drain 
to the outside. 



b. The end door threshold shall have two, 0.5-inch inside diameter drain holes, one at 
each end. 
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8. Slip or Trip Hazard: 



a. Side door threshold block design, surface finish and attachment to the thresholds 
shall not create a slip or trip hazard for passengers. 



b. The end door thresholds and anti-climber diamond plates shall not create a slip or 
trip hazard for the passengers, maintenance personal or Operators, and shall not 
interfere with the intended anti-climber function. 



10.8.4 Gap Reducers 



At the side door thresholds, gap reducers shall be used to reduce the carbody gap that exists at 
the Authority’s station platforms: 



1. Gap reducers shall be removable strips of extruded neoprene rubber, with the properties 
identified in Section 24.7, Elastomers, or approved equivalent. 



2. The gap reducer profile shall not exceed the dynamic profile of the carbody by more 
than 1.25 inches and shall not extend above the door threshold surface. 



3. The gap reducer shall be equal in length to the door threshold and placed in a 
continuous level manner. 



4. Installation and removal of the extension assembly shall be accomplished without the 
removal of the side door or threshold using standard hardware and tools. 



10.9 BETWEEN-CAR BARRIERS 



Both ends of each railcar shall be equipped with an ADA-compliant barrier to deter passengers 
from inadvertently walking off station platforms and falling between cars. 



1. Barriers shall be positioned at the end door locations (collision post area) as well as the 
corners (corner post area) of the railcar. 



2. The design of the barrier system shall resemble those provided on the 7000 series cars, as 
shown in Contract Drawings 8000-01, 8k Exterior Composite View, and 8000-03, 8k 
Exterior Barriers, and shall not require the Operator to leave the cab during coupling or 
uncoupling. 



3. The design of the barriers shall minimize wind resistance and shall be rattle-free when 
the car is operating as the lead car of a consist. 



4. When coupled, the barriers shall not come in contact with the opposite railcar under any 
conditions. 



5. The gap between the barriers and the cars shall be as small as possible when the railcars 
are positioned on tangent track. 



6. During the Operations Characteristics Analysis (see Section 3, Test Program), the 
Contractor shall perform specific tests and measurements to determine the swing and 
stretch conditions as railcars move on the mainline and in yards. 
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7. As part of the PDR package, the Contractor shall demonstrate the installation and 
performance of the proposed barrier system using a three dimensional, animated 
computer model.  The model shall illustrate barrier positions on tangent track and while 
negotiating worst-case curves, including yard tracks. 



8. Prior to FDR, the Contractor shall conduct a demonstration test of the proposed barrier 
system using Authority-furnished railcars. 



10.10 EXTERIOR ACCESSORIES 



All exterior attachments such as window trims, roof gutters, between-car barriers, radio 
antenna, and windshield wipers shall be capable of sustaining loads from car washing 
equipment without any damage. 



10.10.1 Skirting 



A fixed non-rattling skirting shall be provided on both lower sides of the A-car F-end. 



1. The skirt surface finish and appearance shall be coordinated with the carbody. 



2. Skirts shall either be removable, be attached by hinges, or be swing-plug style devices, 
such that free access is provided to equipment behind the skirt. 



3. Removable skirts shall mount to the carbody in a secure manner with positive retention 
regardless of lock position. Truck-mounted skirts are not allowed. 



4. Permanently-hinged skirts shall be held in open position by means of a “hold open” 
feature that shall not automatically open nor interfere with or impede the easy opening 
and closing of the cover. 



5. Locks or captive fasteners of a tamper-resistant design shall be provided on all skirting. 



10.10.2 Air Grilles 



Grilles shall cover air exhaust or intake openings: 



1. They shall be made of corrosion-resistant material. 



2. They shall be attached and locked in a similar manner to the skirting. 



3. They shall resist water entry and projectiles. 



4. Grilles visible to passengers shall be decorative to coordinate with the exterior styling 
and color scheme and shall be subject to Authority approval. 



5. Grilles mounted in the plane of the roof shall resist water entry without adversely 
affecting airflow. Warning notices shall denote roof grilles as a surface not to be stepped 
on. 



6. Grilles that require removal for routine maintenance activities shall be hinged and shall 
use captive fasteners. 
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10.10.3 Rain Drainage 



Water deflecting gutters shall be installed on the roof along the entire side of the car, to prevent 
water from cascading down the side of the railcar during the maximum rainfall rate specified in 
Section 1, Performance Requirements. 



1. Gutters shall be continuous to ensure that drainage occurs at the corners of the car. 



2. The design of the drainage system shall prevent a surge of water from flowing off the 
roof when the train accelerates or decelerates. 



3. Any drainage tubing shall be properly sized, shall have minimal joints, be designed to 
prevent clogging, and shall not be located near electrical components or jacking pads. 



4. Joints in drainage tubing shall be positively sealed and shall not leak should backflow 
occur. 



10.10.4 Exterior Handhold and Steps 



Exterior handholds and steps shall be provided at the locations specified below.  



1. There shall be not less than 2-inches clearance between the handholds and any part of 
the car, including the door and latch handles. 



2. Handholds and steps shall have a knurled finish to improve grip. 



3. They shall be attached to the carbody with not less than 0.5-inch diameter stainless steel 
bolts and nuts. 



4. Loop steps shall have at least 8 inches clear depth and clear height. 



5. The handholds and loop steps shall fall within the specified clearance envelope (see 
Section 1.4.2, Clearances). 



10.10.4.1 Handholds 



Handholds shall be provided at the following locations on each car: 



1. Handholds/handrails shall be provided on F-end collision posts, integrated or 
coordinated with the between-car barriers for use when entering or exiting the car by the 
coupler step, as shown in Contract Drawings 8000-01, 8k Exterior Composite View, and 
8000-03, 8k Exterior Barriers.  The A-car F-end handholds shall be colored black. 



2. A vertical grab bar shall be provided on the inside surface of the B-car F-end door as 
shown in 8000-10, 7k Interior F-end B-car Hostler Panel, for use while operating via the 
hostler panel controls.  



3. One outside handhold, as long as practicable, shall be provided on each side of the car, 
adjacent to center side Door Leaf 4 and 9. 



4. One handhold shall be provided on the R-end collision post, 15 inches long (or 
integrated with the between-car barriers. 
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5.  Two powder-coated handholds (or as determined during design review) shall be 
provided to assist when using the end-of-car loop steps. 



Exterior handholds shall be of one-piece construction, and shall be made of 0.625-inch diameter 
knurled stainless steel rod. Final arrangement of handholds shall be subject to approval. 



10.10.4.2 Loop Steps 



A loop step shall be provided at the following locations on each car: 



1. Under the center side door handholds. 



a. The left side of the loop step shall be approximately even with the centerline of the 
handhold, and the right side shall be no more than 14 inches inside the door 
opening.  



b. The tread width (longitudinal dimension) shall be a minimum of 12.5 inches. 



c. The step shall be at least 20 inches above the top of rail and shall fall within the 
allowable clearance envelope. 



d. The entire opening of the step shall be completely clear of any interference from any 
undercar components or appurtenances. 



e. Steps shall be made of stainless steel, with anti-slip treads having a minimum cross 
section of 0.5-inch by 1.5 inches. 



2. One loop step shall be provide at each end of the car to facilitate entry. They shall meet 
the applicable requirements specified above. 



10.10.4.3 ACI Tags 



ACI tags shall be provided and affixed to the carbody on the left-hand side of the R-end, in the 
same location as on the Authority’s existing cars. The ACI tags are model AT5112, 
manufactured by Southern Technology Corporation, and coded per the Authority’s request 
(WDCM0A#### for A-cars and WDCM0B#### for B-cars, where #### represents the car 
number).  



10.11  FLOORING 



10.11.1 Floor Panels 



Contractor shall comply with the following requirements: 



1. Floor panels shall be 0.75-inch thick phenolic composite sandwich construction meeting 
the requirements of Section 24.10.7, Phenolic Cored Panels for Flooring. The materials 
shall be non-vermin supporting and shall not rot or corrode. 



2. All exposed edges of the individual floor panels, including penetrations and joints 
between panels, shall have a dense composite edge, machined smooth and free of sharp 
edges and burrs. 
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3. Floor panels shall be composed of pieces as large as possible and shall extend the full 
width of the railcar. Transverse shiplap joints shall be located over structural members. 
There shall be no joints in the top or bottom face skins of the panels. 



4. Floors shall provide a smooth continuous surface for the floor lining. Installed panels 
shall have height variations at panel joints no greater than 0.03 inch.  Floor flatness shall 
be better than 0.125 inch over any 36 inch span. 



5. Panels shall be isolated from any metallic structure, including floor penetrations. All 
floor penetrations shall be sealed with an approved fireproof sealant. 



6. Panels shall be mechanically attached and sealed, without the use of adhesives, to the 
floor beams and sides. It shall be possible to remove, replace, or repair individual panels 
without damage to surrounding floor panels or structure. 



7. The floor and mounting configuration shall not exhibit undesirable mechanical 
resonance, transmit underfloor equipment noise and vibrations, nor support other 
disagreeable noise generation. 



8. For structural analyses and strain measurement/testing purposes, floor panels shall not 
be considered part of the carbody structure. 



10.11.2 Floor Covering 



Floor covering shall be a high performance, resilient or hard surface material designed to last 20 
years in service without major repairs: 



1. Floor covering shall be NORA, Norament 925 Lago #4770, or approved equal. 



2. It must meet all industry performance and safety standards and provide moisture 
protection for the underlayment material. 



3. Floor coverings shall have a minimum coefficient of friction of 0.6, wet or dry, when 
tested in accordance with ASTM D2047. 



4. Floor coverings must provide a uniform appearance throughout the railcar, with no 
gaps, lumps, bubbles, or misaligned panels. 



5. The floor covering shall be composed of pieces as large as possible and shall extend the 
full width of car. 



6. Floor coverings must interface smoothly with door thresholds and other car equipment 
to prevent tripping hazards. 



7. The design shall allow for minor repairs without specialized equipment, and all repair 
materials must meet the Authority’s safety and material standards for use in the 
Authority’s facilities. 



8. Floor covering shall include provisions for emergency luminescent marking (passive 
illumination), per APTA PR-PS-S-004-99. 
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9. Floor coverings in the vestibules shall have a minimum coefficient of friction of 0.8, wet 
or dry, when tested in accordance with ASTM D2047. 



The Contractor shall propose a minimum of two alternatives for floor covering material. 



1. Each proposal shall include all technical, safety, maintainability and life-cycle cost data 
necessary to thoroughly review the proposed product and its application on the railcar. 



2. The Authority will select the surface finish and color patterns of each material. 



3. Upon approval, each proposed material will be subject to a qualification demonstration 
test. 



4. The Contractor shall install each material on one pair of the Authority’s 6000 Series 
railcars. 



5. Each material will be tested in-service for a period no shorter than three months. 



6. Following this test, no later than PDR, the Authority will select the floor covering to be 
used for production. Regardless of the Authority’s selection, the Contractor must 
provide a floor covering that meets all technical, performance, and safety requirements 
of the Specifications.  



10.11.3 Alternate Floor Panel Configuration – Priced Option 



The Contractor shall provide pricing and relevant technical data for optional radiant heat 
phenolic composite floor panels. 



1. The heated floor panels shall provide sufficient heat to eliminate the need for the panel-
type floor heaters. 



2. The capacity of the heated floor panels when under the control of the HVAC system 
shall be adequate to maintain an average interior temperature in accordance with the 
requirements of Section 18.6.5, Interior Car Temperatures, when the overhead heating 
and ventilation system is inoperative and the line voltage is 700 Vdc or higher. 



3. The temperature control methodology shall ensure that over-temperature conditions on 
the floor heater guards are completely mitigated. 



10.12 INSULATION 



The Contractor shall provide thermal and acoustic insulation in the floor, roof, sides, and ends 
of the cars, as required to meet the interior noise and air-comfort performance requirements of 
the Specifications. 



1. The materials used for thermal and acoustic insulation, and materials used for vibration 
damping, shall meet the flammability and smoke emission requirements specified 
Section 24.19, Flammability, Smoke Emission, and Toxicity Requirements. 



2. The individual sheets shall be as large as possible. Vertical and horizontal posts shall be 
properly thermally insulated. 
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3. Insulation used in the roof, sides, and ends shall be retained in position by the use of 
approved mechanical fastenings. 



4. Use of urethane foam insulation anywhere in the railcar is prohibited. 



10.12.1 Thermal Insulation 



Heat transfer through the carbody (with doors closed) shall not exceed 1,000 BTU/hour/°F, 
with an air velocity at the surface of the car of 5 mph or greater, and measured in accordance 
with Section 3, Test Program, using the car floor heaters. 



1. Prior to insulating the Pilot Cars, the Contractor shall provide an analysis to 
demonstrate adequacy of the proposed insulation design. (CDRL 10-14, Insulation 
Design Demonstration) 



2. Thermal insulation shall not mold, rot, or sustain vermin. Fibers, where used, shall be 
bonded together with a thermosetting phenolic resin. It shall not corrode any metals or 
shake-down under car vibration.  It shall not have an odor, nor be capable of absorbing 
odors. 



3. Underfloor thermal insulation shall be protected by stainless steel sub-floor and of 
adequate strength and stiffness to prevent bowing or movement during normal train 
operation. 



4. Thermal breaks shall be provided in locations where it is necessary to interrupt an all-
metal path between the interior of the carbody and the outside of the carbody skin. 



10.12.2 Acoustical Insulation 



The vehicle shell structure shall be provided with a vibration and sound-damping material 
applied to inner surfaces, including sub-flooring, car bolsters, car ends, roof, and side frames. 



10.13 WINDOWS 



10.13.1 General 



Contractor shall comply with the following requirements: 



1. Glazing shall be retained in an endless GRS rubber or neoprene section, and shall be 
arranged with zip-strip type retention or sash-type mounting for easy re-glazing 
without the need for sealing compounds. 



2. Window retention sections shall have rounded, smooth corners and edges to facilitate 
cleaning and to prevent the retention of dirt and debris. 



3. Windows shall be capable of withstanding external and internal pressure differentials 
caused by head-on pressures, tunnel clearance, and passing trains while the cars are at 
maximum operating speed. 



4. Windows shall be watertight, without the use of sealing compounds, and must remain 
so under normal service loading conditions, including diagonal jacking. 
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5. Windows shall have rounded corners. 



6. Alternative approaches and standards may be considered, but must be submitted, along 
with service history data, for approval. 



10.13.2 Window Characteristics 



Windows shall conform to the requirements in Exhibit 10-3, Window Characteristics. 



Exhibit 10-3, Window Characteristics 



Location Thickness 
(inch) 



Visible Light 
Transmission 



Type Location Thickness 



Passenger Side  0.375 inch 40% to 50% Type II 
Laminated 



Bronze Tint Vandal 
Resistant 



Side Door  0.375 inch 40 to 50% Type II 
Laminated 



Bronze Tint Vandal 
Resistant 



R-end  0.375 inch Clear Type II 
Laminated 



Clear Vandal 
Resistant 



R-end Door Note 1 Clear Type I 
Laminated 



Clear Vandal 
Resistant 



Cab Partition 
Door 



0.25-inch 7 to 12% Laminated Bronze Tint Vandal 
Resistant 



Left Cab Partition 
Door 



0.25-inch 7 to 12% Laminated Bronze Tint Vandal 
Resistant 



Right and Left 
Cab Side  



0.375 inch Clear Type II 
Laminated 



Clear None 



A-car Right Side 
F-end 



Note 1 Clear Type I 
Laminated 
(heated) 



Clear Spall Shield 



A-car Left Side F-
end 



Note 1 Clear Type I 
Laminated 



Clear Spall Shield 



A-car F-end Door Note 1 Clear Type I 
Laminated 



Clear Spall Shield 



B-car F-end Right 
and Left Side 



Note 1 Clear Type I 
Laminated 



Clear Vandal 
Resistant 



B-car F-end Door Note 1 Clear Type I 
Laminated 



Clear Vandal 
Resistant 



Destination Sign 0.25-inch Clear Laminated Clear None 
Map and Public 
Hearing Panels 



0.125-inch Clear Polycarbonat
e 



Clear None 



 
Notes to Table: 



1. See Section 24.8, Glazing Materials. 
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10.13.3 Side Windows 



Passenger side windows shall be fixed FRA Type II single laminated safety glass. Contract 
Drawings are intended to depict only the appearance of the window, not design details. 



1. The window glass shall be retained in the window opening with a continuous neoprene 
section and sash-type mounting. 



2. Construction shall permit easy replacement of glazing from inside the car. 



3. The glass in all passenger compartment windows shall have an optically clear and 
distortion free vandal-resistant film: 



a. Film shall be 4-mil single-layer, 3M Scotchgard or equivalent as approved by the 
Authority. 



b. Film shall be installed on the interior side. 



c. It shall be replaceable without window removal. Film change-out time shall be no 
greater than 5 minutes with transparency, no haze or cloudiness, immediately after 
installation. 



10.13.4 Door Windows 



Side entrance doors shall be equipped with windows of FRA Type II single laminated safety 
glass. F-end and R-end doors shall be equipped with windows of FRA Type I single laminated 
safety glass. 



1. Door windows shall be set in neoprene glazing strips, and have no separate sash. 



2. Side door construction shall permit easy replacement of glazing from inside the car 
without the use of grease or of any compound that stains, while making a weather-tight 
seal. 



3. The F-end door shall have an inside opening smaller than the glazing size so that the 
glass cannot be forced into the car. 



10.13.5 Cab Side Window 



Cab side windows shall be FRA Type II single, laminated safety glass. 



1. Cabs shall have watertight glazing on both sides. 



2. The windows shall be of sufficient size to allow an Operator in the 5th to 95th percentile 
range to have a field of view as defined in SAE J1050. 



3. A sliding window shall be provided on each side of the cab and at the Hostler station. 



a. The windows shall be vertically sliding, and shall open into a pocket in the car 
structure. 



b. The window unit shall incorporate a counter-balance mechanism to provide a 
smooth, even motion while opening or closing. 
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c. The Operator shall be able to use each side window to look back along the train. 



d. A latch, operable from inside only, shall be provided to hold the windows closed. 



e. The lower sill of each window shall be smooth, with no sharp edges or burrs and 
shall have no open areas or holes that may collect debris. 



f. The maximum force to operate the sash shall not exceed 10 lb. 



g. Windows shall be maintenance free with a minimum five-year overhaul cycle. 



4. The glass in the cab side windows shall have an optically clear and distortion free 
vandal-resistant film: 



a. Film shall be four layers of 4-mil, 3M Scotchgard, or equivalent as approved by the 
Authority. 



b. Film shall be installed on the interior side. 



c. It shall be replaceable without window removal. Film change-out time shall be no 
greater than 5 minutes with no haze or cloudiness, immediately after installation. 



10.13.6 Car End Windows 



Contractor shall comply with the following requirements: 



1. The F-end windows shall be fixed, FRA Type I single laminated safety glass.  



a. The glass shall be set in a frame with an inside clear opening smaller than the glass 
to prevent the glass from being forced into the car.  



b. The glass shall be retained in a continuous neoprene glazing section, and shall be 
replaceable from the outside of the car without the need for sealing compounds.  



c. The design shall facilitate replacement of any end window, including the heated 
Operator’s windshield (cab area), in less than 45 minutes. The design shall be 
submitted for approval. (CDRL 10-15, Cab End Window Design) Compliance with 
the ease of replacement requirement shall be demonstrated on the Pilot Cars.  



2. A-car F-end windows shall have a spall film installed on inside surfaces, using DuPont 
Spall film or equivalent as approved by the Authority. 



3. End windows at the R-end shall be fixed type, constructed the same as the passenger 
side windows, with fixed FRA Type II single laminated safety glass and sash-type 
mounting. 



10.14 SEATS 



10.14.1 General 



Passenger seats shall be arranged as shown in Contract Drawing 8000-04, 8k X-Ray View. 
Alternative seating arrangements will be considered, but must be submitted for approval. 











Section 10, Carbody 



WMATA 8000 Series Railcars  10-40 Technical Specifications 



The required appearance of the seat is shown in the following Contract Drawings: 



1. 8000-06, 7k Interior Arrangement - F-End/A-Car 



2. 8000-07, 7k Interior Arrangement - Center of Car 



3. 8000-08, 7k Interior Arrangement - R-End 



4. 8000-09, 7k Interior Arrangement - Full Car 



The details of the design shall be developed through the use of renderings during the design 
review phase. 



The center aisle shall have a width of 34 inches. 



10.14.2 Alternate Seating Configuration – Priced Option 



The Contractor shall provide pricing and relevant technical data for optional seating 
configurations.  Two alternate configurations shall be described and priced: 



1. Longitudinal seating – A cars  



2. Longitudinal seating – B cars 



The Contractor shall assume that a standard production longitudinal stainless steel seat will be 
used.  



10.14.2.1 Option Seating Design 



The Contractor shall include provisions for mounting: (1) the passenger seats as shown in 
Contract Drawing 8000-04, 8k X-Ray View, and (2) the optional longitudinal seating to the side 
wall structure. 



1. The design shall enable changing from the interior floor plan shown in Contract 
Drawing 8000-04 to the optional longitudinal seating without any changes to the side 
wall structure. 



2. The design of the A-car and B-car side wall structure shall be based on the seating 
configuration that presents the greater load to the side wall structure with all seats 
loaded per Section 10.14.4, Seat Supports, and Section 10.14.7, Strength Criteria. 



3. The performance of the floor heating system, including the convection flow of heated 
air, shall not be impacted by changing the interior floor plan from the transverse seating 
arrangement to the longitudinal seating arrangement. 



10.14.2.2 Option Seating Installation 



Conversion to the longitudinal seating floor plan shall be in the form of a per car kit of 
mounting hardware. The kit shall include: 



1. The necessary parts to convert the transverse seat mounts to the extent they are used 
with the longitudinal seats 
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2. Materials to cover the existing mounting provisions, if not used for the longitudinal 
seats 



3. New linings if required 



4. All other parts required to install the longitudinal seats 



5. Instructions for installation of the longitudinal seats 



10.14.3 Seat Construction 



Contractor shall comply with the following requirements for seat construction: 



1. Seat framing shall be of light-weight design, constructed of suitable gauge round or 
oblong stainless steel tubing, or approved equal. Exposed edges shall be rounded 
smooth. 



2. Exposed back pans shall be ergonomically formed from stainless steel. They shall have a 
consistent, approved, rigidized-stainless-steel finish. As an alternative to a rigidized 
finish, a Tedlar® coating of approved finish may be proposed, subject to approval. 



3. Seats with their backs to the carbody (longitudinal and bulkhead locations) do not 
require back pans. 



4. Backs pans may be recessed in the lower portion to provide knee room. 



5. Seat Dimensions: 



a. Top of the seat cushion shall be 17.75 inches from top of finished floor. 



b. Top of the seat backrest shall be minimum 38 inches from top of finished floor. 



c. Seat cushion depth shall be 16 inches. 



d. Seat width, including frame, shall generally be 39 inches, but may be reduced to 37 
inches in specific locations as approved or directed. 



e. Final dimensions are subject to review and modification during the seat production 
prototype (CDRL 10-16, Seat Dimensions). 



10.14.4 Seat Supports 



Contractor shall comply with the following requirements for seat supports: 



1. Transverse seats shall be supported solely by the side wall structure. 



a. Three point attachment is the Authority’s preferred method. Cantilever support, if 
approved, shall not interfere with the floor heater box. 



b. Access to the floor heaters shall not be obstructed by the seat or its supporting 
structure. 
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2. Longitudinal seats shall be installed on supports, which shall not be covered with an 
enclosure. 



3. Seats over seatwells shall be supported by full base enclosures of steel or aluminum. 



a. The exposed surfaces of these enclosures shall be entirely covered with the same 
material used for the modesty panels. 



b. The enclosures shall have grills, where necessary, for ventilation of the apparatus 
housed within. 



c. The design of seat enclosures shall allow a minimum of 2 inches of toe space from 
the seat edges. 



4. The attachments of seats to the side frame or to the wall shall be designed so as not to 
create dirt-holding pockets. 



5. Each passenger seat frame and its support shall be constructed as an integrated unit.  
Seat attachment shall permit easy replacement of the seat or seat shell. 



6. The maximum seat deflection under vertical load shall not exceed 0.5 inch, as described 
in Section 10.14.7, Strength Criteria. 



10.14.5 Cushion Inserts 



Contractor shall comply with the following requirements for seat cushions: 



1. The seat bottom cushion and seat back cushion shall be constructed as two separate 
items. 



a. The bottom cushion assembly shall comply with the following: 



• Shall use approved cushioning material, such as Magnifoam. 
• Shall be of sufficient thickness, 1.5 inch minimum, to provide suitable passenger 



comfort during a one hour trip. 
• Seat fabric shall be Holdsworth 85/15 moquette fabric by Camira Fabrics, or 



approved equal. 
• The cushion shall be mechanically secured to the seat shell using captive 



hardware, in an approved manner. 



b. The backrest cushion shall be of same design, with the following exceptions: 



• Shall use approved cushioning material, such as Chestnut Ridge Foam 
• Cushioning material shall be 0.5-inch thick 
• Adequate lumbar support shall be built into the cushion 
• The seat upholstery material shall be woven transportation grade fabric-backed 



vinyl 



2. All seat cushions shall be the same color, independent of location in the car. Within 
individual seats, WMATA may select multiple colors (three maximum, two anticipated). 
The seat cushion color(s) shall be submitted for approval.  
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3. The cushions shall be manufactured in accordance with the requirements of Section 
24.11, Seat Cushion Materials. 



4. The overall dimensions of the cushion assemblies shall be within ± 0.0625-inch tolerance 
and the interface of the cushions and the seat structure shall not have visible gaps. 



10.14.6 Seat Handgrips 



Continuous stainless steel tubing handgrips shall be provided on seats as follows: 



1. For transverse seats, handgrips shall be provided along the top of the backrest pans, 
except for transverse seats at the ends of the car. 



2. For back-to-back seats, there shall be one handgrip per assembly. 



3. Sufficient clearance shall be provided between the seat tops and handgrips. 



10.14.7 Strength Criteria 



Seats and their attachments to the carbody shall be designed and tested to withstand the loads 
to be expected in transit operation, but in no case less than those specified in the sections of 
APTA PR-CS-S-016-99 specified in Section 3.6.3.4, Seat Strength. 



Testing shall be conducted and test results approved by the Authority prior to any seat frame 
installation in the car. 



10.15 INTERIOR FITTINGS 



10.15.1 General 



The interior of the railcar, including the Operator’s cab, shall comply with the following 
requirements: 



1. The interior shall be pleasing in appearance, shall have a design that minimizes the 
number of components, and shall be free of sharp corners or edges. 



2. Design emphasis shall be placed on integration of components, maintainability, 
passenger and Operator safety, aesthetics, and cleanability. 



3. Surfaces requiring paint are not permitted. 



4. Unless otherwise specified, all interior exposed surfaces, including seats, shall have an 
approved smooth finish. 



5. Lining materials shall meet the required flammability and smoke emission standards, as 
defined in Section 24.19, Flammability, Smoke Emission, and Toxicity Requirements. 



6. All interior fittings shall be designed to allow for simple interior refurbishment at car 
mid-life. 
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7. Colors and patterns of interior materials, including interior liner, window mask, ceiling, 
valence, door pocket and access panels, shall be as approved. “Speckled” finishes shall 
not be used. 



8. Data on, and samples of all intended interior materials and colors, shall be submitted for 
approval. The data shall include certification that the requirements in respect to toxicity, 
flammability and smoke emission are met. (CDRL 10-17, Interior Materials Data and 
Samples) 



10.15.2 Interior Fasteners 



Fasteners shall comply with Section 24.4, Fasteners, and with the following requirements: 



1. Concealed fasteners are preferred. 



2. Visible fasteners shall be minimized and shall be tamper-proof. 



3. To the maximum extent possible, all interior fasteners of the same diameter shall use the 
same tool for installation and removal. 



10.15.3 Stanchions and Handrails 



Stanchions and handrails shall be provided to aid passengers when boarding, moving 
throughout the car, and standing while on board the car. 



1. See the following Contract Drawings: 



a. 8000-06, 7k Interior Arrangement - F-End/A-Car  



b. 8000-07, 7k Interior Arrangement - Center of Car  



c. 8000-08, 7k Interior Arrangement - R-End  



d. 8000-09, 7k Interior Arrangement - Full Car 



2. An analysis demonstrating compliance with specified requirements shall be provided. 
(CDRL 10-18, Compliance with Stanchion and Handrail Requirements) 



3. The details of the design shall be developed through the use of renderings during the 
design review phase. Final arrangement of the stanchions and handrails shall be as 
approved at FDR. 



4. Stanchions and handrails shall comply with the following requirements: 



a. Material for stanchions and handrails shall be stainless steel tubing. Flanges, tees, 
and other fittings shall be stainless steel or anodized aluminum. 



b. Stanchions and handrails shall be 1.25 inches to 1.5 inches OD and shall have a 
minimum of 1.5 inches knuckle clearance from the nearest adjacent surface. 



c. The finish on handholds shall be 320 grit or finer. 



d. Powder coating is prohibited. 
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e. All fasteners shall be flush or recessed. Welding as a joining method is prohibited. 



f. The design shall be free of sharp edges. 



5. Vertical stanchions shall comply with the following requirements: 



a. Vertical stanchions shall be installed on the sidewall at each wheelchair area and 
aisle-side transverse seat between the seat handgrip and ceiling. The stanchion aisle 
protrusion shall be minimal to avoid interference with passengers in the aisle. 



b. A vertical stanchion shall be installed at the non-doorway end of every longitudinal 
seat between the seat frame bottom and ceiling, except at the A-car F-end 
longitudinal seat. An angled handrail with horizontal bottom piece shall be installed 
between the vertical stanchion and backrest frame. 



c. Vertical stanchions shall be capable of sustaining a horizontal load of 500 lbf, applied 
midway between supports, and in any direction, without permanent deformation. 



6. Horizontal handrails shall comply with the following requirements: 



a. Horizontal handrails shall not have spring loaded/retractable grab handles located 
above transverse seating, as shown in the following Contract Drawings: 



• 8000-06, 7k Interior Arrangement - F-End/A-Car 
• 8000-07, 7k Interior Arrangement - Center of Car 
• 8000-08, 7k Interior Arrangement - R-End 
• 8000-09, 7k Interior Arrangement - Full Car. 



b. Horizontal handrails shall be capable of sustaining a vertical load of 110 lbf per lineal 
foot applied at any angle from vertical to 45 degrees, located midway between 
support, and at any position around the perimeter of the handrail without 
permanent deformation. 



7. Attachment of stanchions, handrails, and grab handles to the carbody structure shall 
comply with the APTA PR-CS-S-006-98. In the case of conflict between the above 
requirements and the APTA Standards, the most stringent requirement shall prevail. 



10.15.4 Modesty Panels 



A framed glass modesty panel with the Authority’s logo shall be provided at entrance 
doorways adjacent to a longitudinal seat: 



1. Modesty panels shall be designed to discourage passengers from sitting on their upper 
edges. 



2. The strength of the modesty panels shall comply with APTA PR-CS-S-006-98. 



3. Modesty panels shall be easily replaceable. 



4. A vertical stanchion shall be provided at the aisle edge of the modesty panel. 
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10.15.5 Moldings 



Use of moldings shall be minimized and only as approved.  “Snap-on,” “H-type,” plastic insert, 
or other approved types having no exposed fasteners shall be used. Moldings shall be a color 
and gloss that matches the adjacent lining. 



10.15.6 Lighting Fixture Supports 



Lighting fixtures shall be supported from the car structure, not from linings. 



10.15.7 Ceiling 



Contractor shall comply with the following requirements: 



1. Ceiling panels shall provide adequate thermal and acoustical insulation, and shall be 
adequately supported, with flatness better than 0.0625 inch over a 3-foot span in all 
directions, and the panels shall not sag. Ceiling panel material shall be submitted for 
approval.  



2. Transverse joints shall be minimized, and at worst spaced no closer than 4 feet apart. 
Longitudinal joints in the low ceiling area are permissible only at light fixtures and the 
evaporator coil access panel. 



3. The low ceiling at the car ends shall be composed of the minimum number of pieces 
consistent with the need for access to equipment. 



4. Ceiling panels shall be designed to be removable with the removal of no more than two 
adjacent panels. 



10.15.8 Window Masks 



Contractor shall comply with the following requirements: 



1. Window masks shall be so shaped as to eliminate dirt collecting surfaces. 



2. Warm air discharge outlet holes shall have a maximum diameter of 0.21875 inch. 



3. If the window glazing and mounting arrangement will not permit discharge outlet 
holes, the outlet holes shall be located in the vertical lining surface. 



10.15.9 Lining Panels 



Contractor shall comply with the following requirements: 



1. Side and end linings below window masks shall be 0.125-inch thick, integrally colored 
approved material with added fire retardant. Joints in the lining panels are permitted 
only behind back-to-back seats.  Use of trim is subject to approval. 



2. Linings and structure shall be assembled in a manner that eliminates any possibility of 
sagging, squeaking or drumming once installed, and to accommodate the dynamics of 
car movement without transmitting stress to the liners. 
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3. “Anti-squeak” tape, or approved equal, shall be used between linings and any structure 
to which they are attached or with which they come in contact. The anti-squeak tape 
shall be reliably secured to prevent displacement. 



4. Lining panels shall conform to the following strength requirements: 



a. Panels shall not deflect more than 1% of the short span length when a centrally 
applied load of 50 lbf on a contact area not more than 4-inches square is applied. 



b. Panels shall not deflect more than 1% of the short span length when a uniform 
pressure of 30 lb per square foot is applied. 



c. The panel shall not permanently deform or crack when a 20 foot-pound impact load 
is applied uniformly over an area of 2 square inches. 



10.15.10 Access Panels 



Access to all apparatus mounted within the carbody shall be provided by the use of access 
panels or doors. 



1. Where linings cover apparatus requiring even infrequent maintenance, they shall be 
fastened with captive, tamperproof machine screws, designed to allow ready removal 
and replacement. 



2. It shall not be necessary to remove cab partitions to maintain any part of the HVAC 
equipment. 



10.15.11 Door Pockets 



Door pockets shall be constructed, from the floor to the ceiling, with sufficient strength/support 
to the main structure, to bear passenger load under the most extreme conditions. Door pocket 
material shall be subject to approval. 



The passenger compartment facing shall continue, without joints, to junctions with the window 
mask, the lining panel, and the windscreen. 



10.15.12 Valance Door Arrangement 



Hinged valance panels above and adjacent to passenger side door openings shall be provided 
for valance-mounted side door operators, as described in Section 13.2, Side Door Operators. 



1. The valance panels above passenger doors shall be of sufficient strength to support 
mounted equipment, and shall not sag. 



2. The locking assembly shall be of sufficient strength to prevent deflection under 
passenger load/passenger leaning on valance panel. 



3. Valance panels providing access to the door cutout mechanism shall be secured using a 
half-hinge design and captive, half-turn, hand operated fasteners. Adjacent hinged 
valance panels shall be secured using captive, Allen key quarter-turn fasteners. 
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4. Two safety straps shall be provide for each of the valance panels: 



a. The straps shall be located at approximately the quarter points of the panels and 
shall be as short possible without causing interference with the operation of the 
panels or side door mechanism. 



b. At least one end of the strap shall be removable so that the panel can be completely 
removed from the carbody for maintenance. 



10.15.13 Lining Repair Procedures 



Repair procedures for all lining materials shall be submitted for approval, with submission of 
the first liner drawings using that material. (CDRL 10-19, Repair Procedure for Lining 
Materials) 



Painting is not an acceptable repair procedure. 



10.15.14 Disabled User Accommodations 



Access to the cars for mobility impaired persons, including mobility-aid users, shall be provided 
through the side doors. 



The designated areas for mobility-aid parking shall be located adjacent to the center entrances, 
each having a minimum clear space of 48 inches by 30 inches. A large handicapped symbol, 
blue with black graphic, shall be incorporated in the floor covering material. 



10.16 INTERIOR ACCESSORIES 



10.16.1 Locks and Keys 



The total quantity of control keys, door keys, Daily Safety Test Panel keys and police keys 
required for cars to be supplied under this Contract shall be delivered to the Authority’s 
designated location at the time of delivery of the Pilot Cars. 



1. Two control keys and two door keys shall be provided for each car. 



2. One Daily Safety Test Panel key and one police key shall be provided for each A-car. 



Additional keys for option quantities of cars shall be delivered with the first married pair of that 
option. 



10.16.1.1 Control Key 



This key shall operate the control lock of the Operator’s console and the control lock of the 
Hostler Panel. 



10.16.1.2 Door Key 



The door key shall operate all access panels, doors, and cabinets, as deemed necessary during 
design reviews. At a minimum, this key shall operate the following: 



1. Cab door lock 
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2. Left cab door lock 



3. Body end door lock 



4. Outside environmental control key switch 



5. Door and environmental control key switch in the Auxiliary Control Panel 



6. Interior and exterior door crew switches  



7. ATC equipment cabinet 



8. Hostler Control Panel access door 



9. B-car Auxiliary Panel access door 



10. B-car Emergency Equipment Locker 



10.16.1.3 Other Keys 



The Daily Safety Test Panel key shall operate the DST Panel and TCD maintenance switch. 



The police key shall operate the CCTV monitor access panel in the Operator’s cab. 



10.16.1.4 Lock Type 



The car shall be keyed to use Vapor-style keys. The Contractor shall provide a sample of each of 
the three types of keys (control, Daily Safety Test and door) for the Authority’s approval. 



The CCTV monitor panel shall use a new keyset, licensed solely to the Authority. The keyset 
shall be submitted for approval. (CDRL 10-20, Keys) 



10.16.2 Fire Extinguisher 



Two UL or CE certified rechargeable fire extinguishers shall be provided in each car: 



1. Each fire extinguisher shall contain 10 lb of ABC dry chemical and shall be equipped 
with a pressure gauge. 



2. One extinguisher shall be mounted in the Operator’s cab, and the other shall be 
mounted at the R-end of the car, beneath the rearmost seat on the left side of the car and 
accessible to passengers.  In the B-car, the F-end fire extinguisher shall be mounted 
under a seat adjacent to the F-end door. 



3. A placard indicating the location of R-end mounted fire extinguisher shall be mounted 
at a location approved by the Authority. The placard shall be 6 inches wide and have a 
red background with white, luminous printed letters and read “Fire Extinguisher” and a 
white arrow that points to the extinguisher’s location. The fire extinguishers shall bear 
the Authority’s name. 



4. Fire extinguishers shall be hydrostatically tested prior to initial filling and have tags 
indicating the inspection date and the inspector’s signature. 
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10.17 INTERIOR SIGNAGE 



10.17.1 Interior Sign Materials 



All interior signs and numbers shall be reverse silk screened with black gloss paint on a durable 
polycarbonate plate, or approved equal. The plate shall be installed to adhere strongly to all 
surfaces. 



Decals, where used, shall be of a design that will adhere strongly to textured surfaces, shall be 
sealed on all edges, and shall be printed on the adhesive side to prevent rub off and 
deterioration from cleaning solutions. 



10.17.2 Interior Sign Style 



Unless otherwise specified, all lettering on signs visible to the public shall be Helvetica 
Medium, upper and lower case. The passenger call station sign shall be all upper case. 



10.17.3 Interior Car Numbers 



Car numbers shall start at 8000: 



1. Even numbers shall be assigned to A-cars, with the next higher odd number being 
assigned to the B-car in the married pair. 



2. Black gloss, 2-inch-high (or as approved), car numbers shall be applied conforming to 
the latest WMATA decal layout. 



10.17.4 Interior Door Labeling 



Side door leafs on each side of the car shall be numbered consecutively starting at the F-end. 



1. Doors on the right side of the car shall be numbered 1 to 6; doors on the left side of the 
car shall be numbered 7 to 12. 



2. Numbers (1-12) shall be 1.75 inch 3M #680CR-85, Helvetica Medium Font, applied at an 
approved location. 



10.17.5 Maps and Advertising Cards 



Frames for the display of Metro system maps shall be provided at Door Pockets 2, 3, 10 and 11, 
and on the left side of the cab partition. 



1. The frame assemblies shall be manufactured of aluminum extrusion with powder 
coating to match the interior paneling in color. 



2. The frame assemblies shall have a clear polycarbonate protective sheet to protect the 
replaceable map, and the edges of the frame shall provide a seal to prevent the entrance 
of dirt, dust, and moisture. 



3. At door Pockets 2 and 11, map inserts are approximately 31.5 inches wide by 36.5 inches 
high. 
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4. At Door Pockets 3 and 10, map inserts are 31.5 inches wide and 33.5 inches high, and 
may contain a notch to accommodate the passenger emergency release handle specified 
in Section 13.3.4, Emergency Door Operation. The enclosure shall provide for 
continuous seal in the notched area around the emergency door release handle. 



5. The enclosure shall provide for periodic removal and replacement of the maps.   



6. Maps will be furnished and installed by the Authority after delivery of the cars. 



Frames for the display of advertising cards shall be provided at Door Pockets 5, 6, 7 and 8 and 
the right side of the cab partition. 



1. Standard advertising cards are 21-inches wide by 22-inches high. 



2. The advertising cards shall be insertable from the front of the frame by simple 
manipulation of the card. 



10.17.6 Passenger Notices 



Passenger notices, listed in Exhibit 10-4, shall be applied at the locations shown.  Signage will 
include graphics in addition to lettered and numbered indications.  Final type, location, and 
quantity of all signage shall be determined during design reviews. 



Exhibit 10-4, Passenger Notices 



Wording and Arrangement Location/Color/Notes 



PLEASE DO NOT LEAN ON DOOR Over each side door and on passenger side of 
cab door. Black Gloss 



No Passage Except in Emergency On the door closer of each end door. Red Gloss 
#Prohibition Signage – Top Script: The 
following are strictly prohibited in the Metrorail 
system. Bottom Script: It’s the law. Violation is 
punishable by fine and/or jail. Center Symbols 
with Script, Left to Right: No Smoking, No 
Eating or Drinking, No Animals Except Service 
Animals. No Audio/Video without Earphones, 
No Littering, No Dangerous or Flammable 
Items. 



# 2 per car, in the left-front and right-rear 
advertising space in top door valence. 
 
Material:  3M Controltac Graphic Film with 
Comply v2 Adhesive #180Cv.2 



PRIORITY SEATING Federal Law requires that 
these seats be available to passengers with 
disabilities and to the elderly. 



Over the longitudinal seats adjacent to Doors 4 
and 9  
Black Gloss Letter size and spacing shall meet 
the latest ADA requirements 



For Emergency Only Push to Talk This is Car 
“XXXX” 



Adjacent to each passenger call station  
Red Gloss, Raised Letters, Braille Note–insert 
Car Number for “XXXX” 



EMERGENCY DOOR RELEASE LIFT COVER 
PULL HANDLE DOWN 



On the cover of the passenger emergency door 
release lever for Doors 3 and 10  
Red Gloss 



International Symbol of Accessibility Adjacent to Doors 3 and 10. 
No Bicycles at Center Doors Inside and outside center door windows 
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10.18 EXTERIOR SIGNS 



10.18.1 Logotype 



A reflective decal based on the Authority’s Logotype shall be applied to the outside of the A-car 
between the F-end and Doors 1 and 2 and between the F-end and Doors 7 and 8. The details of 
the logotype design, including pattern, size and color, shall be submitted for approval. 



10.18.2 Exterior Car Number 



The car number shall be applied on both sides of the car at both ends and in a longitudinal 
direction on the roof. Final locations shall be determined during design reviews. 



Format shall be a black rectangle with white numbers. 



10.18.3 Exterior Sign Materials 



Except as specified or approved otherwise, exterior signs and numbers shall be of exterior-type 
reflective, decorative vinyl film, 3M# 680CR-85, Helvetica Medium Font, 5-inch numbers. 
Where a logotype is applied to vinyl film, it shall be protected by the final lamination of clear 
vinyl film.  Edges of the film shall be sealed. 



10.19 RAPID IDENTIFICATION COATING 



To aid in the rapid identification of various control points, the following apparatus on each car 
shall have a permanent coating that matches OSHA Orange paint (DuPont No. 93-082-DH, or 
approved equal), or shall be painted with the same.  This list may be adjusted to reflect the final 
design of the car : 



1. One coupler gathering horn:  Front end 



2. Two coupler electric head covers:  Front end 



3. One manual uncoupling lever handle 



4. One trainline isolation switch handle:  Under cab 



5. Two air-actuated rotary switch control handles:  Under cab 



6. Eight brake actuator unit “flags” and their sixteen (16) notches 



7. Six interior side door manual emergency release handles 



8. Two exterior side door manual emergency release handles 
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10.20 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 10-1, Material Specifications ......................................................................................................... 2 
CDRL 10-2, Exterior Finish, Corrugation Details, and Samples .......................................................... 3 
CDRL 10-3, Weld Procedures – Stainless Steel to HSLA ...................................................................... 4 
CDRL 10-4, Jacking Stress Analysis ......................................................................................................... 9 
CDRL 10-5, Strain Measurement Test-Fatigue Life Assessment ....................................................... 10 
CDRL 10-6, Preliminary Stress Analysis of Carbody, Underframe, and Equipment Supports.... 11 
CDRL 10-7, Final Stress Analysis of Carbody, Underframe, and Equipment Supports ................ 12 
CDRL 10-8, Finite Element Analysis Model Report ............................................................................ 13 
CDRL 10-9, Finite Element Analysis Report ........................................................................................ 13 
CDRL 10-10, Preliminary and Final Crashworthiness Analysis ....................................................... 17 
CDRL 10-11, Crashworthiness Design Verification ............................................................................ 17 
CDRL 10-12, Cab End Contour Details ................................................................................................. 20 
CDRL 10-13, Plan for Bolts in Tension (Underframe) ......................................................................... 23 
CDRL 10-14, Insulation Design Demonstration .................................................................................. 36 
CDRL 10-15, Cab End Window Design ................................................................................................ 39 
CDRL 10-16, Seat Dimensions ................................................................................................................ 41 
CDRL 10-17, Interior Materials Data and Samples ............................................................................. 44 
CDRL 10-18, Compliance with Stanchion and Handrail Requirements .......................................... 44 
CDRL 10-19, Repair Procedure for Lining Materials .......................................................................... 48 
CDRL 10-20, Keys .................................................................................................................................... 49 
 



10.21 REFERENCED STANDARDS 



Aluminum Association Aluminum Design Manual 



APTA PR-CS-S-004-98 Standard for Austenitic Stainless Steel for Railroad 
Passenger Equipment 



APTA PR-PS-S-004-99 Standard for Low-Location Exit Path Marking 



APTA PR-CS-S-006-98 Standard for Attachment Strength of Interior Fittings for 
Passenger Railroad Equipment 



APTA PR-CS-S-016-99 Standard for Passenger Seats in Passenger Rail Cars 



APTA PR-CS-S-034-99 Standard for the Design and Construction of Passenger 
Railroad Rolling Stock 



ASME RT-2 Safety Standard for Structural Requirements for Heavy 
Rail Transit Vehicles 



ASTM A480/A480M Standard Specification for General Requirements for Flat-
Rolled Stainless and Heat-Resisting Steel Plate, Sheet, and 
Strip 
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ASTM D2047 Standard Test Method for Static Coefficient of Friction of 
Polish-Coated Flooring Surfaces as Measured by the James 
Machine 



AWS D1.1/D1.1M Structural Welding Code - Steel 



AWS D1.6/D1.6M Structural Welding Code - Stainless Steel 



NFPA 130 Standard for Fixed Guideway Transit and Passenger Rail 
Systems 



SAE J1050 Describing and Measuring the Driver’s Field of View 
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11.1 GENERAL 



11.1.1 Configuration 



Each A-car shall feature a full-width Operator's cab at the F-end of the car. Each cab shall be 
identically equipped with an Operator's console, all switches, pushbuttons, controls, indicators, 
other apparatus, and equipment required to operate a train consist of any operable length.  



Each B-car shall be equipped with a secured Hostler Control Area at the F-end of the car. Each 
Hostler Control Area shall be identically equipped with a Hostler Panel, switches, pushbuttons, 
controls and indicators required to operate a train consist of any operable length. 



11.1.2 General Prohibitions and Requirements 



Contractor shall comply with the following requirements: 



1. Cabs and Hostler Control Areas shall be free of sharp edges, protruding objects, safety 
hazards, and floor obstructions. 



2. All surfaces shall be sloped such that there are no areas in which liquid, paper, and other 
debris could accumulate. 



3. Control and indication equipment shall be contained within the area of the Operator's 
cab and Hostler Panel. 



4. All pushbuttons and indicators shall be uniform in style. Insofar as possible, all 
pushbuttons and indicators shall be of the same manufacture. 



5. Glare on the inside of the windshield shall be minimized and shall not be affected by 
passenger compartment lighting. All control and indication equipment throughout the 
Operator's cab and Hostler Control Area shall be clearly visible and intelligible under all 
possible lighting conditions.  Visibility evaluations shall be made part of design reviews 
and FAIs. 



11.1.3 Equipment Access 



Equipment requiring scheduled access shall be readily accessible through hinged access panels, 
sized and located for convenient opening. 



1. Cabinet and access panel doors shall have stainless steel piano hinges and locks operable 
by the standard door key. 



2. Ceiling access panels shall be equipped with safety devices to prevent sudden dropping. 
They shall be supported by hangers welded to the roof structure, and shall be 
adequately supported to prevent sagging and drumming. 



3. The number of access panels shall be kept to a minimum, consistent with functional 
requirements.  
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11.2 LAYOUT 



The full width of the A-car F-end shall be designated the Operator's Cab. The side of the cab 
containing the Operator's console shall be designated the right side; the other side the left side. 



The full width of the B-car F-end shall be designated the Hostler Control Area. The side of the F-
end containing the Hostler Panel shall be designated the right side; the other side the left side. 



11.2.1 Cab Layout 



Contractor shall comply with the following requirements: 



1. The Operator's console shall be located to the right of the longitudinal centerline when 
viewed from inside the car. 



2. The cab shall have sliding windows on each side, both of which shall be easily accessible 
by the Operator. 



3. Door control switches shall be provided in the side walls close enough to the side 
window to allow the Operator to open or close the doors on that side while looking out 
the window. 



4. The partition walls between the Operator's cab and the passenger area shall not include 
windows. The right side partition wall shall include circuit breaker panels. The left side 
partition wall shall include an equipment locker. 



5. The cab door shall be centrally located and have one window. 



6. Air grilles for recirculated air shall not be located within the Operator's cab. 



7. The Contractor shall use the engineering mock-ups during development and refinement 
of the Operator's cab layout. 



a. Cab partition walls, doors, windows, Operator's seat and associated equipment shall 
be included as parts of the soft mock-up of the Operator's cab. 



b. All Operator control and indication interfaces shall be included in the full size mock-
up of the A-car. 



11.2.2 Hostler Control Area Layout 



Contractor shall comply with the following requirements: 



1. The Hostler Panel shall be located to the right of the longitudinal centerline when 
viewed from inside the car. The panel shall be integrated into the collision post interior 
molding of the F-end doorway. The panel shall be mounted at a height clear of the 
seating, but below a standing Operator's line of sight. 



2. The panel door shall be of a vandal-resistant type, lockable with the standard door key, 
and hinged at the right side so that the door swings outward and does not interfere with 
panel access and operation. The door shall be hinged in a manner that allows the door to 
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rotate 3/4 of a turn and be positively held in the open position. The inside of the door 
shall have a dull finish to prevent reflection. 



3. A vertical grab bar for use while operating via the Hostler Panel controls shall be 
provided as specified in Section 10.10.4.1, Handholds. The grab bar shall be positioned 
at a height and location suitable to assist the Operator in maintaining balance during 
train operation from the Hostler Panel. 



4. The Contractor shall use the engineering mock-ups during the development and 
refinement of the Hostler Control Area. The doors, windows, seating and associated 
equipment shall be included as parts of the soft mock-up of the Hostler Control Area. 



11.2.3 Layout Review 



The Contractor shall provide a conceptual design of the Operator's cab and Hostler Control 
Area for Authority approval at the Conceptual Design Review.  (CDRL 11-1, Layout)  The 
conceptual design shall compare the proposed layouts with the Contract Drawings. 



11.3 CAB DOORS 



Two manually operated doors shall be provided in the cab area. 



1. Both doors shall have a fixed window of sufficient size to provide a full view for the 
Operator. The glazing shall be supported directly in neoprene glazing strips, with no 
separate sash. 



2. The doors shall be free from rattles in both the closed and open positions. 



3. The doors, except for the glazed areas and grilles, shall be constructed of 0.5-inch thick 
plymetal, integrally-colored melamine-faced on both surfaces. Other construction 
techniques will be considered acceptable if approved by the Authority. 



4. One door (cab door), shall be hinged on the right side partition wall and serve to secure 
the Operator's console area when the cab is not used for operating the train, and to close 
off the cab area from passengers when the cab is used for operating the train. 



a. The cab door window shall be shielded or shaded in such a way as to eliminate 
disruptive reflections on the windshield originating from the passenger area. 



b. A sight-tight, louvered grille shall be provided in the lower portion of the door for 
ventilation. 



5. The other door (left cab door), shall be used to prevent passenger access to the left side 
cab area when the cab is not in use. 



a. The door shall be a sliding-type, sliding into a door pocket in the left partition wall. 
The door shall slide out of the pocket and rotate approximately 90 degrees to 
completely close off and securely lock the left side. 



b. The door shall have a reliable, low maintenance latching mechanism to securely hold 
it in the open position when the cab is in use. 
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c. A sight-tight, louvered grille shall be provided in the lower portion of the door for 
ventilation. 



d. An alternative design that achieves the same level of security is acceptable, upon 
Authority approval. 



6. The door locks shall consist of a vandal resistant dead bolt that is unlocked from the 
passenger side with the standard door key and with a quick release mechanism from 
within the closed area. The door designs shall be submitted for Authority approval. 
(CDRL 11-2, Cab Door) 



11.4 CAB SEATING 



Each cab shall be equipped with two seats, an Operator's seat and an auxiliary seat. 



11.4.1 Operator's Seat  



Each cab shall be equipped with an Operator's seat: 



1. The seat shall be of a design that has a proven history of successful transit service, and is 
similar to those in use on the Authority's existing cars. 



2. It shall be designed to maximize Operator comfort and be compatible with the space 
constraints of the cab. 



3. It shall comply with the requirements of APTA PR-CS-S-011-99. 



4. It shall be adjustable vertically between 18.5 inches to 22 inches above floor level, and in 
a forward/backward direction minimum 4 inches. 



5. The seat shall swivel 90 degrees from the forward facing position to the left, to face the 
car centerline. 



6. Seat adjustment controls shall be operable from the seated position. 



7. Seat adjustment handles shall be sufficiently robust to prevent damage from rough 
usage. 



11.4.2 Auxiliary Seat 



Each cab shall be equipped with an auxiliary seat, stowed when not in use. This seat shall be 
designed, constructed and installed to safely support a vertical force of 440 lb applied to the 
center of the seat in the down position. 



11.4.3 Seating Design  



The design of both the Operator's seat and auxiliary seat with seat covering materials and color 
samples shall be submitted for approval. (CDRL 11-3, Operator’s and Auxiliary Seat Design 
and Material Samples) 



Both seats shall be demonstrated in the A-car full size mock-up. 











Section 11, Operator’s Cab 



WMATA 8000 Series Railcars  11-5  Technical Specifications 



11.5 FUNCTIONAL ARRANGEMENT 



The general arrangement of the cab, console layout, equipment and preferred locations for the 
cab control and indication functions are shown in the following Contract Drawings:  



1. 8000-15, 7k Operators Cab - Console 



2. 8000-16, 7k Operators Cab - Right Side 



3. 8000-17, 7k Operators Cab - Left Side (A-car) 



4. 8000-18, 7k Operators Cab - Back Wall 



5. 8000-19, 7k Left Side of Cab 



6. 8000-20, 7k Left Cab Bulkhead 



The general arrangement of the Hostler Control Area, Hostler Panel layout and preferred 
locations for the control and indication functions are shown in the following Contract 
Drawings: 



1. 8000-10, 7k Interior F-end B-car Hostler Panel 



2. 8000-11, 7k Hostler Panel 



The design of the physical, mechanical, electrical and functional layout, arrangement and 
interfaces shall be submitted by the Contractor for Authority approval during the Preliminary 
Design Review. (CDRL 11-4, Design, Arrangement and Interfaces) The submittal shall include 
technical details, catalog cuts, and samples (where possible) of the proposed equipment. 



11.5.1 Operator's Cab Arrangement 



The Operator's cab shall encompass and enclose the following apparatus: 



1. Operator's Console: 



a. The Operator's console is located directly in front of the Operator. Reference 
Contract Drawing 8000-15, 7k Operators Cab - Console. 



b. It contains the controls and indicators required for operation of the train, consisting 
of three functional partitions: controls, indicators, and Train Control Display. 



c. The console design shall be such that critical controls are similar in form and 
function to those on the Authority's existing railcars (see Section 11.7.1, Console 
Controls, and Section 11.7.3, Console Annunciation). 



d. Controls shall be ergonomically located for Operator’s comfort and access in 
accordance with Section 11.6, Controls and Indicators. 
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2. Auxiliary Control Panel: 



a. The Auxiliary Control Panel is located on the side wall between the windshield and 
sliding window to the right of the Operator's console at the Operator's eye level. 
Reference Contract Drawing 8000-16, 7k Operators Cab - Right Side. 



b. It contains auxiliary control functions that support train operation. 



3. Overhead Auxiliary Panel. 



a. The Overhead Auxiliary Panel is located in front of the Operator above the 
windshield. 



b. It contains controls and indications for less frequently needed functions. 



4. Operator's Circuit Breaker Panel: 



a. The Operator's Circuit Breaker Panel is located on the right side partition wall 
behind the Operator. Reference Contract Drawing 8000-18, 7k Operators Cab - Back 
Wall. 



b. It contains circuit breakers for the car systems and subsystems. 



5. Trainline Circuit Breaker Panel: 



a. The Trainline Circuit Breaker Panel is located on the right side partition wall 
adjacent to the Operator's Circuit Breaker Panel. Reference Contract Drawing 8000-
18, 7k Operators Cab - Back Wall. 



b. It contains circuit breakers for trainlines. 



6. Daily Safety Test Panel: The panel contains a key lock switch for controlling the ATC 
Daily Safety Test. Not shown on Contract Drawings. 



7. Left Door Control and Emergency Stop Panel: 



a. The Left Door Control and Emergency Stop Panel is located on the side wall adjacent 
to the Emergency Equipment Locker at the same height as the Auxiliary Control 
Panel. Reference Contract Drawing 8000-19, 7k Left Side of Cab. 



b. It contains auxiliary controls that support train operation and an emergency stop 
button. 



8. Emergency Equipment Locker: 



a. The Emergency Equipment Locker is located in the left side of the cab below the F-
end window. Reference Contract Drawing  8000-19, 7k Left Side of Cab. 



b. It contains provision for stowage of emergency equipment. 



9. Equipment Locker: 



a. The Equipment Locker is located on the left side partition wall. Reference Contract 
Drawing 8000-20, 7k Left Cab Bulkhead. 
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b.  It contains equipment rack space. 



11.5.2 Hostler Control Area Arrangement 



The Hostler Control Area shall encompass and enclose the following apparatus: 



1. Hostler Panel:  



a. The Hostler Panel is located to the right of the F-end doorway. Reference Contract 
Drawing 8000-11, 7k Hostler Panel. 



b. It contains controls and indications for operating from the B-car. 



2. Auxiliary Panel:  



a. The Auxiliary Panel is located on the right side of the car. Not shown on Contract 
Drawings. 



b. It contains controls and indications for less frequently needed functions such as 
circuit breakers and bypass switches. 



3. Emergency Equipment Locker: 



a. The Emergency Equipment Locker is located in the left side of Hostler Control Area 
below the forward most passenger seat. Not shown on Contract Drawings. 



b. It contains provision for stowage of emergency equipment. 



11.6 CONTROLS AND INDICATORS 



11.6.1 General Requirements 



11.6.1.1 Human Engineering 



Contractor shall comply with the following requirements: 



1. All controls in the cab and Hostler Control Area shall be located within easy reach of the 
Operator, ranging from a 5th percentile female to a 95th percentile male as defined by 
“The Measure of Man and Woman: Human Factors in Design” (“Measure of Man and 
Woman”). 



2. Switches and controls shall not pose a hazard to the Operator. 



3. Design and location of switches and pushbuttons shall preclude inadvertent activation. 



4. The function of each control and indicator shall be identified clearly. 



5. The position and identification of each control and indicator shall be visible at all times, 
including at night, in tunnels, and when the train is operating in direct sunlight. 



6. Sufficient contrast shall be provided between all displayed information and the 
background to ensure that the required information can be perceived by the Operator 
under all expected lighting conditions. 
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7. When an illuminated indicator is associated with a control, the indicator shall be located 
so that it can be associated with the control without error and shall be visible to the 
Operator during control operation. Indicators shall not be located where a control or the 
Operator's normal hand or arm position will obscure the indication. 



8. The Contractor shall demonstrate compliance with the principles of human engineering, 
as recommended in the cited references, during the soft mock-up of the Operator's cab 
and Hostler Control Area, the A-car mock-up, and the cab and Hostler Control Area 
First Article Inspections. (CDRL 11-5, Human Engineering Demonstration) 



9. The visibility, clarity and intelligibility of the Operator's cab and Hostler Panel controls 
and indications shall be demonstrated under varying lighting conditions, including 
direct light, during the full size mock-up of the A-car and First Article Inspections. 



10. Warning indications shall be located in the primary field of vision of the Operator. 



11. To the extent possible and appropriate, indications should be integrated with the Train 
Control Display. Warnings that require individual indication will be finalized during 
design review. 



12. Audio signals shall be sufficiently different from each other so that the Operator is 
readily able to recognize each of them. 



11.6.1.2 Lighting 



Direct or reflected light shall not make indicators appear illuminated when they are not, or 
appear extinguished when they are illuminated. 



1. Reflected glare shall be eliminated or minimized by proper placement of the indicator or 
display relative to the light source, use of a hood or shield, using a first surface 
treatment to minimize specular reflections, or other appropriate methods. 



2. Self-reflection shall be minimized by proper orientation of the indicator or display with 
respect to the observer. 



3. Bright light sources shall not be placed behind the Operator. 



4. General and supplementary lighting shall be used as appropriate to ensure that 
illumination is compatible with each task situation. 



5. Gauge, switch, and annunciator illumination shall be adjustable by a console light 
control switch. The range of the switch shall permit the displays to be legible under all 
expected lighting conditions. 
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11.6.1.3 Identification 



All controls and indicators shall be identified in a manner that is clearly and easily discernible 
to the Operator from the operational reading distances and in the specified vibration, motion 
and illumination environments. 



1. The size and style of lettering and symbols shall permit the Operator to distinguish their 
meaning in the time available for recognition. 



2. A common standard font shall be used. The font style shall allow discrimination of 
similar characters. 



3. Information shall be oriented horizontally so that it may be read left to right. 



4. Information shall be presented to the Operator in a directly usable form. 



5. Lettering shall be permanent and color shall contrast with the background.  Adhesive 
bonded tags or silk-screen painted identifications are not acceptable. 



6. Pushbuttons that are normally lighted shall have their legends engraved on the top 
surface or be marked in such a way that the legend is visible by reflected light as well as 
by internal illumination. 



7. All indicators, except combination pushbutton/indicators, shall display no wording 
unless illuminated from behind. 



11.6.1.4 Displayed Status 



Changes in displayed status shall signify changes in functional status rather than results of 
control actuation alone.  



11.6.1.5 Switches 



Contractor shall comply with the following requirements: 



1. Switches shall be heavy-duty pushbutton, rocker, or rotary (spring return to center) 
switches. The use of membrane switches is not acceptable except for the Train ID panel. 
The use of other types of switches shall be subject to approval. 



2. Pushbutton switches and combination pushbutton/indicators shall comply with the 
requirements of Section 24.23.3, Switches. 



3. Pushbuttons shall be of the barrier type to prevent undesired activation. 



4. Contacts shall be designed that they will not weld in service when used within their 
rating and will not bounce closed or open while the car is in motion. 



5. Pushbuttons or switches interfacing with the ATC system shall have double-break 
contacts unless otherwise specified. 



6. Switches shall be rear-mounted on hinged panels. 
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11.6.2 Train Operation Controls and Indications 



The Contractor shall develop an integrated cab and Hostler Control Area design that provides 
the functions listed in Exhibits 11-1 and 11-2. 



1. The controls and indications listed in Exhibit 11-1 shall be included in each Operator's 
cab as a minimum. 



2. The controls and indications listed in Exhibit 11-2 shall be included in each Hostler 
Control Area. 



3. The Contractor may propose alternate designs or locations, such as integrating functions 
into the Train Control Display, to improve the Operator interface with controls and 
indications. 



4. The Contractor shall incorporate any apparatus or function not contained in the 
Specifications that is found, during the engineering, construction and testing of the cars, 
to be necessary for the proper operation of the cars. 



5. The Contractor shall submit the detailed cab and Hostler Control Area control and 
indication design and layout for approval at the Final Design Review. (CDRL 11-6, 
Control and Indication Design) 
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Exhibit 11-1, Operator’s Cab – Train Operation Controls and Indications – Functional Description 
 



Location Definition 
Location: 
(1) Operator's Console 
(2) Auxiliary Control Panel 
(3)  
(4) Operator's Circuit Breaker Panel 
(5) Trainline Circuit Breaker Panel 
(6)  
(7) Left Door Control and Emergency Stop Panel 
(8) Emergency Equipment Locker 
(9) Equipment Locker 
(10) In the Cab 



 
Note: This list does not include communications functions or TCD controls as described in Section 22, Communication, and Section 
23, Monitoring and Diagnostics. 



Operator’s Cab – Train Operation Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature 



Location 
(see defn. 
above) 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



1. Control Lock 



Activates console for control of train. 
Sets up environmental control, door 
control, automatic train control, 
running lights, control and 
communications. Isolates all other 
master controllers in the train. 



Control Lock, 
Off, On (1) – – See Section 11.7.1.2, Control 



Lock  



2. 
Mode-
Direction 
Switch 



Selects mode of operation, either 
Automatic or Manual, and provides 
for direction reversal in Manual 
operation only. 



Mode-Direction 
Switch, 
Auto/Store, 
Man-Fwd, and 
Man-Rev 



(1) – – See Section 11.7.1.3, Mode-
Direction Switch 
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Operator’s Cab – Train Operation Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature 



Location 
(see defn. 
above) 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



3. Master 
Controller 



Controls propulsion and braking in 
Manual operation. 



P5, P4, P3, P2, 
P1, Coast, B1, 
B2, B3, B4, B5, 
Emergency, and 
Auto/Store 



(1) White – See Section 11.7.1.4, Master 
Controller 



4. Over-Travel 
Pushbutton 



Permits movement of Master 
Controller from Emergency to 
Auto/Store. Prevents emergency 
application when Master Controller 
(MC)  is moved from B5 through 
Emergency to Auto/Store. 



Over-Travel (1) – – See Section 11.7.1.4, Master 
Controller 



5. 
ATO Start 
Indicator/ 
Pushbutton 



Causes ATO operation to start if train 
is in ATO mode, but unstarted and 
non-zero code is being received. Also 
causes TWC to transmit ‘Train Ready’ 
message. 



ATO Start (1) – Green 



Lighted to indicate that train is 
in ATO mode, but that this 
button must be pushed in 
order to cause ATO operation 
to start. 



6. ATO Stop 
Pushbutton 



Stops ATO operation; applies full-
service (B4 rate) brake. ATO Stop (1) Red –  



7. Horn 
Pushbutton Immediately blows horn. Horn (1) – –  



8. Windshield 
Wiper Control Turns wiper on, controls wiper speed. 



Wiper, Off, 
Delay, Low, 
High 



(1) – – Provides full range of speed 
control plus parked position. 
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Operator’s Cab – Train Operation Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature 



Location 
(see defn. 
above) 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



9. 



Door and 
Environmental 
Control Key 
Switch 



Activates door control panel for 
operation. (This duplicates existing 
function of Control Lock and is 
primarily for mid-train door control). 
It also allows turning environmental 
controls on for a timed interval and 
turning environmental control off 
when it would otherwise remain on 
for timed interval. 



Door Control 
Key Switch; E.C. 
Off, Off, On 



(2) – – 



Environmental control is used 
for pre-cooling or pre-heating 
of train. Once environmental 
control is activated by turning 
key to On position, it remains 
so activated until timer expires 
or key is turned to E.C. Off 
position. 



10. 
Door Open 
Pushbuttons (2 
locations) 



Opens side doors on entire train.  
Forestalls automatic closing. Open Doors (2) 



(7) 
Red  
Red 



– 
–  



11. 
Door Close 
Pushbuttons  
(2 locations) 



Closes side doors on entire train.  
Forestalls automatic opening. Close Doors (2) 



(7) 
White 
White 



– 
–  



12. Doors Closed 
Indicator 



Indicates all side doors, both sides, 
are closed and locked. 



All Doors 
Closed 



(1) 
(7) – Green  



13. Door Control 
Selector Switch 



Selects mode of door operation; 
automatic, manual, or 
automatic/manual. 



Door Mode 
Selector; Auto, 
Auto/Man, Man 



(4) – – 



In Auto, doors are fully 
controlled by the ATC system, 
subject to manual override. In 
Auto/Man, doors are opened 
by ATC input and closed 
manually by Operator from 
any active door control panel. 
In Man, all ATC inputs are 
inhibited and doors are under 
full manual control by 
Operator from any active door 
control panel. 



14. Limiting Speed 
Indicator 



Indicates maximum speed allowed by 
ATP. Limiting Speed (1) Red –  
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Operator’s Cab – Train Operation Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature 



Location 
(see defn. 
above) 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



15. Regulated 
Speed Indicator 



Indicates input to ATO speed 
regulator. Regulated Speed (1) Yellow – 



Indicates either ATS or ATP 
speed command, whichever is 
lower. 



16. ATS Speed 
Error 



Indicates invalid or lack of ATS speed 
input. 



ATS Speed in 
Error (1) – Red ATO speed regulator will use 



ATP limiting speed value. 



17. Train Speed 
Indicator Indicates actual train speed. Train Speed (1) Yellow –  



18. Automatic 
Mode Indicator 



Indicates changeover relays are in 
position for automatic mode. Automatic (1) – Green  



19. Manual Mode 
Indicator 



Indicates changeover relays are in 
position for manual operation. Manual (1) – Amber  



20. ATP Cut-Out 
Indicator 



Indicates ATP has been cut out by 
ATP cut-out switch. ATP Cut Out (1) – Red  



21. Skip Stop 
Indicator 



Indicates station stop marker has 
commanded skip stop instead of 
programmed station stop. 



Station Stop 
Skip (1) – Amber  



22. 
Program 
Station Stop 
Indicator 



Indicates initiation of a programmed 
station stop. 



Program Station 
Stop (1) – Blue  



23. 
Program 
Station Stop 
Aborted 



Indicates that ATO has detected an 
inability to properly complete an 
automatic station stop. 



PSS Aborted (1) – Red 



Speed readout displays the 
following: 97, 98 or 99 will be 
displayed in the speed 
readout. Commanded speed 
will be 0. 



24. Brakes On 
Indicator 



Indicates friction brakes applied on 
entire train. Brakes On (1) – Amber  



25. Brakes Off 
Indicator 



Indicates friction brakes and hand 
brakes released on entire train. Brakes Off (1) – Green  



26. Motor Current 



Needle indicates acceleration current 
by movement to right of center and 
braking current by movement to left 
of center. 



Current, 
Acceleration 
and Braking 



(1) White –  
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Operator’s Cab – Train Operation Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature 



Location 
(see defn. 
above) 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



27. (not used)       



28. 
Doors By-
Passed 
Indicator 



Indicates door/traction interlock has 
been by-passed. 



Doors By-
Passed (1) – Red  



29. 
Headlight 
Dimming 
Switch 



Controls intensity of head-lights, 
bright or dim. High Beam (1) – Blue  



30. 
Emergency 
Stop Button 
(two locations) 



Applies emergency brake electrically 
by de-energization of emergency 
brake trainline. 



Emergency Stop (1) (7) – – See Section 16.4.6.2, 
Emergency Stop Button 



31. Train Lights 
On, Off Switch 



Energizes/de-energizes interior light 
control trainline. 



Car Lights; On, 
Off (2) – – 



Self-centering switch with 
momentary On and Off 
positions. 



 
32. 



End Overhead 
Lights Switch 
On, Off 



Permits cab ceiling lights to be turned 
off locally when interior light 
trainline is energized. 



Cab Ceiling 
Lights; On, Off   (2) – – Two-position toggle switch. 



33. Cab Light 
Switch Turns cab reading light on or off. Cab Light (1) – – See Section 19.1.6, Cab 



Lighting 



34. Console Light 
Control 



Controls brightness of console lights 
and has spring returned lamp test 
position. 



Console Lights; 
Low, Medium, 
High, Test 



(1) – – 



Provides three levels of 
brightness for console lights 
and indicator lights. Small 
flood lights at top of console 
are turned on when medium- 
or low-level is selected. 



35. Brake Cylinder 
Pressure Gauge Indicates brake cylinder pressure. Brake Cylinder 



Pressure (1) White – Indicates brake cylinder 
pressure on lead truck. 



37. Train Control 
Display   



Displays configuration screen and 
fault screen. 



Train Control 
Display (1) - - 



See Sections 11.7.2, Train 
Control Display and 23.2.5, 
Train Control Display 



38. 
Yard Horn and 
Signal Buzzer 
Pushbutton 



Immediately actuates Yard Horn, and 
sounds buzzer in all cabs. 



Yard Horn and 
Buzzer (2) – –  
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Operator’s Cab – Train Operation Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature 



Location 
(see defn. 
above) 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



39. Signal Buzzer Permits others onboard to signal to 
Operator and vice versa. Intercar Buzzer (1) – –  



40. (not used)       
41. (not used)       



42. 
Station Stop 
Cancel 
Pushbutton 



Cancels programmed station stop. Station Stop 
Cancel (1) – – 



Pushbutton shall be protected 
against unintended operation 
by a flip-up transparent cover 



43. Train Berthed 
Pushbutton 



Provide information to wayside that 
train is berthed and doors may be 
opened. 



Train Berthed (1) – – 
Used to facilitate automatic 
operation of doors when in 
manual operation, with ATP. 



44. 
ATS 
Acceleration 
Limit Indicator 



Indicates car is operating at reduced 
acceleration under control of ATS. Power Limit (1) – Amber  



45. Cab Heater 
Controls 



Turns heater on and controls heat in 
two steps. 2, independent switches. 



Cab Heat; Off, 
Medium, High (1) – – 



Consists of two switches for 
left and right side cab heat 
control 



46. (not used)       



47. 



No Fresh Air 
Intake 
Momentary 
Switch 



Inhibits fresh air from entering car. 
Emergency 
HVAC 
Shutdown 



(1)  Red See Section 18.4.7, No Fresh 
Air Intake Provision 



48. Overspeed 
Alarm 



Gives audible warning when train 
speed exceeds limiting speed. 



Overspeed 
Alarm (1) – – In manual operation with 



ATP. 



49. Train Identity 
Readout 



Indicates train number, train 
destination, and number of cars in 
train from ATS Input. 



Train Identity (1) Red –  



50. Train Identity 
Error 



Indicates possible error in train 
number. Error (1) – Red  



51. 
Train 
Destination 
Error 



Indicates possible error in train 
destination information. Error (1) – Red  
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Operator’s Cab – Train Operation Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature 



Location 
(see defn. 
above) 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



52. Train Identity 
Switch 



Provides for manual input of train 
destination, train number if ATS fails. Manual (1) – –  



53. Train Identity 
Selector Switch 



Isolates train identity switch output 
for automatic operation. 



Selector Switch; 
Auto, Manual (1) – – Switch is sealed in Auto 



position.   



54. 
Door/Traction 
Interlock 
Bypass Switch 



Bypasses door/traction interlock so 
that train can be moved if circuitry 
fails. 



Door Interlock; 
Normal, Bypass (4) – – 



Operator must revert to 
manual operation when 
switch is in Bypass position.  
Switch is normally in Normal 
position and sealed. 



55. ATP Cut-Out 
Switch Cuts out ATP.   ATP Cut-Out (9) – – See Section 11.15.1, ATP Cut-



Out Switch 



56. Horn Cut-out 
Valve Cuts out pneumatic Road Horn. Horn Cut-Out (9) - - 



Depress and rotate the valve 
from right to left to cut out the 
horn. 



57. 
Door Control 
Trainline Cut-
Out 



Disables trainline door control. 



Door Control 
T/L C/O; 
Normal, Cut-
Out 



(4) – –  



58. (not used)       



59. Dynamic Brake 
Cut-Out Cuts out dynamic brake on all cars. 



Dynamic Brake 
C/O; Normal, 
Cut-Out 



(4) – –  



60. 



Power Knock-
Out (Brake 
Release 
Interlock 
Bypass) 



Permits train to take power with 
either Friction Brake Applied or 
Holding Brake Applied signal present 



Power Knock-
Out; Normal, 
Bypass 



(4) – – Switch shall be sealed in 
normal position. 



61. Headlight 
Override 



Permits turning on headlights of car 
whose controls are not keyed on. 



Headlight 
Bypass; Normal, 
Bypass 



(4) – – 
Typically used on lead car 
when train is being controlled 
by some other car. 
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Operator’s Cab – Train Operation Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature 



Location 
(see defn. 
above) 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



62. 
Passenger Call 
Volume 
Control 



Provides continuous variation from 
10% to 100% of maximum volume at 
the passenger call cab speaker. 



Intercom 
Volume (1) – –  



63. Passenger Call 
Chime 



Alerts Operator to incoming call on 
passenger call system   (10) – – 



Activated by a pushbutton 
adjacent to each passenger call 
microphone. 



64. 
Passenger Call 
Talk Back 
Pushbutton 



Allows Operator to reply to a 
passenger call. Talk Intercom (1) – – 



When pushbutton is released, 
Operator will hear 
conversation from passenger. 



65. 
Passenger Call 
Reset 
Pushbutton 



Disconnects activated passenger call 
station. Reset Intercom (1) – White 



Annunciator lamp indication 
button is lighted when any 
pushbutton adjacent to a 
passenger call microphone is 
depressed.  Remains 
illuminated until Reset 
pushbutton is depressed. 



66. Passenger Call 
Speaker 



Allows Operator to hear a passenger 
call.  (10) – – See Section 22.3.4, Cab 



Speakers 



67. 
Local Public 
Address Push-
button 



Activates public address system. Talk PA (1) 
(7) – – 



Pushbutton must be held 
depressed while 
announcement is being made. 



68. 
Radio Public 
Address Push-
button 



Provides for train announcement over 
public address system from train 
radio input. 



Radio PA (1) – – 
Pushbutton must be held 
depressed while 
announcement is being made. 



69. Radio Transmit 
Button 



Keys radio transmitter for outgoing 
message on train radio. Radio Transmit (1) – 



Green 
(Left Side) 
Red (Right 



Side) 



Green indicator denotes a 
received VHF signal.  
Red indicator denotes that 
transmitter is keyed. 



70. Microphone Input to radio, intercom and public 
address systems.  (1) - -  
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Operator’s Cab – Train Operation Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature 



Location 
(see defn. 
above) 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



71. Auxiliary 
Microphone  Input to public address system. Microphone (7) - - 



Allows Operator to broadcast 
PA announcements from cab 
left side. 



72. Radio Speaker Allows Operator to hear radio call.  (10)   See Section 22.3.4, Cab 
Speakers 



73. Destination 
Sign Control 



Permits override of automatic control 
of destination sign. 



Dest. Sign Input; 
Auto, Special, 
No Passengers 



(1) – –  



74. 
Uncoupling 
Actuator 
Switch 



Actuates uncoupling. 
Uncoupling 
Control; 
Actuator 



(2) – – See Section 12.1.4, Coupler 
Operation 



75. 



Coupler Head 
Switch 
Trainline 
normal/isolate 
switch 



Disconnects and isolates electrical 
trainlines, closes air connection 
Isolates discrete trainlines by opening 
drum switch 



Isolate Trainline, 
Connect Air (2) – – See Section 12.1.4, Coupler 



Operation 



76. 
Back End Code 
Present 
Indicator 



Indicates that back end code is being 
received. B.E.C. Indicator (1) – Red LED indicator. 



77. 
TWC 
Transmitting 
Indicator 



Indicates that the Carborne TWC 
Encoder is Transmitting. TWC Transmit (1) – Red 



LED indicator is activated 
when encoder is transmitting 
either a long or short message. 



78. TWC Receiving 
Indicator 



Indicates that the Carborne TWC 
Decoder is Receiving. TWC Receive (1) – Red 



LED indicator is activated 
when decoder is receiving 
either a long or short message. 



79. Emergency 
Brake Trainline 



Indicates that emergency brake 
trainline is energized. 



Emergency 
Brake TL 
Energized 



(1) – Red  



80. EAV Energized Indicates that Emergency Application 
Valve is energized. EAV Energized (1) – Red  
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Operator’s Cab – Train Operation Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature 



Location 
(see defn. 
above) 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



81. 
Regenerative 
Braking Cut-
Out 



Disconnects Regenerative Braking on 
all cars in train. 



Regenerative 
Brake C/O; 
Normal, Cut-out 



(4) – –  



82. 
Heated 
Windshield 
Pushbutton 



Activates the heated windshield for 
defrosting. 



Windshield 
Heater (1) – Blue  



83. Destination 
Sign Readout Displays destination of train. Destination Sign (1) – Green  



84. Holding Brake 
Switch Applies and releases holding brake Holding Brake; 



Apply, Release (2) - Red, 
Green 



See Section 16.4.12, Holding 
Brake Function 



85. Brake Fault 
Detected 



Indicates a blue light condition exists 
within the train. Brake Fault (1) – Blue  



86. 
Battery Breaker 
Tripped 
Indicator 



Indicates battery circuit breaker 
tripped within the train. 



Battery Breaker 
Trip (1) – Red 



Illuminates and remains 
illuminated if battery circuit 
breaker has tripped on any car 
in train.  Also, lights locally on 
any car on which battery 
circuit breaker has tripped. 



87 Odometer Displays the cumulative mileage of 
the railcar pair Odometer (3) - - Numeric display 



88        



89 Line Voltage Displays third rail line voltage Third Rail Volt 
Meter (1) -  Numeric display – volts 



90 Line Current Displays current draw/feed from or 
to third rail 



Third Rail 
Current Meter (1) -  Numeric display  - +/- amps 



91 Full Service 
Brake Trainline 



Indicates that full service brake 
trainline is energized. 



Full Service 
Brake TL 
Energized 



(1)  Red See Section 16.4.6.3, Status 
Indicators 



92 
F-end Holding 
Brake 
RELEASED 



Indicates that the holding brake 
actuators are fully released either as 
the result of a command or from the 
use of the manual cutouts. 



F-end Holding 
Brakes Released (2)  Green See Section 16.4.12, Holding 



Brake Function 
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Operator’s Cab – Train Operation Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature 



Location 
(see defn. 
above) 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



93 
R-end Holding 
Brakes 
RELEASED 



Indicates that the holding brake 
actuators are fully released either as 
the result of a command or from the 
use of the manual cutouts. 



F-end Holding 
Brakes Released (2)  Green See Section 16.4.12, Holding 



Brake Function 



94 Car Wash 
Pushbutton 



Provides low speed for operation 
through car wash. Car Wash (1) – – 



Momentary Pushbutton. See 
Section 15.6.8, Car Wash 
Speed Control 



95 
Manual Door 
Enable 
Indicator 



Indicates door open PB is active when 
illuminated  (2) (7) - Green  



96 



Zero Speed 
Bypass Switch 
and Indicating 
Light 



Bypasses ATC Zero Speed Function  (4)  Green 



Green light illuminated – ATC 
zero speed function is 
operating correctly.  Used in 
the event of ATC failure, 
green light not illuminated 



97 
White Light 
Acknowledge 
Switch 



Used for ATO, allows ATO to release 
brakes in event of a brake fault  (4)   Momentary switch must be 



actuated when at zero speed 



98 
Battery Box 
Interlock 
Bypass Switch 



Allows for train operation when 
battery box open indication is 
detected 



 (4)    



99 Electric Head 
Retract Switch 



When drum switch is in isolate 
position, this switch retracts the 
left/right electric heads 



 (2)    



100 



Electric 
Coupler 
Advance 
Inhibit Switch 
(ECAIS) 



When in the Inhibit position, the 
electric coupler contacts do not 
advance and engage until the ECAIS 
is returned to Normal position. 
Indicates Inhibit on TCD 



 (1)   See Section 12.1.4.1, Coupling, 
Item 5 



101 Trouble 
Indicator 



Indicates critical fault message on 
TCD  (1)  Red  
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Exhibit 11-2, Hostler Control Area Controls and Indications – Functional Description 
Location Definition: 



Location: 
(1) Hostler Panel 
(2) Auxiliary Panel 
(3) Emergency Equipment Locker 



 



Hostler Control Area Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature Location 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



1. Control Lock 



Activates Hostler panel 
console for control of train. 
Sets up environmental 
control, door control, 
automatic train control, 
running lights, control and 
communications. Isolates all 
other master controllers in 
the train. 



Off, On (1) – – See Section 11.16.2.1, 
Control Lock  



2. Hostler 
Controller 



Controls propulsion and 
braking. Power, Coast, Brake (1) - – See Section 11.16.2.2, 



Hostler Controller 



3. Emergency 
Stop Button 



Applies emergency brake 
electrically by de-
energization of emergency 
brake trainline. 



Stop (1) – – See Section 16.4.6.2, 
Emergency Stop Button 



4. Reverse 
Pushbutton 



Controls reverse movement 
of train. Reverse (1) - - 



Red Momentary 
Pushbutton. See Section 
11.16.2.3, Reverse 



5. Uncouple 
Switch Actuates uncoupling Uncouple (1) - - 



Dark Blue Momentary 
Pushbutton. See Section 
12.1.4, Coupler 
Operation 
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Hostler Control Area Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature Location 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



6. Car Wash 
Pushbutton 



Provides low speed for 
operation through car wash. Car Wash (1) – – 



Blue Momentary 
Pushbutton. See Section 
15.6.8, Car Wash Speed 
Control 



7. Road Horn 
Pushbutton 



Immediately blows Road 
Horn. Road (1) – – 



Red Momentary 
Pushbutton. See Section 
11.18.2, Road Horn 



8. 
Yard Horn and 
Signal Buzzer 
Pushbutton 



Immediately actuates Yard 
Horn, and sounds buzzer in 
all cabs. 



Yard (1) – – 
Blue Momentary 
Pushbutton. See Section 
11.18.3, Yard Horn 



9. Windshield 
Wiper Control 



Turns wiper on, controls 
wiper speed. Wiper, Off, Low, High (1) – – 



Provides range of speed 
control plus parked 
position. See Section 
11.19.1, Windshield 
Wiper. 



10. 
Left Door 
Open 
Pushbutton  



Opens left side doors on 
entire train. Left, Open (1) - – Red Momentary 



Pushbutton 



11. 
Right Door 
Open 
Pushbutton 



Opens right side doors on 
entire train. Right, Open (1) - - Red Momentary 



Pushbutton 



12. Door Close 
Pushbutton 



Closes side doors on entire 
train. All, Close (1) - – 



– 
Green Momentary 
Pushbutton 



13. Holding Brake 
Switch 



Applies and releases holding 
brake 



Holding Brake, Apply, 
Release (1)  Red, 



Green 
See Section 16.4.12, 
Holding Brake Function 



14. Public Address  
Pushbutton 



Activates public address 
system. Talk (1) – – 



Pushbutton must be 
held depressed while 
announcement is being 
made. 



15. Microphone Input to public address 
system and cab intercom.  (1)    











Section 11, Operator’s Cab 



WMATA 8000 Series Railcars   11-24  Technical Specifications 



Hostler Control Area Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature Location 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



 Speaker For Cab Intercom  (1)    



 Cab Intercom 
Controls For cab intercom  (1)    



16. Doors Closed 
Indicator 



Indicates all side doors, both 
sides, are closed and locked. All Doors Closed (1) – Green  



17. (not used)       



18. Brakes Off 
Indicator 



Indicates friction brakes and 
holding brakes released on 
entire train. 



Brakes Off (1) – Green See Section 16.3.3.2, 
Brake Released 



19. Brakes On 
Indicator 



Indicates friction brakes 
applied on entire train. Brakes On (1) – Amber See Section 16.3.3.1, 



Brake Check (Applied) 



20. High/Low 
Beam 



Allows the Operator to select 
high or low beam headlights High Beam (1)    



21 Overspeed 
Alarm 



Gives audible warning when 
train speed exceeds limiting 
speed. 



Overspeed (1) – –  



22 
Door/Traction 
Interlock 
Bypass Switch 



Bypasses door/traction 
interlock so that train can be 
moved without All Doors 
Closed indication. 



Door Interlock; 
Normal, Bypass (2) – – 



See Section 15.7.7, 
Door/Traction 
Interlock. Switch is 
sealed in Normal 
position. 



23 



Power Knock-
Out (Brake 
Release 
Interlock 
Bypass) 



Permits train to take power 
with either Friction Brake 
Applied or Holding Brake 
Applied signal present. 



Power Knockout; 
Normal, Bypass (2) – – Switch is sealed in 



Normal position. 



24 (not used)       
25 (not used)       
26 (not used)       



27 ATP Cut-Out 
Indicator 



Indicates ATP has been cut 
out by ATP cut-out switch. ATP Cut-Out (1) – Red  
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Hostler Control Area Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature Location 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



28 Horn Cut-Out 
Valve 



Cuts out pneumatic Road 
Horn. Horn Cut-Out (3) - - 



Depress and rotate the 
valve from right to left 
to cut out the horn. 



29. Emergency 
Brake Trainline 



Indicates that emergency 
brake trainline is energized. 



Emergency Brake TL 
Energized (2) – Green See Section 16.4.6.3, 



Status Indicators 



30. EAV Energized 
Indicates that Emergency 
Application Valve is 
energized. 



EAV Energized (2) – Green See Section 16.4.6.3, 
Status Indicators 



31 Full Service 
Brake Trainline 



Indicates that full service 
brake trainline is energized. 



Full Service Brake TL 
Energized (2) – Red See Section 16.4.6.3, 



Status Indicators 



32 F-end Holding 
Brake Released 



Indicates that the holding 
brake actuators are fully 
released either as the result 
of a command or from the 
use of the manual cutouts. 



F-end Holding Brakes  
Released (2)  Green See Section 16.4.12, 



Holding Brake Function 



33 
R-end Holding 
Brakes 
Released 



Indicates that the holding 
brake actuators are fully 
released either as the result 
of a command or from the 
use of the manual cutouts. 



F-end Holding Brakes 
Released (2)  Green See Section 16.4.12, 



Holding Brake Function 



34 Speedometer Indicates actual train speed mph (1) - Yellow Two-digit, seven-
segment LED display 



36 Trouble 
Indicator 



Indicates trouble message 
pending on TCD  (1)    



37 Overhead 
Light Switch 



With HP keyed-up, allows 
lights in the HP area to be 
turned off 



 (1)    



38 
Trainline 
Normal/Isolate 
Switch 



Isolates discrete trainlines by 
opening drum switch  (1)    
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Hostler Control Area Controls and Indications – Functional Description 



Item 
No. Control Function Nomenclature Location 



Normal 
Color 



Lighted 



Color of 
Indication Remarks 



39 Electric Head 
Retract Switch 



When drum switch is in 
isolate position, this switch 
retracts the left/right electric 
head 



 (1)    
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11.7 OPERATOR'S CONSOLE 



The console design shall be such that critical controls are similar in form and function to those 
on the Authority's existing railcars (specific requirements are provided elsewhere in this 
Section).  



1. The console shall be either hinged at the rear or side and shall be capable of being tilted 
upwards to enable access to the back side of the console and apparatus mounted 
underneath the console, or an alternate means shall be provided. 



2. The console may be divided into separate sections for purpose of access. 



3. A mechanism shall be provided to hold the console in the access position during 
maintenance or troubleshooting. It shall not be necessary to disconnect wiring to raise 
the whole console or any console section to access the equipment.  Access to the gage 
panel shall be configured in a similar manner for ease of maintenance. 



4. The console material shall be corrosion-proof and non-reflective. 



5. The lights of the Operator's console shall be LED-type and shall illuminate only in the 
lead (active) cab of the train. The use of panel lights other than LED's for general console 
lighting and instrument backlighting is acceptable. Other incandescent console lighting 
shall require approval. 



11.7.1 Console Controls 



11.7.1.1 General 



Contract Drawing 8000-15, 7k Operators Cab - Console, depicts the configuration of the 
Authority's 7000 Series console. For the 8000 Series railcars, the implementation and location of 
the following controls shall be similar to the 7000 Series console: 



1. High beam 



2. Horn 



3. Windshield Wiper 



4. Station Stop Cancel 



5. ATO Start 



6. ATO Stop 



7. Control Lock 



8. Mode Direction 



9. Over-travel 



10. Master Controller 
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11. Emergency Stop 



11.7.1.2 Control Lock 



The control key shall operate the control lock of the Operator's console, which shall activate the 
console and release a mechanical lock on the master controller. 



1. The control lock shall have two positions:  Off and On. 



2. The control lock shall be of a fail-safe design such that removal of the control key shall 
be impossible if any electrical contact of the lock has welded. All control lock electrical 
contacts shall use silver and graphite contact elements or else shall incorporate approved 
alternate features to ensure that it is impossible for contacts to remain closed when lock 
or switch positions indicate that they should be open. 



3. Contractor shall provide the following interlocks: 



a. The control lock shall be interlocked with the mode-direction switch and master 
controller such that the following are true: 



• The control lock cannot be moved to the Off position unless the mode-direction 
switch and master controller are in the Auto/Store position. 



• The mode-direction switch cannot be moved with the control lock in the Off 
position. 



• The mode-direction switch handle and the control key shall be sacrificial to the 
interlocking if either is subject to excessive force. 



b. The control key shall be removable from the control lock in the Off position only. 



4. When the control lock is keyed to the On position, the following shall occur: 



a. The keyed control console shall be established as the control position for operation of 
a train under either MTC or ATC, and shall isolate all other control consoles, 
including control-lock outputs in the train. 



b. The appropriate main and auxiliary car circuits shall be energized and the 
appropriate ATC circuits and ATC power supplies shall be energized throughout the 
train. 



c. The auxiliary control circuits associated with the leading car shall be energized, 
including destination sign control, door control, console door indication lamp, 
exterior light selection, control console lights, wheel slip-slide inhibit setup, snow 
brake setup, cab brake test lights, and communication system power. 



5. When the control lock is keyed to the Off position, the following shall occur: 



a. The brakes shall be set at Full Service Brake and it shall not cause an emergency 
brake application. 



b. The appropriate main and auxiliary car circuits and the appropriate ATC circuits 
shall be de-energized. 
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c. In the Off position, and with the battery system power converter inoperative, all 
control circuits except layover heat, door control, and ATC control shall be 
disconnected from the battery. 



6. The control lock may be subjected to direct water spray from car wash and worst-case 
rain exposure from adjacent open cab windows and to inadvertent spillage of various 
sweetened beverages, hot and cold. The control lock controller shall be designed and 
tested to withstand these conditions without damage or malfunction. 



11.7.1.3 Mode-Direction Switch 



A mode-direction switch shall be provided on the control console. 



1. The switch shall have three positions: Auto/Store, Man-Fwd and Man-Rev that perform 
as follows: 



a. In the Auto/Store position, the train shall be under control of the ATC system. In 
this position of the switch, the propulsion system directional circuitry shall be set up 
for forward motion. 



b. In the Man-Fwd and Man-Rev positions, the train shall be under manual control and 
the directional circuitry arranged for motion in the corresponding direction. 



2. Whenever the mode-direction switch is in the MAN-REV position, the air horn at that 
end of the train shall sound continuously, and live video from the camera in the trailing 
cab of the train consist shall be displayed on the Train Control Display. 



3. The switch shall be constructed so that a permanent stop prevents it from being moved 
between Auto/Store and Man-Rev positions except by way of the Man-Fwd position. 



4. The mode-direction switch shall be interlocked with the master controller such that: 



a. The switch can be moved between the Man-Fwd and Man-Rev positions only if the 
master controller is in the Maximum Service Brake (B5) or Auto/Store position. 



b. The switch can be moved to the Auto/Store position only if the master controller is 
in the Auto/Store position. 



c. Interlocking shall prevent movement of the master controller unless the mode 
direction switch is in either of the manual positions. The master controller handle 
and the mode-direction switch handle shall be sacrificial to the interlocking if either 
handle is subject to excessive force. 



5. The mode direction switch may be subjected to direct water spray from car wash and 
worst-case rain exposure from adjacent open cab windows and to inadvertent spillage of 
various sweetened beverages, hot and cold. The mode direction switch shall be designed 
and tested to withstand these conditions without damage or malfunction. 



11.7.1.4 Master Controller 



Control of both traction and braking shall be obtained through a single handle, all-electric-type 
manual master controller.  The Master Controller/Deadman design shall be an advanced 
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design, both ergonomically and with a reduction in moving parts relative to designs currently 
in use at the Authority. 



1. The master controller shall operate in a longitudinal vertical plane, or alternate 
approved arrangement, with the following positions: 



a. Max Power in the forward-most position. 



b. Coast position, centered between Minimum Power and Minimum Brake positions.  



c. Emergency Brake, followed by Auto/Store in the rearmost positions. 



2. There shall be detents in both power and braking ranges, as defined in Section 1.6.1, 
Acceleration and Braking Control, and Exhibit 1-3, Rate Designations/Control Scheme.  
Detents shall be spaced far enough apart and shall have sufficient tactile feel to clearly 
indicate the position of the handle to the Operator. 



3. The master controller handle movement and transition through the detents shall be 
smooth along the entire range of operation, to minimize strain and fatigue on the 
Operator. 



4. The master controller shall provide continuously variable linear acceleration rates 
between the Maximum Power and Minimum Power positions, and continuously 
variable linear braking rates between the Minimum Service Brake and Maximum Service 
Brake (B5) positions. 



5. The Tractive Effort/Brake Effort interface (encoder or equivalent) shall be duplicated 
with redundant network connections, such that there is no single point of failure. 



6. The Auto/Store position is used for ATC operation and handle storage on trailing and 
stored cars. 



7. The master controller shall have electric contacts that directly operate trainline-
controlled emergency brake apparatus on each car. The controller shall be provided with 
interlocks dedicated solely to the ATC system. 



a. A mechanical pawl shall be provided to prevent over-travel of the master controller 
handle into the Auto/Store position during movement of the handle to the 
Emergency Brake position. 



b. An Over-Travel pushbutton shall be provided adjacent to the master controller, 
which when pressed, shall cause the pawl to retract, thus allowing the master 
controller to be moved from Emergency Brake to Auto/Store, and also allowing the 
master controller to be moved from Max Service Brake through Emergency Brake to 
Auto/Store without causing the train to go into emergency braking. 



8. With the master controller handle in the Auto/Store position, and with the mode-
selector switch in either of its two manual positions, Full Service Brake shall be applied. 



9. The master controller will be subjected to direct water spray from car wash and worst-
case rain exposure from adjacent open cab windows and to inadvertent spillage of 
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various sweetened beverages, hot and cold. The master controller shall be designed and 
tested to withstand these conditions without damage or malfunction. 



10. The Contractor shall submit for approval specific data on the master controller. 
(CDRL 11-7, Master Controller Design)  



a. The CDRL shall include size of the handle's spring load, the force required to 
overcome detents, the amount of handle travel between detents, the force required to 
forestall the deadman feature, and other ergonomic aspects and operational features, 
to be reviewed at the Preliminary Design Review. 



b. Operation of the master controller shall be demonstrated during the A-car mock-up 
and the Operator's cab First Article Inspection. 



11.7.1.5 Deadman Feature  



A rotary modified shovel "deadman" emergency brake control shall be provided on the master 
controller handle with the arrangement like that of the Authority's existing cars. 



1. To operate the train in manual mode it shall be necessary to rotate the master controller 
handle clockwise against a spring through approximately 45 to 90 degrees. 



2. If the master controller handle is not rotated to the correct position, motion shall be 
prevented in a fail-safe manner, such as disconnection of propulsion and service brake. 



3. It shall not be possible to latch or fasten the master controller handle in its operating 
position. Continuous Operator effort shall be required to hold the handle in its operating 
position. 



4. An irretrievable electrically propagated emergency brake application shall occur 
whenever the handle is released and the emergency brake trainline wire is de-energized. 



11.7.2 Train Control Display 



Each cab console shall be equipped with a Train Control Display (TCD): 



1. It shall be installed in a place and at an angle that allows it to be seen and operated 
readily and continuously by the Operator. 



2. It shall meet the control and indication requirements specified in Section 11.6, Controls 
and Indicators. The functionality of the TCD is specified in Section 23, Monitoring and 
Diagnostics. 



3. The TCD shall activate automatically in the active cab when the control lock is moved to 
the On position. A maintenance key switch, keyed per Section 10.16.1.3, Other Keys, 
shall be provided so that maintenance staff can view fault screens in an inactive cab 
without compromising the active cab interlocks. 



4. Alternate designs using the TCD for bypass and cutout control may be proposed for 
Authority approval. 
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11.7.3 Console Annunciation 



The Contractor shall develop an integrated design for console annunciation that uses the TCD 
and discrete annunciators. 



1. Contract Drawing 8000-15, 7k Operators Cab – Console, depicts the configuration of the 
console display panel on the 7000 Series railcars. For the 8000 Series railcars, the location 
of the following indicators shall be similar to that on the 7000 Series railcars: 



a. Brake Cylinder Pressure 



b. Acceleration and Braking Current Meter 



2. In addition to the indications listed in Exhibit 11-1, Operator’s Cab – Train Operation 
Controls and Indications – Functional Description, the Contractor's integrated design 
shall provide means to display the following indicators: 



a. Left Doors Open 



b. Right Doors Open 



c. Battery Voltage (Emergency Battery) 



d. Coupler Head Status (Air, Electric) 



3. In addition to visual indications, the following conditions shall be annunciated audibly 
in the cab area by sounds sufficiently different from each other so that each can be 
interpreted readily. 



a. Overspeed Alarm 



b. Passenger Emergency Intercom (buzzer) 



c. TCD Fault Alarm (beep) 



d. Signal Buzzer.  



11.7.3.1 Overspeed Alarm 



A pulsating audible overspeed warning signal device shall be provided in the cab.  



1. The signal device shall function under command of the ATC apparatus as specified in 
Section 20, Automatic Train Control. 



2. The alarm shall be identical in tone to the overspeed alarm on the existing Authority 
cars. 



11.7.3.2 Signal Buzzer 



The cab shall be equipped with a buzzer for receipt of signals. 



1. It shall be energized by the Yard Horn and signal buzzer pushbutton in any cab in a 
train. 
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2. The tone of the buzzer shall be the same as the tone of the signal buzzer in the 
Authority's existing cars. 



3. The buzzer shall have a volume sufficient to be readily audible with the cab window 
open under the highest ambient noise level conditions. 



11.8 AUXILIARY CONTROL PANEL 



For the 8000 Series railcars, the implementation and location of the following controls shall be 
similar to the 7000 Series auxiliary control panel: 



1. Door Control Key Switch 



2. Uncoupling Control 



3. Yard Horn and Signal Buzzer  



4. Open Doors  



5. Close Doors 



The Auxiliary Control Panel on the 7000 Series railcars, Contract Drawing 8000-16, 7k Operators 
Cab - Right Side, is located on the right side wall between the windshield and the sliding 
window. The panel contains switches for uncoupling, car lighting, environmental control, 
manual train identification, door control, intercar buzzer, and destination sign display. 



11.9 OVERHEAD AUXILIARY PANEL  



The Overhead Auxiliary Panel shall be located in front of the Operator above the windshield. 



1. The panel shall contain controls and indications for infrequently needed functions, such 
as the holding brake apply and release. 



2. The Contractor shall propose other functions that can be located in the panel in order to 
free up additional space on the Operator's console or auxiliary panel. 



11.10 OPERATOR'S CIRCUIT BREAKER PANEL 



For the 8000 Series, the Operator's Circuit Panel shall be located on the right side partition wall 
behind the Operator above the Operator's seat. 



1. Cut-out and bypass switches shall be located on the bottom row. 



2. Some circuit breakers shall be illuminated in unique colors to prevent accidental 
throwing of the circuit breakers. Orange illumination shall designate those breakers that 
should not be placed in the Off position during abnormal or emergency situations, such 
as when the train is stalled without power. 



3. Bypass conditions shall be enunciated on the Train Control Display.  Circuit breaker 
illumination power shall be sourced from the emergency buss. 
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4. Cut-out and bypass switches shall contain bars inserted through the guards that prevent 
the switch from being moved from the normal position unless a seal is broken and the 
bar is removed. The door mode-selector switch shall contain a double bar that allows the 
switch to be sealed in either the Auto, Auto/Manual or Manual position. 



5. Means shall be provided for easy identification of a tripped breaker during marginal 
lighting conditions without the aid of a flashlight. 



6. The Contractor shall designate the circuitry that will be protected by the Operator's 
Circuit Breaker Panel at the Preliminary Design Review.  Detailed design of the circuit 
breakers, bypass and cut-out switches shall be provided at the Final Design Review. 



7. Separate circuit breakers shall be provided for major assemblies or functions. Each and 
every input power circuit shall be protected by an individual circuit breaker. No circuit 
breaker shall protect more than one circuit, nor shall any one circuit be protected by 
more than one circuit breaker. 



8. All Vehicle Monitoring System breakers shall be sealable and tamper-proof to prevent 
unauthorized isolation. 



Exhibit 11-3 shows the Authority's existing panel arrangement for guidance. 
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Exhibit 11-3,  Operator’s Circuit Breaker Panel 



Item No. Circuit Breaker Function—Protects Power Circuits to the Following 
1 Headlights Car headlights 
2 Tail and Marker Lights Car tail lights and running lights 
3 Lighting Control All lighting control relays on car 
4 Emergency Lights Emergency ceiling lights 
5 Environmental Control Control components of the HVAC system; cab heater fan 
6 Bus Control Cab control relays 
7 Air Compressor Air compressor power supply (A-car only) 
8 Door Control Door control circuits 
9 Miscellaneous Control Fault indicators in that car only 
10 Aux Power Supply Auxiliary power control circuits 
11 Friction Brake Unit 1 Friction Brake System 
12 Friction Brake Unit 2 Friction Brake System 
13 ATC Power Supply ATC power supply (A-car only) 
14 Propulsion System Propulsion system controls (single pole breaker) 



15 Public Address System Public Address speaker amplifiers, cab amplifiers, and intercom 
units 



16 Signs Destination sign controls 
17 VMS Vehicle Monitoring System 
18 ATC System ATC system wiring (A-car only) 



19 Console Lights/Radio Console lamp dimmer assembly; radio communication 
equipment 



20 Windshield Wiper Windshield Wiper Motor 



21 Miscellaneous 
Cab reading light, uncoupling control, snow brakes, crawl, 
reset, dynamic brake cut-out, emergency stop, dimmer control, 
slip-slide, door bypass, radio control head relay 



22 Master Control Mode-Direction Switch and Master Controller 
23 Check Circuits Door and brake check circuits 
24 Heated Windshield Windshield heater element 
25 Left Door Operator Car left side door operators 
26 Right Door Operator Car right side door operators 
27 Car Lights Overhead lights in Circuit A 
28 Car Lights Overhead lights in Circuit B 
29 Propulsion Inverter F Front inverter electronics 
30 Propulsion Inverter R Rear inverter electronics 
31 Conv. Outlet - 115 AC Car convenience outlets  



 
In addition to the circuit breakers listed in Exhibit 11-3, a battery system circuit breaker shall be 
provided, as specified in Section 17.2.2.9, Battery System Circuit Breaker. The required cut-out 
and bypass switches are listed in Exhibit 11-1, Operator’s Cab – Train Operation Controls and 
Indications – Functional Description. 



11.11 TRAINLINE CIRCUIT BREAKER PANEL 



On the 8000 Series, each car shall have a Trainline Circuit Breaker Panel located in the F-end. 



1. In the A-car the circuit breakers may be either located in a separate panel adjacent to the 
Operator’s Circuit Breaker Panel or integrated into the Operator’s Circuit Breaker Panel 
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in a separate row. In the B-car the trainline circuit breakers shall be located in the 
Auxiliary Panel. 



2. Local car circuitry accepting inputs from any of the acceleration and braking control 
trainlines shall be protected by an individual circuit breaker for each input. Each of the 
circuit breakers shall be equipped with auxiliary contacts that are used to signal a 
Tripped Breaker indicating light. The Contractor shall designate the trainlines to be 
protected by circuit breakers as part of the Preliminary Design Review. 



3. A single indicator light (steady ON Blue Light Fault) on the rear bulkhead of the car, 
visible from both sides of the car, shall indicate that a circuit breaker is tripped. An 
indication shall be provided in the Operator’s console and Hostler Control Area to 
indicate that a circuit breaker has tripped on that car, and, when the car is a lead car, 
when one or more circuit breakers have tripped on the train. 



4. The circuit breakers shall contain color-coded guards to prevent accidental throwing of 
the circuit breakers. 



5. Means shall be provided for easy identification of a tripped breaker during marginal 
lighting conditions without the aid of a flashlight. 



6. Detailed design of the Trainline Circuit Breaker Panel shall be provided at the Final 
Design Review. 



11.12 DAILY SAFETY TEST PANEL 



The Daily Safety Test Panel on the 7000 Series railcars is located below the console on the right 
side. The panel contains a key lock switch and pushbuttons and indicators associated with the 
ATC Daily Safety Test. The panel also contains a Portable Test Unit port for connection of the 
test unit to the ATC equipment. 



For the 8000 Series railcars, the activation of the Daily Safety Test shall be via a three position, 
Auto, Off, Manual, key switch. 



1. The Off position shall be in the center. 



2. The switch shall be mounted on a panel located away from the Operator’s console, but 
accessible to maintenance personnel seated in the Operator’s seat. 



3. Implementation of the Daily Safety Test controls and test results shall be integrated into 
the Train Control Display. 



11.13 LEFT DOOR CONTROL AND EMERGENCY STOP PANEL 



The Left Door Control and Emergency Stop Panel on the 7000 Series railcars is located forward 
of the left side sliding window. The panel contains open/close controls for the left side train 
doors, an Emergency Stop Control, and an auxiliary public address microphone with its 
associated push-to-talk control. 
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For the 8000 Series railcars, the implementation and location of the following controls and 
indicators shall be similar to the 7000 Series Left Door Control and Emergency Stop Panel: 



1. Open Doors 



2. Close Doors 



3. All Doors Closed Indicator 



4. Emergency Stop  



5. Push to Talk 



6. Auxiliary Microphone 



11.14 EMERGENCY EQUIPMENT LOCKER 



For the 8000 Series each car shall have an Emergency Equipment Locker located in the F-end. 



1. In the A-car the emergency equipment shall be stored in a locker located in the left side 
of the cab below the F-end window. In the B-car the emergency equipment shall be 
stored in a locker located in the left side of the car under the forward most passenger 
seat. 



2. The emergency equipment shall be secured in the locker to prevent movement, vibration 
and noise. The equipment shall be readily and easily accessible via a door on the front of 
the locker. The B-car panel door shall be of a vandal-resistant type, lockable with the 
standard door key. 



3. Provisions shall be made in the Emergency Equipment Locker for stowing the following 
equipment: 



a. Emergency Ladder (A-car only) 



b. Ladder Plate (A-car only) 



c. Insulating Paddles (2) 



d. Manual Uncoupling Lever 



e. Operator’s Safety Bag 



f. Other Mandated Safety Equipment 



g. ATP cut-out switch (A-car only) 



h. Horn cut-out valve 
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11.14.1 Emergency Ladder 



An emergency ladder shall be provided in each car for use in evacuating passengers in 
emergency situations.  



1. The ladder shall hook into holes provided in the top surface of the front anti-climber to 
prevent slipping.  



2. If necessary, the ladder may fold or be sectional to permit storage. 



3. The ladder shall be nonconductive, shall have at least the fire resistance specified in 
Section 24.19, Flammability, Smoke Emission, and Toxicity Requirements, shall have 
nonskid feet, and shall have flat steps at least 3-inches deep. 



4. The ladder shall be constructed of fiberglass-reinforced polyester, or approved equal 
with sufficient strength to support a 300-lb maximum static load, and to comply with 
OSHA requirements, 29 CFR 1926.1053, Section (a)(1)(ii). 



11.14.2 Shoe Insulating Paddles 



Two third-rail contact shoe insulating paddles shall be provided in each car. The paddles shall 
be Authority-standard and shall be of a configuration that permits a person standing clear of 
the car and outside the third rail to safely insert the paddle between the contact shoe and the 
third rail with the Authority’s third rail cover arrangement. 



11.14.3 Ladder Plate 



A ladder plate shall be provided with each A-car to span the running rails, providing a level 
surface for the base of the ladder. The ladder plate shall be light weight and incorporate “curbs” 
on each side and handholds for ease of moving and positioning. The design shall be subject to 
Authority approval. 



11.15 EQUIPMENT LOCKER 



For the 8000 Series the Parking Brake Compartment shall be a full height Equipment Locker in 
the A-car. 



1. The Equipment Locker shall be located on the left side partition wall and contain rack 
space for mounting electronic equipment and a 110 Vac convenience outlet (see 
Section 17.4, Convenience Outlets). 



2. The door shall swing out without interference and allow access to the equipment 
contained within. 



11.15.1 ATP Cut-Out Switch  



The Equipment Locker shall contain the ATP cut-out switch. 



1. The switch shall be a guarded spring-return toggle switch that is normally sealed in the 
ATP cut-in position. 
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2. Sealing shall be via a bar inserted through the switch guard that prevents the switch 
from being moved to the cut-out position unless a seal is broken and the bar is removed. 



3. The cut-out switch shall be located behind a tamper-proof window in the door of the 
Equipment Locker so that an Operator coming aboard the train can visually verify that 
the seal on the switch is not broken. 



4. ATP cut-out status can be entered and will persist only while the mode-direction switch 
is in the Man-Fwd or Man-Rev position. Entering ATP cut-out status requires the train 
to be at zero speed, the Master Controller to be in the B4 or B5 position, and the 
momentary actuation of the cut-out switch. 



5. ATP is restored when the console is keyed out or the mode-direction switch is placed in 
the Auto/Store position. 



11.16 HOSTLER PANEL 



11.16.1 Hostler Panel Location 



The Hostler Panel shall be located on the right collision post of the B-Car F-end doorway. The 
panel contains controls and indications for operating from the B-car. 



11.16.2 Hostler Panel Controls 



11.16.2.1 Control Lock 



The standard control key shall operate the control lock of the Hostler Panel, which shall activate 
the panel and release a mechanical lock on the master controller. 



1. The control lock shall have two positions: Off and On. The Off position shall be at 
12 o’clock. The key shall be rotated 45 degrees in the clockwise direction to achieve the 
On position. 



2. The control lock shall be of a fail-safe design such that removal of the control key shall 
be impossible if any electrical contact of the lock has welded. Control lock electrical 
contacts shall use silver and graphite contact elements or else shall incorporate approved 
alternate features to ensure that it is impossible for contacts to remain closed when the 
lock position indicates that they should be open. 



3. Contractor shall provide the following interlocks: 



a. The control lock shall be interlocked with the controller such that the following are 
true: 



• The control lock cannot be moved to the Off position unless the controller has 
retracted to the Maximum Brake position. 



• The control key shall be sacrificial to the interlocking if either is subject to 
excessive force. 



b. The control key shall be removable from the control lock in the Off position only. 
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4. When the control lock is keyed to the On position, the following shall occur: 



a. The keyed Hostler Panel shall be established as the control position for operation of 
a train and shall isolate all other control consoles, including control lock outputs in 
the train. 



b. The appropriate main, auxiliary car, and ATC circuits shall be energized, including 
the following: 



• All electrical controls and indications in the Hostler Control Area. 
• All auxiliaries in the train. 
• All interior overhead lighting in the train except for selected fixtures in the 



immediate area of the Hostler Panel as described in Section 19.1.7, Hostler 
Control Area Lighting (B-car). 



• Destination Signs shall be commanded to display “Not in Service.” 
• Headlights shall be turned on Low Beam; running lights and tail lights shall 



operate as described in Section 19.2.5, Control. 
• Manual with Automatic Train Protection shall be established as the operational 



mode. 
• The propulsion system directional circuitry shall be set up for forward motion. 



5. When the control lock is keyed to the Off position, the following shall occur: 



a. The brakes shall be set at Full Service Brake and it shall not cause an emergency 
brake application. 



b. The appropriate main and auxiliary car circuits and the appropriate ATC circuits 
shall be de-energized, as described below: 



• All electrical controls except for the Headlight Bypass switch shall be de-
energized. 



• An adjustable timer of 20 to 60 minutes shall be set to de-energize all auxiliaries 
and the overhead lighting, if another control area and associated controls are not 
activated as described in Section 19.1.9, Overhead Lighting Control. The selected 
fixtures in the immediate area of the Hostler Panel that were extinguished shall 
be energized. 



• Destination Signs shall not display any message. 
• Headlights, running lights and taillights shall operate as described in 



Section 19.2.5, Control. 
• With the battery system power converter inoperative, all control circuits except 



layover heat, door control, and ATC control shall be disconnected from the 
battery. 



c. All audible sound sources from the Hostler panel/controls shall be muted. 
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11.16.2.2 Hostler Controller 



Control of both traction and braking shall be obtained through a single handle, all-electric, 
slide-type manual controller. 



1. The Hostler Controller shall operate in a vertical plane, with the following positions: 



a. Maximum Power in the upward most position. 



b. Coast transition zone in the center position. 



c. Maximum Service Brake in the downward most position. 



2. The Hostler Controller shall be equipped with a spring-loaded handle that automatically 
returns to the Maximum Service Brake position when released. 



3. The Hostler Controller handle shall be designed to minimize strain and fatigue on the 
Operator. 



4. The Hostler Controller shall provide continuously variable linear acceleration rates 
between the Maximum and Minimum Power positions, and continuously variable linear 
braking rates between the Minimum Service Brake and Maximum Service Brake 
positions as shown in Exhibit 1-5, Rate Designations/Control Scheme. 



5. Operation in the power range shall be restricted as described in Section 1.6.1, 
Acceleration and Braking Control. 



6. The Coast transition zone shall be kept to a minimum, but shall be sufficiently large 
enough to tolerate human tactile inaccuracies so that the interlocked Car Wash, Reverse, 
and Uncouple controls can be routinely and repeatedly commanded without demanding 
high handle-positioning accuracy. 



7. When the Car Wash or Reverse control is depressed, or when any one of the All Doors 
Closed or Brakes Off annunciators is extinguished, the power range of the hostler 
controller shall be rendered inoperative. 



8. The Contractor shall submit for approval specific data on the hostler controller. 
(CDRL 11-8, Hostler Controller Design) 



a. The CDRL shall include size of the handle’s spring load, force required to move 
handle, the amount of handle travel, the range of the Coast position, and other 
ergonomic aspects and operational features, to be reviewed at the Preliminary 
Design Review. 



b. Operation of the Hostler Controller shall be demonstrated during the Hostler 
Control Area First Article Inspection. 
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11.16.2.3 Reverse 



The Reverse pushbutton shall be interlocked with zero-speed and the Hostler Controller. 



1. In order for the switch to function electrically, the Hostler Panel shall be activated and 
the Hostler Controller shall initially be in the Coast position. 



2. When depressed with the train initially at zero-speed, the control shall command the 
Road Horn at that end of the train to sound continuously until the control is released.  
Movement of the train shall occur in the reverse direction within 1.875 ± 0.125 seconds 
after depressing the control. 



3. As long as the Reverse pushbutton is depressed, the control shall command the train to 
move backward at a regulated speed between 2.5 and 3.0 mph on level tangent track. 



4. While the control is depressed, the power range of the Hostler Controller shall be 
rendered inoperative. Once the control is released, the power range shall not become 
functional again until the Hostler Controller is placed in the brake range and the train is 
at zero-speed. 



5. Placing the Hostler Controller in the brake range with the Reverse pushbutton 
depressed shall override the reverse control pushbutton and enforce the brake 
command. 



6. When the Reverse pushbutton is depressed under the following conditions, it shall not 
function: 



a. When the Car Wash control is depressed. 



b. When any one of the All Doors Closed or Brakes Off annunciators is not illuminated. 



11.16.2.4 Car Wash 



The Car Wash pushbutton shall be interlocked with the Hostler Controller such that the 
controller must be in the Coast range for the control to function. 



1. The Car Wash pushbutton shall be a momentary style. 



2. If the pushbutton is depressed when the Reverse control is depressed, it shall not 
function. 



11.16.2.5 Hostler Door Controls 



Hostler door controls are described as residing on the Hostler Panel. The Authority may wish to 
have separate door controls on the left side and right side of the vehicle at the Hostler end.   



1. In this case, the adjacent side windows shall be openable and lockable.  



2. The door controls shall be in a locked panel adjacent to the windows and positioned to 
allow an Operator to look out of the window while operating the doors.   



3. The Authority will select the functionality at or before the Conceptual Design Review. 
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11.17 AUXILIARY PANEL 



The Auxiliary Panel shall be located on the right side of the Hostler Control Area. 



1. Panel placement shall not obstruct the Operator’s view from the front or side windows 
and shall use available dead space. Preferred locations are the valance area above the 
front window or the side wall adjacent to the side window. 



2. The panel door shall be of a vandal-resistant type, lockable with the standard door key, 
and hinged in a manner so that when open the door does not interfere with panel access 
and operation. 



3. The panel shall contain circuit breakers associated with the low-voltage distribution 
system, the 120 Vac circuit breaker for the convenience outlets, trainline circuit breakers, 
and cut-out and bypass switches. 



a. The circuit breakers and switches shall be grouped in a logical manner with circuit 
breakers occupying one portion of the panel, trainline circuit breakers another 
portion of the panel, and cut-out and bypass switches occupying a third portion of 
the panel. 



b. The circuit breakers and cut-out and bypass switches shall meet the requirements of 
Section 11.10, Operator’s Circuit Breaker Panel. 



c. The trainline circuit breakers shall meet the requirements of Section 11.11, Trainline 
Circuit Breaker Panel. 



d. The required cut-out and bypass switches are listed in Exhibit 11-2. 



e. A battery system circuit breaker shall be provided, as specified in Section 17.2.2.9, 
Battery System Circuit Breaker. 



11.18 WARNING DEVICES 



11.18.1 General 



Each car shall have warning horns, the design of which shall be subject to approval at 
Preliminary Design Review. 



1. They shall be located under the floor at the F-end. 



2. Horns shall operate in two modes: Road Horn and Yard Horn. 



3. Horn controls shall be provided in the cab and Hostler Panel. 



a. Horn controls shall operate in the active control area only. 



b. Control of the horn shall be by a pushbutton located on the Operator’s console and 
Hostler Panel. 



c. Activation of the horn shall require minimum movement by the Operator from the 
normal operating position and shall be possible without releasing the Master 
Controller. 
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d. Horn controls shall be interlocked with the knife switch assembly such that the Road 
Horn functions only when the knife switch is in the Run position.  This interlock 
function may be combined with the similar interlock for propulsion. 



4. Provision shall be made for a cutout valve in the airline to each horn.  The cutout valve 
shall be located in the cab and Hostler Control Area in an easily accessible position. 



11.18.2 Road Horn 



The Road Horn shall be a pneumatic Leslie, or equivalent quality, railroad horn having an 
authoritative tone that approximates that of the horn on the Authority’s existing cars. 



1. The horn shall have an output of minimum 97 dBA at a distance of 100 feet in front. 



2. Consumption shall be maximum 28 cubic feet of free air per minute.  



3. The horn shall be quick acting so that there is no delay in the build-up to full volume 
when activated. 



4. When the mode-selector switch on the Operator’s console is in the Reverse position or 
the Reverse pushbutton on the Hostler Panel is depressed, the Road Horn at that end of 
the train shall sound continuously. 



11.18.3 Yard Horn 



The Road Horn may also function as the Yard Horn, or an electric horn similarly located may be 
provided. 



1. The Yard Horn shall have an output of 70 dBA to 80 dBA at a distance of 60 feet in front. 



2. It shall have a separate, clearly identified control. 



3. Horn action shall be instantaneous. 



11.19 OTHER EQUIPMENT 



11.19.1 Windshield Wiper 



A heavy-duty, electrically-driven windshield wiper shall be provided for the right side F-end 
window in each car. 



1. The wiper shall be able to clear the glass satisfactorily at train speeds up to 80 mph 
under the specified environmental conditions. 



2. The wiper shall be a parallel-motion type and shall cover the full width of the glass from 
a minimum of 40 inches to 62 inches above the floor. 



3. The wiper blades shall return to the park position at the extreme ends of their sweep in 
the Off position. 
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4. Control shall be as follows: 



a. The control in the A-car shall provide for at least two speeds of operation and an 
intermittent mode. In the intermittent mode, the rest period shall be adjustable by 
the Operator from 2 seconds to 10 seconds. 



b. The control in the B-car shall provide for two speeds of operation. 



c. The Contractor may propose alternative wiper control arrangements for Authority 
approval. 



5. The wiper operating mechanism shall be easily accessible from the front outside of the 
car, and its control shall be located on the Operator’s console and Hostler Control Panel. 



6. All exterior metal components shall be brushed stainless steel. 



7. The wiper assembly shall include multiple pressure points on the wiper blade that 
produce a uniform streak-free finish. 



8. The wiper blade shall be commercially available and easily replaceable. 



11.19.2 Visor/Shade 



Vertically adjustable visors shall be provided in the Operator’s cab to cover the entire width of 
the window in front of the Operator’s console. 



1. The visor shall be mounted on an extendable, double ball-jointed arm, shall be easily 
operated, and shall remain in the selected position. Vibration and normal car motions 
shall not cause the visor’s adjusted position to change. 



2. When not in use, the visor shall be able to be stored in an unobtrusive location near the 
ceiling that does not block access to the overhead auxiliary panel. 



3. The visor shall be of a type used previously in a rail transit environment, and shall be 
subject to approval. 



4. The design shall not allow the camera image of the console to be blocked. 



5. The Contractor may propose a heavy-duty roller shade as an alternate to visors for the 
windshield for Authority approval. 



11.19.3 Fire Extinguisher 



Readily available fire extinguishers shall be mounted in the Operator’s cab and Hostler Control 
Area. Requirements for fire extinguishers are defined in Section 10.16.2, Fire Extinguisher. 



11.19.4 Communications Control Panel 



A communications control panel (CCP) shall be installed in the console of each cab, allowing the 
Operator to control passenger emergency intercom, cab-to-cab communications, and PIS 
announcements. The functions of the CCP are defined in Section 22, Communication. 
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11.20 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 11-1, Layout ..................................................................................................................................... 3 
CDRL 11-2, Cab Door ................................................................................................................................ 4 
CDRL 11-3, Operator’s and Auxiliary Seat Design and Material Samples ........................................ 4 
CDRL 11-4, Design, Arrangement and Interfaces ................................................................................. 5 
CDRL 11-5, Human Engineering Demonstration.................................................................................. 8 
CDRL 11-6, Control and Indication Design.......................................................................................... 10 
CDRL 11-7, Master Controller Design .................................................................................................. 31 
CDRL 11-8, Hostler Controller Design ................................................................................................. 41 
 



11.21 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



29 CFR 1926.1053 Ladders 



APTA PR-CS-S-011-99 Standard for Cab Crew Seating Design and Performance 



Alvin R. Tilley (Author) The Measure of Man and Woman: Human Factors in 
Design  
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12.1 GENERAL 



12.1.1 Arrangement 



A coupler shall be provided at the F-end of each car that provides fully automatic mechanical, 
electrical, and pneumatic connections between 8000 Series married pairs. 



1. The mechanical coupler shall be compatible with the Authority's existing cars. 



2. A flanged drawbar shall be provided at the R-end of each car. 



3. The coupler, drawbar, and draft gear shall be attached to the carbody using a clevis, 
anchor ball, or spherolastic-type pivot bearing anchor bracket or other approved type of 
anchorage. 



12.1.2 Strength Requirements 



Contractor shall comply with the following requirements: 



1. The mechanical coupler, drawbar, and draft gear assembly shall be able to withstand 
loads of minimum 135,000 lb in compression and tension with no permanent 
deformation. 



2. The anchorage (the attachment of the coupler, draft gear, and drawbar to the car 
underframe) and the car underframe shall be able to withstand, without permanent 
deformation, all loads that can be transmitted to them by the coupler, draft gear and 
drawbar. Tests shall be conducted of structural strength in buff and structural strength 
in draft, as defined in Section 3, Test Program. 



3. All parts of the coupler on which it is possible for a person to stand in attempting to 
climb to the end door shall withstand, without permanent deformation, a vertical load of 
400 lb. Tests shall be conducted to confirm the ability of the applicable coupler parts to 
withstand this vertical load. 



4. The Contractor shall provide a finite element structural analysis of the coupler hook 
drawbar, and anchor assembly. (CDRL 12-1, Finite Element Structural Analysis of 
Coupler Hook, Drawbar, and Anchor Assembly) 



12.1.3 Geometric Requirements 



The coupler, drawbar, and draft gear shall be designed and constructed so that coupled cars are 
able to negotiate the horizontal and vertical curves specified in Section 1, Performance 
Requirements, as well as all track perturbations that may exist, under the following conditions: 



1. All wheels on one car are fully worn and the air springs are deflated, and 



2. All wheels on the adjacent car are new and the air springs are over-inflated causing the 
trucks to contact the "up-stops." 
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Tests defined in Section 3, Test Program, shall be conducted to confirm the ability of the 
coupler, drawbar and draft gear to remain properly centered under the conditions described 
above. 



The gathering range of the coupler shall be minimum 3.375 inches in all directions with the 
coupler at the nominal operating height. Tests shall be conducted to confirm the gathering 
range. 



12.1.4 Coupler Operation 



12.1.4.1 Coupling 



The operation of the coupler shall be completely automatic when coupling, except as provided 
in Item 5, below. 



1. When 8000 Series cars are brought together so that the couplers are fully engaged 
mechanically, the couplers shall lock and then, except as provided in Item 5, below, the 
air and electrical connections shall be made automatically, without further action. 



2. When an 8000 Series railcar is mechanically coupled to any one of the existing series 
fleets of railcars, an automatic interlock shall be provided to prevent the engagement of 
electric coupler heads. Air pipe shall couple automatically. 



3. Coupling shall be possible at speeds up to 3 mph without experiencing damage to any of 
the components. 



4. When two 8000 Series cars are mechanically coupled together, and the switch required 
by Item 5, below, is in the Normal position, the electric couplers shall automatically 
advance to their coupled and "over-center lock" positions. It shall not be possible to 
manually command the retraction or the advance of the electric couplers if no 
mechanical coupling exists. Alternates for an “over-center lock” will be considered for 
approval. 



5. An electric coupler advance inhibit  switch (ECAIS) shall be provided: 



a. When in the Normal position the coupling operation shall be completely automatic, 
as described above. 



b. When in the Inhibit position, the electric coupler contacts shall not advance and 
engage until the switch is returned to Normal position. When the ECAIS is in the 
Inhibit position, it shall be indicated on the TCD in the operating cab.  



12.1.4.2 Uncoupling 



Contractor shall comply with the following requirements: 



1. When the cars are coupled together, manual operation of the uncoupling valve or 
electrical switch on either car shall cause an uncoupling. 



a. During the uncoupling cycle the electrical trainline connections to the coupler head 
shall be broken by the rotary drum switch before retracting the electrical head. 
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b. When uncoupling, the electric couplers shall automatically retract to their uncoupled 
positions before the mechanical couplers are allowed to separate. 



2. Intentional uncoupling: No brake application shall occur on the section of the train from 
which the intentional uncoupling is initiated. On the other section of the train, an 
emergency brake application shall be made by separation of the emergency brake 
trainline loop. 



3. Unintentional uncoupling: An emergency brake application shall be made on both 
sections of the train in the case of an unintentional uncoupling. 



4. Provision shall be made for disconnecting the electrical trainline connections only, or for 
closing the air connection only, or both, without mechanical uncoupling, from the cab. 



a. Disconnection controls may be combined with the coupler control. 



b. Specific trainlines shall be identified during the design review process that will 
remain connected such that propulsion and brake control may be passed through a 
malfunctioning pair of cars to the remaining functional trailing cars in a consist. 



c. The arrangement of the trainline connections, their associated electrical heads, and 
control/isolation shall be submitted for approval. (CDRL 12-2, Trainline 
Connection Arrangement) 



5. Closing of any air connection shall be between the carbody piping and any hoses, so that 
hoses can be removed without bleeding car air. End cock handles shall be arranged as 
required by Section 16.4.5, Main Reservoir Pipe, Item 2. 



6. Uncoupling valves or switches shall be designed to return from the uncoupling position 
when released. The control device shall be provided in the cab at the F-end of the car. A 
guard shall be provided over each uncoupling valve or switch to prevent accidental 
operation. 



7. Provision shall be made for manual uncoupling of the coupler in the absence of air and 
electricity without requiring the use of any special tools other than a manual uncoupling 
lever handle. 



a. The manual uncoupling lever shall be operable from the side of the car by means of a 
nonconductive extension handle, which shall be provided to eliminate the need for 
individuals standing between cars. Use of the lever and extension handle shall 
require a force not to exceed 75 lb, applied laterally. 



b. The manual uncoupling lever handle shall be coated with OSHA Orange, and shall 
be stored on the car in accordance with Section 11.14, Emergency Equipment Locker. 



c. The manual uncoupling mechanism shall be able to be latched in the Uncouple 
position, where it will remain until deliberately returned to the Normal position. The 
latch used to hold the manual uncoupling mechanism in the Uncouple position shall 
be wired in the inactive or stored position, requiring that the wire be cut or broken 
before the latch can be used to retain the mechanism in the uncouple position. 
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12.1.5 Drawbar 



The drawbar used at the R-end of the car shall incorporate a flange connection to facilitate 
separation of married pairs without removal of the drawbar. 



1. Pneumatic connections shall be by threaded hose connections with swivel couplers at 
both ends, or other approved connectors to facilitate expedient car 
connection/disconnection as defined in Section 12.7, R-End Electric Jumper Cables, 
Item 1. Electric jumper cables, as described in Section 12.7, and pneumatic hoses shall be 
supported on the drawbar. 



2. If the R-end drawbar accidentally separates, an emergency brake application shall be 
made by interrupting the emergency trainline loop. A catch bracket or other approved 
means shall be provided to prevent the drawbar from falling onto the roadbed if 
separation of the cars of a married pair occurs. 



3. It shall be possible to completely remove the coupling hose in the immediate area 
between the cars. 



a. Vented cut-out cocks between the carbody piping and coupler hoses shall be 
provided.  Closing of the cut-out cock shall vent the hoses to permit their removal 
without requiring the bleeding of car air. 



b. The cut-out cocks shall be lockwired in the open position and shall be operable from 
between the cars. 



12.1.6 Material 



The coupler and drawbar shall be of high-strength steel. Fasteners used in the construction of 
the mechanical, electric, and pneumatic couplers shall be stainless steel unless otherwise 
approved. 



12.1.7 Drainage 



Drainage shall be provided for rain and melted ice and snow wherever they can accumulate. 



12.2 MECHANICAL COUPLER 



The mechanical coupler shall be a slack-free, hook-type coupler capable of coupling with the 
corresponding coupler on other cars: 



1. It shall be fully compatible in all respects with, and capable of coupling with, the 
couplers on the Authority's existing cars. 



2. The mechanical coupler hook shall provide for smooth coupling and uncoupling in all 
operating conditions. 



3. The locking device of the coupler shall lock automatically when couplers are fully 
engaged, and shall be unlocked by power (or manually) when uncoupling. 
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4. The mechanical coupler design shall provide for replacement of hooks, alignment pins, 
bushings, and other wear items. 



5. A flag or other approved visual indication shall be provided to positively indicate that 
the mechanical coupling hooks are properly engaged between mating couplers.  



12.3 DRAFT GEAR AND ENERGY MANAGEMENT FEATURES 



The coupler and drawbar design shall be integrated as a system with the structural design and 
crash energy management provisions and the existing fleet compatibility requirements defined 
in Section 10, Carbody. The design shall comply with ASME RT-2, Section 6, Coupler System. 



12.3.1 Draft Gear 



The draft gear shall be of the double-acting cushioned type and shall be pre-loaded. Alternate 
designs meeting the performance requirements of the Specifications may be submitted, subject 
to Authority approval. The cushioning device deflection shall be maximum 1.5 inches per car-
end before the features described in Section 12.3.2, Overload Release Features, permits the 
coupler head or the drawbar to release as described. 



12.3.2 Overload Release Features 



The coupler design shall include primary and secondary release features: 



1. Primary release feature: Upon a buff load of approximately 120,000 lb, this feature shall 
permit the coupler head to move back or the drawbar to collapse (or other buff overload 
release method) and the anti-climbers to engage and transfer the buff load to the car 
structure. 



a. The primary release feature of the draft gear shall consist of a shear ring, four 
ground shear pins, and four threaded caps.  



b. The design of the shear pins shall include a visible indicator for inspection of pins to 
allow clear verification that pins have, or have not sheared. 



• Inspection of shear pins shall not require removal of equipment. 
• It shall be possible to replace sheared pins without disassembly of the draft gear. 
• Tests shall be made to confirm that the pins shear at the specified buff load. 



c. An alternate service-proven primary-release design may be submitted for approval 
that provides similar performance; is compliant with the structural, CEM, and 
existing fleet compatibility requirements of Section 10, Carbody; and can be justified 
to provide advantages to the Authority over the primary shear bolt release design. 











Section 12, Coupler and Drawbar 



WMATA 8000 Series Railcars  12-6 Technical Specifications 



2. Secondary release feature: The coupler anchorage design and carbody attachment 
system shall be designed and tested to release at a buff load of 155,000 lb, or as 
otherwise specified for crash energy management performance.  Following release, the 
coupler assembly shall be guided and retained unimpeded into a designated vacant 
space in the car underframe of sufficient depth to allow complete exhaustion of the crash 
energy management system elements. 



a. Fastening system release force tolerances shall be empirically determined as part of 
the testing program. 



b. Sufficient additional travel shall be provided so that no transverse load is taken by 
couplers, drawbars, and draft gear after the release feature has been actuated and 
anti-climbers engaged. 



c. The design shall hold the coupler captive to the underframe while the car energy 
management system is activated such that it penetrates neither the track bed nor the 
car floor. 



12.4 COUPLER SUPPORT AND CENTERING DEVICE 



12.4.1 Coupler Support 



The coupler draft gear shall be self-supporting and shall mount to the car underframe at the 
coupler anchorage. Alternatively, coupler carriers may be provided that meet the geometric 
requirements of Section 12.1.3, Geometric Requirements, and support the coupler at its nominal 
height. 



12.4.2 Centering Device 



Couplers shall be equipped with a self-centering device, or a latch of approved design, which 
shall hold the uncoupled coupler on the centerline of the car, within a tolerance of one-half of 
the gathering range in either direction. 



1. The resistance of the centering device shall not interfere with the coupling operation. 



2. The centering device or latch shall be designed so that it can be disengaged, and the 
coupler moved manually, to permit coupling in circumstances in which the coupler will 
be off-center. 



3. The centering device, when uncoupled, shall not under any circumstance come into 
contact with the third rail. 



4. Manual movement of the coupler shall not require special tools, and shall require less 
than 50 pounds of force. 



12.4.3 Wear Plates and Lubrication 



Coupler and draft gear pivots and carriers shall be equipped with shims, replaceable bushings, 
wear plates, or other means of compensating for wear. Devices that require lubrication shall be 
subject to the Authority's approval, and shall be designed so lubrication is required no more 
than once per year.  
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12.5 PNEUMATIC COUPLER 



A pneumatic connection for a trainline air pipe shall be provided as part of the mechanical 
coupler head at a port in the bottom of the coupler face. 



1. This pneumatic connection shall automatically provide a continuous air pipe connection 
throughout the 8000 series consist when mechanically coupled. 



2. A means shall be provided, subject to Authority approval, to allow the trainlined air 
supply from an 8000 series consist to couple with and connect to existing Authority 
vehicles equipped with spring-applied holding brakes, to allow the inactive legacy 
train’s holding brakes to be released for emergency dead-tow purposes.  



3. A manual air cut-out valve with a spring locking handle for coupler actuation air shall 
be provided, located adjacent to the electrical isolation switch in a similar location as on 
the Authority’s existing fleets. 



4. Refer to Section 16.4.5, Main Reservoir Pipe, Item 2, for trainline air pipe cut-out 
requirements. 



12.6 ELECTRIC COUPLER HEAD 



12.6.1 General 



An advance/retract, auto-aligning electric coupler head arrangement, or approved alternative, 
shall be provided, mounted to the sides of the mechanical coupler, or other approved location. 



1. The electric coupler heads shall be so located and arranged such that they will make all 
8000 Series electrical connections, and shall not be electrically or mechanically 
compatible with the electric coupler heads on the couplers of the Authority's existing 
cars. 



2. Tests shall be made of a car coupled to a car of each of the other Series to confirm that 
the 8000 Series electric coupler heads are fully disabled both automatically and 
manually. 



3. The electric coupler heads shall maintain positive contact under all conditions, and shall 
be capable of withstanding all of the coupling impacts to which the car couplers will be 
subjected in service. 



4. As part of ensuring positive contact, redundant (left-side/right-side) pins shall be used 
for connections, except as approved by the Authority. 



5. Provision shall be made to safeguard the electric coupler covers and electric heads from 
damage from improper alignment during coupling. 



12.6.2 Reliability 



Coupler electrical heads shall be designed for successful and reliable operation for a minimum of 
10,000 cycles. Each cycle shall include advancing, coupling, uncoupling, and retracting of 
electrical heads. 
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12.6.3 Loop Circuits 



Contacts for the necessary number of loop circuits shall be provided. 



1. Loop circuit contacts shall be closed when uncoupled. 



2. Contacts shall be provided for the discrete trainline functions listed in Exhibit 21-2, 
Discrete Trainlines. 



3. Double-break type contacts shall be provided where specified.  



4. The coupler relay shall be of the vital type. 



5. Any failure shall cause the Coupled condition to be indicated. 



12.6.4 Contacts 



Each electric contact pin type shall be selected based on the type of signal to be transmitted: 



1. It shall be sufficient to handle 150% of the maximum current to which it will be 
subjected. 



2. It shall be designed to suit the application. 



3. It shall allow a positive and secure electrical and mechanical connection.  



4. It shall be possible to remove electrical contacts from the face of the electric coupler for 
maintenance purposes. 



5. Spare electrical contacts shall be provided as follows, except as approved by the 
Authority: 



a. For 3 loop circuits, 6 wires, left/right mirrored pins, 12 pins, 30 amps per pin 
minimum continuous rating. 



b. For 1 twisted pair, 2 wires, mirroring not required, 2 pins, 30 amps per pin minimum 
continuous rating. 



6. Spare pins shall be wired to the trainline junction box. 



12.6.5 Protection 



Electric coupler contacts shall be protected by steel or aluminum covers that are held tightly 
closed and automatically pivot clear during the coupling of cars without interacting with the 
covers on the opposing car. The cover retraction mechanism and cover position shall minimize 
the possibility of contact/damage due to excessive misalignment during coupling.  



1. The covers shall be coated with OSHA Orange, as specified in Section 10.19, Rapid 
Identification Coating, with the phrase "DO NOT STEP" stenciled over the orange 
vertical faces in black letters. The lettering shall be the largest possible compatible with 
electrical coupler design. 
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2. A combination of seals and drains shall be used to prevent the retention of moisture and 
water within the electric coupler assembly. 



a. Suitable seals shall be provided to exclude moisture from the contacts when the 
covers are closed and when coupled to duplicate electric heads. 



b. Tests shall be made to ensure that a watertight seal is maintained under each of these 
conditions, as defined in Section 3, Test Program. 



3. Means shall be provided to securely lock the covers in the open position during 
maintenance operations, such as working on individual contact pins. 



12.6.6 Connections 



Contractor shall comply with the following requirements: 



1. Connections to the back of the electric coupler contacts shall be by means of service-
proven terminals, and shall be accessible for maintenance. 



2. Individual contacts shall be clearly and permanently identified on the front and rear of 
the electric coupler face by engraved or embossed letters/numbers located adjacent to 
each. 



3. The lettering shall be the largest possible compatible with electrical coupler design. 



4. Fifty (50) templates containing the contact identification information shall be provided 
for Shop use. The templates shall be fabricated from rigid, non-conducting material and 
perforated so that they can be slipped over the array of contacts while maintenance 
checks are performed. 



5. Connections from the electric couplers to the carbody shall be by means of multiple-
conductor cables or enclosed wire bundles with multi-pin plugs, as specified below, on 
each end. 



6. Locking-type plugs and receptacles connections shall be provided at both the trainline 
junction box and at the rear of the electric coupler head.  



a. Plugs and receptacles shall conform to the environmental and performance 
requirements of SAE AS50151, connectors SAE AS34001 and SAE AS34061, Classes F 
or R. 



b. The plugs and receptacles shall be keyed to preclude the insertion of a plug into an 
incorrect receptacle. 



c. Critical circuits shall be so located as to minimize the effects of connector or jumper 
failure. 



7. Within the trainline junction box, the cables connected to the receptacles shall terminate 
at terminal blocks. The cables shall contain conductors for, and the terminal blocks shall 
contain studs for, the spare contacts and shields. 
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12.6.7 Spare Trainlines 



Nine spare cables shall be run from end to end of the car:  



1. Six cables shall be No. 12 AWG, and two of these shall be shielded. 



2. One cable shall be a No. 16 AWG shielded twisted pair. 



3. Two cables shall be Category 5e Ethernet cables equivalent to the two Ethernet network 
cables identified in Section 21, Network and Trainline Control. 



4. They shall be clearly identified by means of nonconductive wire markers. The cables 
shall terminate in the trainline junction box at each end of the car but shall not be 
connected to terminal blocks. They shall be bundled neatly and clamped in an unused 
corner of the box. 



12.6.8 Trainline Data Monitoring 



Capability shall be provided to monitor trainlines as required by Section 23, Monitoring and 
Diagnostics. 



Trainline signals shall be transmitted by the train network to the VMDS specified in Section 23. 



If necessary, a local module shall perform signal isolation, signal input acceptance, conversion, 
and short-term storage of data for transmission to the VMDS. 



12.7 R-END ELECTRIC JUMPER CABLES 



At the R-end of the car, electrical car-to-car connections shall be made by means of jumper 
cables that are supported on the drawbar.   



1. The drawbar and cable support system shall be designed to facilitate quick 
disconnection/reconnection of all R-end hoses and cables to allow single cars to be 
raised with a single car lift for de-trucking. Both disconnection and reconnection of the 
R-ends shall be demonstrated to take two persons no longer than 10 minutes each.  



2. Both ends of the jumper cables shall be fitted with plugs and the carbodies shall be fitted 
with receptacles, as specified in Section 12.6.6, Connections. 



3. The jumper cables shall provide sufficient wires to make all active connections plus a 
total of at least 10 spare wires. Spare wires shall be No. 12 AWG, and four of the spare 
wires shall be shielded. 



4. Separate jumper cables shall be used for low-level communication circuits, including 
train network circuits. Two spare CAT 5e cables shall be provided within each jumper. 



5. A trainline junction box shall be provided at the R-end of the car. It shall contain 
terminal blocks with studs for the spare conductors, shields, and the active conductors, 
except train network circuits. 
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12.8 ELECTRICAL TRAINLINE ISOLATION 



Looping contacts shall be incorporated into the electric coupler to automatically perform the 
breaking and looping of circuits in either the coupled or uncoupled state. 



1. The electric coupler shall contain contacts for the specified numbers of spare trainline 
circuits and spare loop circuits in addition to the circuits in use. Operation of the rotary 
drum switch shall be sufficiently rapid to preclude damage by arcing. 



2. Provision shall also be made for manual operation of the looping contacts.  Switches for 
manual coupler control shall be adjacent to each other at the right front corner of the car, 
and shall be coated with OSHA Orange as specified in Section 10.19, Rapid 
Identification Coating. 



12.9 COUPLER ADAPTORS 



The Contractor shall furnish a total of four adaptors for the F-end capable of coupling at one 
end to the couplers described in this Section, and at the other end to a standard AAR coupler at 
its proper height. 



12.10 STEP 



A non-slip step of sufficient size shall be provided on top of the mechanical coupler for use 
when entering the train through the end door. 



12.11 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 12-1, Finite Element Structural Analysis of Coupler Hook, Drawbar, and Anchor 
Assembly ..................................................................................................................................................... 1 
CDRL 12-2, Trainline Connection Arrangement ................................................................................... 3 
 



12.12 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



ASME RT-2 Safety Standard for Structural Requirements for Heavy 
Rail Transit Vehicles 



SAE AS34001 Connector, Receptacle, Electric, Wall Mounting, Front 
Release, Crimp Contact, AN Type 



SAE AS34061 Connectors, Plug Electric, Front Release, Crimp Contact, 
AN Type 



 SAE AS50151 General Specification for Connectors, Electrical, Circular 
Threaded, AN Type 
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13.1 SIDE DOOR OPERATION 



13.1.1 General 



The side doors shall be arranged for remotely controlled electric operation. 



1. All doors on each side of a train may either be operated automatically by the ATC 
apparatus, or from manually operated pushbuttons in the active cab. 



2.  Door control software and hardware performance shall be capable of following the 
operation of manual door open and close pushbuttons consistent with the Authority’s 
existing train operating practices. 



3. As a minimum the Contractor shall comply with APTA PR CS-S-012-02. If there is a 
conflict between APTA requirements and the requirements in this Section, the more 
stringent requirement shall apply. 



13.1.2 Door System Availability 



The door system shall be designed to maximize the reliability and - availability of side door 
operation while the railcar is in revenue service. 



1. The door system must be fault tolerant. The system shall automatically compensate for a 
failure in the power or control circuit of any single door operator system such that all 
doors will operate at station platforms, as required. 



2. The Contractor shall employ whatever means necessary to ensure door system 
availability, including microprocessor logic and/or component redundancy while 
respecting the circuit separation requirements of Section 13.1.6, Circuit Separation. 



3. The Contractor shall review this requirement as part of each design review (CDR, PDR, 
FDR). All aspects of this design are subject to specific Authority approval. 



13.1.3 Door Control Selector Switch 



A sealed, three-position selector switch shall be provided as part of the Operator’s circuit 
breaker panel (see Exhibit 11-1, Operator’s Cab – Train Operation Controls and Indications – 
Functional Description). 



1. The switch shall be effective only in the controlling cab of a train, and shall permit the 
Operator to select one of the following methods of door operation: 



a. Auto: When the selector switch is placed in the Auto position, doors shall be opened 
and closed by commands from the ATC system. Manual override shall be possible. 



b. Auto/Man: The Auto/Man switch position shall enable doors to be opened by 
commands from the ATC system and closed manually by means of any activated cab 
door-control panel. Manual override shall be possible. 



c. Man: The Man switch position shall enable doors to be opened and closed manually 
by means of any activated cab door control panel. 
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13.1.4 Door/Train Speed Interlock 



The manual door controls shall be interlocked with the ATC system’s zero-speed control so that 
door or crew-switch commands cannot be issued and doors cannot respond to door or crew-
switch commands unless train speed is less than zero-speed and friction brake is applied. 



1. The interlocking shall be accomplished on each car individually by the removal of 
power from the door-opening pushbuttons and crew switches. 



2. Door controls and door operators shall be interlocked against opening by removal of 
door control and operating power at speeds over zero-speed. 



3. Door/Train Speed interlock and power removal at speeds over zero-speed shall be vital 
functions accomplished in a fail-safe manner. 



13.1.5 Door/Traction Interlock 



Traction controls shall be interlocked with the door system so that train traction power cannot 
be applied unless all door panel and door lock sensing switches for each door panel indicate 
that all doors are closed and locked. 



1. One panel sensing switch shall check that the door is closed, and the second shall then 
check that the door is locked. 



2. All closed and all locked limit switches shall be wired in two separate loop circuits for 
each side of each individual car before energizing the relevant left or right side summary 
relay. 



3. The car loops shall be arranged in such a manner as to prevent single-point failures to 
both loops concurrently. 



4. The command signal performing door/traction interlock shall be fail-safe, to provide 
maximum protection against erroneous door-locked signals. 



5. The local car door-closed interlock shall continue until the zero-speed indication ceases. 



6. Door control signals shall include features that detect ground faults or false positive 
energy. 



7. Full Service Brake shall be applied whenever the door/traction interlock circuit is open. 



13.1.6 Circuit Separation 



Door control signals for one side of the car shall be separate and distinct from those for the 
other side of the car. There shall be no shared components unless specifically called for in the 
Specifications. 



13.1.7 Compatibility 



Door controls on the 8000 Series cars shall be compatible with the Authority’s existing ATC 
system, but are not be required to be compatible with door control systems on the Authority’s 
existing railcar fleets. 
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13.1.8 Door/Master Controller Interlock 



Controls shall be arranged so that if, in manual operation, the Master Controller or Hostler 
Controller is advanced to a power position while any door on a train is open, obstructed, or 
unlocked, no traction power shall be applied until the following conditions are satisfied: 



1. All doors are closed, unobstructed, and locked. 



2. The Master Controller has been returned to Coast or a brake position before it is again 
advanced to a power position. 



13.1.9 Door Operator Cut-Out Switch and Lock 



A combined door operator cut-out switch and lock shall be provided at each side door operator 
so that, in the event of failure of the door operator, the door operator can be made inoperative 
and the door leaves mechanically locked in the closed position. 



1. The cut-out switch shall be accessible through the door operator access panel, which 
shall be secured by two quarter-turn fasteners. 



2. The cut-out switch shall bypass the “door closed, obstructed, and locked” signal circuit 
at that door operator, but shall not reduce the effectiveness of the obstruction detection 
system on the remaining doors. 



3. The cut-out switch shall disable the visual indicators and interrupt door motor power on 
the affected doorway when the door operator is cut out (see Section 13.5, Door Warning 
Audio and Visual Indicators). 



13.1.10 Door/Traction Interlock Bypass 



A door/traction interlock bypass switch shall be provided in the Operator’s circuit breaker 
panel to permit a train to be moved in the event of side door/traction interlock circuit failure. 
The switch shall be sealed in the normal position, requiring that the seal be broken to bypass the 
interlock. 



13.1.11 Door-Control Cut-Out Switch 



A cut-out switch shall be provided in the Operator’s circuit breaker panel to allow disabling of 
the automatic and manual door operation on a selected portion of a train. 



1. Placing this switch in the cut-out position in any cab other than the leading and 
controlling cab shall disable door operation from that cab to the rear of the train. 



2. Placing this switch in the cut-out position in the leading and controlling cab shall not 
disable side door operation in the lead pair, but shall disable door operation in trailing 
cars. 



3. Door status indication for the train in the controlling cab shall not be affected by placing 
this switch in the cut-out position. 
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13.1.12 Network and Trainline Commands 



Contractor shall comply with the following requirements: 



1. Network/trainline integration shall be fault tolerant and designed to meet the door 
system availability specified in Section 13.1.2, Door System Availability. 



2. In Auto, Auto/Man or Man door-operation mode, door opening and door closing 
commands shall be transmitted through the Train Control Network and enabled with 
the discrete door trainlines: doors open right, doors open left and doors close. 



3. The commands shall be present for a minimum of 50 ms for the door to operate. The 
response time for door movement shall be less than 200 ms from the time of the 
command. 



4. Alternate service-proven methods of providing failsafe operation may be proposed. 



5. A method for validating platform side during manual operations shall be included in 
the design.  Pending design review, this operation shall function like the 7000 Series 
cars. 



6. Details of the door network and trainline operation shall be submitted for approval. 
(CDRL 13-1, Door Trainline Network Operation) 



13.1.12.1 Normal Control 



In the Auto, Auto/Man and Man door-operation mode, door opening and closing shall be as 
defined above. In the Auto/Man and Man door-operation mode, Selective Reopening and Door 
Toggling shall be possible. 



13.1.12.2 Selective Reopen/Reclose 



A Selective Reopen function shall be provided to cause selective reopening of only obstructed 
doors to facilitate departure at high patronage stations. 



1. The Selective Reopen function shall be activated by a control on the Train Control 
Display and shall be manually controlled via the door open pushbutton. 



2. Selective Reopen shall function only on doors that have not closed and locked while the 
interlocks described in Section 13.1.4, Door/Train Speed Interlock, permit door opening. 



3. After a door opening/door closing sequence at a station platform, and upon a door open 
command from the door pushbutton, Selective Reopen shall use the Train Control 
Network to inhibit any door from re-opening that has successfully closed and locked, 
while signaling any doors that have not closed and locked to begin to reopen. A door 
close signal following any door open signal shall initiate the closing cycle. 



4. Selective Reopen shall be nullified at any time by a control on the Train Control Display. 
This nullification shall permit the Operator to open all proper-side train doors as may be 
necessary in an emergency arising during a normal stop door closing process. 
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5. The Contractor may propose an alternate control method for achieving the Selective 
Reopen function. Such alternate control methods will be subject to review and approval. 



13.1.12.3 Selective Closing for Terminal Operation  



A Selective Closing function shall be provided to cause closing of only the end side-doors to 
facilitate environmental stabilization when the train is sitting at terminal stations. 



1. The Selective Closing function shall be activated by a control on the Train Control 
Display and shall be manually controlled via the door close pushbutton. 



2. Selective Close shall close all open end-doors while leaving the center doors open until 
issuance of a Normal close command. 



3. Selective Close shall be nullified at any time by issuing a Close command without first 
selecting Selective Close on the Train Control Display.  This nullification shall permit the 
Operator to close the center doors without having to issue an Open command or take 
any specific action on the Train Control Display to exit Selective Closing mode. 



4. The Contractor may propose an alternate control method for achieving the Selective 
Closing function.  Such alternate control methods is subject to review and approval. 



13.1.12.4 Door Toggling  



Door toggling is an operational practice used to warn the passengers that the doors are to be 
closed. 



1. The toggling is a manual function accomplished by interrupting a previous door close or 
door open command by applying the opposite door command. 



2. The door toggling can occur at any time during the door opening or door closing stroke. 
Toggling is not related to the obstruction detection system. 



3. The door system shall be fully tolerant to door toggling. 



4. The response time between changing commands (“open” and “close”) shall be no 
greater than 280 ms. 



13.1.13 Power Source and System Control 



The door systems in all cars of the train shall be powered at all times when the controlling cab 
console is keyed-up. 



1. The door system power supply shall be configured to turn off power to the door system 
5 minutes after the controlling cab console is keyed-down. This timing feature shall be 
Authority-adjustable between 5 and 30 minutes in 1-minute increments. 



2. The door system on each car shall automatically power-up when a crew key-switch is 
activated on the local car. There shall be no more than a 2-second delay between crew 
switch activation and door leaf movement. 
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3. The door system shall be designed such that there is no door-leaf movement during the 
door system power-up sequence. 



13.2 SIDE DOOR OPERATORS 



13.2.1 Operators and Controls 



Door operators and their controls shall be a service-proven linear drive design, shall have been 
used with a door panel of comparable weight, and are subject to approval. 



1. Routine lubrication shall not be required. 



2. Both side door leaves at each door opening shall be activated by a single electric 
operator and corresponding microprocessor controller.  



3. The linear drive shall incorporate a linear motor and stator arrangement for driving the 
side doors and a linear or rotary type of encoder for determining door leaf position. 



4. The drive system shall fit into the door cove/valence panel area shown on the Contract 
Drawings. 



5. The door operator and all switch, sensor and lock designs shall be designed to operate 
within the entire range of carbody, doorway, door panel, and door operator variations. 



6. Door operator switch, sensor and lock activation methodologies shall operate and be 
activated by a linear movement to minimize the need for rotary cams and springs. 



7. A door system switch, sensor, and lock activation methodology shall be proposed by the 
Contractor and submitted for approval by the Authority prior to door system 
Preliminary Design Review. 



8. The door controllers shall record the number of door open-close cycles at each door 
opening.  Cycle counts shall differentiate between normal door cycles and those 
resulting from detected obstructions and automatic recycling. This information shall be 
reported to and accessible via the VMDS system. 



9. Opening and closing profiles shall be used, each of which shall be independently 
programmed to incorporate a soft start, soft stop, and linear or non-linear velocity 
profiles. 



a. Obstruction detection shall be incorporated as specified in Section 13.6, Obstruction 
Detection, and shall not rely solely on the inability of the door achieving its profile. 



b. The controls shall incorporate a degraded mode of operation to control the doors in 
the event of an encoder failure. 



13.2.2 Location, Access, and Adjustment 



Contractor shall comply with the following requirements: 



1. Door operator controls shall be located in a self-contained local control panel mounted 
in the valance panels above and adjacent to each side door. 











Section 13, Door Operation and Control 



WMATA 8000 Series Railcars  13-7 Technical Specifications 



2. Door motors, drive screws and door operator subassemblies shall be accessible and 
replaceable without the need to remove carbody or car interior structure. 



3. Adjustments to a door operator shall be readily accomplished from the exposed side of 
the operator. Reference points for all adjustments shall be non-wearing surfaces. 



4. An adjustment procedure shall be provided by the Contractor and approved by the 
Authority. 



13.2.3 Door Closing Force 



The door operator and controls shall be arranged so that the net force on an obstruction during 
closing meets the requirements of APTA PR-CS-S-012-02, measured statically at the mid-point 
of door travel, even if the obstruction detection mechanism has been disabled. 



1. In case of failure of the obstruction detection mechanism and when selected to be active, 
the door shall close at reduced speed and remain closed until the problem has been 
corrected. This failure shall be reported via the VMDS with a high priority status. 



2. The door operators and controls shall provide sufficient damping to keep the door from 
bouncing off the stops and nose rubbers at the end of the opening and closing cycles. 



3. Current limiting to control door force and to protect the motor during prolonged 
periods of stalled condition, or alternative approved means, shall be provided by 
electronic controls. 



13.2.4 Door Opening and Closing Time 



Contractor shall comply with the following requirements: 



1. The elapsed time for door opening shall be a maximum of 2.0 seconds from the moment 
of energization of the door operator to the moment of completion of the operation, 
including cushioning. 



2. Door closing time shall be adjustable from 2.0 to 2.5 seconds in 50 ms intervals, and shall 
be readily changed by the Authority. 



3. The Contractor shall provide the correct closing profile (acceleration, constant speed, 
and cushioning) for the variable closing time parameter to ensure changing the closing 
time does not compromise other requirements. 



4. Variable parameter changes for all 12 door locations on a car shall be up-loaded from a 
central location. 



5. Both leaves of a door shall open and close simultaneously, and there shall be no 
discernible differences in door operating times when observing the whole side of a car. 



6. Changes in supply voltage over the range specified shall not affect door timing. 
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7. Compensation for friction variation on a door-to-door basis shall be provided in the 
motor controls and the obstruction detection sensitivity shall not be affected by the 
compensation for friction. 



13.2.4.1 Limit Switches 



Limit switches used in the door operator shall be of the replaceable-unit type. 



1. The limit switches shall be activated by gross movements of the operator mechanism, 
cut-out switch, or emergency handle, and not by vibration due to train operation. 



2. The design and installation of these switches shall be such that adjustments to 
replacement units will neither be necessary or even possible for proper functioning. 



3. Limit switches for controlling the cushioning and interruption of motor current will not 
be permitted. The locked limit switch may be used as a reference point to “zero” the 
door position by means of the encoder; other methods of measuring door position may 
also be proposed. 



4. When power is lost while the doors are open, the next closing sequence shall be 
performed at a slower speed until the door locked reference is attained again. 



13.2.5 Door Locking 



A mechanical device shall ensure the locking of each door panel in the Door Closed position. 



1. Locking shall be solely mechanical and automatic. 



2. The door-locked indication shall be given only after the door has fully closed and has 
been mechanically locked 



3. Closed and locked limit switches shall undergo “cycle checking” to ensure they change 
state when the door panel is known to be open, based upon motor current, distance 
counting techniques, or other approved means. 



13.3 DOOR CONTROL SWITCHES 



13.3.1 Cab Controls 



Door control pushbuttons shall be provided at two locations in the cab: 



1. Pushbuttons shall be heavy-duty, industrial, barrier-type, spring-return type. Circuitry 
shall be arranged so that, once the button is held down for at least the period specified in 
Section 13.1.12, Network and Trainline Commands, the operating cycle will be 
completed even if the button is subsequently released. 



2. One pair of buttons (one for Open and one for Close) shall be provided on the Auxiliary 
Control Panel to the right of the Operator, and shall control the doors on the right side of 
the train (Doors 1 and 2, 3 and 4, 5 and 6, starting from the F end of the car). 
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3. The second pair of pushbuttons shall be provided on the Left Door Control and 
Emergency Stop Panel on the forward side of the left side window, opposite the 
Operator’s console: 



a. This shall control the doors on the left side of the train (Doors 7 and 8, 9 and 10, 11 
and 12, starting from the F-end of the car). 



b. This panel shall also have an All Doors Closed indicator light and an Emergency 
Stop mushroom-type pushbutton. 



4. Dual color (green/yellow) LEDs shall be incorporated into each door control panel as 
per Section 13.4.2, Doors-Closed Indicator. 



5. Enabling of the door control pushbuttons on either panel shall be accomplished by 
activation of the control lock on the control console, or by activation of the door control 
key switch on the Auxiliary Control Panel. It shall be possible to remove the key and 
have doors remain open, and to close and lock the doors from a different master door 
control panel than that from which they were opened. 



6. In the leading cab, the Operator shall be able to forestall the opening function by holding 
the Close pushbutton, and to forestall the closing function by holding the Open 
pushbutton, when the commands for these functions are being initiated by the ATC 
system. 



13.3.2 Hostler Panel Controls 



A similar set of door control switches shall be included at the F end of the B Car.  The Authority 
will decided whether these controls will be on the Hostler Panel or at the left and right side 
windows: 



1. The switches shall be momentary contact, shrouded push buttons, as illustrated in 
Contract Drawing 8000-11, 7k Hostler Panel. 



2. The left and right Open pushbuttons shall function as the cab mounted switches. If on 
the Hostler Panel, the Close pushbutton shall close all doors on both sides of the train 
consist.  If located on the side walls, the buttons shall be lockable. 



13.3.3 Crew Switches 



Key-switch stations for crew shall be provided inside and outside of the car adjacent to door 
leaf numbers 2, 8, and 9 for controlling operation of the door leaves. 



1. The exterior crew switches shall be watertight and shall be located at a height of 
60 inches to 65 inches above the rail and 12 inches to 18 inches from the edge of the door 
opening, for operation by an employee standing either on the ground or on a station 
platform. 



2. Keyholes on the outside of the car shall be provided with spring-closed, gasketed covers 
to ensure they are weathertight. Covers shall have a brush finish identical to the exterior 
of the car. 
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3. Interior crew switches shall be flush-mounted in a panel located similarly to existing 
WMATA fleets. 



4. Door leaves shall be operated by momentary activation of the crew switch with a door 
key. 



5. It shall be possible to remove the key with the door in either the open or closed position. 



6. The Open and Close key positions shall be engraved on the faceplate of the switch, and 
shall be filled in with black ink. 



7. When a door panel has been opened or closed by an outside (or inside) crew switch, it 
shall be possible to close or open it by either of the following means, and the door shall 
thereafter function normally: 



a. By operation of the adjacent inside (or outside) crew switch.  



b. By operation of the normal door control from any master door control panel. 



8. Crew switch circuits shall be zero-speed protected and there shall be no single-point 
failures that can cause a crew door to open whether in motion or at zero-speed. 



13.3.4 Emergency Door Operation 



All side doors shall be arranged so that they may be manually opened from inside and outside 
the car for emergency exit or access in accordance with APTA PR-CS-S-012-02. 



1. The emergency release actuation device shall be located immediately adjacent to the 
door opening on the interior and the exterior of the doorway and shall not require the 
use of tools or other implement to access or operate, as per 49 CFR 238.112, Door 
Emergency Egress and Rescue Access Systems.  Access to the device shall not be 
impeded by an occupied mobility device space or seating. 



2. Consideration of 49 CFR 38 and MIL-STD-1472 shall be given when designing and 
locating the interior emergency release actuator. 



3. The force necessary to operate the release device and the door panels shall be in 
accordance with APTA PR-CS-S-012-02. 



4. The release shall operate independent of the car zero-speed circuitry and shall not 
require power on the car. 



5. Both door leaves shall open when the handle is activated. 



6. The emergency release actuation device shall be clearly marked to show its purpose and 
method of operation in compliance with APTA PR-PS-S-002-98 and 49 CFR 239.  



7. The actuation device shall be covered by a clearly labeled, frangible or hinged panel, to 
be approved by the Authority, to reduce nuisance operations. 



8. Handles shall be coated OSHA orange as specified in Section 10.19, Rapid Identification 
Coating. 
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13.3.4.1 Emergency Door Recovery 



The emergency door system shall provide for a powered recovery of the door leafs to the closed 
and locked state. 



1. In the event of an emergency door opening, the Operator shall be able to restore the 
door leaves to the closed and locked state by restoring the emergency handle, or by 
other approved means. 



2. Upon activation, the emergency door leaves shall be powered closed and locked. This 
function shall not affect the state of any other doors on the car or consist. 



3. It shall also be possible to manually restore the emergency door leaves to the closed and 
locked state with a manual force in accordance with APTA PR-CS-S-012-02. 



4. These functions shall be active when the car is at rest and the Operator’s keys are either 
applied or removed from the Operator’s console. 



13.4 DOOR SIGNAL LIGHTS 



13.4.1 Exterior Door Signal Lights 



A red indicating LED cluster in an unpainted, bright metal tubular housing shall be provided 
on the exterior above the center side door on each side of the car. 



1. The housing shall conform to clearance requirements and shall be of a design that will 
not be damaged by car wash machinery. 



2. The circuitry shall be arranged so that the light will be illuminated when any door leaf 
on either side of the local car is open, obstructed, or unlocked. If the door is cut out, the 
exterior door signals lights shall not be illuminated. 



3. The light shall be visible from both ends of the train. The light shall have sufficient 
brightness so that a person with normal vision will be able to discern whether the light is 
illuminated or not in bright sunlight at a distance of eight car lengths on tangent track. 



13.4.2 Doors-Closed Indicator 



Indicator lights shall be provided on the Operator’s console, in the Left Door Control and 
Emergency Stop Panel, and in the Hostler Panel. 



1. The circuitry shall be arranged so that in any panel that has been activated with the door 
key or the control key, the light shall be illuminated when all side doors on both sides of 
the train are closed and locked. 



2. When a door control panel is not activated, the light shall be extinguished. 
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13.4.3 Service Indicator Lights 



A red LED indicator shall be located in the valance panel above each doorway (six): 



1. It shall be illuminated under the following conditions to permit the Operator to locate 
the problem door in the quickest time possible, such that it may be cut-out and 
bypassed: 



a. When an associated door’s leaves are open, obstructed, or unlocked, irrespective of 
car speed. 



b. When an associated door’s leaves are preventing the train from moving due to other 
causes, such as Emergency Door release or detection of unsafe conditions by the 
diagnostics. 



2. Indication of door cut-out annunciation of these same causes shall also be transmitted 
and displayed by the VMDS, so that there are redundant detection methods during 
normal operation. 



3. The method of detecting and annunciating failures to minimize recovery time shall be 
addressed by the Door System FMECA. 



13.5 DOOR WARNING AUDIO AND VISUAL INDICATORS 



13.5.1 Door Warning Operation 



An ADA-compliant door operation audio and visual warning system shall be provided for the 
car. Door Opening and Door Closing announcements shall be provided in conjunction with 
door chimes. 



1. When doors are ordered closed, either manually or automatically, the following shall be 
provided to alert passengers of closing doors. 



a. Upon receipt of a Door Close command, the Door Closing announcement and door 
chime tones shall sound and the door operation indicator lights shall commence 
pulsing on and off. 



b. To provide a waiting period after the second tone, the door shall begin to close at the 
end of a period adjustable from 0 to 4 seconds, beginning at the command to close. 
Initially, this shall be adjusted to a 2-second delay. 



c. The door operation lights shall continue pulsing until the doors are closed and 
locked. 



• The initial pulsing frequency shall be 2 Hz, but this shall be adjustable if 
necessary. 



• The door closing indicating lights shall remain extinguished during the opening 
cycle, and the light in the appropriate doorway shall remain extinguished if a 
door is cut-out in that doorway. 



2. Upon door opening, the trigger signal shall be simultaneous for the Door Opening 
announcement and door opening. 
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3. A warning announcement shall be initiated when doors are commanded to close before 
they are fully open, and when the door open/door close pushbuttons are operated in 
rapid sequence (e.g., twice within 3 seconds). 



4. The circuitry shall be arranged so that pressing the door opening button in any active 
master door control panel will instantaneously stop the door operation at any time in the 
closing cycle before the closed and locked position is reached and cause the doors to 
reopen without any delay. Once the doors are fully open, the closing cycle shall be 
restored to its starting point. If the door closing button is pressed before the doors are 
fully open, the doors shall close without going through the warning chime/light and 
timing cycle. 



5. There are many scenarios related to the use of door buttons while the doors have not 
reached a stable state. Announcements for the various scenarios shall be reviewed for 
approval during design review. 



13.5.2 Door Warning Audio System 



The audio portion of the warning system shall be provided as part of the PIS described in 
Section 22, Communication. 



1. The electronic door chime system shall not interfere with the public address (PA) 
system. 



2. There shall be six separate speakers, one located above each side doorway. 



3. Voice recordings shall be as provided by the Authority. 



4. The Contractor shall provide to the Authority the necessary hardware and software to 
modify the recorded announcements, such that future changes can be made by the 
Authority. 



13.5.3 Door Warning Lighting 



The visual portion of this system shall be provided either as part of the door system or the PIS, 
subject to Authority approval. 



There shall be six door-operating indicator lights, one located at each side door opening, which 
shall be clearly visible from inside and outside the car. 



13.6 OBSTRUCTION DETECTION SYSTEM 



The door operators shall be equipped with an obstruction detection system for passenger 
protection during the door closing cycle. 



1. The obstruction detection system shall be sufficiently sensitive to detect the presence of 
either of the following at any location along the nose rubber except the uppermost 
3 inches and bottom 1 inch: 



a. A flat bar 0.25 inch thick by 3 inches high inserted between the door leaves. 
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b. A 0.375-inch diameter object inserted between the door leaves. 



2. The equipment shall also permit a thin flexible object, not detected by the detection 
system, to be pulled free from the leading edges of doors that are fully closed and 
locked. 



3. An obstruction shall be detected through the measurement of the door operator motor 
current and by comparison to the distance vs. time relationship stored in the electronic 
door control. 



4. The following two methods of operation shall be available: 



a. Obstruction detection active: When the doors have started to close, the detection of 
an obstruction at either leaf of a door-set shall cause the following: 



• Both leaves of that door-set to reopen fully for approximately 0.5 second. 
• After a waiting period, adjustable from 0 to 2 seconds in maximum 0.5-second 



increments, the door shall again attempt to close. 
• The number of recycle attempts shall be adjustable from one to three times, 



before the doors close and do not reopen. 
• The detection of an obstruction during the final closing attempt shall not reopen 



the door or remove power from the door operators, but shall continue to lock out 
traction control as described in Section 13.1.4, Door/Train Speed Interlock. 



• The warning chime shall not sound during the second attempt to close. 



b. No obstruction detection active. 



5. At the time of car delivery, the door controls shall be connected to provide no 
obstruction detection active. However, it shall be possible for the Authority to convert to 
obstruction detection active by adding or removing a jumper wire, relocating a 
connection on a terminal strip on either the Operator’s panel or the door control panels, 
or by another Authority-approved method. 



6. Door obstruction conditions shall be annunciated on the Train Control Display. 



7. The door system design shall eliminate the need for maintenance intervention to recover 
a door that has “locked-out” or otherwise shut down due to an extended door 
obstruction interval.  Door controls must be configured such that any re-sets can be 
accomplished using the Train Control Display on the lead car. 



8. The Door system shall be designed to withstand an extended obstruction interval 
without damage or degradation of the door components, such as motors and control 
electronics. 



9. The Contractor must submit for approval a proposed maximum obstruction interval 
time prior to door system Preliminary Design Review. 
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13.7 DOOR DIAGNOSTICS 



At a minimum, microprocessor-based door controllers shall have an approved self-diagnostic 
routine that is initiated automatically each time the unit is powered-up. 



1. It shall also be possible to initiate the self-test routine via a control local to the unit. 



2. Door controllers shall contain all necessary LEDs and system status information to be 
able to alert maintenance personnel of a failure/problem without the need of a PTE. 



3. A pictogram or label showing which LEDs are illuminated for each door state shall be 
located adjacent to the door operator and available to maintenance personnel upon 
gaining access to the operator. 



a. The pictogram shall provide a means to quickly identify the correct aggregate 
pattern of the LED display for each door state. 



b. Details of the LEDs and layout shall be submitted as part of CDRL 13-1 for approval. 



4. The controller shall have a comprehensive diagnostic system capable of diagnosing 
failed components. The Contractor shall submit documentation defining the capabilities 
of this system for approval. (CDRL 13-2, Documentation on Door Diagnostic System) 



13.8 VMDS INTERFACE 



Input and output signals to equipment critical to performance of the door operators and the 
door controls shall be monitored and stored in a data acquisition module. 



1. Data shall include the power supply voltage and shall be time- and date-stamped. 



2. Non-volatile data storage shall be a minimum of 15 minutes. 



3. Old data shall be overwritten and the most recent data saved as a redundant source for 
incident investigations. 



4. Recording of data shall cease if there is no input signal change or request for data from 
the VMDS during a 5 second interval. 



5. Data recording shall resume immediately whenever there is a change in signals or query 
from the VMDS. 



6. It shall be possible to download the data in this module to the PTU via the local port and 
to transmit it via the train network to the VMDS specified in Section 23, Monitoring and 
Diagnostics. 



7. A functional block diagram of the system and its equipment showing all signals that will 
be stored shall be submitted for approval as part of the design review process. 



8. Status of individual doors shall be displayed on the TCD using red, yellow, and green 
colors to delineate the service status of each door in the train consist. 
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13.9 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 13-1, Door Trainline Network Operation ................................................................................... 4 
CDRL 13-2, Documentation on Door Diagnostic System ................................................................... 15 
 



13.10 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



49 CFR 38 Americans with Disabilities Act (ADA) Accessibility 
Specifications for Transportation Vehicles 



49 CFR 238 Passenger Equipment Safety Standards 



49 CFR 239 Passenger Train Emergency Preparedness 



APTA PR-CS-S-012-02 Standard for Door Systems for New and Rebuilt Passenger 
Cars 



APTA PR-PS-S-002-098 Standard for Emergency Signage for Egress/Access of 
Passenger Rail Equipment 



MIL-STD-1472 Design Criteria Standard: Human Engineering 
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14.1 GENERAL 



14.1.1 Configuration 



Each car shall be equipped with two powered trucks. 



1. Each truck shall be a four-wheel, equalized, roller bearing truck having a rubber, coil 
spring(s), or approved equal, primary suspension system, and an air-spring secondary 
suspension system. A truck with bolster is preferred, but a bolsterless truck may be 
proposed, prior to PDR, for Authority consideration. 



2. Each truck shall be equipped with two traction motors, each geared to a single axle 
using a parallel drive in accordance with the requirements of Section 15.4, Traction 
Motors, and two disc and caliper brake assemblies per axle in accordance with the 
requirements of Section 16, Friction Braking System. 



14.1.2 General Design Requirements 



The design shall: 



1. Have been used successfully in mass transit passenger service on a fleet of at least 25 
vehicles of same or similar design for at least two years in revenue service. 



2. Comply with all performance, strength, and ride-quality requirements of the 
Specifications. 



3. Have been produced by a manufacturer of trucks with five or more years of successful 
experience using the fabrication techniques required by the design. 



Achieving a low overall truck weight shall be a key design aim, consistent with meeting the 
strength and life requirements of this Section. 



14.1.3 Existing Wheel-Equipment 



The trucks furnished under this Contract shall be compatible with the wheel-turning/truing 
equipment now in use at maintenance facilities operated by the Authority. 



The truck design and installation shall permit wheel-turning operations to be performed 
without the need for de-trucking or disassembly of any parts from the truck or the carbody. 



14.1.4 Emergency De-trucking 



Provisions shall be made for emergency removal of the truck from under the car in areas of 
minimum headroom. 



1. It shall not be necessary to raise the carbody more than the minimum distance required 
for the truck and traction motors to pass beneath the coupler and coupler carrier. 



2. Any parts requiring removal to permit emergency de-trucking in areas of limited 
clearance shall be fastened with accessible bolts, pins, or other approved, removable 
fasteners. 
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3. Contractor shall provide a procedure for emergency de-trucking in areas of limited 
clearance as specified by the Authority. 



14.2 DESIGN CONSIDERATIONS 



14.2.1 General 



The truck design, including primary suspension characteristics, shall be considered 
concurrently with designs for the carshell, the car secondary suspension and the leveling 
system.  



1. As a minimum, carbody torsional stiffness, truck equalization, and leveling system 
characteristics shall be taken into account. 



2. The truck design shall ensure the car is operating at peak efficiency, resulting in the best 
ride quality with minimum wheel/rail wear. Also, the car shall be operated with 
sufficient margin of safety by reducing the risk of low-speed wheel climb derailments 
for both new and worn component condition. 



3. Railcar dynamic simulation, as specified in Section 14.3, Truck Dynamic Analysis, shall 
provide sufficient information to verify that all Specification requirements are met. 
Options and alternatives in the truck design may be proposed up to PDR. 



4. The Contractor is required to monitor vehicle performance using wayside-installed 
truck performance detectors, as described in Section 14.3.2, Dynamic Analysis Model 
Verification, during the acceptance process and to continue monitoring for a minimum 
period of two years after vehicle acceptance date.  The Contractor shall propose 
exception thresholds for approval.  Results of the car monitoring process shall be made 
available to the Authority on monthly basis. 



14.2.2 Safety 



The design shall comply with the strength requirements of the Specifications under all loading 
conditions described in Section 14.4 Design Criteria for Strength, and Section 3, Test Program. 



1. The design loads selected by the Contractor shall be verified by instrumenting the 
highest loaded Pilot car truck during the on-site qualification testing in Section 3.8, On-
Site Qualification Tests, and showing that the peak measured stresses are less than the 
static test stresses, and that the extrapolated fatigue damage is less the AWS fatigue 
damage when the AWS D1.1/D1.1M S-N curves are extended beyond FTH using a slope 
of m+2. 



2. The car suspension system shall be designed with suitable backup suspension or safety-
stop means to reduce the likelihood of a catastrophic vehicle failure, derailment, 
collision, or extension beyond the dynamic clearance envelope shown in Contract 
Drawing 8000-25, Dynamic Outline, in the event of a failure in the normal suspension 
element or system. 



3. Each component of the truck (including axles, wheels, bearings, the truck-mounted 
brake system, suspension system components, and any other components attached to 
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the truck by design) shall remain attached to the truck when  the following longitudinal, 
vertical, or lateral force is exerted in any direction on that component. 



a. The minimum longitudinal force shall be the lower of 150,000 lb, or 30g for truck-
mounted items and 100g for wheelset-mounted items. 



b. The minimum vertical and lateral forces shall be 30g for truck mounted items and 
100g for wheelset mounted items. 



c. The Contractor shall measure resonant frequencies induced in the truck and shall 
consider associated force loads. 



4. The truck and its components shall be designed with consideration for the safety of 
personnel during shop maintenance activities.  The truck assembly shall be free of sharp 
corners, sharp edges, or burrs. 



5. To prevent components from inadvertently falling when the truck is disassembled, all 
components, such as side bearers and air springs, shall be secured to a major 
component, such as the truck frame, truck bolster, or wheelset. 



14.2.3 Service Life 



The trucks shall be designed so that, in normal service under the stated conditions and with 
proper maintenance and servicing, their service life shall equal or exceed that of the carbody, 
but in no case be less than 40 years without any need for structural repairs. All truck and truck-
mounted components shall have a minimum service life of greater than seven years to ensure 
that components do not require attention prior to the Authority’s normal truck overhaul 
schedule, with the exception of wheels, friction discs, and brake pads. 



14.2.4 Ride Quality 



Trucks shall provide a ride quality for both empty and fully loaded cars as measured over the 
trucks and at the center of the car, equal or superior in all respects to the ride quality provided 
by the Authority's existing 7000 Series cars, and as detailed in Section 3.8.7, Ride Quality Test. 



1. The specified ride quality must be achieved at all speeds up to the maximum operating 
speed defined in Section 1, Performance Requirements. 



2. The Contractor shall be responsible for preparing the necessary test procedures for 
Authority approval and for conducting the test to determine ride quality (see Section 3, 
Test Program).   



a. The procedures shall be based upon ISO 2631 and include evaluation for both seated 
and standing passengers, inflated and deflated air springs, and at AW0 and AW2.  



b. The procedure shall be the model for the final car qualification test procedures so 
that results of both are directly comparable. To ensure comparability, test equipment 
shall be identical in both tests. 
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14.2.5 Maintenance Requirements 



The trucks shall be designed to permit full interchangeability between each end of a car and 
among the cars furnished under this Contract without requiring any modifications to the truck, 
except for the installation or removal of car leveling system component(s), or minor  bracketry, 
if applicable. Any equipment requiring removal shall be attached with readily-accessible 
hardware. 



The truck design shall provide unobstructed access to all parts that require periodic inspection, 
lubrication, or removal and replacement without requiring removal of any other apparatus. 



1. Cables, wiring, piping, and hoses shall have rugged disconnect devices, suitable for the 
environment, in places where required for the removal of truck from the carbody or 
major components from the truck assembly. 



2. Inspection covers on equipment, when removed, shall provide visibility of all apparatus 
that requires periodic inspection or maintenance. 



3. Oil level and lubrication fittings on the truck shall be accessible for servicing from a pit 
or from the side of the car. 



4. Different types of lubrication fittings shall be used to distinguish the lubrication points 
that require the use of differing lubricants. 



5. Lifting eyes of sufficient strength shall be provided at four points on the truck frame or 
other lifting means shall be provided, as approved by the Authority, to permit level 
lifting of a fully assembled truck using a shop crane with chains or straps.  



a. Sufficient strength:  30% of yield strength shall not be exceeded with straps being 25 
degrees from the horizontal. 



b. There shall be no interference between the lifting mechanism and any truck mounted 
equipment. 



6. De-trucking and re-trucking shall each require not more than 30 minutes to perform.  



7. To the extent possible, the truck design shall prevent the incorrect installation of 
components and rejection of any similar but unacceptable components used in the 
Authority’s legacy fleet. 



8. Threaded fasteners, adjustment points, and structurally critical locations shall be 
accessible for inspection and maintenance using conventional means. 



9. Wheel, axle, bearing, gear unit, and motor assemblies shall be interchangeable between 
ends of the truck, and between trucks. 



14.2.6 Motion Restrictions 



The suspension system shall so restrict the motion of the carbody that it cannot, under any 
combination of conditions, including wear, exceed the dynamic outline shown in Contract 
Drawing 8000-25, Dynamic Outline. 
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All truck parts except wheels, gear box, and contact shoes shall clear the horizontal plane 
formed by the tops of the rails by no less than 2.5 inches under conditions of maximum wear, 
secondary spring deflection, primary spring deflection, or rubber creep. 



14.2.7 Truck Side Bearing 



Side bearings, if used, shall be coated with a material that meets or exceeds the expected life of 
seven years. The coating shall not exhibit defects such as peeling, uneven wear, or uneven 
contact.   



The side bearers and side bearer support shall be designed and manufactured to ensure quiet 
operation throughout the side bearer life. This must include attention to achieving load bearing 
contact over a minimum of 85% of the side bearer, and an edge condition that will preclude 
acoustic vibrations. 



14.2.8 Truck Equalization 



Truck equalization Tests 1 through 3 shall be such that the following conditions are met with an 
empty car (AW0) on level tangent track with leveling valves disconnected.  Tests 1 and 2 shall 
also be done on a loaded car at AW3: 



1. Jacking or lowering any one wheel 2.5 inches vertically shall not cause any other wheel 
tread to lose contact with the rail with air springs deflated and brakes released. 
Hysteresis effect in the suspension is to be estimated by jacking the wheel to 3 inches 
and noting the difference in the wheel rail force at 2.5 inches on raising and lowering. 



2. Jacking or lowering any one wheel 2.5 inches vertically shall not result in wheel 
unloading of more than 55% of the nominal wheel load with air springs inflated and 
brakes released.  Hysteresis effect in the suspension is to be estimated by jacking the 
wheel to 3 inches and noting the difference in the wheel rail force at 2.5 inches on raising 
and lowering. 



3. Jacking or lowering two wheels on the same side of a truck 2.5 inches vertically shall not 
result in wheel unloading of more than 35% of the nominal wheel load on any wheel of 
the car. Air springs shall be inflated and brakes released. 



14.2.9 Corrosion Protection 



The truck shall be designed to preclude dirt and snow traps, and areas where moisture buildup 
could occur inside frame members. The Contractor shall describe the measures to be taken to 
prevent corrosion of the truck frame including protection at dissimilar metals. (CDRL 14-1, 
Corrosion Protection Plan for Truck Frame) 
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14.3 TRUCK DYNAMIC ANALYSIS 



14.3.1 Dynamic Analysis Model 



The truck supplier shall perform detailed dynamic modeling of the entire car, using a proven 
rail vehicle dynamic analysis package such as NUCARS or VAMPIRE. 



1. The model shall include all appropriate degrees of freedom, masses, stiffness, and 
damping elements for the railcar. The analysis package used shall be subject to approval 
prior to use. 



2. The model shall accurately predict the ride quality, ground-borne vibration, curving 
performance, lateral stability, and derailment safety of the railcar on the Authority's 
track. The railcar condition shall be assessed using the following parameters: 



a. With new and any worn wheel profile, including hollow tread wheels, not 
condemnable by current Authority practice. 



b. At all vehicle load conditions and operating speeds. 



c. With a range of suspension characteristics consistent with those possible due to the 
prescribed maintenance recommendations. 



d. With truck worn components not condemnable by current Authority practice. 



3. Modeling shall be performed initially with theoretical suspension parameters, and again 
when measured values become available, if these differ significantly from the predicted 
values. (CDRL 14-2, Vehicle Dynamic Analysis) 



14.3.2 Dynamic Analysis Model Verification 



Contractor shall verify and validate the dynamic analysis model: 



1. The model shall be verified comparing modal frequencies from the carbody mode 
excitation test and suspension resonance test. 



2. The model shall be verified by comparing the model prediction to the truck equalization 
and truck rotation tests. 



3. The model shall be also verified by appropriate stability and curve negotiation testing 
on the Pilot Cars:  



a. The truck performance detector installed at the Authority's Greenbelt yard may be 
used for such purposes. 



b. In addition to the already installed truck performance detector, the Contractor shall 
procure, install, set-up, and maintain throughout the car warranty period, the same 
or similar devices at determined location for each car dynamic validation/curve 
negotiation characteristic. 



c. At a minimum two truck performance devices shall be installed. This test shall be 
part of car acceptance tests. 
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14.3.3 Design Demonstration Using Dynamic Analysis Model 



Contractor shall verify that specified requirements are met using dynamic modeling: 



1. Modeling of ride quality and ground vibration input shall demonstrate that the car 
meets the requirements of this Section with verified suspension and track characteristics.   



2. Ground vibration shall be less than or equal to the Authority’s 6000 Series cars with new 
wheels and renewed suspension components per Section 3.8.7, Ride Quality Test. 



3. Modeling of curving performance shall demonstrate that when the car negotiates 
mainline or yard track, including tightest turnouts/switches and other special track 
work at prescribed speeds, the requirements of this Section are met with a minimum 
10% safety margin. 



a. This requirement applies when traversing curves or tangent track with irregularities.  



b. As a minimum, railcar performance over turnouts/switches and other special 
trackwork, at prescribed speeds, shall be analyzed under steady curving conditions 
and as a transient response. 



4. Modeling of vehicle lateral stability shall confirm that the car does not exhibit any 
unstable limit cycle oscillations at any speed up to 10% above the maximum operating 
speed, and satisfies requirements of 49 CFR 213.333, Automated vehicle-based 
inspection systems, and 49 CFR 213.345, Vehicle qualification testing, and requirements 
of this Section. 



5. The Contractor shall submit a Vehicle Dynamic Analysis Plan. (CDRL 14-3, Vehicle 
Dynamic Analysis Plan) 



a. The plan shall describing the approach and cases to be analyzed, and dynamic 
model that demonstrates that the final vehicle design complies with all requirements 
of this Section. 



b. Any changes made to the vehicle after this submittal shall be reconfirmed and new 
modeling data shall be submitted. 



14.3.4 Truck Dynamic Analysis Parameters to be Evaluated 



14.3.4.1 Wheel Unloading 



Truck, secondary suspension, leveling system, and carbody design shall minimize the potential 
for wheel unload. 



Under any operating condition over track within the limits of the governing track geometry 
standards (see Section 1, Performance Requirements), the actual vertical load on any wheel of 
the truck, for a distance traveled along the track of 5 feet or more, shall not be less than 10% of 
the static vertical wheel load (i.e., 10% of the car load that would exist on that wheel when the 
car is stationary on perfectly level tangent track). 
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14.3.4.2 Vehicle Overturning 



When negotiating a curve with uniform superelevation in steady-state conditions, no vertical 
wheel load shall be less than 60% of its static value on level tangent track. Compliance shall be 
demonstrated for two extreme conditions: 



1. Static lean on maximum superelevation, as defined in Section 1, Performance 
Requirements. 



2. Static lean on negative superelevation corresponding to roll deflection at the maximum 
allowable speed in excess of balance speed. 



14.3.4.3 Wheel Climb 



Under any track irregularity condition permitted by the governing track standards, the ratio of 
lateral force (L) to vertical force (V) on any wheel should not exceed the limits below for five or 
more continuous feet per 49 CFR 213.333:   



𝐿𝐿
𝑉𝑉



=
𝑡𝑡𝑡𝑡𝑡𝑡 (𝛿𝛿)  −  𝜇𝜇
1 +  𝜇𝜇 tan(𝛿𝛿)  



where  
μ is the friction coefficient at the rail head/gauge face contact surface 
δ is the wheel/rail contact angle 



 
The L/V ratio shall not exceed derailment limit under railhead and gauge face coefficient of 
friction conditions up to and including 0.5 and under yard operation and deflated secondary 
suspension conditions. 



Per FRA Safety Advisory 2013-2, the suspension system shall prevent wheel climb while 
negotiating the Authority’s tightest curve (minimum, 500 foot radius curve), without a 
restraining rail, with a coefficient of friction (μ) equal to 0.5, and 3-inch track-warp variations 
with the following wavelengths: 10, 20, 40, and 62 feet. 



1. Under both the AW0 and AW3 loading conditions, the L/V ratio on any wheel shall not 
exceed, for a duration of more than 5 feet, the ratio given in the equation above. 



2. Note that for AW0, the model must include the 5% intra-truck wheel load variation per 
Section 1.5.2, Weight Balance Criteria. 



3. If the 8000 Series analysis does not comply with the above, the analysis shall be 
performed for the tightest mainline curve (minimum 800 foot radius curve) without a 
restraining rail with the same conditions. 



4. Also, the 8000 Series performance shall be shown by analysis to be no worse than 
existing Authority vehicles for both curves.  



5. The Authority will make existing vehicle(s) and requested suspension components 
available for the Contractor’s review to obtain information in constructing a vehicle 
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model for an existing Authority vehicle. However, the Authority will not share specific 
vehicle information that is proprietary to the original car builder. 



14.3.4.4 Track Panel Shift 



The total lateral force applied by any axle of the truck to the track should not exceed the value 
for net axle lateral L/V Ratio in 49 CFR 213.333 for a distance traversed along the track of 5 feet 
or more. 



14.3.4.5 Gauge Widening Forces and Ground-Borne Vibrations 



The total dynamic lateral force exerted by a truck on a single rail shall not exceed 60% of the 
vertical force exerted by that truck on that rail for a distance of 5 feet or more.  



The rail damaging forces and ground-borne noise and vibration levels shall in no case be higher 
than those generated by the Authority's 6000 Series cars.  



The Contractor shall demonstrate by calculation that vertical and horizontal track forces have 
been minimized, and confirm the calculated forces and vibration by test. (CDRL 14-4, Track 
Force Calculations and Test Procedure)   



1. The Contractor shall be responsible for preparing the necessary test procedures for 
Authority approval and for conducting the test to determine the existing track forces 
and ground-borne vibration of the Authority's 6000 Series cars. The test shall be  
conducted on a 4000 series car.  



2. The Contractor shall be responsible for preparing and conducting a test to determine the 
existing track forces and ground-borne vibration of the 8000 Series car. The test 
procedure and test equipment shall be the same so that results of both are directly 
comparable. 



14.3.4.6 Truck Rotation and Stability 



The Contractor shall provide a truck assembly that will resist hunting (nosing) at all speeds 
from 0 up to 80 mph under worst-case conditions including component wear and aging.  



1. The car will be regarded as unstable when the criteria of UIC 518 regarding stability are 
exceeded, or the carbody, trucks or axles exhibit continual un-damped oscillations in 
any axis or mode.  



2. Truck stability shall meet the truck lateral acceleration requirements of 49 CFR 213.333 
Vehicle/Track Interaction Safety Limits. 



3. The truck assembly shall be sufficiently free to turn, such that wheel treads do not 
exhibit double-groove-type tread wear patterns or flange wear below the condemning 
thickness (thin flange) before reaching condemnable high flange condition. 



4. Truck stability and turning stiffness shall not cause abnormal wheel or rail wear. 
Abnormal wheel wear constitutes flange or tread wear of wheels on one side of one 
truck only, while other wheels on the same truck or car do not exhibit wear.  
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5. Calculated truck rotational resistance shall be verified by measurement per Rail Safety 
and Standards Board, GM/RC2641 Section 2.5, Bogie rotational resistance test, and meet 
performance of GM/RT2141 Appendix B, Measurement of Bogie Rotational Resistance.  
Results will also be used to verify the vehicle dynamic model. 



14.3.4.7 Natural Frequency 



The vertical natural frequency of the primary suspension system shall not exceed 10 Hz. When 
considered as a total system, including the primary and secondary elements, the vertical natural 
frequency of the suspension shall not exceed 1.5 Hz. The natural frequency of the suspension 
subsystem shall be sufficiently separated from the natural frequency of the carbody as indicated 
in Section 10.4.6, Vibration.  



The vertical resonance frequency of the primary suspension system shall be separated from that 
of the carbody by at least 3 Hz at AW0 condition. Other suspension frequencies will be 
considered provided the Contractor can demonstrate that the natural frequencies of the vehicle 
body and primary and secondary suspension systems are sufficiently different, do not coincide 
under any operating conditions, and have no adverse effect on ride quality or ground borne 
vibration. 



14.4 DESIGN CRITERIA FOR STRENGTH 



14.4.1 General 



Contractor shall comply with the following requirements: 



1. Maximum static stresses at any point shall not exceed the following levels using as a 
minimum the loads defined in Sections 14.4.2.1, Static Loads, and 14.4.2.2, Overloads: 



a. For static load: 40% of yield strength of material. 



b. For overload: Yield strength of material and no permanent deformation. 



2. The fatigue design of the truck frame and bolster shall use, as a minimum, the loads 
defined in Section 14.4.2.3, Fatigue Loads.  The fatigue stress range used shall be the 
maximum stress less the minimum stress at a point using any load combination as 
described. 



3. For welded structures, the fatigue stress range shall be within the allowable fatigue 
endurance limit obtained from AWS D1.1/D1.1M, Figure 2.11, Allowable Stress Range 
for Cyclically Applied Load (Fatigue) in Nontubular Connections (Graphical Plot of 
Table 2.5). Curves for categories C or D for other attachments should be used, as 
mutually agreed supplemented by the formulas in AWS D1.1/D1.1M, Section 2, Design 
of Welded Connections. 
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4. The Contractor shall submit a separate analysis of welds and welded connections that 
shows the static and fatigue category according to AWS D1.1/D1.1M and the hot spot 
stress analysis method per AAR Specification M-1001 Chapter 7, Section 7.7, Finite 
Element Analysis of Freight Car Structures – Recommended Practice.   



a. This analysis shall account for all welding on the finished truck frame and bolster, 
including welds attaching brackets, studs, and holders for all truck accessories.   



b. It shall include drawings of the truck welding locations with the AWS classification 
indicated.  



5. For cast steel structures, the fatigue stress range shall be limited to one of the following: 



a. The published design (minus two sigma) endurance stress values for smooth, flat 
tension-tension specimens; or 



b. Recent test results with sufficient data to establish the endurance stress value for 95% 
survival at the 84% confidence level, as defined in ISBN: 978-0871700148, ASM 
Metals Handbook, 9th Edition, Volume 8: Mechanical Testing, “Fatigue and 
Fracture,” pages 695-720.  (Note that this is a description of the statistical treatment 
of the fatigue data; the Contractor is responsible for finding or developing data to 
establish the fatigue properties.). 



c. Regardless of using method a or b above, the allowable stress at any location must be 
modified for the component size, surface finish, loading type, mean load, and other 
factors, as detailed in Shigley, Mechanical Engineering Design, or other Authority-
approved reference. 



14.4.2 Specific Load Cases 



The Contractor is responsible for selecting all truck structural loads to ensure that the truck has 
adequate strength for use on the Authority’s system.  However, in no case shall the selected 
loads be less than those listed below. The pilot car truck shall be sufficiently instrumented to 
verify that the stresses produced by the selected static and fatigue loads are not exceeded in 
operation. The truck structure shall be capable of withstanding as a minimum the following 
load cases without exceeding the specified stresses. 



14.4.2.1 Static Loads 



Forces shall enter the parts or truck at the normal application points, and shall be so combined 
in each case as to produce the maximum unit stresses at the critical points for which the stress 
estimates were furnished. Maximum unit stresses shall be determined by summation of the 
maximum stresses developed by the worst-case combination of all possible loads.  



1. The ultimate strength of the truck and the truck-to-carbody connection shall be sufficient 
to secure the entire truck to the carbody in a manner that will prevent separation of the 
truck from the carbody during derailments, collisions, or other adverse events in which 
a horizontal load of 150,000 lb is applied in any direction through the center of truck 
rotation at any point on the truck frame. This load may be transmitted from the truck 
frame to the carbody bolster through structural members, positive stops, or other rigid, 
mechanical safety devices or combinations of these. 
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2. If the truck is restrained longitudinally by bolster anchor rods, radius rods, or similar 
devices, when taken together, the rods shall, as a minimum, withstand a longitudinal 
load equal to four times the weight of the complete truck including motors, gear units, 
brakes and other truck-mounted apparatus, without exceeding the yield strength of the 
materials used. The same strength requirement applies to any brackets by which the 
rods are attached to the truck, the truck bolster, or the carbody, as well as to the 
members to which these brackets are attached. 



3. Truck-lifting hooks and other members used to attach the truck to the carbody shall be 
designed to provide a safety factor of four, based on the yield strength of the material, 
during vertical jacking or lifting of the carbody. The lifting hooks and other members 
used to attach the truck to the carbody shall be designed and located to minimize the 
possibility of damage during low-speed derailments, and shall be easily reparable. 



4. Load components shall be as follows: 



a. Vertical load component: 55% of the heaviest empty car weight, plus the greater of  
20,800 lb  or 55% of the absolute maximum passenger load. 



b. Lateral load component: 15% of the vertical component developed from the carbody 
center of gravity. 



c. Longitudinal component: 15% of the vertical component developed from the 
carbody center of gravity. 



5. Accessory loads, such as brake units and traction motors, shall represent maximum 
steady-state conditions; for example, maximum air spring pressure, motor torque and 
brake unit weight, and maximum brake unit reaction and motor weight. If the 
anticipated harmonic dynamic reaction (as at the motor nose suspension point) exceeds 
this steady-state value, the greater reaction shall be applied. 



6. Truck twist sustained when the truck fitted with its suspension sustains a track twist of 
1.25% over the truck wheelbase at AW3 loading. 



14.4.2.2 Overloads 



The truck structure shall be capable to sustain the maximum loads, below yield strength of 
material and without permanent deformation, as follows: 



1. Vertical component: Half the total empty car weight plus 50,000 lb. 



2. Lateral component: 15% of the vertical component developed from the carbody center of 
gravity. 



3. Longitudinal component: 15% of the vertical component developed from the carbody 
center of gravity. 



4. Accessory loads shall be applied equal to twice their estimated maximum loads (except 
for gear unit support reaction, which shall be taken at the flashover value). 
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5. Truck twist sustained when the truck, fitted with its suspension, sustains a track twist of 
3.0% over the truck wheelbase at AW3 loading. 



14.4.2.3 Fatigue Loads 



The trucks structure fatigue strength under dynamic loading shall be as defined in Section 
14.4.1, General, and it shall be subjected to the number of cycles equivalent to the endurance 
limit of combined loading specified below. 



Load components shall be as follows: 



1. Vertical component: Shall vary between 50% of the empty car weight plus 5,000 lb and 
85% of the empty car weight plus 10,000 lb. 



2. Lateral component: Shall be l5% of the average vertical load and shall vary to the right 
and left or the left and right, whichever is worse, as the vertical load varies from 
maximum to minimum. 



3. Longitudinal component: Shall be 15% of the average vertical load and shall vary 
forward and backward or backward and forward, whichever is worse, as the vertical 
load varies from maximum to minimum.  



4. Accessory loads shall vary between +100% and -100% of their maximum steady-state or 
harmonic dynamic conditions: motor under full motor current and brake unit under full 
cylinder pressure with 14% adhesion with reversed direction for each cycle.  Air spring 
pressure shall vary between AW0 and AW3.  Loads applied to the truck bolster shall 
include those resulting from the vertical transfer of the applied lateral force from the 
height of loaded carbody center of gravity to the lateral bumper height. 



5. Truck twist sustained when the truck, fitted with its suspension, sustains a track twist of 
1.25% over the truck wheel base at AW1 loading. 



14.4.3 Stress Analysis 



The Contractor shall submit a Truck Analysis Plan. (CDRL 14-5, Truck Analysis Plan) 



1. The plan shall describe the approach and cases to be analyzed. 



2. Approval of the plan shall be a prerequisite for truck stress analysis submittal. 



The Contractor shall provide a stress analysis.  (CDRL 14-6, Stress Analysis) 



1. The stress analysis shall be used to design the truck structure to obtain the lightest 
weight possible within the criteria set by the Specifications. 



2. The initial stress analysis may require some assumptions as to configuration and 
weights; also manufacturing and other considerations may require some design 
changes. If such changes are made, the stress analysis shall be revised and submitted for 
review. The final submitted and approved stress analysis shall be for the truck as built.  
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3. The stress analysis shall include the calculated stresses, allowable stresses, and safety 
margins for structural elements and for all specified loading conditions and load 
combinations. The safety margin shall be defined as the allowable stress divided by the 
calculated stress, including safety factors required by the structural design criteria, 
minus 1.00, and shall be greater than zero.  



4. The stress analysis shall include documentation showing the properties of the materials 
used in the truck structure. At a minimum, this documentation shall include the 
guaranteed minimum yield and ultimate strengths, elongation, Young's modulus, and 
allowable fatigue stress data for each material.  



5. The stress analysis shall consist of a finite element analysis (FEA) of the complete truck, 
supplemented as necessary by manual (conventional) calculations, and shall be 
submitted for review with the truck drawings. 



6. Detailed stress calculations, including calculation of the safety margin, for each 
structural element. 



7. The Authority-approved final stress analysis shall be a prerequisite for approval of the 
structural test procedures required by the Specifications and shall be used as an aid in 
determining strain gauge locations. 



8. If stresses are found to exceed the specified limits, or a permanent deformation exists in 
any of the tests, the truck shall be corrected, re-analyzed and re-tested to prove 
compliance. If any deficiency appears, the design shall be corrected to bring the stress 
under the test condition within the specification limit of the material involved. The truck 
shall be retested at the expense of the Contractor, and all trucks installed in the cars shall 
be revised in accordance with the corrected design. 



9. For any portion of the proposed design that is based on a service-proven truck, the 
Contractor may provide data from previous tests, historical data from operations, or 
stress analyses for the Authority to consider to satisfy the corresponding portion of these 
requirements. 



14.4.3.1 Manual Calculations 



Manual (conventional) calculations shall include manual or computerized calculations of the 
stresses in bolted and huck-bolted joints, joint elements, and other important elements such as 
axles, and other connections and structural details as appropriate that are not readily evaluated 
in the FEA. The manual analysis format shall consist of the following: 



1. Title, including description of the item and load(s). 



2. Structural arrangements and layout of the truck showing the items to be analyzed with 
material, allowable stresses, dimensions, method of fastening, and applied forces.  



3. Free body diagram of the items to be analyzed with dimension, applied forces and 
reactions (boundary conditions). Forces and moments for the analysis may be obtained 
from the FEA. 
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4. Detailed stress calculations shall be provided, including calculation of the safety margin, 
including allowable stress and conclusions for each structural element of the items being 
analyzed. 



5. English language references shall be supplied for all formulas and calculation 
procedures used in the analysis. 



14.4.3.2 Finite Element Model and Analysis  



In addition to the truck frame and bolster, finite element analysis shall be used for any complex 
structural element that, in a failed state, affects safety. 



14.4.3.2.1 Finite Element Model 



The Contractor shall submit and receive the Authority's approval of the FEA model prior to 
performing the analysis. (CDRL 14-7, Finite Element Model) 



1. The FEA shall be performed using a recognized computer program such as NASTRAN, 
ANSYS, or approved equal. 



2. As part of the model, the input to the FEA shall be included, in electronic file format on 
CD-ROM, DVD disk, or other approved media, prior to submittal of the analysis result.  



a. The model shall be in a format that can be read by the translating program FEMAP, 
or equal.  For NASTRAN, this corresponds to the bulk data file with filename 
extension “.NAS”, for ANSYS the command files with filename extensions “.CDB” 
and “.DB”.   



b. For other approved FEA codes, the Contractor shall contact the Authority for the 
required files.  



c. Submittal of the input file is required at any time the file is changed, but not more 
often than bi-monthly.  



3. The element mesh, details of element selection, modeling assumptions, applied loads, 
boundary conditions, material properties, geometry (area) properties and all other 
inputs to the FEA shall be included as part of the model submittal, along with the 
drawings and supporting information used in developing the models.  



4. The finite element model shall comply with AAR MSRP, Section C-II Specification M-
1001 Chapter 7, Section 7.7.  Solid elements shall be used to the extent necessary to 
ensure that the actual truck geometry is accurately modeled.  The model shall contain 
sufficient detail to adequately model all of the significant structural elements and any 
highly stressed connections.   



5. The model report shall include color element plots with unique colors assigned to each 
element type, show assignments of element properties (real constants) and material 
properties used in the model.  Auxiliary plots shall be provided as needed. Element 
plots showing the top and bottom surface for each shell element shall be provided.   
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6. The model shall be approved by the Authority prior to performing the stress analysis.  



a. Note that model approval does not preclude model revisions based upon the 
analysis results, test validation or design updates.   



b. Excessively distorted, warped, or otherwise misshapen elements that generate 
warning or error messages during the FEA runs shall be reported to the Authority 
with the warning or error, and shall be permitted only if the elements are not located 
in critical regions, are not located in high stress gradient regions, and do not 
adversely affect the overall results as determined by the Authority. 



7. Criteria for final approval of the stress analysis shall include the Contractor's submittal 
of the fully configured input data files as required by this Section. 



14.4.3.2.2 Finite Element Analysis Report 



The finite element analysis (FEA) and manual analysis report shall be submitted in paper and 
electronic formats.   



1. The electronic portion of the FEA input and output results shall be submitted on CD-
ROM or DVD disk suitable for translation by FEMAP, or equal.  For NASTRAN, both 
the binary output file with filename extension “.OP2”, and the standard printed output 
file with filename extension “.F06” shall be provided.  For ANSYS, the output file with 
the filename extension “.RST” shall be provided.  For other approved FEA codes, the 
Contractor shall contact the Authority to determine the required files.   



2. Submittal is required anytime the file is changed, but not more often than bi-monthly.  
Upon completion of the final design, the FE model and analysis report shall be updated 
to represent the final configuration of the structure.  Each revision shall be accompanied 
by detailed revision notes that explain each change and indicate where changes were 
made in the report as a result of the change. 



3. The finite element analysis report, a part of CDRL 14-6, Stress Analysis, shall include the 
following for each load case: 



a. A key to all symbols and colors. 



b. Boundary reaction forces of the truck at all load cases showing that the input forces 
equal the reaction forces.  



4. Color plots showing the original and deflected shape of the truck under all loading 
conditions.   



a. Each plot shall include a triad showing the direction of the truck (global) axes. 



b. All plots shall have several nodes identified with a node number so that it can be 
oriented on the original model. 



5. Maximum and minimum principal stress contour plots stresses (tension, compression 
and shear) about the truck (global) axis. All plots shall show the maximum and 
minimum values and all values that are greater than 85% of the specified maximum 
allowable value. 
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6. Maximum and minimum principal stress vector plots showing the direction of the 
principal stresses. 



7. Von Mises contour stress plots. 



8. Sufficient views shall be provided to show the stress in all portions of the model, 
including internal members 



9. Stress plots showing a single color for an entire element (e.g., average element stress at 
centroid) may only be used to supplement the contour plots. 



10. Top and bottom surface stress shall be provided for shell element results. 



11. Nodal (averaged) and element (unaveraged) stress plots shall be provided in order to 
verify mesh density adequacy. If the nodal and element stresses differ by more than 
10%, the mesh shall be refined in that region, or a detailed sub-model shall be generated 
and analyzed to reduce the difference. Additionally, strain energy plots for the model 
and sub-models shall also be furnished. 



12. A summary of the stress calculation results including allowable stresses and margin of 
safety in all members for all load cases shall be provided. The locations where calculated 
stress levels equal or exceed 85% of the allowable stress criteria shall be shown in a 
separate table along with the design or operating conditions (loads) which cause them. 



13. At the discretion of the Authority, the FE models and results shall be reviewed during 
live interactive sessions approximately three weeks after each submittal.  



a. At these sessions the Authority shall have access to the FE model input and output, 
and to the software on a computer with sufficient capability to accommodate these 
reviews.   



b. Optionally, at the Authority’s discretion, FEMAP or equal general-purpose finite 
element and solid model translating software with pre- and post-processing 
capability may be used to query the FE model features or view post-processed 
analysis results. 



14.4.4 Verification of Stress Analysis Accuracy 



Tables shall be prepared comparing the stresses computed in the analysis with stresses 
computed from the strain gauge readings of the structural tests of Section 3, Test Program.  



1. These tables shall be prepared for each test. 



2. A minimum of 100 strain gauges shall be selected as proposed by the Contractor and 
approved by the Authority for comparison in each table.   



3. The tables shall be annotated to explain differences between the predicted and test 
values. 
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4. Analysis and test results shall agree within 15% for at least 80% of the selected strain 
gauges and none less accurate than 30%. These tables shall be submitted with the test 
report as per Section 3. 



5. If test results indicate a higher stress at welds than analyzed, the weld analysis 
document will be updated with the test stress. 



Other methods for validating the accuracy of the FEA may be proposed. The Contractor shall 
submit documentation for Authority review and approval that demonstrates that the proposed 
methods validate the accuracy of the FEA. 



14.5 SUSPENSION 



14.5.1 Primary Suspension 



The Contractor shall provide service-proven primary suspension systems. 



1. The spring rate(s) shall be selected such that all the requirements of the Specifications 
are met. 



2. The spring rate shall permit the axles to align in curves and prevent any unstable cyclic 
oscillations as defined in Sections 14.3.3, Design Demonstration Using Dynamic Analysis 
Model, and 14.3.4.6, Truck Rotation and Stability.  For curves up to 10 degrees, wheel 
angle of attack shall be no more than 1.3 mille-radians per degree of curve.  For curves 
greater than 10 degrees, the angle of attack shall be presented to the Authority for 
approval.  Angle of attack shall be calculated with vehicle speed adjusted to maintain a 
cant deficiency of 3 inches in the curve with no superelevation and a wheel-rail friction 
coefficient of 0.5. 



3. Primary suspension components shall have a minimum useful life consistent with the 
truck overhaul interval. 



4. Rubber primary suspension components shall be tested to EN 13913. The Contractor 
shall recommend specific test parameters based upon the 8000 Series car application for 
review and approval by the Authority. 



5. Steel coil springs, if used, shall be designed to EN 13906, and comply with AAR M-114. 



6. The Authority prefers that the journal bearing be encapsulated by rubber primary 
suspension elements, together with a flexible truck frame. 



7. The intra-truck wheel load shall comply with the recommendations in FRA Safety 
Advisory 2013-2. 



8. The primary suspension design shall be optimized to prevent premature tread wear that 
can cause out-of-round wheels and excessive ground borne vibrations. 











Section 14, Trucks 



WMATA 8000 Series Railcars  14-19 Technical Specifications 



14.5.2 Secondary Suspension 



Each truck bolster, or carbody if a bolster is not used, shall be supported by a secondary 
suspension system consisting of air springs. 



1. A four-ply air spring shall be used. A single convoluted design is preferred. Diaphragms 
shall be per EN 13597. 



2. Rubber secondary suspension components, other than the air spring diaphragms, shall 
be tested to EN 13913. The Contractor shall recommend specific test parameters, based 
upon the 8000 Series car application, for review and approval by the Authority. 



3. The air springs shall be augmented by elastomeric stops to support the carbody if air 
springs fail. Safe operation of the railcar shall be ensured at all speeds and under all car-
loading conditions when any or all air springs are inoperative. 



4. Air spring pressure differential shall be minimized for air springs at the same truck, 
with vehicle at level tangent track. Individual air spring pressures shall be transmitted to 
and recorded by the VMDS. 



5. The air spring system shall be designed to allow replacement of all components without 
de-trucking. 



6. Vertical and lateral damping of spring action required to meet the specified ride quality, 
and not provided by the air springs and air-spring orifices, shall be provided by 
hydraulic shock absorbers, or approved equal. Shock absorbers shall be nonadjustable 
and shall be attached to the truck in a fail-safe manner. 



7. Lateral stops are required to restrict carbody motions. Total clearance shall be equally 
divided between both sides at level tangent track. 



a. The lateral stops shall incorporate elastomeric cushions providing minimum 0.5 inch 
of compression, and a spring characteristic appropriate to attainment of the specified 
ride quality. 



b. Any truck parts contacted by elastomeric cushions shall be provided with stainless 
steel wearing surfaces. 



8. One cut-out cock per truck, of approved type and design, shall be provided in the air 
supply line to the air springs of each truck to vent both springs and to close the air 
supply to the springs. 



a. The cut-out cock shall be located adjacent to the truck and shall be readily accessible 
from one side of a vehicle when the vehicle is on level track. 



b. Cut-out cocks shall have provisions for lock-wires, but shall not be delivered lock-
wired in either operating position. 



9. If any part of the truck structure is required to function as an air reservoir, that part of 
the structure shall be designed and tested to 1.5 times the maximum main reservoir 
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pressure. Stresses associated with the pressure-vessel function shall be combined with 
service stresses for calculations and testing. 



10. If separate pressure vessels external to the truck structure are used for air or hydraulic 
suspension system reservoirs, they shall be designed, tested, and stamped in accordance 
with the ASME BPVC, Section VIII-1: 



a. Testing shall be a hydrostatic pressure test at 1.5 maximum working pressure. 



b. Stresses associated with the pressure-vessel function shall be included in the above 
stresses. 



c. The reservoirs shall contain telltale holes, if required, in accordance with the 
requirements of Section 16, Friction Braking System. 



d. All reservoirs shall be provided with manual drain cocks mounted on the lowest 
point on the vessel. 



e. External reservoirs shall be supplied and mounted in accordance with the 
requirements of Section 16. 



11. Secondary suspension components shall have a minimum useful life consistent with the 
truck overhaul interval. 



14.5.3 Leveling/Height Control 



Height-control valves shall regulate the inflation of the air springs to compensate for passenger 
load changes but not for truck part wear. The air springs may be used to compensate for wheel 
diameter wear if de-trucking and shims are not required and the adjustment can be done with 
simple hand tools. 



1. With the car at standstill on any shop track within any of the Authority’s maintenance 
facilities, the height-control valves shall maintain the average floor height within 
0.75 inch (± 0.375 inch) of nominal, as defined in Section 1, Performance Requirements, 
when measured at the side door thresholds above the truck bolster. 



2. The Contractor shall be responsible for complying with ADA requirements, and the 
most stringent requirement shall prevail. 



3. The suspension system shall be such that the car shall not roll just prior to and during 
unloading to the point that the car floor on the side adjacent to the station platform 
becomes lower than the station platform. 



4. The height-control valves shall be insensitive to dynamic changes of loading due to road 
shocks. 



5. Check valves shall be provided such that in the event of loss of air-spring pressure, the 
height-control valve supply can meet normal air consumption while not permitting a 
flow that would impair the function of other pneumatic systems on the car. 



6. The suspension system shall provide for simultaneous deflation of the air springs on 
both sides of the truck if air pressure is lost in one spring. Setting of compensating valve 
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equalizing pressures between air springs of the same truck shall ensure safe operation in 
all conditions, and shall be subject to approval. 



7. Height control valves shall be of proven design, with a clearly pronounced "dead band," 
and an overhaul period of at least seven years. 



8. The car leveling/height control system shall be compatible with the carshell design, 
shall be stable in all operating conditions, and shall minimize air spring imbalance and 
wheel unload. 



9. The system shall be such that maintenance is minimized, and the time to level each car 
shall not exceed 30 minutes in the Authority’s shops. 



10. Active, non-contact, leveling systems may be proposed for the Authority’s 
consideration. 



14.6 TRUCK FRAME DESIGN 



14.6.1 General 



Truck frames and bolsters shall be of a service-proven design fabricated by welding or casting 
or a combination of the two methods. 



1. The truck design shall use a minimum number of load-bearing parts. All structural and 
load-bearing members of the truck shall be steel. 



2. Materials shall be according to the requirements of Section 24.5.2, High-Strength Low-
Alloy Steel (HSLA) for steel plate and Section 24.5.3, Steel Castings, for castings. 



3. Welding shall be in accordance with welding and brazing requirements specified in 
Section 24.5.3.5, Repair Welding and Cast-Weld Design, and Section 24.6, Welding and 
Brazing. 



4. All cast steel welds shall be inspected to MSS SP-55. 



5. Steel plate welds shall be inspected to AWS D1.1/D1.1M requirements.  Non-destructive 
sampling provisions for inspection of welds specified by Section 24.6.3.5, Weld 
Inspection shall be applied to both cast steel and plate steel weldments. 



14.6.2 Cast Steel or Cast Weld Truck Frame 



The following requirements apply to cast steel, cast-weld, and welds of fabricated truck frames 
and truck bolsters.  



1. All production truck castings supplied shall be equal to or better than the design 
qualification castings in all respects and shall be subjected to the following inspections: 



a. Magnetic particle inspection to ASTM E709 of all critical areas of the castings by 
personnel certified to NAS410. The maximum permissible magnetic particle 
indication shall be as follows: 



• 0.25 inch in the direction transverse to the usual direction of loading. 
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• 0.75 inch in the direction parallel to the usual direction of loading. 



b. Radiographic inspection meeting the requirements of ASTM E94 using reference 
radiographs to ASTM E446. 



• A sampling frequency shall be selected and submitted for approval.  
• Severity level III of ASTM E446 is required in all critical areas of such castings, 



with level V permitted in all other areas. 
• After such severity levels have been demonstrated, the sampling frequency for 



truck castings shall be one casting out of each 25 produced. 



c. All welds shall be nondestructively, volumetrically inspected (ultrasonic, magnetic 
particle) according to AWS D1.1/D1.1M requirements. 



2. Critical welds or critical areas shall be as identified by the truck manufacturer and shall 
be presented for approval. (CDRL 14-8, List of Critical Areas and Welds) 



a. These shall include, as a minimum, all areas and all welds or portions of welds, 
which based on the results of the stress analysis and truck tests, are expected to be 
critical in fatigue. 



3. Prior to beginning truck manufacture, the Contractor shall submit for approval an 
inspection and acceptance plan. (CDRL 14-9, Truck Inspection and Acceptance Plan) 



a. It shall include provisions for written reports to be submitted to the Authority for all 
tests and inspections. 



b. Production of truck frames prior to approval of the required stress analysis and 
inspection plan shall be at the Contractor's risk. 



14.6.3 Design Requirements 



14.6.3.1 Bolster Radius Rods 



If used, bolster radius rods, shall be elastomerically cushioned at both ends, and so located as to 
minimize transmission of longitudinal truck oscillations to the carbody. 



14.6.3.2 Connection to Carbody 



The design shall provide for lifting the truck with the carbody without loss of centering 
engagement. The strength of the members used for lifting the truck with the carbody shall be as 
specified in Section 14.4, Design Criteria for Strength. 



14.6.3.3 Dimensional Tolerance - Tram 



The truck shall be a true rectangle within 0.0312 inch as measured between the centers of axle 
on each side, and within 0.0312 inch between diagonally opposite centers, under all conditions. 



The truck frame shall be equipped with gauging points that permit these dimensions to be 
readily checked. The Contractor shall furnish eight sets of plugs or other gauges required for 
this purpose (see Section 9.5, Special Tools). 
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14.6.3.4 Wear Adjustment 



The design shall provide for shimming to compensate for wheel wear and other lost height in 
the truck due to wear without resulting in any effect on air-spring pressure. 



1. Shimming adjustment range shall allow for a 20-year life with worst-case truck 
tolerances. 



2. Shims required to compensate for truck construction tolerances shall be welded in place.  



3. Shimming required to correct for carbody construction tolerances, that result from 
excessive carbody warpage or twist, shall be permanently welded to the carbody. 



Elastomeric suspensions shall have provisions for shimming to compensate for sag or creep 
throughout the life of the elastomer. 



14.6.3.5 Safety Supports 



Safety support members shall be provided for emergency support of the traction motors and 
gear units  that, in the case of loss of primary support, might present a hazard to safe operation. 



The safety supports shall not allow any portion of the traction motors or gear units to fall lower 
than 1.4 inches above the top of the rail under any condition while the car is in motion. 



14.6.3.6 Moving Contact Surfaces 



The truck design shall use no metal-to-metal moving contact points, except pivot pins, bolts, 
and frame articulation joints. Metal-to-metal moving contact points must be approved by the 
Authority based upon a life analysis showing that they will last the truck overhaul period. 



Moving contact surfaces shall be provided with renewable low-friction wearing elements.  
These elements shall minimize the transmission of noise and vibration. Low friction wearing 
elements shall not require lubrication. 



Journal bearing housings, if used, shall be mounted in rubber. No sliding contact surfaces shall 
be used to guide the journal boxes. 



14.6.3.7 Dielectric Barriers 



Truck parts adjacent to or above current-collector devices and uninsulated power connections 
shall be shielded against arc damage by approved, dielectric, noncombustible barriers and 
protective shielding of adequate mechanical strength. 



14.6.3.8 Articulated Trucks 



Articulated trucks (trucks with other than a rigid frame) shall have an approved means for 
keeping side frames parallel when axles are removed and reinstalled. 
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14.7 WHEELS 



Contractor shall comply with the following requirements: 



1. Wheels shall be multiple wear, Class C, and made of wrought steel in accordance with 
AAR M-107/M-208 and APTA PR-M-S-012-99. 



2. Wheels shall be analyzed to AAR S-660 and S-669 to show that they are acceptable for 
use with the 8000 Series cars. 



3. The wheel manufacturer shall be AAR certified. 



4. Wheel design shall provide for 1.5-inches wear; that is, a reduction in diameter of 
3 inches from new to fully worn. 



5. The wheel design shall be similar to the Authority's existing 7000 Series cars except for 
the size and plate changes required to accept cheek brake discs. The 7000 Series car 
wheel profile will be made available to the Contractor.  



6. Wheels shall be machined all over, removing mill scale and decarburized material from 
the plates, and plates shall be shot-peened per APTA PR-M-S-012-99, except at surfaces 
were precision flatness is required, e.g., for brake disc mounting, following finish 
machining. Precision machined areas shall be protected during shot peening.  



7. Wheels shall be bored and mounted on the axles in accordance with the practices set 
forth in the AAR MSRP, Section G-II.  Shop and mounting processes shall be AAR 
certified. 



8. Wheel press tonnage shall be no less than 65 tons. The Contractor shall recommend an 
upper limit for the press tonnage. 



9. The Contractor shall recommend for the Authority’s review and approval a maximum 
wheel imbalance, and wheelset assembly procedures to minimize the final imbalance of 
the wheels and brake discs. 



10. Wheel sets shall be concentric within 0.005-inch total indicated run-out when rotated in 
their bearings. 



11. Wheels shall be marked in accordance with AAR standards for rim stamping and coated 
with approved anti-rust coating. 



14.8 AXLES 



Contractor shall comply with the following requirements: 



1. The axle manufacturer shall be AAR certified. 



2. Axles shall be hollow and made of alloy steel tubing AISI 5150; they shall conform to the 
applicable requirements of Contract Drawing 8000-22, Axle. 



3. Axles shall be analyzed per BS 8535 or EN 13104 (as applicable) to ensure that the 
Authority’s axle is sufficient for the 8000 vehicle. 
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4. Axles shall be coated with approved anti-rust coating. 



5. Inspection per AAR M-101 requirements shall be submitted for approval; see 
Section 3.9.7, Trucks. 



14.9 JOURNAL BEARINGS 



14.9.1 General 



Journal bearings shall be an AAR-approved NFL (no field lube) design, roller-type, and grease 
lubricated. Seals shall be HDL type (Hydrodynamic Labyrinth), adequately installed and 
supported to ensure the intended life of axles and bearings. 



The design shall have a record of successful service in similar or same service. They shall be 
designed for an ABMA L10 rating life equivalent to 1,300,000 miles under the specified load 
cycle of 40% at AW0, 40% at AW1, 15% at AW2, 5% at AW3, and an application factor of 2.00. 



In addition to serial numbers, journal bearings must be clearly stamped with the manufacturing 
date.  Bearings shall not require inspection more than once every 500,000 miles.   



14.9.2 Journal and Truck Frame Numbers 



Journal bearing locations shall be numbered 1, 2, 3, and 4 on each truck, with odd numbers 
applied to the right side of the truck (as installed under a car) and even numbers applied to the 
left side. Number plates with raised, painted numerals shall be applied to the truck frames at 
locations that are clearly visible when viewed from the side of a completed truck assembly. 



14.10 FLANGE LUBRICATORS 



Trucks shall have provisions for a wheel flange lubrication system using solid stick friction 
modifiers. 



1. Alternatively, other on-board, flange lubrication systems may be proposed. If Authority 
desires to proceed with flange lubrication system it will be at no additional costs to the 
Authority. 



2. Flange lubricators shall be provided at approved locations on the truck. 



3. The Contractor shall ensure that undue fouling by excess lubricant of adjacent areas of 
the under-frame and truck does not occur. 



4. The lubrication system and lubricant deployment procedures shall be maintenance 
friendly, and not require replenishment more than every 100 days based on expected 
8000 Series operation. Bracketry shall be compatible with the Authority’s wheel truing 
equipment. 



5. The effect of the system on wheel and rail wear shall be evaluated through field testing 
for at least six months at the Contractor's expense. The evaluation will be based on 
periodic wheel profile measurements with the criteria approved by the Authority. 
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14.11 MANUFACTURING PROCEDURES AND INSPECTIONS 



Before starting to manufacture the trucks, the Contractor shall provide a list of those procedures 
involved in truck construction, including manufacturing inspections, except where these are 
covered by standard specifications. (CDRL 14-10, List of Truck Construction Procedures) 



The Contractor shall thereafter notify the Authority of any changes to the procedures, and shall 
obtain approval before placing such changes in effect. The procedures employed in the 
manufacture of the first truck to be successfully tested shall not be changed in any respect 
without the concurrence of the Authority. 



14.11.1 Press Records 



Wheels and journal bearings shall be mounted on the axle in accordance with the practices set 
forth in the following standards, and journal-bearing-manufacturer installation instructions: 



1. AAR RP-631 



2. AAR S-659 



The final seating tonnage (spike) shall be recorded as a part of a complete wheel fit pressure 
diagram. The Authority reserves the right to witness any or all of the pressing operations as 
deemed necessary.  



Gear unit press tonnage and bearing seating tonnage shall be in accordance with the 
manufacturers’ recommendation and provided for the Authority’s review and approval. 



Interference fits and pressing tonnage values for wheels, bearings, and gear units shall be made 
available as a part of wheelset assembly drawing. Authority approval of this wheelset assembly 
drawing must be received prior to the commencement of manufacture of the wheels and axles. 



14.12 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 14-1, Corrosion Protection Plan for Truck Frame ...................................................................... 5 
CDRL 14-2, Vehicle Dynamic Analysis ................................................................................................... 6 
CDRL 14-3, Vehicle Dynamic Analysis Plan .......................................................................................... 7 
CDRL 14-4, Track Force Calculations and Test Procedure .................................................................. 9 
CDRL 14-5, Truck Analysis Plan............................................................................................................ 13 
CDRL 14-6, Stress Analysis ..................................................................................................................... 13 
CDRL 14-7, Finite Element Model ......................................................................................................... 15 
CDRL 14-8, List of Critical Areas and Welds ....................................................................................... 22 
CDRL 14-9, Truck Inspection and Acceptance Plan............................................................................ 22 
CDRL 14-10, List of Truck Construction Procedures .......................................................................... 26 
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14.13 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



49 CFR 213.333 Automated vehicle-based inspection systems  



49 CFR 213.345 Vehicle qualification testing  



AAR M-101 AAR Manual of Standards and Recommended Practices 
(MSRP), Section G—Wheels and Axles, Standard M-101, 
Axles, Carbon Steel, Heat Treated 



AAR M-107/M-208 AAR Manual of Standards and Recommended Practices 
(MSRP), Section G—Wheels and Axles, Standard 
M-107/M-208, Wheels, Carbon Steel  



AAR M-114  AAR Manual of Standards and Recommended Practices 
(MSRP), Section D, Spring Heat Treated Steel. 



AAR M-1001  AAR Manual of Standards and Recommended Practices 
(MSRP), Section C-II, Design Fabrication, and Construction 
of Freight Cars, Chapter 7 Section 7.7, Finite Element 
Analysis of Freight Car Structures – Recommended 
Practice 



AAR RP-631 AAR Manual of Standards and Recommended Practices 
(MSRP), Section G, Part II, Recommended Practice RP-631, 
Recommended Wheel Shop Practices 



AAR S-659 AAR Manual of Standards and Recommended Practices 
(MSRP), Section G, Part II, Standard S-659, Mandatory 
Rules Governing Wheel Shop Practices as Required by 
Interchange Rules 



AAR S-660  Procedure for the Analytic Evaluation of Locomotive and 
Freight Car Wheel Designs 



AAR S-669 Analytic Evaluation of Locomotive Wheel Designs 



APTA PR-M-RP-009-98 Recommended Practice for New Truck Design 



APTA PR-M-S-012-99 Standard for the Manufacture of Wrought Steel Wheels for 
Passenger Cars and Locomotives 



ASM Metals Handbook 



ASME BPVC, Section VIII-1 Boiler and Pressure Vessel Code, Rules for Construction of 
Pressure Vessels Division 1 



ASTM E94 Standard Guide for Radiographic Examination  
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ASTM E446 Standard Reference Radiographs for Steel Castings Up to 
2 in. (50.8 mm) in Thickness 



ASTM E709 Standard Guide for Magnetic Particle Testing 



AWS D1.1/D1.1M Structural Welding Code – Steel 



BS 8535 Railway applications - Wheelsets and bogies - Powered 
and non-powered axles with inboard bearings - Design 
method 



EN 13104 Railway applications - Wheelsets and bogies - Powered 
axles - Design method 
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15.1 GENERAL 



Cars to be furnished under this Contract shall be equipped with a propulsion system that is an 
efficient, reliable, service-proven design, appropriately sized to meet the duty cycle 
requirements of the Specifications. 



The Contractor shall be responsible for the coordination and proper installation of all 
components of the propulsion system, and for the integration of the propulsion system with 
other car systems, to ensure the successful functioning and proper performance of the 
completed car in accordance with the requirements of the Specifications. 



15.1.1 Calculations 



For the purpose of calculations, including adjustment of performance data obtained under 
conditions other than as defined in Section 1, Performance Requirements, standard Davis train 
resistance formulas shall be used. Flange friction and air resistance coefficients may be modified 
to make allowance for truck wheel base and car end configuration, respectively. 



Where adjustment of performance data is required to determine compliance with the 
Specifications, it shall be the responsibility of the Contractor to carry out the calculations and to 
submit both the calculations and the results in a form that will permit review and approval. 



15.1.2 Electrical Protection 



Contractor shall comply with the following requirements: 



1. All electrical protective apparatus and systems shall be subject to approval.  (CDRL 15-1, 
Electrical Protection System Design Details) 



a. The deliverable shall contain a list of all faults, fault detection criteria and tolerances, 
and shall describe in detail the action(s) taken by the system as a result of the fault 
condition. 



b. Multiple fault scenarios shall be detailed. 



2. Electrical protective apparatus shall include the following items: 



a. Inverter phase overcurrent protection 



b. Inverter phase current imbalance protection 



c. Miswired traction motor connection protection 



d. Ground fault protection (i.e., return of nominal 700-volt propulsion system current 
through unintended paths) 



e. Propulsion overload (excessive line current) protection 



f. Filter capacitor  capacitance verification 



g. Transient voltage protection 



h. Over-voltage and under-voltage protection 
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i. Inverter over-temperature protection 



j. Brake resistor over-temperature protection 



k. Traction motor over-temperature protection 



l. Filter charging resistor over-temperature protection 



m. Failure of IGBT to turn on or turn off as commanded detection 



n. High speed circuit breaker failure detection 



o. Failure to charge the filter capacitor detection 



p. Failure of contactors and relays to assume commanded state detection 



q. Failure monitoring for all voltage and current sensing devices 



r. Failure monitoring for all speed sensors, including detection of disconnected sensors 
on the entire truck or a car 



s. Any other protective methods required by standards or regulations or otherwise 
deemed necessary by the Contractor or the Authority. 



3. Protection shall be provided against return of propulsion current through paths other 
than the intended paths from the traction equipment to the traction return bus. Protection 
shall be accomplished by detecting for each inverter the difference between the 
propulsion inverter input current and the propulsion inverter return current to the 
traction return bus. 



4. When a current imbalance is detected, power shall be immediately removed by opening 
the inverter line switch. This action shall also cut out propulsion and dynamic brake for 
the given inverter. The detection sensitivity shall be such that nuisance trips due to 
normal transient effects are avoided. 



5. Both automatic and manual-PTU-controlled self-test capabilities shall be implemented to 
enable system to exercise individual power circuit and control components and identify 
incorrect behavior. Automatic self-tests shall include verification of computer logic and 
correct operation of the system components upon application of the low-voltage power 
and verification of power circuit components upon initial high-voltage application after 
prolonged system shutdowns.   



6. All faults shall be recorded in the MDS.  When a fault occurs the propulsion shall shut 
down and then automatically reset.  For each fault there will be a number of faults in a 
given time that will cause the given propulsion to lockout.  Resetting a lockout shall 
require reset by the PTU. 



7. Contactors and switches that can interrupt traction current shall be provided with arc 
chutes and adequately designed suppression to ensure arc extinction under the most 
adverse conditions that can occur in service. 



8. Control contacts and other elements operating at battery system voltage shall be 
separated by insulating barriers from traction current contactors and switches. 
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9. Devices capable of generating arcs shall be vented to minimize the buildup of ionized gas 
within the equipment box. 



15.2 PROPULSION SYSTEM FUNCTIONALITY 



15.2.1 General 



The variable-voltage, variable-frequency (VVVF) propulsion system shall be based on service- 
proven IGBT technology, with a microprocessor-based control system.  



15.2.2 Configuration 



Contractor shall comply with the following requirements: 



1. The propulsion and propulsion control system shall be configured to provide control on a 
per-truck basis. 



2. The propulsion/dynamic brake electronic controller shall be independent of and separate 
from the friction brake controller, unless specifically approved otherwise. Any proposed 
alternate design shall be demonstrated to meet the performance and safety intent of these 
requirements. 



3. The propulsion/dynamic brake controller shall continuously read and interpret the 
Control Network and discrete trainline command signals to initiate and control 
appropriate action of the propulsion system in motoring and dynamic braking. 



4. The propulsion/dynamic brake controller shall communicate its status to the friction 
brake controller to ensure that the friction brake system provides the appropriate braking 
rates in the following cases: 



a. A propulsion system fault has occurred. 



b. An emergency brake stop has been initiated. 



c. The dynamic brake fade-out speed has been reached. 



d. Dynamic brake feedback indicates less than the tractive effort requested. 



5. The control electronics shall be located such that suitable ports are supplied for 
connecting diagnostic equipment (e.g., PTUs) from within the car. Any separate functions 
shall be logically grouped, identified, and provided with diagnostics to simplify 
maintenance. 
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15.2.3 Adjustability 



Contractor shall comply with the following requirements: 



1. Propulsion system operating parameters shall be programmable by the Authority, 
including but not limited to tractive and braking effort vs. speed characteristic curve 
settings, jerk rate, speed limits, regeneration voltage control settings, slide control 
reduction/recovery settings, fault detection and reset criteria. (CDRL 15-2, 
Programmable Propulsion Parameters) 



a. The list of programmable operating parameters shall be submitted for approval and 
include detailed functional description of each parameter, explanation of 
units/scaling used, adjustment range limits, default factory setting value. 



b. Modification to the operating parameter values shall be accomplished via an upload 
of the new revision of the parameter file to the propulsion system via PTU or TWDT, 
without the need to recompile or reload the rest of propulsion software.   



c. Method and tools to generate parameter file updates by the Authority engineers, 
version control, and security provisions against unauthorized uploads shall be 
presented for approval. 



d. Parameter file version shall be reported to MDS and accessible via train control 
display (TCD) and PTU. 



e. Changes to the operating parameters shall be stored in non-volatile memory. 



f. The selected non-volatile memory shall be able to retain the control program 
including parameter changes for the life of the car.  The expected life of the memory 
shall not be limited by the number of expected read/write cycles. 



2. Maintenance staff shall be able to safely make temporary adjustments to the propulsion 
operating parameters using the PTU, for maintenance and investigation purposes.  Any 
such changes shall automatically revert to the programmed values upon removal and 
reapplication of low-voltage power to the propulsion logic. 



3. The adjustment for wheel wear shall be implemented using the train control display 
(TCD).  



a. Wheel diameter for No. 1 axle shall be entered, with the rest of wheel diameters of 
the car automatically recalculated by propulsion system logic during coasting 
operation.  



b. At a minimum, adjustment for wheel wear shall be possible in 0.125-inch increments 
of diameter from new to fully worn wheels.  



c. Wheel diameter information for all axles shall be made available to MDS and other 
car subsystems, eliminating the need for multiple wheel diameter entries by 
maintenance personnel. 
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15.2.4 Duty Cycle Rating 



Traction motor temperature rise for the worst-case continuous duty cycle shall be limited to that 
allowed by IEC 60349 for one class lower (lower temperature) than the actual insulation class 
provided. The continuous thermal, current, and mechanical ratings of propulsion system 
equipment shall be based on the duty cycle described in Section 1, Performance Requirements. 



To illustrate compliance with the above requirements, the Contractor shall submit current and 
temperature calculations/simulations for the worst-case duty cycle and compare them to the 
ratings of the proposed equipment, showing graphically and in a summary table, the actual 
stabilized temperatures versus the maximums for critical components. (CDRL 15-3, Duty Cycle 
Calculations) In addition, the Contractor shall perform the abnormal duty cycle simulation 
condition described in Section 1. 



Critical rms and peak currents predicted by the simulations shall be used for design 
qualification testing of various pieces of equipment, and the resulting temperature rise shall be 
compared to the simulated values. Corrective action shall be taken at the earliest time possible if 
actual currents cause the equipment to operate outside the declared limits for this application. 



15.2.5 Interference Limits 



Line transients generated by the propulsion system shall be suppressed so that they do not 
exceed ± 10% of no-load voltage. Transients generated by fault-clearing devices and passage 
through non-bridgeable third rail gaps may exceed this limit. 



Electromagnetic interference limits specified in Section 1.8, Electromagnetic Interference and 
Compatibility, are applicable to the AC inverter control system, and shall not be exceeded by 
the propulsion system during any mode of operation. The propulsion system shall be able to 
operate properly in an environment of high ambient electrical noise. 



15.2.6 Performance Characteristics 



The propulsion system shall provide vehicle acceleration and deceleration performance as 
required by Section 1, Performance Requirements, within the specified tolerances, including the 
following: 



1. Commanded acceleration and deceleration rates 



2. Jerk limit 



3. Mode change dead time 



4. Sufficient time response to result in maintaining vehicle deceleration within the specified 
accuracy during blending of friction and dynamic braking 



5. Sufficient time response to meet wheel spin and slip-slide requirements 



6. Sufficient resolution to allow the required speed regulation 
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Accuracy and time response shall be independent of ambient temperatures within the limits 
specified in Section 1, Performance Requirements, and variation of the auxiliary voltage supply 
within the limits specified in Section 17, Auxiliary Power. 



Contractor shall submit for Authority approval a comprehensive Dynamic Performance 
Characteristics Report to include the following data (CDRL 15-4, Dynamic Performance 
Characteristics Report): 



1. Single quad operation and level tangent track shall be assumed. 



2. Tractive effort, acceleration, overall propulsion efficiency, line current, and train 
resistance as a function of speed for all combinations of AW0, AW1, AW2, AW3, AW4 car 
weights, line voltages of 450 volts, 520 volts, 650 volts, and 900 volts, with new and worn 
wheels, and for all Master Controller power detents.   



3. Electric and friction braking effort, deceleration, overall propulsion efficiency, line 
current as a function of speed for all combinations of AW0, AW1, AW2, AW3, AW4 car 
weights, line voltages of 650 volts, 780 volts, 860 volts, and 900 volts, with new and worn 
wheels, receptive and non-receptive line, and friction-only stops, for all Master Controller 
brake detents.   



4. Speed-distance curves for 650-volt motoring and AW0, AW2, and AW3 car loading, for 
all Master Controller power detents. 



5. Speed-distance curves for dynamic and friction-only braking and AW0, AW2, AW3, and 
AW4 car loading, for all Master Controller brake detents 



6. All data shall be presented in both graphic and tabulated forms. 



15.2.7 Electric Brake Capabilities 



Contractor shall comply with the following requirements: 



1. Dynamic braking effort shall be load compensated in order to maximize use of the 
available adhesion. 



2. Dynamic braking shall be continuously available from maximum car speed down to 
fade-out, and shall be both regenerative and rheostatic. 



3. Dynamic braking effort shall follow the brake requirements as described in Section 1.7.2, 
Braking Requirements. 



4. In dynamic braking, the control system shall continuously monitor line voltage, and shall 
supply to the third rail the maximum amount of energy possible within the line-voltage 
limits prescribed in Section 1, Performance Requirements, diverting only energy 
generated in excess of that accepted by the line to the braking resistors. 



5. A means shall be provided to quantitatively measure and store the amount of 
regenerative braking achieved. 
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15.2.8 Direction Change 



Direction change shall be provided by traction motor rotation reversal due to the applied 
inverter three-phase voltage sequence changes. 



1. A change of rotation shall be possible only when the car is at zero speed and the traction 
motor power circuits are de-energized. 



2. Failure of the reversing equipment signals to correspond to the direction command shall 
disable the propulsion and electric brake. 



3. Direction control shall be included in the propulsion equipment FMECA. 



15.2.9 Wheel Spin Correction 



The propulsion system shall control tractive effort in propulsion as required to correct wheel 
spin.  The effectiveness of this feature shall be demonstrated with a simulation test as specified 
in Section 3.8.9, Spin Simulation Test. 



15.2.10 Routine Switching 



Switching for propulsion-brake mode changes and for direction changes, if required, shall be 
accomplished by suitably rated solid-state devices. The high speed circuit breaker and line 
contactors shall not be operated during routine power-to-brake and brake-to-power transitions. 



15.2.11 Vehicle Monitoring and Diagnostic System Interface 



Significant propulsion system and propulsion control input and output signals, together with 
associated power supply voltages, shall be transmitted over the train network, and monitored 
by the VMDS specified in Section 23, Monitoring and Diagnostics. 



A functional block diagram showing signals that will be monitored shall be submitted for 
approval as part of the design review process. 



15.2.12 Energy Consumption Statistics 



Propulsion system shall incorporate energy consumption counters to separately calculate and 
record the following in the non-volatile memory:   



1. Energy consumed for motoring, per inverter 



2. Energy regenerated to the line and auxiliary power distribution of the car, per inverter 



Counters shall have recording capacity for a minimum of two years in WMATA service without 
overflow and reset to the zero readings. Counter information shall be forwarded to the MDS 
system and viewable via PTU. 
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15.3 ELECTROMAGNETIC INTERFERENCE 



The propulsion system shall be designed and installed so as to preclude the possibility of 
electromagnetic interference with the functioning of the carborne and wayside signal 
equipment, including equipment on the Authority's existing cars. 



1. The propulsion system equipment design frequency, installation, and test data shall be 
fully coordinated with the ATC supplier, the Contractor, and with the Authority. 



2. Information on changes to the supplied propulsion equipment or ATC equipment shall 
be provided as may be necessary to ensure operational and safety compatibility with 
existing Authority wayside train control and communications equipment. 



3. Information about the existing wayside and ATC equipment will be made available to 
the Contractor. 



15.4 TRACTION MOTORS 



15.4.1 General 



Traction motors provided by this Contract shall be three-phase, self-ventilated, squirrel-cage 
induction type with a copper rotor cage. 



The traction motor shall be a service-proven design: 



1. It shall have a record of successful transit or electrified railway service of minimum 
100,000 individual motor miles on minimum 100 car-sets of equipment. 



2. Successful record means that the traction motor can be demonstrated to meet or exceed 
the reliability requirement of 1.5 failures per million miles when used with a duty cycle at 
least as severe as the Authority's worst-case profile. 



15.4.2 Traction Motor Design 



The Contractor shall submit a detailed mechanical design package for the traction motor 
assembly no later than PDR (CDRL 15-5, Traction Motor Mechanical Design) 



1. This document shall provide design rationale, calculations, drawings and other material 
necessary to document the following design parameters: 



a. Geometric centering of the rotor 



b. Control of rotor inertial forces generated by truck movements in all six degrees of 
freedom 



c. Control of forces produced by gyroscopic action produced by the spinning rotor 



d. Control of forces produced by the traction torque 



2. The design package shall include the following: 



a. Drawings detailing the general assembly of the motor, including bearing fits and 
types 











Section 15, Propulsion 



WMATA 8000 Series Railcars  15-9 Technical Specifications 



b. Calculations of the torque requirements for bearing assembly fasteners, along with 
design assumptions employed, and fatigue data 



c. Standards used in the design 



d. Safety factors employed 



e. Drawings showing the full range of motion of the motor in the truck under all design 
loads (Section 1, Performance Requirements) 



f. Experimental data and results from vibration testing and accelerated fatigue tests 



The traction motors shall comply with IEC 60349-2, except as specified otherwise. 



1. Traction motor design maximum speed shall be that corresponding to a speed of at least 
75 mph with fully worn wheels. IEC 60349 definitions of "maximum speed" and 
"overspeed" shall be used.  



2. Traction motor overspeed protection, if used, shall operate at a motor speed 
corresponding to fully worn wheels at not less than 105% of maximum car speed, as 
specified in Section 1, Performance Requirements. 



15.4.3 Traction Motor Mounting 



Unless otherwise approved, each traction motor shall be solidly mounted to the truck frame and 
shall drive through a suitable direct-coupled gear drive as specified in Section 15.5, Gear Units. 



15.4.4 Duty Rating 



The traction motors shall be capable of meeting, and shall be rated in accordance with the duty 
cycle requirements (continuous and short-term overload) defined in Section 15.2.4, Duty Cycle 
Rating. 



15.4.5 Load Sharing 



The traction motors shall allow performance characteristics, including duty cycle rating, to be 
met with variations in wheel diameters of up to 0.25 inch between axles on a truck. 



15.4.6 Insulation 



Contractor shall comply with the following requirements: 



1. The traction motor insulation system shall be unaffected by airborne material including, 
but not limited to, dust, water, and snow. 



2. Traction motor insulation shall be IEEE Std 11, Class C insulation system or better, for the 
continuous rating. 



a. Abnormal or short-term overload conditions defined in Section 1, Performance 
Requirements, shall not result in the temperature exceeding the limits for the actual 
class. 
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b. Allowable temperature rise shall be limited to one insulation class less than the 
traction motor insulation. 



3. Motor stator coils shall be vacuum pressure impregnated (VPI). 



a. The insulating resin used in the VPI process shall be service proven, not require 
reimpregnation for 20 years in similar service conditions, and be subject to Authority 
approval. 



b. The Contractor shall submit information on the proposed vacuum pressure 
impregnation process for approval. (CDRL 15-6, Information on Vacuum Pressure 
Impregnation Process for Motor Stator Coils)  



c. Impregnation processes other than VPI that are thoroughly proven in transit service 
may be offered as alternatives, subject to Authority approval. 



d. Design qualification testing requirements are detailed in Section 3.6.4, Propulsion. 



4. Eight traction motors installed on one of the first three married pairs delivered to the 
Authority shall be supplied with embedded winding-temperature sensors to facilitate on-
site qualification testing and allow for subsequent Authority investigations of duty-cycle 
modifications should such need arise. Method to secure and protect sensors and their 
wiring connections shall be reviewed by the Authority. 



15.4.7 Filtration of Ventilating Air 



An effective and efficient filtration system shall be provided to remove dirt, snow, and water 
from the traction motor cooling air. Filtration system components shall not require replacement 
or cleaning between motor overhauls. 



1. The air inlet openings shall include a protective screen designed in such a way as to 
preclude the accumulation of snow, ice, leaves and debris. 



2. The design shall not pull air directly from the roadbed. 



3. No replaceable filters may be used.   



15.4.8 Shaft Coupling 



The traction motor shall be connected to the gear unit through a splined, or keyed, or tapered 
interference fit coupling. 



1.  The coupling design and the traction motor-to-gear unit mounting arrangement shall 
minimize coupling dynamic angular displacement. 



2. It shall be possible to disconnect any traction motor from its gear unit from below the car 
while on the trucks. 



15.4.9 Bearings 



Insulated, anti-friction bearings enclosed in a sealed grease cavity shall be provided. 



1. Grease cavities shall be large enough to hold a three-year supply of lubricant. 
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2. Bearing housings shall be provided with grease fittings or tapped lubricant openings 
fitted with pipe plugs. 



3. Lubricant openings shall be accessible from a maintenance pit, with the traction motor 
installed on the truck. The addition of lubricant shall not be required more often than 
once per year. Arrangements that use gear lubricant for the traction motor bearing at the 
pinion end are acceptable. 



4. Bearings shall have an ABMA L10 rating life equivalent to at least 1,000,000 miles of 
service. 



5. The Contractor shall analyze traction motor bearings exposure to stray currents, 
including those resulting from traction inverter switching transients, and confirm 
analysis results with on-car measurements. A report demonstrating that stray currents 
will not lead to premature bearing failures between motor overhauls shall be submitted 
for approval. (CDRL 15-7, Bearing Currents) 



15.4.10 Motor and Rotor Balance 



Traction motors shall be dynamically balanced to meet the requirements of IEC 60349-2, except 
that the rotors shall be dynamically balanced to within a maximum imbalance of 1.0 inch-ounce. 



Balancing methods shall be subject to approval. (CDRL 15-8, Information on Motor and Rotor 
Balancing Methods) 



15.4.11 Electrical Connections 



Traction motor cable termination and fixation methods shall be service-proven in similar 
operating environments, and shall be subject to Authority approval. 



1. Connection of traction motor cables and ground cables from each axle to the carbody 
shall use a watertight plug arrangement, subject to approval. 



2. Connection of the motor leads to the motors must be possible from either orientation of 
the motor. 



3. No on-truck direct connections between traction motors or between ground brushes, 
other than grounds, shall be used. 



4. Wires, cables, and hoses connecting between trucks and carbody shall be routed in the 
vertical transition as close as possible to the truck's center of rotation to minimize flexing 
movements. 



5. Terminals, leads, and motor frame shall be clearly marked for positive identification. 



15.4.12 Traction Motor Maintainability 



All traction motors and couplings shall be physically and electrically interchangeable between 
cars, as described in Section 1, Performance Requirements. 



Traction motor overhaul intervals shall be a minimum of seven years. 
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15.5 GEAR UNITS 



15.5.1 General 



Gear units shall be service-proven and capable of satisfactory operation with the proposed 
traction motors while conforming to the performance levels specified in Section 1, Performance 
Requirements. 



1. Unless otherwise approved, gear units shall be directly connected to the traction motors 
using parallel drives.  



2. They shall be arranged to provide resilient attachment, to the truck frame.  



15.5.2 Bearings 



Gear units shall be equipped with anti-friction bearings throughout: 



1. Bearings shall require inspection and adjustment only to coincide with wheel 
replacement, but no more frequently than once every 700,000 miles.  



2. Bearings shall have an ABMA L10 rating life equivalent to 1,000,000 miles or more of 
service. 



3. Bearing end-play clearance or preload adjustment shall be set using shims to achieve the 
required setting. Machining of housings to attain bearing end-play is prohibited. 



15.5.3 Gears 



Helical gears designed for the duty required shall be provided throughout the gear unit. 



1. Gears shall require inspection and adjustment only to coincide with wheel replacement, 
but no more frequently than once in every 700,000 miles. 



2. Gears shall have not more than a 10% failure rate at the end of 1,000,000 miles of service. 



15.5.4 Lubrication 



The gear unit shall be oil lubricated: 



1. It shall have sufficient baffles, dams, and passages to ensure an adequate flow of 
lubricant to bearings and gears under all conditions of speed, load, temperature, and 
weather, including continuous operation in either direction at maximum speed. 



2. It shall be designed to prevent infiltration of moisture into the lubricant from any source. 



3. Seals on rotating parts shall be of the labyrinth type. An additional elastomer lip seal for 
the output shaft will be allowable. 



4. Lubricant requirements shall be consistent with existing Authority materials, or as 
approved. 
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5. The gear unit shall include a sight glass for convenient oil level verification. The sight 
glass shall be slightly recessed, with provision for the future addition of a protective 
cover. 



15.5.5 Inspection Openings 



Inspection openings shall be provided. Covers shall be attached with bolts, gasketed and 
designed to prevent loss of lubricant. 



15.5.6 Plugs 



Direct access, via a conveniently located oil fill plug, shall be provided for servicing the gear 
units. 



1. The fill plug opening shall be arranged to provide an indication of oil level and to 
prevent overfilling. 



2. Drain and filler plugs shall be of the magnetic type; however, the filler plug may be non-
magnetic if a magnetic inspection cover is provided. 



3. The type and location of drain and filler plugs shall preclude damage to the plugs from 
obstacles on the track and any resultant loss of lubricant. 



4. Drain and filler plugs shall incorporate approved means to prevent them working loose 
during car operation. 



15.5.7 Gear Unit Grounding  



The gear unit shall include ground brushes to conduct ground current to the axles. 



1. If required by the gear unit design, the ground brush holder may be mounted on the 
journal bearing assembly. 



2. The brushes, cabling and shunts shall be sized so that the brushes on any one truck can 
carry the maximum total current flowing from the car to the running rails without 
overheating. 



3. Each brush and its holder shall be protected from mechanical damage, dirt, and oil by a 
housing that has an easily removable cover. 



4. Material and arrangement of the ground ring shall be subject to Authority approval. 



15.5.8 Speed Sensing 



In addition to the speed sensors inherent to the propulsion and the friction brake systems, 
provisions shall be made on the gear unit for the application of speed sensing devices to be used 
by the ATC system. 



1. Speed sensors and speed sensor locations shall be subject to approval.  Unless otherwise 
approved, the same part number of directional speed sensor shall be used for all speed 
sensor applications on the car. 
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2. Propulsion and friction brake controls shall share signal outputs from a single speed 
sensor per axle.  Speed signals shall be buffered and distributed in a manner that 
software failures, system lockouts, resets, and function cutouts within either of the two 
systems shall not preclude receipt of the speed signal by the other system. 



3. Sensorless traction inverter control techniques will be considered by Authority if 
Contractor can demonstrate reliability and maintainability advantages while maintaining 
necessary control over inverter tractive effort and drive operation electrical and 
mechanical parameters under all operating conditions including spin and slide. 



4. The ATC system shall require two speed-sensing devices, each mounted on separate gear 
units on one truck of the A-car. 



a. Truck wiring, gears used for speed detection, speed sensors, and speed-sensor 
mounting provisions shall be identical on F-end and R-end trucks of both A-cars and 
B cars to permit truck interchangeability. 



b. Dummy plugs or receptacles shall be provided for securing unused connectors of the 
speed sensor wiring if the truck is installed at a location where the speed sensor and 
speed sensor wiring is not required. 



c. Speed sensors and companion carbody wiring shall be coded or indexed in such a 
way as to prevent mis-wiring when trucks are removed and replaced. 



d. The location required for ATC speed sensors shall be chosen to satisfy the 
requirements of the subcontractor supplying the ATC equipment. 



5. Speed-sensor mounting provisions shall be identical on all gear units and all motors such 
that they are completely interchangeable between units. 



a. The mounting of speed sensors on the gear units shall be such as to avoid loss of 
gear lubricant. 



b. Speed sensors shall be mounted in such a manner that it is neither necessary nor 
possible to make any mechanical adjustment in the gap between the sensor probe tip 
and the gear tooth. 



c. The mounting surface shall be precision milled appropriately and shall be above the 
normal lubrication level. 



d. Directional speed sensors shall be mechanically keyed to preclude incorrect 
installation. 



6. Speed sensors shall be easily accessible for inspection and replacement with trucks 
attached to cars over the pits or on jacks, or with trucks sitting by themselves on the floor. 



7. Mechanical teeth whose motion is used for speed information shall be arranged so that it 
is impossible for them to be rotating at any speed other than the speed corresponding to 
the speed of the axle, unless the propulsion gear train has suffered massive damage. 



8. The active face of each speed sensor shall be provided with a protective cover. 
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9. Speed sensor cables shall be equipped with safety wires or harnesses to prevent them 
from damage in the event that the connectors become loose. 



15.6 ACCELERATION AND BRAKING CONTROLS 



15.6.1 General 



The Control Network and its interfaces to the propulsion controller shall be redundant and may 
use the same physical links as the ones described in Section 21, Network and Trainline Control. 
However, the Control Network shall be a separate virtual Local Area Network (LAN). 



Command intelligence for control of propulsion and braking shall come from either of the two 
sources defined below, Automatic Train Control (ATC) and Manual Train Control (MTC). 



15.6.1.1 Automatic Train Control 



The ATC system shall interface with the propulsion apparatus furnished as part of the car in the 
manner specified in Section 20, Automatic Train Control. (In addition, the ATC system shall 
accept certain inputs from other car systems.) 



1. The ATC system shall provide inputs to the propulsion control systems to accomplish the 
following: 



a. Initiate movement of the train and direct acceleration of the train to the speed 
commanded. 



b. Maintain proper car speed as commanded by the Automatic Train Protection (ATP) 
system or the Automatic Train Supervision system (ATS), both of which are 
subsystems of ATC. 



c. Adjust performance of the propulsion system (rate control) as commanded by ATS. 



d. Command and execute programmed station stopping. 



2. One ATC system shall be provided for each married pair. 



15.6.1.2 Manual Train Control 



In Manual Train Control (MTC) operation, movement of the train shall be under direct control 
of the Operator: 



1. Operator control is through either a Master Controller in the A car, F end cab, or a 
Hostler Panel in the B car, F end control area. 



2. Enforcement of command speeds is carried out by the ATP system in a manner similar to 
conventional cab signal train speed control systems. 



3. It shall be possible to operate the train in MTC without ATP following activation of a 
sealed ATP cut-out switch located in the Operator's cab of the A car, F end. 
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4. It shall not be possible to achieve positive tractive effort above the speed stipulated in 
Section 1.6.1, Acceleration and Braking Control, when operating from the Hostler Panel 
in the B car, F end. 



15.6.2 Master Controller and Hostler Panel 



The Master Controller and Hostler Panel provide propulsion and braking controls as defined in 
Section 1, Performance Requirements. Operations of the Master Controller and Hostler Panel 
are defined in Section 11, Operator’s Cab. 



15.6.3 Mode Direction Switch and Control Lock 



A mode direction switch shall be provided for Operator selection of the operating mode in the 
A car, F end cab. A control lock shall be provided in each operating area and be operated by a 
control key. 



Operations of the mode direction switch and control lock are defined in Section 11, Operator’s 
Cab. 



15.6.4 Acceleration and Braking Control Interfaces 



Contractor shall comply with the following requirements: 



1. The MTC and ATC shall convey propulsion and braking commands through the Control 
Network and the following discrete trainlines, unless approved otherwise: 



a. Forward Direction Trainline 



b. Reverse Direction Trainline 



c. Motor Brake Trainline 



d. Full Service Brake Trainline 



e. Wheel Slip/Slide Inhibit Trainline 



f. Emergency Brake Trainline 



2. Acceleration and braking control rates shall provide a continuous analog control rate 
between an established minimum and the maximum rate level for both motoring and 
braking. 



3. The MTC and ATC shall transmit propulsion and braking commands on the Control 
Network to propulsion and brake control systems in the consist.  Control Network 
message content details shall be established by the Contractor. 



A full list of required trainlines is provided in Section 21.3.4, Ethernet Train Network (ETN). 
The sensitivity of apparatus connected to trainline wires shall be such as to not respond to 
voltage levels less than 12 volts. 
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15.6.4.1 Train Direction 



A forward wire and a reverse wire, only one of which may be energized by low-voltage DC at 
any one time, shall select train direction. 



1. Energization of the forward wire while the reverse wire is de-energized shall result in 
motion in the forward direction. 



2. Energization of the reverse wire while the forward wire is de-energized shall cause 
motion in the reverse direction. 



3. Direction control apparatus shall be protected against the possibility of simultaneous 
energization of both direction trainlines. 



15.6.4.2 Mode and Rate Selection 



The Control Network shall provide mode and rate selection intelligence to the local car 
propulsion and braking systems as shown in Exhibit 15.1, below. 



The de-energization of the full-service-brake trainline shall result in train braking at FS BRK 
("B4" on previous Authority fleets) regardless of the mode/rate command conveyed via the 
Control Network. 



The rates as stated are those to be achieved on level tangent track. 
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Exhibit 15-1, Propulsion and Braking Mode/Rate Commands 
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MAX PWR Maximum Power +2.8 1 O 1 1 1 Control Network 
MIN PWR Minimum Power +0.75 1 O 1 1 1 Control Network 
CST Coast ~0 1 O O 1 1 Control Network 
MIN BRK Minimum Brake -0.45 1 O O 1 1 Control Network 



request only 
FS BRK Full Service Brake -2.2 1 O X O 1 Control 



Network+FSB 
Trainline request 



MAX BRK Maximum Brake -3.0 1 O O 1 1 Control Network 
request only 



EMR Emergency Braking 
(Pneumatic) 



-3.2 O O X O O Control 
Network+EB 
Trainline request 



 
1 = Energized 
O = Not Energized 
X = Not to be used 
 
1Either T/L (FWD) or T/L (REV) is energized, but not both. With the mode direction switch in 
AUTO/STORE or MAN-FWD position, T/L (FWD) is energized. 



 



15.6.4.3 Motor Brake Selection 



This wire shall be energized by battery voltage when calling for power or coast and having the 
brakes released, and shall be de-energized in brake. Energizing or de-energizing this wire shall 
not defeat jerk limiting. The status of this line shall not affect or defeat either full service brake 
or emergency brake. 



This train line shall always be recognized by the local car propulsion and braking system in any 
mode. 



15.6.5 Trainline Circuit Protection 



Acceleration and braking control circuitry shall be protected by a control circuit breaker. 
Trainlines used for control of acceleration and braking and fed from the control area of the car 
shall be protected by the control circuit breaker in that car. 
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15.6.6 Acceleration Control 



The acceleration controller shall be automatic in both automatic and manual modes (A and B 
cars), maintaining the selected initial rate up to the permissible speed limit for the operating 
mode. 



1. Acceleration shall be compensated for by adjusting tractive effort for passenger loads up 
to AW2, until the motors are operating on the characteristic curve called for by the 
particular MTC or ATC command. During acceleration, compensation for load shall be 
based on the average of the loads measured at the front and rear trucks. 



2. Measures shall be taken to limit rollback to less than 500 ms on a 4% grade, and shall be 
coordinated with the friction brake “power knock-out” function defined in Section 16.4.9, 
Power Knockout.  These measures shall limit rollback even if the Operator initially does 
not request sufficient tractive effort with respect to the grade.  



3. It shall be possible to modulate the tractive effort using the Control Network. 



a. The mode and rate command may be changed at any time without following any 
particular sequence. The traction control system shall reflect the change by altering 
the torque demand. 



b. The maximum jerk rate specified in Section 1.6.2, Jerk Limit Requirements, shall be 
adhered to at all times: 



• To preclude extremely low jerk rates at high speeds and the corresponding loss 
in power-to-brake transition time, the traction control apparatus shall be 
arranged to have power removal time-speed dependent. 



• Maximum power removal times shall be as follows: 



○ Above 70 mph: 0.35 second 
○ 70 mph to 41 mph: 1.06 second 
○ 40 mph to 0 mph: 1.50 second 



• Power removal shall be ensured by fail-safe back-up circuitry. 



c. Related equipment shall be furnished as described in the following sections. 



15.6.7 Braking Control 



Dynamic regenerative/rheostatic braking shall be provided: 



1. The propulsion system shall be able to control regenerative braking energy flow, the 
rheostatic braking energy flow, and the total dynamic braking effort to maximize the 
return of braking energy to the third rail, within adjustable line-voltage limits established 
in the propulsion system control. 
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2. In connection with regenerative braking, the following functions shall be included: 



a. Cut-out switch: 



• A switch shall be provided on the control area circuit breaker panel and an 
accompanying Control Network regenerative brake cut-out message to cut-out 
regeneration on all cars in a train. 



• Electrical braking energy shall be dissipated in the carborne resistors. 
• This switch and Control Network message shall be separate from the ones for 



dynamic brake cut-out that serve to suppress electrical braking altogether. 



b. Automatic blending: 



• A control shall be provided whereby, when regeneration is enabled, each car 
shall limit regenerated current flow to automatically blend from full available 
regeneration at 820 Vdc to full rheostatic braking and zero regeneration as third 
rail voltage rises to 860 Vdc. Details of relevant control logic shall be in 
compliance with Section 15.2.7, Electric Brake Capabilities, Item 4, and subject to 
approval by the Authority. 



• The control shall be such that regenerated current does not oscillate and third rail 
voltage is not raised above the maximum line voltage as stated in Section 1.3, 
System Voltage Range and Line Current Limits, in response to abrupt changes in 
receptivity of the third rail. 



• The control shall prevent unintended flow of regenerative power produced by 
one traction inverter into the brake resistor of another inverter of the same car. 



c. Rapid switch to rheostatic brake: 



• A control shall be provided whereby electrical braking power is rapidly switched 
to the rheostatic brake whenever return of regenerated current to the third rail is 
abruptly terminated. 



• Fluctuation in electric braking effort due to such switching shall not cause 
introduction of friction braking. 



d. The control system shall prevent a previously de-energized section of third rail from 
being energized by regenerative braking current. 



e. The rheostatic brake portion of the electric braking system shall be capable of 
operating continuously in the absence of regenerative braking and shall provide the 
full braking effort required. 



f. Wheel slip-slide correction/protection shall be as specified in Section 16.4.8.3.3, 
Wheel Slip-Slide Correction/Protection. 



3. Dynamic braking shall be automatic at all speeds, maintaining the rate commanded 
whether the braking command originates in the MTC or the ATC system. 



a. All braking rates shall be available to MTC and ATC and shall be as commanded by 
the Master Controller/ATC through the translator and the Control Network. 



b. The selected rate shall be maintained to a stop through the electrical brake fadeout 
point unless the rate request is changed either by the MTC or the ATC system. 
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c. The braking rates specified are nominal instantaneous rates, not including buildup 
or reaction time. 



• Brake buildup time shall not exceed that required to comply with jerk limit 
requirements plus a maximum of 200 milliseconds dead time.  



• During any one stop, 95% of all nominal instantaneous rates shall not exceed the 
prescribed tolerances. The remaining 5% may exceed the specified tolerance 
band by no more than 3% of the nominal rate, unless specified otherwise. 



• The dynamic braking control system shall have the capability to maintain net 
rates with new wheels for each level of service braking as described in Exhibit 
1-5, Dynamic Braking Rate and Tolerances (Net Rates with New Wheels). 



4. Jerk rate control shall be applicable to dynamic braking as well as propulsion. 



5. All braking effort shall be compensated for passenger load by a load weighing system in 
order to produce a constant decelerating rate within the limits specified in Section 1.7.2, 
Braking Requirements. 



a. The load weighing system shall be coordinated so that friction brake 
supplementation of electrical brake will be implemented if the passenger load 
requires more braking effort than can be supplied by electrical brake alone. 



b. The load weighing system shall be fail-safe in design to ensure that any failure of the 
system shall not result in a braking effort less than 85% of that required on the 
married pair, and shall result in a White Light condition (see Section 16.4.8.3.4, Brake 
Status Lights and Check). 



c. The propulsion control system shall use the two air-spring pressure-transducer 
signals per truck (four total) for load weigh compensation of service brake force 
requests. The truck load levels shall be determined from the average of the two air 
spring pressures for each truck. 



d. The load weigh signal shall be reflective of actual air spring pressures until the 
instant the car doors are closed. Following door closure, the load weigh signal level 
shall be held constant regardless of air spring pressure fluctuations. 



e. The load weigh signal shall be obtained from the friction brake controller. 



6. Propulsion shall be removed under the conditions stipulated in Sections 16.3.2.1, 
Emergency Brake Control Trainline, and 16.4.9, Power Knockout. 



15.6.8 Car Wash Speed Control 



A crawl-speed control non-latching pushbutton shall be provided in the Operator's control area 
for operation of trains through the car wash and for other similar purposes. 



1. When this button is pushed and the Master or Hostler Controller is in the COAST 
position, the traction motors shall be energized so as to accelerate to and maintain a 
speed of 1.5 mph, ± 0.1 mph. 
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2. Circuiting shall be arranged so that the pushbutton must be held down to continue 
application of power. When the pushbutton is released, power shall be cut off. 



3. Car wash speed control shall be functional only when the mode-direction switch is in 
either of the MTC positions (A-car only). 



4. This crawl speed control shall be a train-wide function commanded via the Control 
Network. It is anticipated that trains of up to eight cars may be operated through the car 
washer. 



5. The design shall provide for at least 4 minutes sustained operation in this position with 
propulsion inoperative on half of the cars in the train. 



15.7 COMPONENTS AND SYSTEMS 



15.7.1 Input Filter 



A propulsion input filter shall be provided to prevent damage to propulsion equipment from 
line-voltage transients and to support inverter operation: 



1. Transients are likely to be present on the third rail due to such causes as lightning strikes 
and interruption of maximum fault currents by railcars and by wayside breakers. 



2. Means shall be provided to limit input-filter inrush-current following closure of the 
HSCB and line contactors 



3. The Contractor shall provide a means of guaranteeing that the capacitance of the input 
filter capacitor bank always exceeds the minimum allowable capacitance for inverter 
operation and electromagnetic interference control. Alternative means to protect the 
capacitors and to ensure the continued effectiveness of the filter may be provided. 



4. Filter capacitors shall be dry polypropylene film technology, unless approved otherwise.  
Capacitor life expectancy in the Authority’s application shall be 20 years or better, 
supported by capacitor life analysis.  Capacitor design and application shall incorporate 
mitigation against catastrophic thermal runaway failures, including those initiated from 
internal manufacturing defects.   



15.7.2 High-Speed Circuit Breaker  



A high-speed circuit breaker (HSCB) shall be provided to interrupt full fault current: 



1. It shall be located between the knife switch and the propulsion line switch/charging 
contactor circuits. 



2. The opening speed of the HSCB shall be coordinated with the characteristics of the 
propulsion input filter and the rate-of-rise of inrush current. 



3. Propulsion control logic shall incorporate counters for HSCB overcurrent trips and 
mechanical cycling, with values stored in the non-volatile memory.  HSCB-maintenance-
required message shall be generated by propulsion logic and accessible via PTU and 
MDS based upon counters reaching manufacturer recommended limits. 
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15.7.3 Filter Discharge Switch 



Contractor shall comply with the following requirements: 



1. A manually-operated switch shall be provided to give maintenance personnel a simple 
means of discharging high-voltage capacitors prior to maintenance work: 



a. This switch shall be interlocked with the HSCB so that the HSCB can be closed or 
remain closed only when the switch is in the open position. 



b. Closure of the switch shall connect each high-voltage capacitor or parallel group of 
capacitors to its own discharge resistor rated to discharge the capacitor from a fully 
charged state to less than 15 volts within 15 seconds. 



c. As an alternative, an automatic means of discharging the high-voltage capacitors 
may be provided, subject to approval. 



2. Means to automatically  discharge  high-voltage capacitors independent of presence of 
the control voltage shall be provided. The voltage on capacitors shall be discharged to 
less than 50 volts within 1 minute after power removal and to less than 10 volts within 2 
minutes after power removal. 



3. Permanently-connected bleed resistors shall discharge high-voltage capacitors to less 
than 10 volts within 15 minutes. 



4. Permanently connected indicator lights in strategic locations shall reliably show the 
charging state of the respective filter capacitor bank. 



5. Clearly marked test points shall be provided to manually check capacitor voltage. 



6. Doors and covers of cases containing high-voltage capacitors shall be labeled both inside 
and outside with decals warning of danger from charged capacitors, and providing 
instructions on how to operate the discharge switch, wait 15 seconds, and then verify that 
the capacitors are discharged prior to working near them. 



7. Refer to Section 17.1.2, Primary Power Source, for related filter requirements. 



15.7.4 Third Rail Sensing 



Means shall  be provided to detect non-bridgeable third rail gaps and de-energized third rail 
condition by monitoring the absence of current flow between the third rail shoes and the car. 
Third rail gap and dead rail detection and response logic shall take into account car speed and 
the Authority’s minimum non-bridgeable gap distance to minimize line-switch cycling due to 
shoe bounces. 



1. The propulsion line switch shall open whenever third rail gap or de-energized third rail 
is detected, or whenever third rail voltage falls below the minimum specified in Section 1, 
Performance Requirements.  Details of third rail gap and dead rail detection logic and its 
behavior under various operating scenarios shall be subject to Authority review. 
(CDRL 15-9, Third Rail Gap Detection ) 
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2. Opening of the line switch in response to third rail gap or dead rail detection shall be 
initiated within 50 milliseconds after detection of these conditions. 



3. The line switch and auxiliary converter contactor shall not be opened while one of the 
control consoles in a train is activated, so long as equipment is functioning normally, 
current is flowing between the car and the third rail, and the third rail is energized to 
normal voltage levels. 



In addition to sensing of third rail voltage and current conditions, there shall be sensing of rate-
of-rise of outrush current such as would occur if there were a resistance fault somewhere on the 
third rail side of the propulsion input filter. 



1. The propulsion line switch shall be opened whenever current outrush that is indicative of 
such a fault is sensed. 



2. The arrangement shall be coordinated with the characteristics of the line switch and the 
propulsion input filter to provide outrush rate-of-rise protection that does not degrade 
the rate-of-rise protection previously provided by the Authority's traction substation 
protective controls by more than 20%. 



15.7.5  Cooling System 



All equipment shall be cooled by passive methods, e.g. natural convection, heat tubes.  Forced 
air fans are prohibited. 



Traction motor temperature shall be continuously sensed indirectly by means of instantaneous 
winding resistance calculations based on winding voltage and current measurements, or other 
service-proven and validated thermal modeling methods. 



1. Motor temperature measurements shall be used to indicate over-temperature conditions 
to the propulsion control logic. 



2. Detection of apparatus over-temperature shall shut down the affected equipment and 
illuminate a propulsion fault indicator in the control area of the leading car and of the car 
on which the failure has occurred. 



15.7.6 Undercar Equipment 



The Contractor shall install and wire undercar equipment, especially traction equipment, in a 
manner that will minimize the magnetic field conducted, induced, or radiated by such 
equipment. 



15.7.7 Door/Traction Interlock 



Intelligence relative to the position (open or closed) of the side doors on the entire train shall be 
transmitted to the active control area. 



1. Circuitry shall be of a fail-safe design and shall include redundant, automatic fail-over 
circuits, as defined in Section 13, Door Operation and Control. 
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2. In the absence of intelligence indicating that doors are closed and locked, the traction 
interlock function shall perform the following: 



a. Remove and prevent the application of traction power on the train; and 



b. Set the train braking system at the full service brake (B4). 



3. A sealed door/traction interlock bypass switch shall be provided in the Operator's 
control area to allow movement of the train in the event of failure of the traction interlock 
circuitry. This switch shall perform the following: 



a. Nullify the power removal and brake application feature. 



b. Interface with the ATC system using two contacts on the switch, which shall be 
closed in the Off position and open in the Bypass position. 



15.7.8 Arrangement of Control Components 



Motoring and electrical braking control shall be combined as far as practicable into a single 
integral control package unit: 



1. It shall include all parts essential for control of accelerating and electrical braking, except 
the main resistors, line reactors, control cut-out switches and electronic controls. 



2. Harness wiring shall be used to the maximum extent practicable for wiring these control 
items together. 



3. The control devices mounted in the equipment case shall be insulated from it so that the 
case shall not require mounting insulation. The equipment case shall be grounded to the 
underframe. 



4. The control package shall be fully assembled and tested prior to installation in the car 
and connection to other car systems. 



5. Maintainability: 



a. Control cases containing apparatus normally requiring attention at 10,000-mile 
intervals shall be mounted at or near the longitudinal centerline of the car and shall 
be arranged to give full accessibility for pit maintenance. 



b. Control cases containing apparatus requiring more frequent attention shall be 
arranged to give full accessibility for maintenance from the side of the car. 



c. All propulsion and braking electronic control cards shall be interchangeable between 
cars without adjustment. 
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d. Control components or systems requiring periodic calibration or testing shall be 
arranged with test points or test fittings so it is not necessary to remove wires or 
break pipes to perform testing or calibration, and shall be located and arranged such 
that one person can perform calibration unassisted. These include systems such as 
the following: 



• Accelerating and electrical brake effort regulation 
• Wheel slip protection system 
• Load weighing system 
• Electrical brake feedback 
• Friction brake system 
• Pressure switches 



15.7.9 Braking Resistors 



Braking resistors shall comply with the following requirements: 



1. Type and capacity: 



a. Dynamic brake resistors: 



• Brake resistors shall be designed and tested in compliance with IEC 60322, with 
the additional requirements indicated below. 



• Active elements shall be stamped stainless steel. 
• Active elements shall be double insulated from the grounded resistor frame 



assembly. Both primary and secondary insulation levels shall be designed and 
tested in compliance with the requirements for basic insulation as defined in IEC 
60322. 



• The resistors shall have sufficient capacity to allow all braking to be done 
rheostatically with regeneration permanently cut-out under all operating 
conditions in the Authority's system without exceeding the operating 
temperature specified in IEEE Std 16, assuming a rating for continuous duty; 
without permanent distortion due to this heating effect; and without shortening 
the service life of the resistors and associated mounting hardware. 



• Resistor hardware shall be stainless steel. 
• Qualification tests for performance in the rain/snow shall be performed. 



b. Other propulsion system power resistors: Shall have a power dissipation capability 
20% greater than the maximum load to which they can be exposed under any 
specified operating condition. 



2. Installation: 



a. Resistor frame assembly, including protective screens, shall be grounded to the 
carbody with a high-capacity grounding strap. 
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b. Protective screens shall be provided on all sides including bottom of the resistor to 
minimize the possibility for papers, plastic bags, and other debris being lodged 
within resistor assembly. 



• The screens shall also offer personnel protection against accidental contact with 
hot or energized resistor plates. 



• Screen installation shall be arranged to facilitate resistor maintenance. 
• Removable screens shall be fitted with safety catches or other means to retain the 



screen in place in case of mounting hardware failures. 
• Clearance between the bottom screen and active elements shall minimize 



possibility of ground faults due to screen dents from impacts by common 
roadbed debris. 



c. Resistors shall be installed so as to prevent overheating of adjacent apparatus, 
wiring, and carbody.  In addition to the resistor assembly heat shield, a 
supplementary stainless steel heat shield shall be provided between the resistor 
assembly heat shield and the carbody. 



3. The resistors and their active elements shall be arranged in order to minimize external 
magnetic fields. Alternate means to provide reduced values of magnetic fields external to 
the resistors may be submitted for approval. 



4. Temperature Management: 



a. The braking resistors shall be arranged for natural ventilation by convection and car 
movement. 



b. Adequate space shall be provided around resistors to allow for heat dissipation. 



c. Heat shields must be provided to protect adjacent wiring and apparatus. 



d. Thermal management of brake resistor temperature shall include at least two 
independent sensors that will detect over temperature and act to disable all current 
in the dynamic braking resistor during the over-temperature event.  The sensors 
shall be mounted to capture the highest temperatures above the resistor grid. 



e. Alternatively, a thermal model of brake resistor operation can be used to 
continuously calculate the resistor temperature and determine an over-temperature. 
The calculation shall be demonstrated to be accurate and tolerant to the excessive 
drift or failure of any individual voltage or current sensor included in the 
calculations.  If necessary, redundant sensors may be used. Calculation shall not be 
subject to error caused by resetting or power cycling the controller. 



f. Detection of over-temperature shall be logged and annunciated in the lead car. 



15.7.10 Contactors 



Propulsion system contactors shall comply with the following requirements: 



1. Contactors shall conform to the requirements of Section 24.23.2, Contactors and Relays. 
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2. They shall be capable of safely and repeatedly interrupting the maximum possible load 
current in the event of a control malfunction (not fault current), as well as any other 
current level that the contactor might need to interrupt in normal operation. 



3. The arrangement of arc chutes, blow-out coils, and venting, along with the contactor tip 
size, shall allow safe, continued operation upon reset after a malfunction. 



4. Contactors shall be installed for free air ventilation and easy accessibility for routine 
inspection and maintenance. 



a. Access to the contactors shall require only opening of a case cover. 



b. Access to the contact tips shall require only snap-off removal of the arc chute, except 
in the case of line contactors, where a bolt may be used to secure the arc chute. Field 
replacement of contactor tips shall be possible. Clear criteria for condemnation of 
contactor tips shall be included in the appropriate maintenance manual (see 
Section 8, Manuals and Training). 



5. Selection of line contactors shall be subject to approval. 



15.7.11 Control Logic 



The propulsion system control logic shall comply with the following requirements: 



1. It shall be based on commonly available microcomputers with peripherals and network 
interfaces necessary to meet the required functions and performance criteria. 



2. Microcomputer hardware shall be available until the expected overhaul of the cars 
without requiring a hardware refresh. 



3. Control programs shall be stored in non-volatile memory. 



4. Sufficient non-volatile memory shall be included for the purposes of storing, by manual 
command, all significant parameters that occurred over a period of at least 2 seconds 
before a fault event, as indicated by any of the propulsion fault indicators when the 
propulsion system is last turned off. 



a. These data shall be held until normal car operation is resumed, a reset command is 
received from a PTU, or a reset pushbutton on the control logic monitoring panel is 
pushed. 



b. These data shall be addressable by the PTU for troubleshooting purposes and by the 
set of built-in troubleshooting displays. 



5. Control logic cabinet(s) on each car shall include LEDs for indicating major system states 
and faults. 
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6. Control logic and signals from the propulsion system shall be easily accessed from the 
VMDS and PTU. 



a. Both analog and digital and network data must be readily accessible, and have the 
ability to address logic signals significant to analysis and diagnosis, including signals 
to and from contactors, external inputs and outputs, and network data. 



b. Unless otherwise specifically approved, the control logic shall have the capability of 
supplying a minimum of eight channels available as analog outputs to a high 
impedance chart recorder for real time recording of propulsion data. 



c. There shall also be an addressable output that is RJ-45 compatible. 



d. Logic shall be arranged for the connection of a PTU to permit static testing, and 
running monitoring of propulsion system operation, accessing fault or other 
memory, and access to analog signals. 



7. In addition to any other signals identified in IEEE 1482.1, propulsion system shall 
provide line-voltage and line-current levels to the event recorder. 



15.7.12 Tractive Effort Measurement 



Tractive effort data shall be accessible via VMDS and via a port in the microprocessor control 
system to which the PTU can be connected, and by configuring one of the analog outputs to 
provide this information. 



If required for roll-back protection specified in Section 20.2.2.2, Vital Rollback Protection, the 
propulsion system shall provide an output to ATP indicating when positive tractive effort is 
being applied to the axles. 



15.7.13 Undervoltage/Overvoltage Protection 



Undervoltage/overvoltage protection shall be provided on an individual car basis: 



1. It shall remove propulsion power when the third rail voltage drops below 430 Vdc or 
rises above 930 Vdc for a defined time period. 



2. The trip delay period shall be selected to prevent nuisance trips due to transients, 
without risking damage to equipment, and shall be subject to approval. 



3. Rheostatic braking capability shall remain available when propulsion power is removed 
while train speed is above 15 mph. 



4. When third rail voltage returns to within the range of 470 to 860 Vdc, propulsion power 
shall be automatically restored. 



15.7.14 Knife Switch 



A knife switch shall be installed in a case under the floor of each car. 



1. It shall be accessible from the side of the car and shall be located within 5 feet of the 
transverse centerline of the car. 
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2. The main switch shall have four positions, Run, Rail Test, Off, and Shop Test. 



3. Means shall be provided within the control system to permit exercising the propulsion 
control equipment when the knife switch is in the Shop Test and Rail Test positions. 



4. Connections shall be as follows: 



Position Items Connected Items Isolated 
Run Third rail shoes 



Auxiliaries 
Propulsion 



Shop power stud 



Rail Test Third rail shoes 
Auxiliaries 



Shop power stud 



Off None Third rail shoes 
Auxiliaries 
Propulsion 
Shop power stud 



Shop Test Shop power stud Auxiliaries Third rail shoes 
Propulsion 



 
The shop power stud shall be designed to break away without damage to its mounting plate in 
the event that a car is moved with a shop power cable still attached. 



1. Attachment of the stud to its mounting plate shall be by means that: 



a. Permits easy replacement of a broken stud. 



b. Precludes any need for disassembly or special repair of other components due to 
over tightening of any screw threads used in mounting the stud. 



2. The shop power stud shall be compatible with the Authority's existing design of shop 
power connector. 



The feed from the knife switch to the 700 Vdc auxiliary circuits shall proceed immediately to a 
fuse protecting the auxiliary circuits: 



1. This fuse shall be located either in the knife switch case or in an immediately adjacent, 
vented case. 



2. The auxiliary fuse shall be chosen so as to ensure as far as possible that when one blows, 
it will clear and not set up an arc. 



3. The cable from the auxiliary fuse to the 700 Vdc auxiliary breakers shall be located and 
supported in such a way that, in case of arcing from a failed fuse to the cable, the cable 
cannot fall into contact with the knife switch or any other conductor at third rail voltage, 
and the arc will be vented but contained in an area away from grounded conductors until 
the cable has been eroded far enough to extinguish the arc. 
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15.7.15 Propulsion Cut-Out Switch 



A propulsion cut-out switch shall be provided in the Operator's control area to permit de-
energization of the propulsion and electrical brake system for the complete car. 



1. This switch, when operated, shall order the cut-out of the propulsion system and shall 
prevent electrical brake operation. 



2. It shall not affect operation of the friction brake system or slip-slide system, or prevent 
normal control of the train by the Master Controller, Hostler Control, or the ATC system. 



15.7.16 Odometer 



The propulsion control system shall include an odometer driven by the propulsion logic to 
record cumulative mileage information: 



1. The cumulative mileage information shall be stored in non-volatile memory to prevent 
loss of information if battery supply is removed. 



2. The odometer shall provide distance resolution of one mile and shall be compensated for 
changes in wheel-size. 



3. The cumulative mileage information shall be made available to the VMDS and displayed 
on a gauge in the cab area. 



4. The cumulative mileage shall be readable from the propulsion system by PTU. 



5. When the electronic panel containing odometer information is replaced, and estimated 
mileage must be entered into the new device, this shall be achieved by PTU. 



15.8 PROPULSION WIRING 



Propulsion wiring shall comply with the following requirements: 



1. The same wiring arrangement shall be used on all cars, and all wiring identification shall 
be visible. 



2. Wiring harnesses within control cases shall comply with the following: 



a. They shall be run, whenever possible, at the top of the case; 



b. Harness runs at the bottom of the case will be allowed if the closest point on the 
harness is at least 1 inch above the floor of the case. 



c. They shall be secured to tape rails at least every 8 inches with high-temperature 
plastic tie wraps or approved equivalent. 



3. Strain relief bushings shall be used at the points where wiring harnesses enter or exit 
control cases and electrical components. 



4. Interconnecting wiring harnesses under car and not located in raceways shall be taped 
with at least two layers of PVC tape, half-lapped, and secured with insulated clamps at 
maximum 18-inch intervals to prevent movement and chafing. 
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5. Undercar wiring or cabling interfacing with propulsion equipment shall be protected 
from debris damage.  Such wiring that exists to the carbody sides shall be protected from 
debris and other impact damage by stainless steel shields. 



6. Plastic tie wraps are prohibited for securing harnesses outside of control cases. 



15.9 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 15-1, Electrical Protection System Design Details ..................................................................... 1 
CDRL 15-2, Programmable Propulsion Parameters .............................................................................. 4 
CDRL 15-3, Duty Cycle Calculations ...................................................................................................... 5 
CDRL 15-4, Dynamic Performance Characteristics Report .................................................................. 6 
CDRL 15-5, Traction Motor Mechanical Design .................................................................................... 8 
CDRL 15-6, Information on Vacuum Pressure Impregnation Process for Motor Stator Coils ..... 10 
CDRL 15-7, Bearing Currents ................................................................................................................. 11 
CDRL 15-8, Information on Motor and Rotor Balancing Methods ................................................... 11 
CDRL 15-9, Third Rail Gap Detection ................................................................................................... 23 
 



15.10 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



IEC 60322 Railway applications - Electric equipment for rolling stock 
- Rules for power resistors of open construction 



IEC 60349 Electric Traction – Rotating Electrical Machines, Rail and 
Road Vehicles  



IEC 60349-2 Electric Traction – Rotating Electrical Machines for Rail 
and Road Vehicles – Part 2: Electronic Converter-Fed 
Alternating Current Motors  



IEEE Std 11 Standard for Rotating Electric Machinery for Rail and 
Road Vehicles 



IEEE Std 16 Standard for Electrical and Electronic Control Apparatus 
on Rail Vehicles 



IEEE 1482.1 Standard for Rail Transit Vehicle Event Recorders 
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16.1 GENERAL 



Railcars furnished under this Contract shall be equipped with a friction brake system that is 
entirely pneumatic (compressed air). Hardware shall be manufactured by or 
supplied/controlled through one subcontractor with a proven history of successful friction 
brake system design, product delivery, and service. The friction brake system shall be of proven 
design under revenue service conditions at least as severe as the Authority’s service 
environment. 



Service braking shall be independently controlled on each truck of each car by an Electronic 
Control Unit (ECU). Emergency braking shall be independently controlled on each car using a 
four-wire emergency brake control trainline. Wheel slip-slide correction control shall be 
available from, and coordinated between, the friction brake and propulsion systems. Spin shall 
be controlled by the propulsion system per Section 15.2.9, Wheel Spin Correction. Regardless of 
the level of brake requested, under all conditions, each truck shall be individually controlled 
and regulated to promote safe operation through redundant means. 



The friction brake system shall comply with all applicable specified performance requirements 
of Sections 1.7.2, Braking Requirements, and 1.7.3, Towing Requirements; and the duty cycle 
requirements specified in Section 1.7.4.3, Friction Brake Duty Cycle Requirements.   



The friction brake system shall comply with the fail-safe and RAM design criteria as specified in 
Section 4.1.10, Fail-Safe Design Requirements, and Section 7, Reliability, Availability, and 
Maintainability. 



16.1.1 Systems Integration 



The Contractor shall be responsible for systems integration of propulsion and friction braking 
functions, equipment, systems, and devices to ensure that railcar system performance meets 
Specification requirements. 



1. The Contractor shall submit for approval a stand-alone Systems Integration Plan, 
describing in detail the hardware, software, and functional interfaces that exist between 
the friction brake and propulsion systems. (CDRL 16-1, Friction Brake and Propulsion 
Integration Plan) 



2. The Contractor shall be responsible for proper installation of all components of the 
friction braking system and their interrelationship with other systems, and for the 
coordination of shared signals such as brake blending and wheel slip slide with the 
propulsion system. 



3. The friction brake system subcontractor shall review the Contractor’s design, and 
installation of subcontractor equipment, its connections, and interfaces to ensure safe 
and proper functioning as required by the Specifications. 



a. The Contractor shall submit a written certification from the friction brake 
subcontractor that concurs with production procedures and drawings, prior to 
installing any friction brake equipment. (CDRL 16-2, Friction Brake Supplier 
Approval of Contractor’s Friction Brake Design and Installation) 
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b. Every three months until completion of FAI, the Contractor shall provide an update 
of drawings from the friction brake subcontractor showing the latest equipment 
configuration and certifying that the Contractor’s design/installation remains 
satisfactory. 



c. The friction brake system subcontractor shall be an integral part of the Contractor's 
design and coordination efforts relating to wheel slip-slide control, sources of speed 
sensor signals from the axles, load weigh signals, and blending of both friction and 
electric braking, taking into account car speed, car weight distribution, and the type 
of brake requested. 



16.1.2 Performance Calculations 



For the purpose of design calculations and the adjustment of performance data, standard Davis 
train resistance formulas shall be used. Flange friction and air resistance coefficients may be 
modified to make allowance for truck wheelbase and car end configuration, respectively. 



1. The calculations shall be submitted with sufficient detail to permit review and approval. 
(CDRL 16-3, Performance Calculations) 



2. An air consumption analysis shall be submitted for review and approval. (CDRL 16-4, 
Air Consumption Analysis)  The analysis shall substantiate the air reservoir volumes 
chosen to satisfy the brake system functional capacities specified in the following 
sections: 



a. Section 16.4.1, System Description 



b. Section 16.4.4, Compressed Air Supply 



c. Section 16.4.4.4, Supply Reservoirs 



d. Section 16.4.5, Main Reservoir Pipe 



e. Section 16.4.12, Holding Brake Function 



3. Calculations and analyses shall, as a minimum, be revised and submitted at each design 
review and at FAI to reflect the latest physical properties and weights of the vehicles. 



16.2 VMDS INTERFACE 



The input and output signals from each critical friction brake system performance-dependent 
apparatus shall be transmitted via the train network and monitored by the VMDS. 



A functional block diagram of the system and its equipment together showing signals that will 
be transmitted to the VMDS shall be submitted for approval as part of the design review 
process. (CDRL 16-5, VMDS Interface) 
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16.3 ACCELERATION AND BRAKING CONTROLS 



16.3.1 Network and Trainline Control Interface 



As a minimum, the friction brake system shall function in response to control commands 
communicated as specified in Section 21, Network and Trainline Control, over network and 
discrete trainlines 1 through 6 listed below. 



1. Control Network 



2. Ethernet Train Network (ETN) 



3. Motor/Brake 



4. Emergency Brake 



5. Full Service Brake 



6. Wheel Slip-Slide Inhibit 



16.3.2 Emergency Brake Control Interfaces 



16.3.2.1 Emergency Brake Control Trainline 



Contractor shall comply with the following requirements: 



1. The four-wire emergency brake control trainline shall be energized at battery voltage 
under the following conditions: 



a. No control area has been activated by an Operator’s key switch whereby a battery 
voltage feed from an Undervoltage Relay in each Low-Voltage Power Supply (or 
other comparable logic) shall be used and train speed is below the established zero-
speed threshold. 



b. The Master Controller handle of a cab is in the Auto/Store position when it is 
activated by the associated Operator’s key switch.  Activation of an Operator’s key 
switch shall remove the battery-voltage feed from an Undervoltage Relay in each 
Low-Voltage Power Supply (or other comparable logic). 



c. The Master Controller handle in an active cab is moved out of the Auto/Store 
position and into either the Full Service (B4) or the Max Service (B5) brake position 
through the Emergency Brake position with the Overtravel pushbutton depressed 
and the Deadman handle in its normal operating position. 



d. The Master Controller handle in an active cab is moved from either the Full Service 
(B4) or the Max Service (B5) brake position through the Emergency brake position 
with the Overtravel pushbutton depressed, the Deadman handle in its normal 
operating position, and train speed below the established zero-speed threshold. 



e. The Master Controller handle in an active cab is in either the Full Service (B4) or the 
Max Service (B5) brake position and the Deadman handle is not released until the 
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Brake Check (Applied) indication in the cab is illuminated (refer to Section 16.3.3.1, 
Brake Check (Applied)). 



f. The Master Controller handle in an active cab is in either the Full Service (B4) or in 
the Max Service (B5) brake position when the train is below the established zero-
speed threshold. 



g. A single Hostler control area is activated by the associated Operator’s Key Switch 
and the related Emergency Stop button specified in Section 16.4.6.2, Emergency Stop 
Button, is not in its depressed position. 



2. Energization of the four-wire emergency brake control trainline shall prepare the train 
for normal operation. 



3. De-energization of the emergency brake control trainline shall result in an immediate 
transfer of each emergency application valve on each truck throughout the train. 
Additionally, each car’s vital emergency relay shall be de-energized, which shall be 
interlocked with the propulsion system (refer to Sections 15.6.4, Acceleration and 
Braking Control Interfaces, and 16.4.6.1, Emergency Relay) resulting in the removal of 
power as well as with the Automatic Train Control (refer to Section 20.2.5, Braking 
Interface). 



16.3.3 Friction Brake Status Interfaces 



16.3.3.1 Brake Check (Applied) 



Brake check (applied) is a summary circuit logic using the train network to transmit brake 
status information to the established Supervising Controller. 



1. When energized by a positive health status summary of front/rear trucks, holding 
brake, and items monitored in Section 16.4.8.3.4, Brake Status Lights and Checks, Item 4, 
a vital Brake Applied Relay in the active control area shall be energized. 



2. The energization of this relay shall permit the deadman handle to be released with the 
Master Controller handle in either the full service or the maximum service brake level 
positions without de-energizing the emergency brake trainline wire discussed in 
Section 16.3.2.1, Emergency Brake Control Trainline. 



3. Energization of the vital Brake Applied Relay shall also cause an amber Brake On 
indicator to illuminate on the active control area console or panel. 



16.3.3.2 Brake Released 



Brake Released is a summary circuit logic using the train network to transmit brake status 
information to the established Supervising Controller. 



1. When energized by an appropriate health status summary of front/rear trucks and 
holding brake, a vital Brake Released Relay in the active control area shall be energized. 



2. Energization of the vital Brake Released Relay shall also cause a green Brake Off 
indicator to illuminate on the active control area console or panel. 
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16.4 FRICTION BRAKE FUNCTIONS/FEATURES 



16.4.1 System Description 



The friction brake system shall primarily be an emergency brake system that also serves as a 
service-brake back-up to the electric braking system (refer to Section 15.2.2, Configuration, and 
Section 15.2.7, Electric Brake Capabilities). 



1. The friction brake system shall function properly in coordination with the electric brake 
system and shall be inherently fail-safe in design, construction, and operation. 



2. All braking effort for service brake and emergency brake shall compensate for passenger 
load by a load-weighing system in order to produce a constant deceleration rate within 
the specified tolerances. The load-weighing system shall be fail-safe in design. It shall 
ensure that any loss of air spring pressure shall not result in a braking effort less than 
75% of that required on the married pair and shall result in a White Light condition as 
defined in Section 16.4.8.3.4, Brake Status Lights and Checks. 



3. Coordination between the electric and friction braking systems shall be of the constant 
blending arrangement. A signal, proportional to the tractive effort request minus electric 
brake effort, shall control brake cylinder pressure to achieve the rate commanded. The 
apparatus supplying the electric braking status signal shall be fail-safe in design, and no 
possible failure mode shall cause the signal to indicate a level of electric braking higher 
than actually being developed. 



4. Jerk rate control shall be applicable to friction braking as well as electric braking. Jerk 
limiting for the friction braking system shall be fail-safe in design to ensure that the 
failure mode of the jerk limiting shall not reduce the braking rate during a brake 
application. 



5. Following a stop imposed by the Low Main Air Reservoir Pressure Sensor (reference 
Section 16.4.4.3, Low Main Reservoir Pressure Control, Item 4), the main air reservoir 
storage volume shall have sufficient capacity to ensure that a train can maintain 
emergency brake cylinder pressure for at least 90 minutes in the absence of third rail 
power.  



16.4.2 Fail-Safe Design 



It is essential that the train protection braking and braking levels full service and maximum 
service, be fail-safe. 



1. These levels shall be considered to meet the specified fail-safe criteria if no failure or 
series of related failures can occur that will cause the resultant brake force applied to be 
less than 75% of the braking force commanded by full service brake for a married pair. 



2. A sufficient degree of redundancy, consistent with system reliability requirements, may 
be used to achieve the degree of fail-safe operation required. 



a. Because only full-service and maximum-service braking levels are required to be 
fail-safe, the redundancy need be applied to these levels only. 
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b. Furthermore, maximum service brake need only be fail-safe to the extent that it will 
produce the same braking effort as full service brake. 



3. Fail-safe techniques shall be applied to the component level, as well as being 
incorporated into the basic system design. The Authority prefers systems that are 
inherently fail-safe and comply with the following:  



a. Process amplitude- or frequency-modulated AC signals. 



b. Employ purely electro-mechanical or electro-pneumatic devices. 



c. Combine such devices and control circuits. 



4. The use of control circuits that are not fail-safe at the component level, that do not use 
vital relays, or that in some other manner do not meet the specified fail-safe criteria are 
acceptable only when furnished on a per-truck basis. 



a. The use of monitoring and checking circuits within each per-truck brake system is an 
undesirable approach. 



b. Brake systems supplied on a per-truck basis shall, however, compare performance of 
the two subsystems and detect failures in either of them. 



c. Detection of subsystem failure that adversely affects the safe operation of a train at 
normal speed profiles shall prevent the release of brakes and the application of 
power at the next station. 



d. Monitoring and checking circuits shall meet the specified fail-safe criteria at the 
component level. The microprocessor shall also monitor status of the friction brake 
system and shall store selected diagnostic information to be used by the VMDS. 



5. Whenever full service, max service, or emergency brake is commanded, the braking 
effort produced shall never be less than 75% of that required to produce the commanded 
rate on level, tangent track. A system that has a failure mode that can result in less than 
full commanded pressure being supplied to brake cylinders may be provided only on a 
per-truck basis. 



16.4.3 Performance Tolerances 



Contractor shall comply with the following requirements: 



1. Braking shall be automatic at all speeds, maintaining the rates commanded whether the 
braking commands originate in the MTC or the ATC system. 



2. The full range of braking rates shall be available, and these shall be requested through 
the train network and through the specified discrete trainlines. The requested rate shall 
be carried downward to a stop through the electrical brake fadeout point unless the rate 
is changed either by the MTC or the ATC system. 
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3. The braking rates specified are instantaneous rates, not including buildup or reaction 
time. 



a. A total brake reaction, plus buildup time from receipt of a full-service-brake 
command with an AW4 passenger load, shall not exceed 1.2 seconds. 



b. The buildup interval shall be considered to cover from a fully released condition 
until the average of the instantaneous brake cylinder pressures reaches the final full-
service brake-cylinder pressures achieved. 



4. Jerk limit rates shall be as specified in Section 1.6.2, Jerk Limit Requirements. 



a. During any one stop, 95% of all instantaneous rates shall not exceed the prescribed 
tolerances, the remaining 5% may exceed the specified tolerance band by no more 
than 3% of the nominal rate, unless specified otherwise. 



b. Friction braking shall be capable of maintaining net rates with new wheels for each 
level of braking as described in Section 1.6.1, Acceleration and Braking Control. 



16.4.4 Compressed Air Supply 



For each married pair, apparatus shall be arranged to store and to supply clean, cool, dry, oil-
free compressed air for the friction brake system and for auxiliary pneumatic components of 
other car systems. 



1. Air compressor status information shall be transmitted by the train network and used to 
synchronize the simultaneous startup of air compressors in a consist when any one air 
compressor starts. 



2. Once started, each air compressor shall stop independently once maximum allowable 
main reservoir pressure has been attained locally. 



3. Reservoir volumes and air compressor output flow from a single air compressor shall 
have the capacity to operate a four-car train, maintaining normal performance levels at 
the optimal duty cycle of the air compressor as established by its manufacturer and 
approved by the Authority. The optimal duty cycle shall be confirmed by test. 



4. Air supply quality shall comply with the brake system supplier’s recommendations or  
APTA PR-M-S-011-99, whichever is more stringent. 



16.4.4.1 Air Compressor Unit 



16.4.4.1.1 Air Compressor 



The compressor shall meet the following requirements: 



1. The air compressor shall be a service-proven design, with demonstrated rail transit 
service in an environment similar to the Authority’s operating environment. It shall 
have completed a fully-documented test program, which shall be submitted for 
approval. 



2. It shall be located on the A car.  
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3. It shall be direct driven by a totally enclosed, fan-cooled, 230 Vac three-phase motor of 
approved design; i.e. belt drives are not permitted. 



4. The compressor shall be capable of quiet and safe operation over the full range, and 
shall be designed to be capable of operating continuously at maximum capacity or 
under short cycle conditions. 



5. It shall be furnished complete with suspension frame. The suspension frame shall be so 
designed as to remain safely supported if the suspension bolts or resilient mounting fail. 



6. The compressor unit shall be arranged for suitable mounting under the carbody, and in 
such a manner as not to conduct noise or vibration into the car, and to permit 
interchangeability between cars. 



7. The compressor shall be packaged to consume the minimum possible mounting space 
and to minimize generated noise and vibration. 



8. A Compressed Air and Gas Institute (CAGI) data sheet shall be submitted for approval 
with information about horsepower, efficiency, and expected energy consumption. 



9. The compressor shall produce compressed air for operation of the friction brake system, 
propulsion system (if required), suspension system, couplers, horns, and other 
accessories. 



10. The capacity of the compressor shall be sufficient to supply compressed air 
requirements on a train composed of two married pairs with the compressor on the 
second pair inoperative. In no case shall the delivery at the output of the air dryer be less 
than 22 cubic feet per minute at a pressure of 150 psi. 



11. The compressor shall be equipped with an oil-level sight glass. In addition, the 
compressor design may include unloading devices, a flywheel, or other apparatus 
required to comply with the requirements of the Specifications. 



12. If not fully enclosed, the compressor motor shall be equipped with an impingement-type 
filter that will prevent entrance of dirt, water, ice, and snow. 



13. Air compressor duty cycle and duty time shall be monitored and recorded in the VMDS. 



16.4.4.1.2 Cooling and Drying Apparatus 



The cooling apparatus shall consist of finned piping included in the air compressor unit and 
arranged to drain by gravity into the sump reservoir, which shall be included in the air 
compressor unit. 



1. The temperature of the air as it exits from the dryer shall not be more than 15°F above 
ambient. 



2. The sump reservoir shall be equipped with a heated, automatically timed, electrically 
piloted drain valve, which shall operate at the end of each period of air compressor 
operation. The drain valve shall not incorporate any materials that will corrode. 
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Heaters shall be provided in the automatic drain valves.  



1. These heaters shall operate from the low-voltage DC supply. 



2. Protective heaters shall be controlled by an outside thermostat set at 40°F. 



3. Protection for the low-voltage DC and high-voltage heaters shall be provided by circuit 
breakers in the Operator’s circuit breaker panel and the auxiliary power breaker panel, 
respectively. These heaters shall not share the same circuit breaker with the friction 
brake control. 



16.4.4.1.3 Filter Dryer 



Air shall be filtered by means of a high-efficiency, self-purging desiccant filter, twin-tower dryer 
with a thermostatically-controlled, heated, automatically timed, electrically-piloted, solenoid 
drain valve. 



1. The desiccant shall not require replacement more often than once a year. 



2. To ensure that air system moisture levels are acceptable, the proposed filter dryer 
system shall be demonstrated by an approved test procedure. 



3. Air entering the dryer shall first pass through a moisture separator to preclude 
contamination of the desiccant. 



4. The desiccant shall be replaceable with an integral oil coalescing filter. The desiccant 
shall be easily accessible and replaceable from under the car without the need to 
disconnect or move other components. 



16.4.4.1.4 Safety Valves 



A safety valve(s) shall be an integral part of the air compressor unit to protect against over-
pressurization of the main reservoir and associated apparatus if the unit malfunctions. The 
main reservoir shall be limited to air pressures of 160 psig, maximum. 



16.4.4.1.5 Control Circuits 



Electrical control circuitry and wiring shall be integral to the unit and shall be protected by 
water tight enclosures. 



1. It shall turn the air compressor ON either when main reservoir air pressure is less than 
130 psig or when the Control Network communicates a synchronization command (refer 
to Section 16.4.4, Compressed Air Supply) 



2. It shall turn OFF the air compressor when main reservoir air pressure reaches 150 psig. 



3. The circuitry shall also provide the needed timing and control logic for purging the 
twin-tower air dryer desiccant and for the associated heaters. 
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16.4.4.2 Main Reservoir 



A main reservoir air volume shall be furnished and may be achieved by installing a dual 
reservoir arrangement. 



1. The main air reservoir(s) shall be provided with a manual drain cock.  The drain cock 
shall be constructed of non-corroding materials. The main reservoir(s) shall be mounted 
in such a manner as to provide a 1-inch slope from end to end with the drain cock 
located at the lowest point. 



2. Main reservoir air shall be distributed throughout the married pair and the train consist 
using appropriately sized pipe and automatic coupler through connections and flexible 
hoses in areas subjected to motion such as between the A-car and B-car. 



3. Air reservoirs shall meet the requirements of the ASME BPVC, Section VIII-1, and shall 
be stamped with ASME certification. Each main reservoir shall be subjected to a 
hydrostatic test before being put in service. 



4. Except in the case of reservoirs made from aluminum or stainless steel, each air reservoir 
shall be drilled over its entire surface with telltale holes as defined in the ASME 
BPVC.VIII.1, Subsection A, Part UG 25, Corrosion. These holes shall be spaced not more 
than 12 inches apart, measured both longitudinally and circumferentially, and drilled 
from the outer surface to an extreme depth as defined in UG 25. One row of holes shall 
be drilled lengthwise of the reservoir on a line intersecting the drain opening.  



16.4.4.3  Low Main Reservoir Pressure Control 



A pressure sensor shall monitor main air reservoir pressure and shall be used together with an 
indication of the presence of auxiliary-power voltage to detect apparent failure of the air 
supply. 



1. When such failure is detected, the White Light condition discussed in Section 16.4.8.3.4, 
Brake Status Lights and Checks, shall be illuminated and Brakes Applied indication 
shall be disabled.   



2. The Operator shall be required to reset using the “White Light Acknowledge Switch” 
prior to release of brakes following the next station stop, and the trip may be completed 
if compressors on other cars are able to supply adequate quantities of air to maintain 
main reservoir trainline pressure above the Low-Pressure Cut-Out level.  



3. Deactivating the lead control area of a train composed of more than one pair of cars is 
not intended if compressors on other cars are able to supply adequate quantities of air to 
the afflicted pair through the main reservoir trainline pipe. 



4. If main reservoir pressure continues to drop to the minimum value necessary to safely 
stop and secure the train as defined in Section 16.4.1, System Description, Item 5, an 
emergency brake application shall be imposed.   
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16.4.4.4 Supply Reservoirs 



A supply reservoir shall also be furnished for each car. Air shall be taken from the supply 
reservoir for friction braking only. 



1. A non-return check valve shall be installed between the main reservoir and the supply 
reservoir.  



2. When the air pressure in the supply reservoir is the same as the pressure at which the air 
compressor turns ON, it shall be adequate for five complete all-friction brake station 
stops from 75 mph with poor adhesion and slip-slide control functioning, and shall 
satisfy the brake holding time requirement of Section 16.4.1, System Description. 



3. Separate front and rear brake supply reservoirs and check valves shall be furnished on 
each car. The supply reservoirs shall be mounted without slope. 



4. Except in the case of reservoirs made from aluminum or stainless steel, each air reservoir 
shall be drilled over its entire surface with telltale holes as described in Section 16.4.4.2, 
Main Reservoir. 



5. Each supply reservoir shall be subjected to a hydrostatic test before being put in service.  
Air reservoirs shall meet the requirements of the ASME BPVC.VIII.1, and shall be 
stamped with ASME certification. 



16.4.4.5 Aluminum Reservoirs 



The Contractor may propose the use of aluminum air reservoirs for the main and supply 
reservoirs specified in Sections 16.4.4.2, Main Reservoir, and 16.4.4.4, Supply Reservoirs:  



1. Reservoirs shall be designed to withstand the higher of five times its maximum working 
pressure or 800 psi.  



2. Reservoirs shall be constructed using alloy designation A95083 (or approved alternative) 
material per specification SB-209 of ASME BPVC.VIII.1, Part UNF, Requirements for 
Pressure Vessels Constructed of Nonferrous Materials, and meet all requirements of 
Sections 16.4.4.2 and 16.4.4.4 respectively (except telltale holes). 



3. The reservoirs shall also meet all other applicable requirements of ASME BPVC.VIII.1, 
Part UNF. 



16.4.5 Main Reservoir Pipe 



Each car shall be equipped with a single, trainlined Main Reservoir pipe capable of passing air 
through the couplers to adjacent cars. 



1. The operating pressures in the pipe during normal service operation shall be within the 
range of 130-150 psig. 



2. Cut-out cocks shall be provided on the F and R ends to allow isolation of the Main 
Reservoir pipe. The R-end cut-out shall be equipped with a spring locking handle. The 
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F-end cut-out shall be operable from an accessible position at or near its underfloor 
location and remotely from an approved location in the cab.  



3. Main reservoir pressure shall be monitored with the sensor described in Section 16.4.4.3, 
Low Main Reservoir Pressure Control.  



16.4.6 Emergency Brake Application 



An emergency brake application shall immediately and irretrievably occur throughout the 
consist when the four-wire emergency brake trainline is interrupted.   



1. When emergency braking is requested via the Master Controller or the deadman handle 
in the active cab, the emergency brake trainline wire discussed in Section 16.3.2.1, 
Emergency Brake Control Trainline, shall be de-energized.   



2. An emergency brake application shall: 



a. Interrupt the battery power feed from the emergency brake trainline wire to critical 
and vital apparatus on each car. 



b. Independently apply full friction brake via the full service brake trainline referenced 
in Section 16.3.1, Network and Trainline Control Interface. 



c. Vitally shut-off propulsion power on a per-car basis. 



d. Cause a Full Service Brake command to be communicated to each propulsion and 
friction brake electronic ECU via the train network. 



e. Vitally interrupt an interlock within the ATP equipment. 



3. The emergency brake application and related control interlocking shall be accomplished 
with the following arrangement of devices, or an alternative arrangement that is subject 
to approval. Emergency brake application shall be immediately transmitted throughout 
the train consist. 



16.4.6.1 Emergency Relay 



Each car shall be equipped with a vital emergency relay:  



1. When energized by the battery power feed from the emergency brake trainline wire 
discussed in Section 16.3.2.1, Emergency Brake Control Trainline, the emergency relay 
shall: 



a. Connect the emergency brake trainline wire to the Emergency Application Valves 
(EAVs) 



b. Enable propulsion power on a per-car basis 



c. Enable the transmission of motoring commands via the train network 



d. Enable an interlock within the ATP equipment 
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2. The emergency relay shall be de-energized by one of the following: 



a. Loss of the battery power feed from the emergency brake trainline wire; or 



b. Its interruption by an emergency brake application device; or 



c. A circuit interruption due to an unintended train separation. 



3. Following the initiation of an emergency brake application, zero-speed status shall be 
required prior to re-energization of the emergency relay.  



16.4.6.2 Emergency Stop Button 



Each cab control area of the A car shall be equipped with two identical emergency stop buttons, 
one on the Operator’s console and one on the Left Door control panel (referred to as DE1 and 
DE2).  Each hostler control area of the B car shall be equipped with one emergency stop button 
on the Hostler Panel itself (DE3). 



1. The emergency stop button shall be a two-position, detented apparatus that provides the 
normal means for an Operator to initiate an emergency brake stop while operating in 
Automatic mode from the cab control area and while operating in Manual with ATP 
mode from the hostler control area. 



2. Depressing an emergency stop button in an active control area shall interrupt the control 
area’s battery power feed to the emergency brake trainline wire discussed in 
Section 16.3.2.1, Emergency Brake Control Trainline. 



3. This interruption, in turn, shall inhibit wheel slip-slide. 



16.4.6.3 Status Indicators 



LED indicators shall be provided in each control area to indicate the status of the Emergency 
Brake and Full Service discrete trainline wires. 



1. An LED indicator shall be provided that can be affected by any component incorporated 
into the control circuitry for the Emergency Application Valves (EAVs), such as the 
Emergency Relay, to determine the status of the EAV. 



2. These indicators shall be arranged so that an Operator can determine whether or not 
friction brakes must be cut-out, in order to move a train where some cars cannot be 
released from either an emergency brake or a full service brake application due to an 
electrical malfunction. 



3. Three LED indicators shall be provided on the Hostler Panel. A GREEN indicator shall 
indicate that the four-wire emergency brake trainline is energized, a RED indicator shall 
indicate that the four-wire emergency brake trainline is de-energized, and an 
AMBER/ORANGE indicator shall indicate that all train friction brakes are applied to at 
least 85% of AW0 braking level. 
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16.4.7 Emergency Braking 



Command of emergency braking shall be entirely by the status of the four-wire emergency 
brake trainline wire discussed in Section 16.4.6, Emergency Brake Application. The resulting 
Brake Cylinder Pressure (BCP) on each truck in a car shall be independently regulated and shall 
be compensated for passenger load independently from that used for service braking. Under no 
circumstances shall the BCP exceed that specified in Section 16.4.8.1, Brake Cylinder Pressure. 



16.4.7.1 BCP Control Valves in Emergency Braking 



For each truck, a dedicated emergency brake control valve shall be used to independently feed 
supply reservoir pressure to the brake cylinder control piping in response to an emergency 
brake activation.  



1. When an emergency brake application occurs, the service brake application valve shall 
immediately open and the release valve shall close to provide a redundant path to 
connect supply pressure to the brake cylinder pressure control piping. 



2. Any adjustments required shall be possible without removal of the valves from the car. 



3. Emergency braking shall be fail-safe. 



16.4.7.2 Load-Weigh Compensation in Emergency Braking 



Contractor shall comply with the following requirements: 



1. Upper and lower limits shall be established for the normal operating pressures of the air 
suspension when compensating for passenger load, assuming evenly distributed 
carbody and passenger weights throughout the car. 



a. The lower limit shall be the air suspension pressure present with no passenger load 
(AW0). 



b. The upper limit shall be about 10 psig higher than the air suspension pressure 
present with an absolute maximum passenger load (AW4) to allow for variations 
encountered due to car floor height (leveling) adjustment variations and variations 
in carbody weight distribution resulting from the manufacturing process. 



2. At each end of the car, each of the air suspension pressures shall first be piped to a 
pneumatic averaging valve if each air suspension pressure is controlled independent of 
the other. 



a. A pressure equal to the average of the two air suspension pressures shall be piped 
directly to a BCP load-weigh compensation valve of that particular truck, set to limit 
the BCP to no higher than load-compensated emergency BCP. 



b. If an average air suspension pressure is within the normal operating pressures, its 
value shall be applied directly. 



• If the average air suspension pressure is less than the established lower limit, a 
default value equal to the lower limit shall be assumed. 
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• If the average air suspension pressure is greater than the established upper limit, 
a default value equal to the upper limit shall be assumed. 



16.4.7.3 Wheel Slip-Slide Correction/Protection in Emergency Braking 



Except in cases where emergency pushbuttons are activated to initiate, or activated following 
emergency brake initiation by another means, the same wheel slip-slide correction/protection 
function for service braking discussed in Section 16.4.8.3.3, Wheel Slip-Slide 
Correction/Protection, shall be used by emergency braking to adjust BCPs on each truck, 
thereby maximizing deceleration for the available wheel-to-rail adhesion levels and preventing 
wheel flats. 



16.4.7.4 Differential Pressure Detection in Emergency Braking 



Each car shall be equipped with vital differential pressure detection that compares the BCP of 
one truck to the other truck. 



1. If the front and rear truck BCPs differ by more than the worst-case scenario associated 
with passenger and carbody load imbalance along with a maximum equipment 
tolerance stack up combined for emergency braking, a vital relay shall be de-energized 
which, in turn, shall provide a White Light indication. 



2. De-energization of the vital relay shall simultaneously interrupt the Brake Check 
(Applied) summary circuit logic discussed in Section 16.3.3.1, Brake Check (Applied). 



16.4.8 Service Braking 



Contractor shall comply with the following: 



1. Rate control of service braking shall be via the Control Network and through the electric 
full service trainline wire referenced in Section 16.3.1, Network and Trainline Control 
Interface. 



a. The trainline shall be of the fail-safe type and protected against trainline circuit 
faults. 



b. The request for Full Service Brake shall simultaneously open the full service trainline 
wire. 



2. Service friction brake shall cut-in automatically when the electric brakes are inoperative 
without further operation of the Master Controller. 



3. Regardless of what the control logic may be commanding, service brake shall not 
interfere with the application of Emergency Braking and associated controls. 



4. Electrical, mechanical and pneumatic apparatus for service braking shall be located 
underfloor. 



a. It shall supply, regulate, release, and signal pressure levels in the brake cylinder 
piping to the trucks based on commands received from the Electronic Control Unit 
(ECU) specified in Section 16.4.8.3, Electronic Control Unit. 
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b. Mechanical apparatus needed to convert the BCPs into retardation forces shall be 
mounted on each truck in a manner that evenly distributes the forces to the 
wheels/axles. 



16.4.8.1 Brake Cylinder Pressure 



Brake cylinder pressure (BCP) for a commanded level of friction braking shall be consistent, 
repetitive, and independent of ambient temperature. 



1. Allowable maximum air pressure shall be 70 psig.  



2. A second level of protection shall be provided to ensure that maximum allowable 
pressures are not exceeded if there is a failure in the first level of protection. 



3. Under no circumstances shall a failure in the second level of protection result in the loss 
of more than 25% friction braking effort on a married pair. 



16.4.8.2 Wheel Slip-Slide Control Valves 



Contractor shall comply with the following requirements: 



1. Wheel slip-slide magnet-valves shall be provided for each truck to modulate brake 
cylinder pressure at the request of the ECU for wheel slip-slide detection/correction 
control. 



2. If necessary to meet the fail-safe requirements of Section 16.4.2, Fail-Safe Design, valving 
shall be so arranged that upon receipt of a wheel slip slide indication that persists 
uninterrupted for a maximum period of 4.5 seconds, the controls to the valves will 
automatically restore brake cylinder pressure for the duration of the brake application. 



3. Timing of the valves shall be accomplished electrically and shall be independent of 
brake cylinder applied pressure. 



4. Valves shall be arranged so that they will function regardless of the amount of brake 
cylinder pressure at the time the wheel slip-slide correction is actuated.  



5. An initial predetermined amount of brake cylinder pressure (in-shot) shall be admitted 
to the brake cylinder piping, when the electric brake is operating, to assist in 
synchronizing the blending of friction with electric brake when the latter fades at the 
end of the normal service stop. This requirement shall not apply to friction brake 
systems in which slack adjuster design holds brake shoe clearance to  0.25 inch or less at 
the point of maximum gap. 



6. Any electronic components incorporated into the brake control valves shall be located so 
as to be accessible without removal or disassembly of the air-containing portions of the 
valves. Any adjustments required shall be possible without removal of the valves from 
the car. 



7. Control systems shall be designed to allow a smooth transition between dynamic and 
friction braking. 
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8. Design of BCP control valves shall be such that air flow through the valves ceases when 
air is not flowing in or out of the brake cylinder. 



a. When at a standstill and regardless of passenger load, any single component or 
combination of components used to release BCP shall be appropriately sized, 
positioned, and controlled to ensure a release time suitable for the ATP system. 



b. The release time, combined with the response times of relevant summary and 
interlock control components, shall not result in the enforcement of rollback 
protection under normal circumstances. 



c. Once propulsion/motoring has been commanded, the train shall move within the 
maximum allowable time interval for the detection of train movement by the ATP 
system. 



16.4.8.3 Electronic Control Unit 



Friction braking control shall be combined, as far as practicable, into a single, integral control 
package: 



1.  It shall be constructed to include parts essential for friction braking and for signals 
shared with other systems. 



2. Harness wiring shall be used to the maximum extent practicable for wiring these control 
items together. 



3. The devices shall be mounted on a metal framework within an enclosure with gasketed 
covers. 



a. This apparatus shall be coordinated in design, giving due consideration to insulation 
and arcing distances and accessibility for maintenance. 



b. Access to the interior of the enclosure shall be through a non-hinged, easily 
removable cover without requiring the removal of other apparatus. The enclosure 
shall be provided with quarter-turn locking connectors. 



c. The control devices shall be insulated so that the enclosure shall not require 
mounting insulation. 



4. The control package shall be fully assembled and tested prior to installation in the car 
and connection to other car systems. 



5. Internal temperatures of modules and components, including power supplies, shall be 
designed to provide a large thermal margin. No degradation of reliability shall occur 
during the design life of the equipment when the equipment is operated continuously 
where the ambient temperature may reach 130°F. 
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6. All friction braking electronic control cards shall be interchangeable between cars 
without adjustment. 



a. Where it is necessary to introduce compensation for car-to-car variations in 
parameters, such compensation shall be provided via potentiometer on a circuit 
board or other approved method. 



b. Mechanical indexing shall be provided on control cards in order to prevent 
inadvertent insertion of a control card in the wrong receptacle. 



7. Control components requiring periodic calibration or testing shall be arranged with test 
points or test fittings so it is not necessary to remove wires or break pipes to perform 
testing or calibration, and shall be so located and arranged that one person can perform 
calibration unassisted. These include systems such as the following: 



a. Wheel slip-slide protection  



b. Load-weighing  



c. Electric brake feedback signals  



d. Pressure sensors 



16.4.8.3.1 Control Logic 



Service friction brake control logic shall consist of one or more microcomputers with 
peripherals necessary to meet the required functions and performance criteria.  



1. Control programs shall be stored in non-volatile memory. 



2. Sufficient non-volatile memory shall be included for the purposes of storing, by manual 
command, significant parameters that occurred over a period of at least 2 seconds before 
a fault event, as indicated by any of the friction brake fault indicators when the friction 
brake system is last turned off. 



a. These data shall be held until normal car operation is resumed, a reset command is 
received from a portable test device, or a reset pushbutton on the control logic 
monitoring panel is pushed. 



b. These data shall be addressable by the portable test device for troubleshooting 
purposes and by the set of built-in troubleshooting displays. 



3. Control logic cabinet(s) on each car shall include LED’s for indicating system states and 
faults. 



4. Control logic and signals from the friction brake system shall be easily accessed from a 
PTU. 



a. Both analog and digital data must be readily accessible, and must have the ability to 
address logic signals significant to analysis and diagnosis, including signals to and 
from relays and external inputs and outputs. 
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b. Unless otherwise specifically approved, the control logic shall have the capability of 
supplying a minimum of eight channels available as analog outputs to a high 
impedance chart recorder for real-time recording of control signal data. 



c. There shall also be an addressable output that is RS232 compatible. 



d. The PTU shall have the ability to store, display, and print analog data. 



e. Logic shall be arranged for the connection of a PTU to permit static testing, and 
running monitoring of friction brake system operation, accessing fault or other 
memory, and access to analog signals. 



16.4.8.3.2 Load-Weigh Compensation in Service Braking 



The air suspension pressures at the two ends of a car shall be individually sensed by pneumatic-
to-electric transducers, and electronic circuitry shall be used to determine a single, average 
value representative of the passenger load in the car. 



1. This value shall be used both by the friction brake system and by the propulsion system 
to automatically adjust the levels of tractive effort needed to achieve the commanded 
rate. 



2. Upper and lower limits shall be established for the normal operating pressures of the air 
suspension when compensating for passenger load, assuming evenly distributed 
carbody and passenger weights throughout the car. 



a. The lower limit shall be the air suspension pressure present with no passenger load 
(AW0). 



b. The upper limit shall be about 10 psig higher than the air suspension pressure 
present with an absolute maximum passenger load (AW4) to allow for variations 
encountered due to car floor height (leveling) adjustment variations and variations 
in carbody weight distribution resulting from the manufacturing process. 



3. If the single, average air suspension pressure value is within the normal operating 
pressures, its value shall be assumed directly. 



a. If the single, average air suspension pressure value is less than the established lower 
limit, a default value equal to the lower limit shall be assumed.  



b. If the single, average air suspension pressure value is greater than the established 
upper limit, a default value equal to the upper limit shall be assumed. 



4. Variations in air suspension pressures due to the suspension dynamics of negotiating 
the right-of-way shall be ignored once the side doors are CLOSED and the car is no 
longer at zero speed. 



a. A change in the representative load weigh value shall be instituted once the car is at 
zero speed and the side doors are OPEN. 



b. It is critical that the control of the air suspension have sufficient capacity to quickly 
compensate for passenger load during dwell at the stations. 
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5. Regardless of train speed, each of the air suspension pressures at each end of the car 
shall be continually monitored for malfunctions annunciated through the White Light 
indicator discussed in Section 16.4.8.3.4, Brake Status Lights and Checks. 



a. The malfunctions shall consist of significantly low air pressure and significantly high 
air pressure. 



b. The low and high reference pressures used to make this determination shall be 
subject to approval. (CDRL 16-6, Low and High Malfunctioning Air Spring 
Reference Pressures) 



16.4.8.3.3 Wheel Slip-Slide Correction/Protection 



Contractor shall comply with the following requirements: 



1. General:  



a. The cars shall be equipped with aggressive wheel slip-slide correction/protection.  
The control shall be optimized to provide high efficiency while avoiding damage to 
the wheel treads and to the running rail heads. 



b. The slip-slide correction control by both electric and friction braking shall detect 
slips and slides whether they are random or synchronous. 



c. It shall correct for braking effort in excess of that which available adhesion will 
support during normal deceleration of the car, shall minimize stopping distance 
using optimum longitudinal creep regulation, and shall prevent flat-spotting and 
other damage to wheel treads under all adhesion conditions at speeds above 3 mph, 
provided that the coefficient of sliding friction exceeds 5%. 



d. The failure mode of the control shall be such as to render the wheel slip-slide system 
ineffective while allowing the friction brake to remain applied during a wheel slip-
slide sequence. 



• Failure modes that produce invalid indications of a wheel slip or slide will be 
tolerated, provided that apparatus is included to detect such invalid signals and 
ensure that braking effort is not reduced for more than 4.5 seconds, and that the 
method of achieving the timing is inherently fail-safe. 



• Once activated, the time-out feature shall not reset until positive tractive effort 
has been reapplied to the car. 



e. Slip-slide correction shall be removed on a per-truck basis if correction cannot be 
achieved in 4.5 seconds or if the average deceleration of the affected truck, taking 
into account wheel slip, is less than 80% of the requested rate. 



f. The efficiency of the wheel slip-slide control during all specified modes of braking 
and within the specified limits shall not be less than that necessary to meet the 
requirements of the stopping distances specified in Section 3.8.8.6, Wheel Slip-Slide 
Test, and shall operate in a manner such that it passes requirements of the applicable 
test procedures. 











Section 16, Friction Braking System 



WMATA 8000 Series Railcars 16-21 Technical Specifications 



2. Function: 



a. Slip-slide detection and correction shall function properly with differences of up to 
0.25 inch in diameter among wheels on a truck. 



• Detection of slips and slides shall be by means of evaluations of axle 
accelerations, axle speeds, or a combination of the two. 



• Alternate means of detection with successful transit service experience may be 
offered for consideration. 



• Detection and adjustment for wheel diameter changes shall be automatic. 



b. Upon detection of a slip or slide during service braking on a truck, electric brake 
control for that truck shall correct the slip or slide at speeds above 10 mph unless it 
signals otherwise to the friction brake control through the dynamic brake feedback 
signal (or some other fail-safe means). 



• Correction by dynamic brake in response to a slip-slide condition shall be 
comparable to that provided by friction brake and shall be monitored by friction 
brake via the speed sensors and associated signals from the propulsion ECU. 



• Should the friction brake control determine that the slip-slide condition on a 
truck is not being corrected properly by the dynamic brake, it shall intervene by 
assuming total control for slip-slide correction on that truck using a fail-safe 
Dynamic Brake Inhibit signal directly connected to the associated propulsion 
control by a wire independent from the Control Network. 



c. If the slip or slide is not corrected within 4.5 seconds or if train speed is 3 mph or 
less, slip-slide correction by both dynamic brake and friction brake shall be inhibited 
throughout the remainder of the stop. 



d. Once the slip or slide has been corrected, braking shall be reapplied automatically at 
a rate consistent with obtaining maximum performance without exceeding the 
specified jerk limit.  



• If the friction brake control has intervened, and no further slip-slides are detected 
for a period of 2 seconds following, the fail-safe Dynamic Brake Inhibit signal 
shall be removed, which shall result in electric brake reapplication at a jerk-
limited rate.  



• The 2-second delay in reapplication of electric brake shall be capable of 
adjustment over a range of 1 to 3 seconds. 



e. Wheel slip-slide detection and correction shall be functional under all braking 
commands except an emergency brake application initiated by either one of the 
emergency stop pushbuttons in the active control area or by an undesired 
uncoupling. 



• The associated control and apparatus shall be so arranged that failure of any 
component shall not prevent development of a full emergency brake application.  



• Components shall receive low-voltage DC power from the friction brake system 
circuit breaker(s). 
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f. If the friction brake for a truck is lost, dynamic brake and its associated aggressive 
slip-slide correction control shall remain intact and active during legitimate braking 
commands. 



• In this instance, the dynamic brake shall provide its own 4.5-second timeout.  
• Appropriate indication of the failed condition shall be annunciated through the 



VMDS. 
• The efficiency of the dynamic brake wheel slip-slide correction control within the 



specified limits shall not be less than that necessary to meet the requirements of 
the stopping distances specified in Section 3.8.8.6, Wheel Slip-Slide Test, down to 
a speed of 10 mph. 



3. Speed Sensing: 



a. The cars shall be equipped with accurate speed intelligence with the basic speed 
information coming from sensing devices mounted to the traction motor gear unit.  



b. The requirements of Section 15.5.8, Speed Sensing, also apply to speed sensors in the 
friction braking system. 



16.4.8.3.4 Brake Status Lights and Checks 



Contractor shall comply with the following requirements: 



1. Status changes in indicator lights shall be transmitted to the VMDS. 



2. The terms “white light” as used in this Section and “blue light” as used in Section 
16.4.12.3, Design, describe brake fault conditions. 



a. The indication for the fault conditions shall be provided in each Operator’s cab and 
Hostler Control Area. 



b. Any of the fault conditions shall activate the Blue Light fault indication. 



3. Green and Amber Status Lights: 



a. Summary brake status indicator lights shall be provided in each console and Hostler 
Panel that shall be activated by the operation of the control key at the Operator’s 
console or panel. 



b. There shall be a green Brake Off status indicating light that shall illuminate when 
friction brakes and holding brakes in the train are fully released. 



c. There shall be an amber Brake On indication light that shall be configured to 
illuminate only when all friction brakes in the train are applied to at least 85% of an 
AW0 Braking Level 2.2 mphps nominal and no White-Light condition exists in any 
car in the train. 



d. The information for these indications shall be obtained from individual sensors, one 
of which shall be provided for each independent brake system located on the brake 
cylinder side of the brake cylinder cut-out device. 



• Summary circuitry shall be such that no indication will be given if a circuit fails. 
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• The information shall also be provided to the redundant Motion Enable discrete 
trainline. 



• The Brakes Applied Relay shall be a vital signal relay. 



e. An interlock shall be provided such that if the summary Brake-On indication and the 
summary Doors-Closed indication are both absent at the same time, the Operator 
will not subsequently be able to release brakes or take power until either the Brake-
On indication is recovered or Doors-Closed indication is again present, and the 
Operator turns the control lock to OFF and then to ON again. 



f. The ATC equipment shall provide a similar interlock to prevent operation in 
automatic mode following simultaneous absence of the Brake-On and Doors-Closed 
indications. Restoration of the Brake-On indication shall be the only means of 
releasing that interlock. 



4. A fault indication, White Light, shall be provided to indicate each of the following faults 
(as applicable): 



a. Solid White: An apparent failure of the air compressor is detected as described in 
Section 16.4.4.3, Low-Pressure Cut-Out. 



b. Solid White: If redundancy of front and rear truck brakes is used as the basis for 
brake safety, and the front and rear truck brake cylinder pressures differ by more 
than the worst case scenario associated with passenger and carbody load imbalance 
combined for Emergency Braking. 



c. Blinking White: Failure of the load weighing system is detected. The blinking rate 
shall be 0.750 second ON and 0.750 second OFF.  The tolerance shall be ± 0.125 
second. 



5. Blue Status Indication: 



a. If friction brake safety is based, in part, on the use of redundant brake systems for 
the front and rear trucks, then local Blue-Light fault indication shall be provided  on 
the auxiliary panel at each control area. One shall represent the F-end truck and the 
other shall represent the R-end truck. 



b. If friction brake safety does not depend on redundancy, then there shall be just a 
single Blue-Light indication. Each Blue Light shall indicate faults in the brake 
equipment that it represents under the following condition: 



• Solid Blue: Friction brakes do not release on a truck when a release has been 
commanded (stuck brake). 



• If one or more Blue-Light faults exist throughout a consist, then a single Brake 
Fault Detected indication shall be provided to the controlling Operator’s cab. 



c. Any activation of the blue brake fault indicator shall cause an error to be recorded in 
a fault history log. Activation shall also cause the indicator to latch in, regardless of 
any subsequent change in the condition that caused it, until the circuit is reset by 
opening and then closing the friction brake system control breaker on the car with 
the fault. 
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d. The recorded error shall remain intact regardless of any subsequent change in the 
condition that caused it, until the log is reset on the car with the fault. It shall be 
possible to reset the log manually, although the reliance will be on continual loop 
logging once the storage area has been filled. 



16.4.8.3.5 Adjustments 



Operating parameters for the friction brake control, including tractive effort and jerk rate, shall 
be programmable in order to set initial performance and for maintenance. 



1. Except where specified otherwise, adjustments shall be made by modifying 
microprocessor non-volatile memory. 



2. Unless otherwise specifically approved by the Authority, non-volatile memory shall 
consist of ultraviolet-erasable Electrically Programmable Read Only Memory (EPROM) 
or Electrically Erasable Programmable Read Only Memory (EEPROM). 



3. The selected non-volatile memory shall be able to retain the control program for the life 
of the car. Maintenance staff shall be able to make adjustments safely and 
knowledgeably using the VMDS or PTUs. 



The friction brake control equipment shall not require a manual adjustment feature for wheel 
wear. 



1. An automatic wheel-wear compensation feature determined through programming 
code inherent in the control program shall be provided that compares virtually-
conditioned tachometer signals from each axle during Coast mode at speeds 
approximately above 10 mph. 



2. Adjustment factors that make each tachometer signal relatively equal in speed 
interpretation shall then be stored in memory for as long as the car’s low-voltage DC 
power is supplied to the equipment. 



3. The control program shall make continual comparisons of the virtually-conditioned 
tachometer signals until an approximate speed of 45 mph has been reached based on the 
range of allowable wheel diameters that could exist. 



4. The loss of the car’s low-voltage DC supply to the equipment shall cause whatever 
adjustment factors were stored in memory to be lost. Such an event shall serve as an 
indication to the friction brake control equipment that adjustment factors must be re-
established and stored in memory. This feature shall allow the maintainers to force the 
equipment to readjust after truing wheels. The virtual relationships between the 
tachometer signals shall always error in a conservative/safe direction. 



16.4.9 Power Knockout 



Contractor shall comply with the following requirements: 



1. The friction brake system shall be arranged to remove traction power on all cars in a 
train simultaneously whenever a holding brake is applied on any car in a train or when 
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a friction brake is applied on any car in a train once above zero speed. Removal of 
traction power shall remain in effect until either the train has made a complete stop or 
the applied friction brake is released. 



2. When a train is stationary, the generation of traction power shall be coordinated with 
friction brakes to preclude train rollback. 



a. The associated propulsion control logic shall be coordinated with the friction brake 
control logic to preclude nuisance brake applications, if the train should move 
forward and exceed the established zero speed threshold before friction brake is 
fully released. 



b. The associated logic and its coordination shall be submitted as part of CDRL 16-1. 



3. This function may be a part of, or receive its intelligence from, the brake status light 
system previously described in Section 16.4.8.3.4, Brake Status Lights and Checks. A 
sealed bypass switch shall be provided in the Operator’s control areas (see Exhibit 11-1 
and Exhibit 11-2) to permit the train to move if a circuit malfunctions. 



4. In addition to the train-wide sealed Power Knockout bypass switch defined in Section 
16.4.9, Power Knockout, Item 3, each car shall have a similar sealed local Power 
Knockout bypass switch to bypass the circuit malfunction on that car only. The local 
Power Knockout bypass status and location shall be annunciated on the Train 
Operator’s Display.  



16.4.10 Disc Brakes/Calipers 



Individually-actuated cheek disc brakes shall be installed on each wheel. 



1. A means shall be provided to maintain optimum brake pad clearance throughout the 
full service life of the pads and discs and to minimize brake air cylinder volume for 
rapid control response under poor adhesion conditions. 



2. The brake disc, caliper/pad, and truck suspension design shall be coordinated to ensure 
that complete contact between the brake pad and the disc braking surface are 
maintained throughout the entire range of wheel wear, truck suspension travel, and age 
related changes.  



3. Each friction brake caliper shall be supplied air pressure through a separate hose from 
the carbody. No pneumatic service brake apparatus other than the brake 
cylinders/actuators shall be mounted on the truck. 



4. All carbody-to-truck hoses shall have sufficient slack to accommodate the maximum 
rotation permitted by the truck design. 



16.4.11 Friction Disc and Pad Service Lives 



Brake discs and pads shall contain no asbestos materials and shall have service lives equal to or 
exceeding the following values: 



1. With all braking by friction brakes:  Brake discs 30,000 miles; brake pads 1,500 miles. 
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2. With normal electric plus friction braking:  Brake discs 450,000 miles; brake pads 70,000 
miles. 



These service lives shall be demonstrated by dynamometer test and by duty cycle confirmation 
test based on no-coast round trips discussed in Section 1.7.4, Duty Cycle Requirements. 



16.4.12 Holding Brake (Also referred to as Parking Brake)  



16.4.12.1 Performance 



Each vehicle shall be equipped with an optimized holding brake system that will hold a car 
indefinitely under the following conditions: 



1. Maximum load (AW4) 



2. Equipped with new wheels 



3. On a 5% grade 



4. Static wheel to rail adhesion as low as 10% 



5. Fully worn brake pads and fully worn discs(brake pads are considered fully worn if 
they have no more than 0.125 inch of useable friction material remaining before reaching 
the condemning limit) 



16.4.12.2 Mounting 



The actuating apparatus shall either be attached to or be an integral part of two or more brake 
calipers per truck. 



16.4.12.3 Design 



Contractor shall comply with the following requirements: 



1. Apply and Release commands shall be controlled by a single, three-position, rotary, 
illuminated switch mounted in the Operator’s control console or panel. 



a. The switch shall spring return to the center no-command position when its knob is 
released. 



b. Clockwise rotation shall command the holding brakes to Release. 



c. Counter-clockwise rotation shall command the holding brakes to Apply. 



d. Using an LED, the switch shall illuminate Red when Applied and Green when 
Released to indicate holding brake status to the Operator. 



e. When a control area is energized and the switch is manually activated, signals shall 
be transmitted via the Control Network to all cars in the consist. 



f. When all operating control areas in a train consist are inactive, the holding brake 
control apparatus shall automatically assume their logical states for Apply and shall 
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not release again until a switch is manually rotated to Release at an energized control 
area. 



2. The holding brake actuators shall be designed to be fully released once air pressure in 
their cylinders reaches a predetermined level, not to exceed 60 psi. The holding brake 
actuators shall begin to apply force to the Brake Disc when air pressure in their cylinders 
is reduced to a predetermined level less than 60 psi. 



3. An electrical signal(s) shall be provided to indicate positively when the holding brake is 
applied and released. 



a. An electrical interlock shall be provided to prevent application of traction power if 
any one holding brake actuator is not fully released. 



b. If any one holding brake actuator on a car is not fully released, it shall cause the Blue 
Light indication to blink at a rate of 0.75 second ON and 0.75 second OFF. 



c. It shall not be possible for the indicator and the interlock logics to communicate a 
false APPLY or RELEASE status of the holding brake. 



4. Local Green-Light Released indication(s) shall be provided on the auxiliary panel at each 
control area. If necessary, one shall represent the F-end truck and the other shall 
represent the R-end truck. 



5. Manual release cables shall be provided to allow the holding brake forces of each truck 
equipped with holding brake actuators to be released both from within interior door 
equipment pockets and from one side of the truck, if a malfunctioning control apparatus 
or holding brake actuator causes unexpected forces to be applied to the brake discs. 



a. If an actuator manual release has been activated on a car, its associated control 
apparatus shall be inhibited from electrically commanding a release of the holding 
brake until the activated actuator manual release has been manually reset. 



b. Each activated actuator manual release shall automatically reset when the holding 
brake actuators are pneumatically released by recharging the holding brake control 
line.   



c. A means shall be provided to manually operate the holding brake control valve to 
release/reset the control line in emergency conditions when the valve is not 
functional. In addition, means shall be provided to temporarily pressurize the 
holding brake release/reset circuit, either from an onboard protected supply or from 
an external pressure supply, subject to Authority approval. 



6. The design shall be submitted for approval. (CDRL 16-7, Design of Holding Brake)  
Calculations of associated holding forces and wheel to rail adhesion requirements shall 
be included. 
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16.4.13 Pressure Gauges 



An electrically-controlled pressure gauge shall be provided in each Operator’s cab to display 
Brake Cylinder Pressure. 



1. It shall be minimum 3 inches in diameter. 



2. It shall have an evenly illuminated black dial and 270 degree pointer movement. 



3. The gauge face shall make use of color bands to indicate the range of normal working 
pressures. 



16.4.14 Pressure Test Fittings 



Quick-disconnect connections for a BCP test gauge for both front and rear trucks shall be 
provided. 



1. Pressure test fittings shall be provided in lines to gauges and other apparatus, such as 
pressure switches and pressure-to-electric transducers, requiring periodic routine 
calibration. 



2. The fittings shall allow for simple and effective accuracy and calibration testing without 
removing the item being tested from the car. 



3. It shall be possible to perform testing while the system is fully charged through the use 
of an automatic shut-off valve integral with the test fitting. The fittings shall, upon 
insertion of the test apparatus, close off the normal supply line to the component being 
tested. 



4. Fittings shall be installed close to the device that they serve and shall be mounted in an 
accessible location. 



16.4.15 Brake Cylinder and Friction Brake Cut-Out Provisions 



Contractor shall provide a means to cut out and release the friction brakes on each truck:  



1. The cut-outs shall be located on the supply side of the pressure-sensing devices for the 
brake status lights. 



2. The cut-outs shall be equipped with indicator switches to advise the operator of the 
location and cut-out status of the cut-out truck and to bypass the brake status indicator 
circuits. 



3. The cut-outs shall be arranged for operation both from above the floor, accessible behind 
interior access panels to appropriate side-door equipment pockets, and below the floor 
in an Authority-approved location at or near the cut-out device. 











Section 16, Friction Braking System 



WMATA 8000 Series Railcars 16-29 Technical Specifications 



16.4.16 Cut Out Handles 



Contractor shall comply with the following: 



1. Cut-out handles shall be arranged so that in the Open position they are parallel to the 
flow of air, and in the Closed position they are perpendicular to the flow of air. 



2. Cut-out handles shall be retained in a position that will not allow them to vibrate to the 
opposite position during revenue service.  Lock wiring shall not be used but spring 
locking handles are acceptable for this purpose. 



3. Each cut-out handle shall be painted orange unless specified otherwise, and clearly 
labeled. 



4. An adequately supported handle or rod shall be provided to drain the main reservoirs 
from the side of the car. This handle or rod shall be located such that it is well clear of 
the contact rail. 



16.4.17 Flexible Connections 



Contractor shall comply with the following: 



1. Vibration-eliminating flexible connections shall be provided on piping between friction 
braking system components not rigidly mounted to the carbody. 



2. Standard AAR swivel fittings shall be provided on pneumatic connections between 
trucks and carbody. 



3. Connections shall not provide a path for return current between carbody and truck. 



16.4.18 Line Supports 



All pipes, hoses and tubes shall be supported in such a manner as to minimize vibration and 
prevent rubbing and chafing, either between friction brake system components themselves or 
between such components and any part of the car. 



Where pipes or tubes are required to run in close proximity to conductors carrying third rail, 
propulsion, or electric braking currents, they shall be shielded from possible electric arc damage 
by being enclosed in metal conduit or by other approved means. 



16.4.19 Maintenance Intervals 



Friction brake system pneumatic equipment shall be designed such that overhaul is required no 
more frequently than at the intervals specified in Section 1.1.6, Overhaul Intervals. 



16.5 BRAKE BENCH TESTERS 



The Contractor shall provide the necessary electronic and pneumatic brake bench testers 
designed for use with the friction brake system provided on the cars, and built under the 
Contract in accordance with the requirements of Section 9.3, Bench Testers. The bench testers 
shall be arranged to permit Shop tests necessary on this apparatus to be made quickly and 
conveniently. 
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16.6 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 16-1, Friction Brake and Propulsion Integration Plan ............................................................... 1 
CDRL 16-2, Friction Brake Supplier Approval of Contractor’s Friction Brake Design and 
Installation................................................................................................................................................... 1 
CDRL 16-3, Performance Calculations .................................................................................................... 2 
CDRL 16-4, Air Consumption Analysis .................................................................................................. 2 
CDRL 16-5, VMDS Interface ..................................................................................................................... 2 
CDRL 16-6, Low and High Malfunctioning Air Spring Reference Pressures ................................. 20 
CDRL 16-7, Design of Holding Brake ................................................................................................... 27 
 



16.7 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



APTA PR-M-S-011-99 Compressed Air Quality for Passenger Locomotive and 
Car Equipment 



ASME BPVC, Section VIII-1 Boiler and Pressure Vessel Code, Rules for Construction of 
Pressure Vessels Division 1 
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17.1 POWER SUPPLY 



17.1.1 General 



Electrical equipment may be energized from the following power sources: 



1. Primary power from the third rail or maintenance shop power. 



2. Low-voltage DC supply from an installed storage battery system, which shall include a 
low-voltage power supply operating on third rail power that provides battery charging. 



3. Three-phase, 60 Hz, 230 Vac supplied by auxiliary inverter(s) operating on third rail 
power. 



4. 120 Vac, isolated single-phase, 60 Hz generated by the auxiliary power system (APS) 
inverter. 



The low-voltage DC supply on the Authority’s existing cars is nominally 37.5 Vdc and that 
voltage is referenced throughout this Section and elsewhere in the Specifications. Nevertheless, 
the Authority is willing to consider a different low-voltage DC voltage, if the Contractor can 
demonstrate benefits to the Authority. 



The Contractor shall submit for approval an overall block schematic diagram of the electrical 
auxiliary and propulsion circuits showing the proposed circuit topology. (CDRL 17-1, Electrical 
Auxiliary and Propulsion Circuits Overall Block Schematic Diagram) 



17.1.2 Primary Power Source 



Primary power voltage is defined in Section 1, Performance Requirements. 



1. Third rail voltage shall be used for propulsion and as the input for power conditioning 
equipment; it may be used for floor heating in the passenger area. 



2. Staggered starting of auxiliary loads may be provided to minimize start-up current. If 
provided, sequencing shall not inhibit any load from starting because the previous load 
failed to start. Although heavy loads may be started ahead of smaller loads, the 
sequencing scheme shall always ensure that the priority is given to essential loads, such 
as the air compressor. 



3. Equipment powered from the third rail shall be designed to handle multiple closely 
spaced input power interruptions, including gaps in the third rail and shoe bounce. 



4. All auxiliary power converters fed from third rail voltage that include filter capacitance 
as a part of the power circuit shall include forward diodes, thyristors, or other 
semiconductors to block reverse current flow from the capacitors to the third rail shoes. 
Periodic or continuous automatic checks of semiconductor integrity shall be 
incorporated to detect and identify shorted devices and their snubber circuits to VMDS 
and PTU. 
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5. Suitable filtering and protection shall be provided to ensure that equipment is protected 
if the primary power voltage exceeds the specified range, and that no damage occurs to 
equipment as a result of sustained abnormal voltages (see Section 1, Performance 
Requirements). 



6. Passive discharge of high-voltage capacitors shall be provided. 



a. The voltage on capacitors shall be discharged to less than 50 volts within 1 minute 
after power removal and to less than 10 volts within 2 minutes after power removal. 



b. In addition to passive discharge of high-voltage capacitors, active discharge 
mechanisms are desirable for fast discharge. 



c. Appropriate warning labels and/or warning devices/indicators of an approved 
design shall be provided for filter capacitors. Means shall be provided such that 
maintenance personnel can easily, reliably, and safely verify that each high-voltage 
capacitor has been discharged. 



d. Discharge characteristics, warning labels, and warning devices/indicators shall be of 
a common design among all high-voltage filters (e.g., propulsion system, auxiliary 
power supply and low-voltage power supply). 



17.1.2.1 Contactors 



Auxiliary system contactors, if used, shall conform to the requirements of Section 24.23.2, 
Contactors and Relays: 



1. They shall be capable of safely and repeatedly interrupting the maximum possible load 
current in the event of a control malfunction, as well as any other current level that the 
contactor might need to interrupt in normal operation. 



2. The arrangement of arc chutes, blow-out coils, and venting, along with the contactor tip 
size, shall allow safe, continued operation upon reset after a malfunction. 



3. Contactors shall be installed for free air ventilation. 



4. Contactors shall be easily accessible for routine inspection and maintenance. 



a. Access to the contactors shall require only opening of a case cover. 



b. Access to the contact tips shall require only snap-off removal of the arc chute except 
in the case of line contactors, where a bolt may be used to secure the arc chute. 



c. Field replacement of contactor tips shall be possible. 



d. Clear criteria for condemnation of contactor tips shall be included in the appropriate 
maintenance manual (see Section 8, Manuals and Training). 



5. Selection of contactors shall be subject to approval. 
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17.1.3 Auxiliary Power System (APS) 



17.1.3.1 General Configuration 



A railroad-service-proven, microprocessor-based, controlled static inverter that complies with 
IEC 61287 and IEEE Std 1476 shall be provided for each car. 



1. The inverter shall operate from primary power and shall provide 230 Vac (± 5%), 60 Hz 
(± 2 Hz), three-phase power for AC loads. 



2. The neutral shall be grounded at one location. The Auxiliary Power Supply shall have 
galvanic isolation between the 700 volt primary power and the AC outputs. 



3. The inverter shall provide power to essential equipment in an adjacent car of a married 
pair during an inverter failure on one car. 



a. Essential equipment includes the air compressor, cab heaters, half of the HVAC 
systems in each car, and any other AC-powered equipment necessary to maintain 
the operation of the married pair. 



b. Load switching between inverters under such failures shall be automatic and shall 
prevent both inverters from supplying power to the same equipment simultaneously 
if the failed inverter restarts. 



4. The inverter output-waveform generation scheme, output transformer quality, 
component mounting, acoustical shielding, and other parameters shall be optimized to 
minimize audible noise, EMI/RFI, and interference to the wayside signaling system. 



17.1.3.2 Capacity 



The auxiliary inverter shall have a minimum 10% excess capacity at an ambient of 50ºC, with a 
minimum capacity of 80 kVA, to start and simultaneously operate all auxiliary subsystems on 
one car while operating as a lead car, with HVAC in full cooling. 



1. The 10% excess capacity requirement shall not be used by the Contractor to compensate 
for inaccurate load analysis during the design stages. 



2. Supplementary supply of an adjacent car during inverter failure as described in Section 
17.1.3.1, General Configuration, shall also be possible with the above established 
capacity. 



3. The air compressor shall be considered a constant load to account for occasions when 
one unit is supplying all compressed air to a four-car train.  All loads must be carried 
through the specified voltage and elevated undercar temperature range. 



4. If sequence-starting of auxiliary loads is proposed, the Contractor shall submit details of 
the proposed approach for approval. 



5. The Contractor shall consider the worst-case combinations of loads and inrush currents, 
as well as elevated undercar temperatures at the specified high-ambient conditions, and 
that two or more loads may require start-up at the same time during normal operation. 
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6. During the starting of a heavy load, the inverter frequency and voltage output shall not 
exceed the specified ranges (see Section 17.1.3.1, General Configuration). 



7. The Contractor shall perform and submit an initial analysis of the auxiliary inverter 
loads to confirm the equipment rating. (CDRL 17-2, Initial Analysis of Auxiliary 
Inverter Loads) 



a. If sequence starting of auxiliary loads is proposed, the Contractor shall include 
details of the proposed approach. 



b. A final analysis of auxiliary inverter loads shall be submitted prior to final design 
review and shall be updated as required to reflect changes in the auxiliary power 
inverter loads.(CDRL 17-3, Final Analysis of Auxiliary Inverter Loads) 



• The analysis shall include worst case steady state operating conditions and 
starting currents. 



• It shall be updated with measured load values when available. 



17.1.3.3 Efficiency 



The efficiency of the inverter shall be at least 85% over the output power range of 50% to full 
load. 



17.1.3.4 Power Circuit Devices 



Contractor shall comply with the following requirements: 



1. The auxiliary inverter shall use service-proven insulated gate bipolar transistor (IGBT) 
devices. 



2. The power semiconductor assemblies shall be service proven and shall be functionally 
grouped, keyed, and mounted in modular form to facilitate repair and replacement.  



3. The inverter design shall be such that the maximum junction temperature of power 
semiconductor devices shall be at least 10°C (18°F) below the device manufacturer’s 
maximum allowable junction temperature under the worst-case duty cycle conditions, 
including 110% loading and with filters, if used, in a condition representing the 
replacement condition. 



4. Power electronic devices and firing circuit modules shall be readily accessible for 
inspection, maintenance, replacement, and testing. 



5. All functionally identical modules shall be interchangeable. 



6. The device and its firing circuits and protection circuits shall be suitably coordinated to 
ensure reliable operation of the auxiliary power supply. 
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17.1.3.5 Fault Tolerance and Protection 



Contractor shall comply with the following requirements: 



1. The inverter control circuits shall prevent damage to both the auxiliary equipment and 
the inverter itself resulting from input power and load variations. 



2. The control logic shall allow the power supply to restart automatically following 
shutdowns caused by self-correcting failures. 



3. For major faults when the auxiliary power supply fails to restart, it shall latch the 
equipment off until manually reset from Operator’s cab. 



4. The protection circuitry shall be testable through the VMDS or using a PTU. 



17.1.3.6 Self-Test 



The APS shall incorporate a self-test to verify that all system components are working normally 
within pre-defined limits, and to check and troubleshoot the integrity of the static inverter. 



1. The APS shall initiate a self-test upon start up. 



2. The self-test shall be capable of being initiated by the VMDS or by PTU. 



3. Failure conditions from the electronics self-tests shall be communicated to the VMDS, 
and shall be downloadable as part of the fault log by the PTU. 



4. The Contractor shall submit information on all self-test functions for approval. 
(CDRL 17-4, Self-Tests of APS) 



17.1.3.7 Regulation and Control 



Contractor shall comply with the following requirements: 



1. Steady-state voltage regulation shall maintain inverter output voltage within ± 5% over 
the entire range of connected loads and over the full range of input voltage defined in 
Section 1, Performance Requirements, and the full range of output loads from zero to 
full load. 



2. The inverter shall start automatically (and, where necessary, shall reset) when the 
steady-state input voltage is at or above 525 Vdc. 



3. The inverter may shut down when the steady-state input voltage is outside the voltage 
range defined in Section 1. 



4. Hysteresis shall be used between turn-on and turn-off at both extremes of the range to 
prevent rapid cycling. 



5. The Contractor shall coordinate the designs of the APS and the propulsion system to 
ensure that the APS does not shut down due to transient over-voltages occurring when 
traversing third rail gaps and during transition from motoring to coast or braking. 
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6. The inverter shall be sized for continuous operation of all loads simultaneously and 
short-time rated for the starting of the largest individual load with all other loads 
applied. 



7. Steady-state frequency regulation shall maintain inverter frequency at 60 Hz, ± 2 Hz. 
The system shall be designed to maintain a phase-to-phase voltage unbalance of 1% or 
less on the 230 Vac subsystem. 



8. The inverter output-waveform shall not exceed 10% total harmonic distortion. The rms 
value of the harmonic voltages shall be compatible with all permanently connected 
loads. 



9. Transient response shall be adequate to prevent damage or degraded performance. The 
voltage or frequency shall return to steady-state value within 2 seconds after an input 
voltage step change of 100 volts or a 50% step change in the output current. 



10. It shall be possible to start the auxiliary power supply using only primary power. 
Alternatively, the dead battery start may be located in the LVPS as described in 
Section 17.2.1, Low-Voltage Power Supply. 



11. Starting and restarting of the AC loads shall be coordinated with the design of the 
inverter to prevent prolonged delays. The Contractor shall submit for approval details 
on the load management system.  (CDRL 17-5, Details of Load Management System) 



12. All control hardware shall be protected against possible flashovers that might occur 
between high-voltage and low-voltage components or wiring. 



17.1.3.8 Line Filter 



A line filter shall be provided to perform the following: 



1. To ensure transient-voltage protection. 



2. To filter power-frequency components. 



3. To suppress all high-frequency transients as required to comply with Section 1, 
Performance Requirements. 



The line filter shall be independent of any propulsion system filtering devices. 



17.1.3.9 Cooling 



Natural convection cooling of the APS and associated heat sinks is preferred. Protection shall be 
included to protect the equipment from overheating. 



1. The detection of over-temperature shall result in annunciation on the Operator’s 
console. 



2. If air intakes are necessary, they shall be screened and oriented to prevent ingestion of 
water, snow and debris. 



a. Air intakes shall be arranged so as to prevent obstruction or blocking by snow. 
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b. Suitable baffling and drains shall provide for removing and draining ingested 
moisture. 



3. The arrangement of the cooling equipment, control equipment and APS shall be such 
that failure of the cooling equipment shall not cause damage to the devices being cooled. 



4. Air flow sensors or over-temperature protection shall be included to detect the absence 
of cooling and protect the equipment from overheating. The detection of a failure in the 
cooling equipment shall result in annunciation on the Operator’s console. 



5. Air filters shall be subject to approval. If replaceable filter elements are installed, they 
shall have a service life of at least 10,000 miles and shall conform to the requirements of 
Section 24.16, Air Filters. 



17.1.3.10 Diagnostics 



The control equipment shall continuously monitor the operation of critical APS performance-
dependent equipment, together with its power supply voltage, and shall identify problems 
down to the line replaceable unit. 



1. Data shall be timed, dated, and recorded in Eastern Standard Time (EST), automatically 
adjusted for Daylight Savings Time (EDT), and transmitted to the VMDS. 



2. Fault, trace, and operation data shall be capable of being transmitted by the train 
network. 



3. The level of fault reporting shall be sufficiently detailed to allow operating and 
maintenance personnel to uniquely identify common faults. 



4. The Contractor shall submit for approval a list of faults and diagnostic data signals 
together with a functional description of the fault logic. (CDRL 17-6, List of Faults and 
Functional Description of Fault Logic) 



5. The fault logging system shall also record at least three fault traces, sampling data at a 
rate no slower than 100 milliseconds and recording relevant data for 3 seconds before 
and 2 seconds after the fault. 



a. Trace data shall be triggered by major APS faults. 



b. The Contractor shall submit for approval a list of triggering faults, together with a 
functional description of the trace recording system. (CDRL 17-7, List of Triggering 
Faults and Functional Description of Trace Recording System) 



6. Recording of operational data shall cease if there is no input signal change or request for 
data from the VMDS during a 5-second interval. Data recording shall resume 
immediately whenever there is a change in signals or a query from the VMDS. 



7. The PTU shall be capable of downloading the entire contents of the fault logger and 
displaying the information in real units, e.g., volts, amperes, time of day, to the VMDS 
equipment specified in Section 23, Monitoring and Diagnostics. 
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17.2 LOW-VOLTAGE DC POWER SUPPLY AND BATTERY  



Contractor shall comply with the following requirements: 



1. Comply with IEEE Std 1476. 



2. Systems or components supplied directly from the battery shall be capable of operation 
with subsystem or component input voltage range as defined in Section 1, Performance 
Requirements. 



a. Systems and components supplied with battery voltage include the following: 



• Lights: 



○ Headlights 
○ Tail lights 
○ Running lights 
○ Threshold lights 
○ Emergency lights 
○ Cab ceiling lights 
○ Instrument lights 



• Temperature controls 
• Destination sign controls and illumination 
• Door operators and door controls 
• Communications 
• Automatic train control and ATC power supply 
• Propulsion and braking controls 



3. Circuits and equipment operated at battery voltage shall be protected against damage or 
disturbance to function caused by electrical transients generated by any component 
connected to the battery system. 



4. The Contractor shall develop standards covering the entire frequency spectrum, 
defining the following: 



a. Maximum allowable transients and interference that any subsystem may introduce 
on wires that lead to other subsystems. 



b. The transients and interference that all subsystems connected to the battery system 
shall be able to tolerate without harm or degradation of function. 



5. Subsystems shall be able to tolerate transient amplitudes at least four times the 
maximum amplitudes that any subsystem is allowed to generate. 



6. Prior to issuance of purchase specifications for battery system powered components, the 
Contractor shall develop and submit a plan for battery system electrical compatibility. 
(CDRL 17-8, Plan for Battery System Electrical Compatibility)  Compatibility criteria 
contained in the plan shall be applied to the component purchase specifications. 
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7. Equipment and power circuits operated at battery voltage shall be designed so that 
sustained presence of any battery voltage from the maximum down to zero will not 
cause damage to any part of the car. 



8. Susceptible circuits/subsystems shall be protected from damage by reverse voltage. 



17.2.1 Low-Voltage Power Supply 



17.2.1.1 General 



An approved low-voltage power supply (LVPS) shall be furnished and installed on each B-car. 



1. The LVPS shall be a regulated DC power supply complying with IEC 61287-1, and shall 
be service proven in a rail vehicle environment. 



2. The LVPS shall be powered from the third rail supply and shall be capable of safe and 
reliable performance at any supply voltage in the ranges specified in Section 1, 
Performance Requirements. 



3. The LVPS shall provide the low-voltage power for a married pair that includes battery 
charging, traction control, trainline control, all emergency loads, normal and emergency 
overhead lighting, and all other auxiliary car circuits connected to the battery supply. 



4. The converter shall have a constant-voltage-output capability at nominal battery voltage 
for any load demanded by a pair of cars, at any position in a train, for the range of third 
rail voltage specified in Section 1 and over the full range of output power up to 100% 
output loads. 



5. The LVPS shall provide for complete electrical isolation from input to output, and from 
both input and output to the enclosure and carbody. 



6. The LVPS shall be able to charge a dead battery without battery damage or LVPS 
overload. 



7. Converter control circuitry shall be accessible from the side of the car for maintenance, 
including a dead battery start facility. 



8. Natural convection cooling of the LVPS and associated heat sinks is required. 



9. The LVPS may be combined with the APS into one enclosure. The integrated unit shall 
be installed on both the A-car and B-car. Each LVPS shall supply at least one-half the 
specified LVPS capacity. The integrated unit may use a shared-cooling method. 



17.2.1.2 Capacity 



The LVPS shall charge the battery and supply all low-voltage DC loads, including essential 
loads specified in Section 17.2.2.11, Essential Loads. 



1. Power supply capacity shall be rated to supply 120% of worst-case combinations of peak 
loads of a married pair, or 375 amps, whichever is greater. 
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2. The LVPS shall recharge a fully discharged battery to 50% of capacity within 2 hours 
and to 85% of rated capacity within 5 hours. 



3. The LVPS output shall be current limited. In case of LVPS failure or loss of input power, 
LVPS loads shall be transferred automatically without delay to the battery. 



4. The Contractor shall submit for approval a load analysis and description of operating 
characteristics. (CDRL 17-9, Load Analysis of LVPS and Description of Operating 
Characteristics) 



17.2.1.3 Fault Tolerance and Protection 



The LVPS shall have overload protection. 



1. For load or fault conditions of very low load-resistance (such as a dead short), the LVPS 
control shall “fold back” (limit both current and voltage), disconnect the output, or shut 
off. 



2. Normal operation shall resume automatically when the overload or short circuit is 
removed. 



3. Over-voltage and reverse polarity protection shall be provided. 



17.2.1.4 Regulation and Control 



Contractor shall comply with the following requirements: 



1. The LVPS supply shall maintain a constant output voltage of 37.5 Vdc ± 0.5 volts, 
adjustable ± 10%, for input voltages from 430 Vdc to 930 Vdc and for any combination of 
output load, returning to regulation band within 0.1 second. 



a. LVPS regulation shall be as required by the loads, including the battery. 



b. Negative temperature coefficient (NTC) compensation of voltage shall be permitted 
if necessary to meet battery electrolyte servicing requirements. 



2. The power supply shall have an output ripple of less than 5% peak-to-peak from zero to 
full load with battery connected. 



3. The over-charge current shall be such that the battery electrolyte servicing intervals are 
no more frequent than every six months. 



4. The LVPS shall include circuitry to detect and annunciate failures. Any failure of the 
regulator circuit shall result in reduced or zero output. 



5. The LVPS control system shall comply with the relevant requirements of the following 
sections: 



a. Section 17.1.3.7, Regulation and Control  



b. Section 17.1.3.8, Line Filter 



c. Section 17.1.3.9, Cooling 
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17.2.2 Battery 



17.2.2.1 General 



The battery system shall be able to supply the heaviest possible combination of loads in an 
eight-car train. 



Load shedding shall be accomplished as described in Section 17.2.2.10, Load Shedding, and 
Section 19, Lighting. 



All devices connected to the battery system shall be designed to tolerate continuous presence of 
all voltages from 0 to maximum battery voltage without harm. 



17.2.2.2 Battery Type and Configuration 



Contractor shall comply with the following requirements: 



1. Each married pair shall be equipped with a nickel-cadmium-alkaline or nickel-metal-
hydride battery.  Other battery technologies may be proposed for approval. 



2. Batteries shall have a minimum service life of 10 years. End of useful life will be defined 
as when the battery has degraded to 75% C5 amp hour. 



3. Cells shall include flame-arresting vent and filler caps that stay open for watering and 
positively lock in place during service. 



4. Each cell shall be suitably separated from the adjacent cell to provide electrical isolation 
and heat dissipation. 



5. Several cells shall be connected together via bus-bars in an insulated carrying cradle 
with handles. 



a. Each cradle shall be connected to the next by inter-cell jumper cables. 



b. Bus-bars shall be protected by insulating covers. 



c. Inter-cell jumper cables shall be minimum No. 3/0 AWG. 



6. Positive terminals shall be identified with bright red insulating discs and negative 
terminals shall be black. 



7. During the design reviews, the Contractor shall submit drawings showing the following: 



a. Layout of each battery type and arranged in such a manner that the main cables will 
reach the output terminals. 



b. Data sheets to confirm the electrical characteristics of the alternative batteries relative 
to the capacity, life expectancy, and watering frequency. 
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17.2.2.3 Maintenance 



Contractor shall comply with the following requirements: 



1. Cells shall have sufficient electrolyte reservoir capacity to be able to endure one year of 
normal service without requiring inspection of electrolyte level or the addition of water, 
including summer time operation with elevated undercar temperatures. 



2. The Authority’s goals are to reduce battery maintenance and to take advantage of new 
battery technology to reduce life cycle costs. 



3. An automatic topping-off device for the battery electrolyte shall be provided. This 
device shall be portable, mounted on a rolling cart, and easy to operate, and shall allow 
the routine replenishment of battery electrolyte to be performed automatically. Details 
regarding this device shall be submitted for approval at design review. 



4. Procedures for any commissioning charge and maintenance practices shall be included 
in the Maintenance Manuals. 



5. The design of the battery system shall provide battery charging compatible with the 
manufacturer’s recommendation to ensure maximum battery life. 



17.2.2.4 Voltage Drop 



Contractor shall comply with the following requirements: 



1. There shall be no more than a 2.5 volt difference between battery terminal voltage and 
the voltage across the input terminals of each essential load within the married pair 
supplied by the battery in question, assuming the following: 



a. Largest currents that can occur (excluding faults) when battery voltage is 26 volts. 



b. Non-essential loads have been shed. 



2. When the battery system of a married pair is the only source of power to the battery 
system loads of an adjacent second pair whose battery breaker has been tripped, the 
following requirements shall apply: 



a. Difference between the voltage at the first married pair battery and the input voltage 
to any load in the second married pair shall not exceed 4.5 volts when the first 
married pair battery is at 26 volts. 



b. The B(+) and B(-) battery system trainline cables shall be of stranded copper with 
conductor section area sufficiently large to limit voltage drop as specified. 



3. The low-voltage distribution and train-line circuits shall be adequately sized/rated with 
a maximum voltage drop of 3V under all operating conditions on an eight-car train. 
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17.2.2.5 Battery Capacity 



The Contractor shall select the battery electrical capacity such that specified requirements are 
met or exceeded. 



1. At normal battery operating temperature (+10°C to +40°C), the battery shall have 
sufficient capacity before the under-voltage device trips to perform the following: 



a. Carry all loads of the married-pair until load shedding, then provide all low-voltage 
DC loads (including emergency lighting) on the married pair in the absence of 
battery charging voltage for a period of 40 minutes, including 20 station stops with 
passengers boarding and alighting. 



b. Maintain a terminal voltage adequate to operate all connected systems after 7 hours 
operation on a stored married pair with the battery system power converter 
inoperative (assuming normal loading), heating control in layover position, and the 
control key removed.  Access via crew doors shall be available, but not used during 
this period. 



c. Carry emergency lighting, communications equipment, running lights, and any 
loads that cannot be shed by the use of cab circuit breakers and switches, on a 
married pair standing still with no third rail power, for 2 hours. 



2. Each of the above conditions shall be met beginning with a battery charged to 85% of 
capacity. 



3. Specified battery capacity shall be validated with a battery load analysis using either 
constant resistance or constant power, as each circuit dictates, and the battery 
manufacturer’s discharge curves. IEEE Std 1568 shall be used for this analysis. 
(CDRL 17-10, Final Battery Load Analysis) 



a. Prior to acceptance of the first married pair the Contractor shall demonstrate the 
validity of the analysis as proof that the chosen battery meets the requirements of 
this Section. 



b. Data from the test such as individual loads shall be used to update the analysis. 



4. Battery capacity shall not degrade below 85% C5 Ah after 2,000 cycles with a discharge 
depth of 40% at a constant ambient temperature of 40°C. 



17.2.2.6 Over-Temperature Protection 



The battery system shall be provided with an approved over-temperature protection system 
that guards against possible damage to the battery, battery enclosure, and other car components 
resulting from excessive battery charging or other battery failure. 



1. The protection circuit shall open the battery circuit breaker via the shunt trip when over-
temperature is detected. 
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2. The temperature sensor shall be located so that the battery, battery box, and other 
components are protected, but nuisance trips are avoided. 



a. Its location and mechanical protection shall prevent damage to the sensor during 
operation and battery maintenance procedures. 



b. Its terminals and other parts of the circuitry shall be enclosed or otherwise arranged 
so that they cannot be the source of an ignition “spark.” 



17.2.2.7 Battery Box 



17.2.2.7.1 Box Construction 



The battery shall be carried in a box located under the B-car. 



1. The box shall be constructed of 300 series stainless steel and shall provide protection 
against vermin entry. 



2. The box shall be mounted with brackets that comply with Section 10, Carbody. 



3. The box interior shall be lined with 0.1875-inch to 0.25-inch thick fiberglass insulating 
board or an approved alternate structural material that is nonflammable, electrolyte-
proof, and insulating. Insulated carrying cradles with handles shall be provided to hold 
the batteries within the battery box, as specified in Section 17.2.2.2, Battery Type and 
Configuration. 



4. The box shall be ventilated to preclude the possibility of hydrogen gas build up in excess 
of 2% during over-charge, while the car is stationary or moving in any direction.  Vents 
shall be baffled to prevent the entry of car washing fluids and precipitation. 



5. A removable drain plug shall be provided in the bottom of the box. 



6. The box shall be designed to accommodate batteries from alternate manufacturers while 
still meeting all other requirements of the Specifications. 



17.2.2.7.2 Battery Tray, Roll-Out System, and Locks 



Within the battery box, a system of guides and rollers shall be provided to allow the battery box 
interior trays to roll out to the side of the car for easy maintenance. 



1. The roll-out system shall be corrosion-resistant and shall be provided with the necessary 
stops and locks to limit the travel of the battery box, retain it in both extreme positions, 
and allow it to be maintained by one person. 



2. When rolled out, the entire top of the battery shall be exposed. 



3. The trays shall be designed to be rolled out without the use of any tools other than the 
tool required to unlock the trays. 



4. The roll-out tray shall be designed to support 150% of the battery weight in the fully 
extended position without permanent deformation. 
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5. The tray roll-out system shall require approximately 25 lb force to move from the 
normal stowed position to the fully extended position or to return it to the normal 
stowed position. 



6. The tray mechanism shall not require maintenance more than once every 2 years. 



7. Bearings and slides shall be over-sized, heavy-duty type and shall be locked in the 
stowed position to prevent “brinneling” of the bearings with the motion of the train. The 
locks shall have sufficient strength to prevent movement of the battery box and trays 
when subjected to the specified forces and loads during normal operation of the car. 



8. The battery box and tray locks shall be interlocked so as to prevent train movement 
unless the tray is locked in the fully stowed position. 



a. If electrical interlocks are provided, they shall use a heavy-duty, industrial-style, 
totally-enclosed, limit switch with adequate pre-travel/over-travel and selected 
specifically for this vibration environment. 



b. If mechanical interlocks are provided, they shall be sufficiently rugged as to prevent 
failure due to misuse. 



17.2.2.8 Battery Circuit Breaker 



A battery circuit breaker of approved design shall be mounted in a separate enclosure adjacent 
to the battery box. 



1. The breaker shall isolate the battery from the low-voltage DC circuits except for those on 
the battery bus that are protected by a separate fuse(s). 



2. The breaker shall incorporate a shunt-trip device, readily accessible to maintenance 
personnel, that shall be used to disconnect the battery whenever the battery terminal 
voltage falls to a level that could result in battery damage. 



3. Shunt trip of this breaker shall cause a local annunciator light at the breaker to be 
illuminated, and indication via the VMDS to the active cab. 



4. Trip voltage shall be set at minimum battery voltage and shall incorporate some 
hysteresis. 



5. Reset shall be achieved by manual lifting of the handle at the breaker.  The battery 
breaker box shall be located near the outside of the car and easily accessible if the battery 
breaker needs to be reset. 



6. Tripping shall prevent battery damage that might otherwise occur due to cell reversal 
and shortening of battery life due to deep discharging. 



17.2.2.9 Battery System Circuit Breaker 



A circuit breaker of approved design shall be provided in the Operator’s cab to serve as a main 
service breaker for the battery system on each car. The B(+) and B(-) feeds to this breaker shall 
be taken from B(+) and B(-) trainlines. 
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17.2.2.10 Load Shedding 



Contractor shall comply with the following requirements: 



1. In the event of LVPS failure or the loss of third rail power, the battery load shall be shed 
automatically after a predetermined length of time approved by the Authority, leaving 
the battery sufficient capacity to meet the requirements of Section 17.2.2.5, Battery 
Capacity. 



2. Load shedding shall provide for the disconnection of all nonessential battery loads. 



17.2.2.11 Essential Loads 



Battery system power shall be available to the following essential loads, which shall not be 
shed, including the following: 



1. HVAC controls and cab heater controls 



2. Door controls, including crew doors, operators, indicator lights, and voice 
announcements 



3. ATC power conditioning equipment 



4. Exterior lights 



5. Emergency lighting, including threshold lights 



6. Emergency brake controls 



7. All protective heater circuits 



8. Control lock interlock and master controller signals 



9. Fault indicator lights 



10. Friction brake 



11. Radio 



12. VMDS in the lead car 



13. Public address and intercom 



14. Propulsion control 



15. Windshield wiper and horn control 



16. APS control 



17. Train network 
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17.3 BATTERY SYSTEM CIRCUIT GROUNDING 



17.3.1 Grounding Arrangement 



All systems, subsystems, and components connected to the nominal LVPS system, including the 
battery and power converter, shall have their negative sides grounded through a common 
negative grounding pad. 



1. The negative side connection between the battery and the power converter shall be 
through an insulated-copper battery main return bus plate, grounded via the traction 
return bus on the B-car. 



2. To control B(-) trainline current between pairs of cars due to voltage gradients along the 
running rails, the battery-system main return bus plate shall be grounded through a 
fixed grounding resistor to the carbody by means of removable cables: 



a. One cable shall connect the battery-system main return bus plate to the resistor, and 
the other shall connect the resistor to the B-car traction return bus plate. 



b. The resistor shall be suitably sized and ventilated. 



c. The resistance value shall be between 0.1 ohm and 0.5 ohm. 



3. The negative return from all other LVPS systems or subsystems shall return to the 
negative side of the battery or converter through this battery return bus plate. 



4. Battery system current from the B(-) pole of the A-car and B-car battery system circuit 
breakers of Section 17.2.2.9, Battery System Circuit Breaker, shall be returned to the 
battery-system return bus plate on the B-car via the B(-) trainline cable described in 
Section 17.2.2.4, Voltage Drop, or via a separate B(-) return feeder. 



5. Return wires from negative poles of circuit breakers for individual battery system loads 
shall be terminated on a secondary bus plate connected to the negative pole of that car’s 
battery system circuit breaker. 



6. Trainline currents that return to the controlling car via the B(-) trainline shall not go via 
the above paths, but shall return to the B(-) trainline via separate wires, and via a rotary 
switch as specified in Section 17.5.1.2, Circuit Breakers. 



7. In addition to sizing negative return wires based on current carrying capacity, the 
Contractor shall consider voltage drop and noise sensitivity of the involved circuit in the 
final selection of wire size. 



17.3.2 Grounding Bus Plates 



Contractor shall comply with the following requirements: 



1. The battery main and secondary return bus plates shall be housed in weatherproof and 
dust-proof enclosures complete with readily removable gasketed access covers for 
maintenance. 











Section 17, Auxiliary Power 



WMATA 8000 Series Railcars  17-18 Technical Specifications 



2. The battery return bus plates shall be insulated from the carbody in such a manner that 
the insulation resistance between them and the carbody is a minimum of l00 megohms 
under all weather conditions. 



3. The battery return bus plates shall include means for attaching car wiring, preferably 
copper posts or terminals, brazed or silver soldered to the bus plates and of adequate 
size to accommodate the wiring. 



a. No more than two wires may be connected to any one terminal. 



b. The battery return bus plates shall contain sufficient terminals to handle all return 
wires from the connected loads including the ATC and communications systems, 
plus spare terminals numbering 5% (to the next higher integer) for each size terminal 
on each plate. 



4. The return bus plates shall be the only locations where it will be permissible to ground 
the negative side of any system, subsystem, or component connected to the battery 
system. 



5. With the grounding straps between the battery system main return bus plate and the 
traction return plate removed, the LVPS system wiring insulation resistance shall be as 
specified in Section 24.21.6.17, Insulation Resistance. 



17.4 CONVENIENCE OUTLETS 



Convenience outlets shall be provided for WMATA use and for passenger use.   



1. For WMATA use, two 20 ampere, 125 volt, two-pole, three-wire, grounded duplex 
receptacles shall be provided.  One shall be located in each cab compartment in the left-
side locker, flush mounted, out of sight by passengers, and similarly near the Hostler 
Controller.  Another shall be located under car near the center.  These convenience 
outlets shall be referred to as DMO1 and DMO2. 



2. For passenger use, twelve 2-ampere, 125-volt, two-pole, three-wire, grounded duplex 
receptacles shall be provided. Locations shall be determined by WMATA during design 
review. Each receptacle shall be labeled as “2 Amp Maximum”.  Passenger receptacles 
shall be wired as at least two different circuits for breaker/GFCI protection. 



3. Duplex receptacles and associated requirements shall conform to IEEE Std 16. Each 
circuit shall be protected by a suitable circuit breaker and GFCI. 



4. The rear of each individual outlet shall be enclosed by a grounded electrical box that 
prevents accidental contact with the terminals, and shall trip the appropriate circuit 
breaker should the “hot” side touch the box. The boxes shall also prevent the battery and 
AC voltage terminals or wiring from contacting each other should they become loose. 
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17.5 CONTROL AND CIRCUIT BREAKER PANELS 



17.5.1 General 



Switch and circuit breaker panels shall be built into underfloor boxes and panels in the cab and 
Hostler areas of the railcars. 



1. Enclosures within the carbody containing switches or breakers shall be lined with 
0.1875-inch to 0.25-inch thick approved nonflammable, insulating, structural material. 



2. Each panel shall have a dead front that prevents personnel from coming into contact 
with energized parts when operating circuit breakers or switches. 



3. Wiring shall be accessible by removal of the dead front. 



4. Switches and circuit breakers shall be mounted so that the handle moves vertically, and 
the Up position shall indicate ON. 



5. Individual engraved nameplates shall be provided both above and below the breaker to 
permit identification from track level and when the railcar is on jacks. The nameplates 
shall be mechanically fastened to the dead front and shall identify each switch or circuit 
breaker. 



17.5.1.1 Switches 



Switches shall be of the toggle-action, indicating type, unless otherwise specified. 



17.5.1.2 Circuit Breakers 



Contractor shall comply with the following requirements: 



1. Circuit breakers shall be an approved type of highly shock-resistant design suitable for 
railway service and bolted in place. They shall clearly indicate whether ON, TRIPPED, 
or OFF. 



2. Circuit breakers in nominal 700 Vdc circuits shall interrupt only the “hot” side of the 
circuit and shall be mounted under the car. They shall be provided with a mechanical 
lock-out provision as a means to hold the circuit breaker in the Off position. 



3. Unless otherwise specified, all battery voltage circuit breakers shall be double-pole, and 
shall break both positive and negative feeds whenever either pole is tripped, in order to 
facilitate location of ground faults.  Battery Trainline Circuit Breakers shall be single-
pole devices. 



4. All circuitry shall be arranged to prevent energization via an abnormal path as a result 
of a breaker being open. 



5. Except in special cases due to specific requirements in the Specifications, separately 
protected circuits shall not be electrically connected on the load sides of their respective 
breakers. 
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6. One branch circuit breaker shall be provided for each AC load and shall be rated to 
provide short circuit and overload protection. 



7. Spare spaces shall be provided, equivalent to at least 10% of the total number of circuit 
breakers. 



8. Circuit breakers shall comply with the requirements of Section 24.23.4, Circuit Breakers. 



9. Circuit breakers feeding performance-critical systems shall be monitored and circuit 
breaker trips shall be annunciated in the controlling cab and recorded in the VMS. 



10. Circuit breaker terminals shall not be used as junction points. 



17.5.1.3 Fuses 



Circuit breakers shall be used for circuit protection wherever possible. However, fuses may be 
used, with approval, where the use of circuit breakers is impractical or inappropriate, provided 
that the fault isolation and anti-sneak circuit requirements of the preceding paragraphs are 
satisfied. 



17.5.2 Operator’s Circuit Breaker Panel 



See Section 11.10, Operator’s Circuit Breaker Panel, for requirements for this breaker panel. 



17.5.3 Auxiliary Power Breaker Panels 



Auxiliary power circuit breaker panels shall be located in separate equipment boxes on each car 
as shown in Exhibit 17-1. If under car, the circuit breakers shall be accessible from the side of the 
car.  These panels shall separate the 230 Vac and 700 Vdc circuits. 



Exhibit 17-1, Auxiliary Power Breaker Panels 



Item Circuit Breaker Function—Protects Power Circuits to Each of the Following 
1 Battery Recharge Converter Input (B-car only) 
2 Overhead Heat - F1 F-End Evaporator - First Stage Heat 
3 Overhead Heat - F2 F-End Evaporator - Second Stage Heat 
4 Overhead Heat - R1 R-End Evaporator - First Stage Heat 
5 Overhead Heat - R2 R-End Evaporator - Second Stage Heat 
6 Floor Heat 1 (Layover) First Stage - Floor Heat 
7 Floor Heat 2 Second Stage - Floor Heat 
8 APS Auxiliary Power System (230 Vac, 60 Hz) 
9 Condenser Fans - F-End F-End Condenser Fan Motors 
10 Condenser Fans - R-End R-End Condenser Fan Motors 
11 Compressor - F-End F-End Refrigerant Compressor Motor 
12 Compressor - R-End R-End Refrigerant Compressor Motor 
13 Evaporator Fan - F-End F-End Evaporator Fan Motor 
14 Evaporator Fan - R-End R-End Evaporator Fan Motor 
15 Air Compressor Air Compressor Motor (A-car only) 
16 Cab Heater Cab Heater 
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In addition, a separate circuit breaker panel shall be provided for the LVPS circuits, including 
the converter output and the battery output. This panel shall be located either in a separate 
enclosure adjacent to the auxiliary power circuit breaker panel and accessible from the side of 
the car, or in the same enclosure if completely isolated from the 700 Vdc circuits. 



All of the above circuit breakers shall be provided with name plates both above and below the 
breaker to permit identification from track level and when car is on jacks. 



17.6 THIRD RAIL CONTACT SHOE ASSEMBLY 



17.6.1 General 



The car shall be provided with four contact rail power pickup devices mounted one on each 
side of each truck. 



1. Third rail shoes shall be designed to operate in contact with the third rail and to 
encounter third rail ramps and expansion joints on the Authority’s tracks at car speeds 
up to 80 mph without damage to the shoes, shoe holders, ramps, or expansion joints. 



2. Third rail shoes and shoe holders shall be designed so that any longitudinal motion of 
the outer end of the shoe relative to the truck frame is of amplitude less than 0.0625-inch 
peak-to-peak on smooth third rail while trains are slowing down or speeding up. 



3. Third rail shoes, shoe holders, and cabling shall be sized so that a single third rail shoe 
can operate indefinitely, without electrical or thermal distress, conducting whatever 
current the third rail shoe fuse will permit. 



17.6.2 Third Rail Shoes 



The third rail shoes shall be the overriding type, spring-loaded to permit adjustable shoe 
pressure between 10 lb and 50 lb, and supported by a shoe and fuse holder assembly. 



1. Shoe pressure shall be maintained to within 2 lb of the set value for periods of not less 
than 60 days. 



2. An adjustable positive mechanical stop shall be used to limit the downward movement 
of the third rail shoe. 



a. The stop shall be designed to prevent downward movement of more than 0.75-inch 
below the level operating position. 



b. The shoe holder shall provide for shoe height adjustment up or down to compensate 
for the full range of wheel wear without disassembly. 



3. Third rail shoes shall be designed with a weak spot that allows the shoe, if it fouls, to 
break off without damage to the shoe holder or third rail structure. 



4. The shoe material shall be compatible with the wearing surface of the contact rail and 
shall be sacrificial to the contact rail. 



5. Truck parts above and behind the third rail shoe and the shunt strap shall be guarded 
against arcs. 
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6. Attaching shoes to holders shall require only simple common tools and shall not require 
use of a torque wrench. The third rail shoe and the shunt strap shall be attached to the 
shoe holder by separate means. 



7. The third rail shoe shall be compatible with the third rail, ramps, and expansion joints 
used on existing and new construction. Refer to Contract Drawings 8000-29, Contact Rail 
& Protection Cover, and 8000-30, Contact Rail Fixation – Tangent Track, for details of the 
third rail and its expansion joints. 



17.6.3 Third Rail Shoe Holder Assembly 



The main body of the third rail shoe and fuse holder assembly shall be formed of high-strength, 
non-flammable, dielectric material, impervious to moisture, highly resistant to electrical 
tracking, and fully adequate for the intended use. 



1. Insulating covers shall be color-fast to prevent fading. 



2. The holder assemblies shall be mounted to bosses on the side of the truck frames. 



3. Alternative methods of supporting the third rail shoe, made necessary or possible by 
unique features of the collector design, are subject to approval. 



17.6.4 Third Rail Shoe Fuses 



Fuses shall be of the current-limiting and arc-confining type: 



1. Fuses shall be positioned so that metal and gas shall not be projected into the area 
between the third rail shoe and any metal portion of the truck. 



2. Shoe fuses shall be mounted one on each side of each truck and wired into the circuit of 
the third rail shoe on that side of the truck. 



3. Fuse holders shall be arranged to permit adequate drainage of water and detergents. 



4. The fuse and fuse holder shall provide positive visual indication of whether or not the 
fuse is blown. 



17.6.5 Third Rail Shoe Testing 



Prior to the acceptance of each car, each third rail shoe shall be set at the proper height and 
spring tension and functionally tested. Furnish a test procedure for approval prior to delivery of 
Pilot Cars. 



17.7 VEHICLE GROUND 



All parts of the carbody and trucks shall be grounded to the rails: 



1. The safety grounding system shall be distinct and isolated from the third rail power 
system grounding. 



2. Unless otherwise approved, ground cables shall be run as shown on Exhibit 17-2. 
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3. Provisions shall be made on the vehicle chassis to connect the brushes of the truck-
apparatus safety-ground-brush holders to the carbody, if so desired, in the future. The 
truck bolster shall be connected to the safety ground system. 



4. The Contractor shall submit a detailed grounding and bonding plan for approval; 
reference Section 24.22.8, Grounding Return Connections, for additional requirements  
(CDRL 17-11, Grounding and Bonding Design Plan). 



5. No connection shall be made between the truck frame and any journal bearing housing. 
Electric current shall be prevented from flowing through any journal bearing. 



6. The Contractor shall consider the possibility that with the arrangement of Exhibit 17-2, 
some third rail current may flow from the motor frame through the motor bearings to 
the gears and then to the axle, or from the gearbox through bearings to gears or to the 
axle. If such currents could be detrimental to the gears or bearings, then the Contractor 
shall provide alternate or additional approved arrangements to preclude such a 
problem. 



Exhibit 17-2, Vehicle Grounds 



 
 



17.8 VMDS INTERFACE 



The input and output signals from each critical auxiliary power supply system performance-
dependent equipment, together with its power supply voltage, shall be monitored and data 
transmitted to the VMDS via the train network. 



A functional block diagram of the system and its equipment together showing all signals that 
will be transmitted to the VMDS shall be submitted for approval as part of the design review 
process. (CDRL 17-12, VMDS Data Interface Description) 
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17.9 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 17-1, Electrical Auxiliary and Propulsion Circuits Overall Block Schematic Diagram ........ 1 
CDRL 17-2, Initial Analysis of Auxiliary Inverter Loads ..................................................................... 4 
CDRL 17-3, Final Analysis of Auxiliary Inverter Loads ....................................................................... 4 
CDRL 17-4, Self-Tests of APS ................................................................................................................... 5 
CDRL 17-5, Details of Load Management System ................................................................................ 6 
CDRL 17-6, List of Faults and Functional Description of Fault Logic ................................................ 7 
CDRL 17-7, List of Triggering Faults and Functional Description of Trace Recording System ..... 7 
CDRL 17-8, Plan for Battery System Electrical Compatibility ............................................................. 8 
CDRL 17-9, Load Analysis of LVPS and Description of Operating Characteristics ....................... 10 
CDRL 17-10, Final Battery Load Analysis ............................................................................................ 13 
CDRL 17-11, Grounding and Bonding Design Plan ........................................................................... 23 
CDRL 17-12, VMDS Data Interface Description .................................................................................. 23 
 



17.10 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



IEC 61287-1 Railway applications - Power Converters Installed On 
Board Rolling Stock – Part 1: Characteristics and Test 
Methods 



IEEE Std 16 Standard for Electrical and Electronic Control Apparatus 
on Rail Vehicles 



IEEE Std 1476 Standard for Passenger Train Auxiliary Power Systems 
Interfaces 



IEEE Std 1568 Recommended Practice for Electrical Sizing of Nickel-
Cadmium Batteries for Rail Passenger Vehicles 
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18.1 GENERAL 



The Heating, Ventilation, and Air Conditioning (HVAC) system shall provide automatic control 
of interior temperatures as specified at any ambient temperature from -18°F to +125°F at the 
specified wet bulb conditions, with or without solar gain or variable internal heat loads such as 
passengers, miscellaneous electrical apparatus, and lights. 



Unless otherwise specified, the HVAC system shall be powered by the Auxiliary Power System 
(APS) and shall start and operate within the voltage and frequency ranges specified in Section 
1.3, System Voltage Range and Line Current Limits, and Section 17, Auxiliary Power. 



This Section of the Specifications describes the design approach used on the Authority's existing 
fleet.  The Contractor may propose other design solutions that satisfy the functional and 
performance requirements and fit within the physical constraints for review and approval. 



The HVAC system and its components shall be designed in conformance with UL 1995, and by 
applying ASHRAE Guideline 23. 



18.1.1 General Arrangement 



Contractor shall comply with the following requirements: 



1. The HVAC system for each car shall, as a minimum, include the following: 



a. Two identical roof-mounted units using identical temperature controllers with 
integral heating, cooling, and ventilation apparatus, installed at each end of the car 
(front and rear). The units shall be fully interchangeable between cars and car ends. 
HVAC units shall contain an evaporator section and compressor/condenser section, 
as specified. 



b. A service-proven HVAC control system located in a protective enclosure inside the 
car or within the HVAC unit and arranged to facilitate maintenance. Alternate easily 
accessible locations will be considered, subject to Authority approval. 



c. Fresh air, re-circulated air, supply air sensors, thermostats, etc. as necessary to 
control the HVAC system within the limits of the Specifications. 



d. Floor strip heaters. 



e. Cab heater(s). 



f. Operator's windshield defroster/defogger. 



2. A refrigerant service box or service section shall be provided within each HVAC unit 
and shall be readily accessible from the return air plenum from inside the car. 



3. The design shall conform to the requirements of UL 1995 and be developed to achieve 
maximum efficiency. Where conflicting requirements between standards and the 
Specifications occur, the more restrictive requirement shall govern. 
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4. The HVAC units shall operate on 230 Vac; the overhead heaters shall operate on 230 Vac 
or 700 Vdc. The Contractor shall coordinate the APS capacity and regulation, 
requirements of Section 17.1.3, Auxiliary Power System (APS), for 230 Vac.   



18.2 HVAC UNITS 



Contractor shall comply with the following requirements: 



1. The HVAC units shall be powered by dedicated variable frequency inverters fed from 
the high-voltage dc bus as specified in Section 17, Auxiliary Power. Location of the 
inverters is subject to Authority approval.   



2. The HVAC units shall be designed to only require regular routine maintenance tasks, 
with a 7-year maintenance cycle at which time the units shall receive a mini-overhaul. 
Regular maintenance tasks shall be provided to the Authority for review and approval 
during the design review process. 



3. The HVAC units shall blend into the surrounding contour of the roof to provide a 
streamlined appearance. The method of installation shall be approved by the Authority 
and shall not violate any clearance requirements. The HVAC units shall not be a part of 
the carbody structure.  



4. The HVAC units (supply air outlet, re-circulated air inlet, condensate drains, fresh air 
intake drains, and condenser drains), shall seal directly and automatically to the carbody 
structure using approved compression seals.  



5. Electrical connections of the HVAC unit to the carbody shall be accessible through the 
re-circulated air grille and shall be of the quick-disconnect quarter-turn bayonet type in 
accordance with Section 24, Materials and Workmanship. 



6. Equipment design and installation shall provide full accessibility for maintenance, 
trouble-shooting, and repair without interference with other systems. Each HVAC unit 
shall be designed to minimize removal and replacement time; replacement time shall not 
exceed 1 hour.  



7. The HVAC units shall mount to the carbody structure using a minimum of six but no 
more than eight threaded fasteners. The design of the attachment mounts, associated 
hangers, bracketry, and supports shall be in accordance with Section 10, Carbody. The 
design shall be such that the HVAC unit will be safely retained to the carbody in the 
event of failure of one or more fasteners. 



8. Flexible copper ground strap shall electrically connect the HVAC units to the carbody 
structure. 



9. High-voltage warning metal plates shall be attached to each external cover or access 
panel of the HVAC unit. Labeling shall be in accordance with 29 CFR 1910.145 and ANSI 
Z535 Series with appropriate signal words and major messages identifying the working 
voltage(s) inside the HVAC unit sections. 
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10. The structure of the HVAC units shall be manufactured from 304 or 304L stainless steel. 
The evaporator section shall be constructed using water-tight welds to the greatest 
extent possible; approved sealants may be used in small areas and shall be minimized. 



11. The top of each HVAC unit shall be fitted with hinged covers to facilitate access to the 
evaporator and compressor/condenser sections and condenser coils.  



12. The top of each HVAC unit shall serve as a walkway for the maintenance personnel to 
travel from one end of the car to the other, or to perform minor HVAC unit 
maintenance, such as cleaning, evaporator blower-motor assembly replacement, fresh 
air intake cleaning, etc.  



a. The designated walkway shall be minimum 24 inches wide and be constructed of 
stainless steel diamond plate. In lieu of a diamond-plate walkway, the walkway area 
may be covered with an anti-skid liquid-based coating suitable for use on stainless 
steel and the operating environment.  



b. The walkway shall be clearly marked with sand-etched and white painted-filled 
stainless steel labels or approved equal. The walkway area shall meet the load 
requirements of Section 10.6.5, Roof. 



13. The HVAC units shall comply with the noise and vibration requirements of Section 1, 
Performance Requirements. 



14. All refrigerant piping shall be brazed in accordance with AWS B2.2/B2.2M, unless 
approved otherwise. 



15. Fully hermetic components and pre-formed piping sections shall be used to the greatest 
extent possible to reduce refrigerant leaks, minimize the number of brazed joints, and to 
minimize the overall piping length. 



16. All pipes shall be interchangeable between cars and the Authority shall have 
manufacturing drawings for each pipe. All pipe sections must be included as part of the 
Illustrated Parts Catalog. 



17. The HVAC units shall be provided with lifting lugs. If spreader bars or other special 
provisions are required for lifting, then these provisions shall ensure that the lifting 
fixture cannot be inadvertently installed incorrectly; the fixture shall therefore be 
“keyed” and shall have appropriate labeling. Lifting fixtures are considered Special 
Tools.  



18. The Contractor shall provide storage frames with the capability of stacking at least three 
units high while being able to easily maintain the number of spare units, as well as units 
that are removed from the car for servicing.  



a. The quantity of frames shall be no less than the quantity of spare units plus two.  



b. The storage frame design shall be such that it is not necessary to remove the already 
stacked units in order to access the bottom unit.  



c. Storage frames are considered Special Tools. 
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19. All weather-proof access covers and panels shall be fully air and watertight sealed when 
closed and latched and designed with continuous bulb-type clamp-on seals. Flat foam 
strips are prohibited for use as seals/gaskets. 



20. The Contractor shall provide details on the required tasks necessary to properly 
maintain the HVAC units during the design review process for Authority review and 
approval. 



21. Qualification and climate room test units shall have refrigerant flow meters on each 
compressor discharge line to determine refrigerant flow for capacity calculations and 
sight glasses in each suction line upstream of the compressor inlet to monitor oil return.  
Capacity calculations determined by airflow across the evaporator coil or approved 
alternative method as recommended by ASHRAE 37 shall also be calculated for 
comparison. 



18.3 HEATING SYSTEM 



18.3.1 Overhead Heat 



Overhead heat shall be provided in the passenger area by an electric heater that is an integral 
and serviceable part of each HVAC unit. 



1. The overhead heater shall be located downstream from the evaporator coils and shall be 
split into two stages, proportioned to provide the most efficient operation for both the 
regular heating cycle and the reheat cycle. Alternative methods of heating using solid 
state controls may also be proposed. 



2. Heater elements shall have adequate capacity to heat the total fresh air input to a 
minimum of 60°F above the outside design ambient of 11°F. Performance shall be 
achieved at the nominal supply voltage and nominal heater element design resistance 
values. 



3. The overhead electric heaters shall also provide an optimum amount of reheat during 
the modulated cooling cycle to provide extended humidity control. 



4. Heater elements shall be arranged so that failure of an individual element does not 
unbalance the APS beyond its capability or the limits given in the Specifications. 



5. Failure of one heating element within a stage shall not cause that stage to malfunction or 
affect the operation of the other stage. Each of the heating elements shall be considered 
as an LLRU and individually removable from the top of the HVAC unit for repair or 
replacement. 



6. Heater elements shall comply with the following requirements: 



a. They shall be finned, round, or rectangular section elements. 



b. They shall consist of a corrosion-resistant sheath surrounding a uniformly spaced 
coiled nickel-chromium resistance wire embedded in a compressed and baked 
refractory material. 
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c. The element internal circuit shall be single path and not use parallel circuits. 



d. The elements shall be adequately supported. 



e. The design shall provide for removal of individual elements for maintenance 
purposes. 



7. In selecting the type of heater element to use, the Contractor shall consider the thermal 
inertia of the element and the effect of that inertia on the establishment of thermostatic 
control operational differentials to ensure compliance with the requirements of Section 
18.6.4, Winter/Summer Mode Selection. The Contractor shall also consider thermal 
inertia when establishing the location and set point of the thermostat and fusible links 
specified in Section 18.3.2, Overhead Heat Protection. 



8. Direct electrical connections to the heater elements shall be via approved high-
temperature crimp connectors and bolted connections. 



a. Wire shall be tinned, flexible, stranded copper cable, with maximum No. 24 AWG 
strand size, silicone rubber insulation with two glass braids, with minimum 200°C 
UL continuous-service certification. 



b. There shall be no exposed non-insulated or unprotected high-voltage components, 
wiring, or terminal connections in the overhead area. 



18.3.2 Overhead Heat Protection 



Three safety features shall be incorporated into each overhead heater to prevent damage in the 
event that air circulation stops, and are listed below in order of precedence of operation: 



1. An airflow sensing device that shall interrupt the overhead heat supply whenever air 
circulation is stopped or considerably reduced. This device shall be located where it will 
react to the failure of the blower, the clogging of the filters, and the restriction or 
blockage of the cooling or heating coils. 



2. An automatically resetting thermostat located in the heater section area that, upon 
detection of temperatures higher than normal, shall disable the overhead heat power 
switching device. 



a. The thermostat shall be located within the HVAC unit where it will not be activated 
by residual thermal output or temperature stratification when the evaporator fans 
and overhead heaters shut down simultaneously during a heat cycle. 



b. To avoid nuisance circuit breaker trips, the evaporator fans shall continue to run for 
2 minutes after the overhead heat is shut off. 



3. If the above two provisions fail to protect the system from an overheat condition, 
approved shunt-trip circuit breakers, easily accessible from the car interior, shall 
positively interrupt current to each heater stage through a second automatically-
resetting thermostat.  



a. Alternately, non-resetting fusible link(s) may be proposed, subject to Authority 
approval. 
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b. If approved, fusible links shall be arranged to allow quick replacement from the car 
interior through a dedicated access panel on the underside of the HVAC unit. 



18.3.3 Floor Heat 



Panel-type floor heat shall be provided using electric strip heaters. As an alternative and 
separately based Option, the Contractor may propose a radiant floor heating system for 
Authority review and approval. 



1. Heaters shall consist of a nickel-chromium resistance wire embedded in a baked, 
compressed, refractory material, sealed with a rust-resistant, high-heat transfer sheath. 
Other heater element designs may be used subject to approval. 



2. The element internal circuit shall be single path and not use parallel circuits. 



3. Strip heaters shall be mounted behind stainless steel heater guards at floor level along 
the sidewalls and beneath the transverse seats. 



a. The front panels of the heater guards shall be constructed so that small sections may 
be removed for replacement of heating strips without requiring the seats to be 
dismantled or removed and shall provide protection against the insertion of foreign 
objects. 



b. The lower section of the heater guard shall be designed and constructed to prevent 
the accumulation of dirt. 



c. The heater enclosure shall be designed to resist damage and permanent deformation 
from passengers kicking or standing on them. 



d. There shall be no gap between the top of the heater enclosure and the sidewall that 
would allow objects to fall behind the heater enclosure and present a potential fire 
hazard. 



e. The heater guards shall be designed to facilitate the adequate convection flow of 
heated air and to draw cooler air from the floor level, and designed so a portion or 
all of the heated air will exit through the heater guard. Air shall enter the heater 
guard through slots at the bottom, pass over the strip heaters, and rise by convection 
through holes or slots provided at the top of the heater guard. 



f. Heater guards shall be separately and independently grounded. 



4. Heaters shall be mounted on ceramic insulators with provision for thermal expansion 
and contraction of the heater strip. 



5. The heater assemblies shall be thermally isolated to prevent direct transfer of heat to the 
outside of the car. 



6. Strip heaters shall be uniformly distributed and arranged to provide two stages of floor 
heat. 



7. The capacity of the floor heat when under the control of the HVAC system shall be 
adequate to maintain an average interior temperature in accordance with the 
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requirements of Section 18.6.5, Interior Car Temperatures, when the overhead heating 
and ventilation system is inoperative and the line voltage is 700 Vdc or higher. 



8. The floor heater system shall be designed to prevent interior surfaces with which 
passengers may come in contact from exceeding 125°F at the nominal line voltage under 
all conditions. 



a. Heater performance will be permitted to vary as the ratio of the square of the 
voltages, except a current limiting device may be necessary to avoid excessive 
surface temperatures on the heater guard. 



b. The temperature control methodology shall ensure that over-temperature conditions 
on the floor heater guards are completely mitigated. 



c. Further to protect heater grilles against exceeding the specified temperature, an 
approved over-temperature automatically-resetting thermostat shall be located close 
to the element at the +700 Vdc end of each series string of heater elements (four 
minimum). 



• This protection shall connect 37 Vdc to a relay trip coil in the applicable circuit 
breaker and shall disconnect power to the failed strings if an over-temperature 
condition is detected.  



• The time constant of this protection shall be chosen to preclude nuisance trips at 
normal high line-voltage or due to intermittent high voltages caused by 
regeneration. 



• This protection shall be coordinated with both summer and winter operation to 
avoid nuisance actuations when the floor heaters are not in operation. 



9. To provide uniform temperatures under failure conditions, floor heating shall comply 
with the following requirements: 



a. Each stage of floor heating shall consist of at least two series strings of heating 
elements to provide at least 75% of floor heating capacity in the case of failure of a 
single element. 



b. Each stage shall use interleaving of the elements within each separate circuit. 



10. All electrical connections to the strip heaters and other 700 Vdc devices mounted inside 
the car shall be protected with an appropriate silicone boot to prevent accidental 
electrocution. 



11. Wire sizes shall be compatible with the circuit breaker rating and insulation shall be 
compatible with the maximum temperature of the surrounding air. 



12. An approved ground fault detection system shall be used to protect the equipment 
against shorts and grounds. 



13. Details of the floor heat system shall be presented at design reviews. 
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18.3.4 Layover Heat 



Layover heat shall be automatically initiated to meet the winter average interior temperature 
requirements of Section 1, Performance Requirements, whenever the environmental control 
circuit breaker (ECCB) is closed and the environmental command is OFF. 



1. Layover heat shall be provided by floor heat only and shall be staged in reaction to 
outside ambient conditions. 



2. Control of the layover heat shall not require the HVAC control panel to be functioning 
and shall be controlled by a thermostat located in the car interior at a position that 
provides control of the floor heaters in accordance with the requirements of Section 
18.6.5, Interior Car Temperatures. 



3. The layover heating design shall ensure against freezing (ice formation) conditions 
directly at floor level in both the cab and passengers compartments. 



18.3.5 Cab Heat 



The Operator's cab shall be provided with forced air floor heaters: 



1. Heaters shall be powered by the auxiliary power supply system and shall be available 
for use only during winter mode. Fan, heating element, and protective thermostat 
operation shall be monitored through the vehicle diagnostic system to report failures of 
the respective elements. 



2. Heaters shall have adequate capacity to maintain a temperature of minimum 70°F in 
both the enclosed and full-width cab compartments under the following conditions: 



a. At ambient exterior design temperature. 



b. With the overhead heat shut off and the door and side windows closed. 



c. Including heat losses to be expected at maximum operating speed. 



3. One cab heater shall be mounted under the console in front of the Operator's seat and 
the other on the left side of the full-width cab. 



4. The cab heater housings shall be constructed of heat resistant material and shall use 
heater elements similar to those described in Section 18.3.3, Floor Heat. 



5. Cab heater control shall prevent the heater elements from being energized unless the fan 
is operating. In addition, the cab heater shall contain the following protective devices: 



a. An automatic reset thermostat shall be provided to remove control power to de-
energize the heater elements if excessive heat is developed. 



b. A secondary overheat protection device shall also be provided, using approved 
shunt-trip circuit breakers or fusible links to directly interrupt heater power, as 
described in Section 18.3.2, Overhead Heat Protection. 
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6. The cab heaters shall be designed to prevent surfaces with which the Operator may 
come into contact from exceeding 125°F under all conditions.  



7. Cab heaters and controls shall be fully accessible for repair and replacement through 
access panels that are easily removable, and connectors shall be quick disconnect type. It 
shall not be necessary to remove or disturb other systems or equipment to gain access to 
either the heater or its controls. 



8. Two three-position switches shall be provided on the Operator's console (or overhead 
auxiliary panel) for control of the cab heaters. 



a. The switches shall provide Off, Medium, and High positions. 



b. The fan motor shall be two-speed with the high fan-speed selected at the High 
switch position. 



9. Cab heaters shall operate whenever a door key has been turned to the On position in the 
auxiliary control panel in that cab or when the cab is keyed-up and the cab heater 
control switch is in Medium or High position. 



10. The fan motor shall continue to run after the heater element is turned off, for a time 
sufficient to dissipate the residual heat and avoid damage from overheating.  



11. Conditioned and heated air shall also be supplied to the cab under the control of the 
heating and cooling control system (see Section 18.4.3, Air Diffusers). 



18.3.6 Heated Windshield 



The defrosting and defogging of the right-side windshield (A-car only) shall be by means of 
electrically heated glass operating on battery voltage. 



1. The heated glass shall be capable of clearing the surface of the window of ice, frost, and 
fog under the most adverse weather conditions specified using the criteria established 
under SAE J902 as a guideline. 



2. A lighted indicator On/Off switch shall be provided in the Operator's cab for the 
control. The control shall contain over-temperature protection and a time-out feature 
that will de-energize the windshield heater after 45 minutes. 



3. The circuit breaker for the heated glass shall be located on the Operator's circuit breaker 
panel between the circuit breakers for friction brake system and Master Controller. 



18.4 VENTILATION 



18.4.1 Ventilation Blowers 



Ventilation of the car shall be provided by AC motors and blowers in an evaporator blower-
motor assembly supplied as part of the ventilation section of the HVAC units.  
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18.4.2 Ventilation System Description 



Contractor shall provide a system complying with the following requirements: 



1. The HVAC units shall introduce fresh air into the car whenever the HVAC system is 
energized and the 230 Vac, three-phase auxiliary power is available. 



a. The total mass airflow shall be determined by psychrometric analysis based upon 
the following: 



• Interior sensible heat load 
• Interior sensible heat ratio 
• Delivery condition of the air from the diffusers 
• Maximum temperature and humidity permitted in the car 



b. In addition, permitted noise and temperature variance must be considered. 



2. Fresh air shall enter the car through fresh air intake grilles located on the HVAC units, 
then pass through a water/snow elimination duct/system and filters into the mixed air 
plenum section of the HVAC unit. 



3. Re-circulated air shall pass through grilles in the low ceiling and through filters into the 
mixed air plenum section where it shall mix with the filtered fresh air. The evaporator 
blower shall draw the mixed air through the evaporator coil and overhead heater, then 
supply the air into the main air duct specified in Section 18.4.6, Air Ducts, where it will 
then be discharged into the car. The use of mixed air filters located upstream of the 
evaporator coil inlet may be proposed instead of re-circulated air filters. 



4. Airflow baffle plates, if required, shall be located at least 8 inches from the filters and 
shall be used to control the volumes of fresh and re-circulated air. If the location of a 
baffle plate is such that the plate must be removed for routine servicing, it shall be 
provided with guides and stops to ensure that it is returned to its original position. 



5. Minimum fresh air requirement shall follow ASHRAE Guideline 23. Fresh air shall be 
introduced into the car whenever the power supply is available and the environmental 
control is switched On. The design shall limit energy consumption by varying the fresh 
air input into the car based on passenger load as well as close the fresh air dampers 
during periods of pull-up and pull-down. 



6. The ventilation system shall pressurize the carbody interior to a minimum of 0.15 inches 
of water when all doors are closed, the car is not moving, and 230 Vac is supplied to the 
blower motors. Positive pressurization shall be present under all dynamic operating 
conditions. 



7. Means shall be provided to detect when filters become clogged. The Authority's 
preference is for monitoring of blower-motor current draw, but other designs may be 
proposed, for approval. 



8. Any failure of the evaporator blower-motor system shall be annunciated via the VMDS 
and displayed on the Train Control Display. 
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9. Ventilation shall be provided whenever the environmental control circuit breaker is 
closed, as specified in Section 18.6.1, HVAC System Activation, and shall continue to 
operate with the HVAC controls shut off or failed. 



18.4.3 Air Diffusers 



Air shall be discharged into the passenger compartment through continuous, flush, slot-type air 
diffusers located in the ceiling, adjustable for air balance testing in Section 3.7.5.2, Climate Room 
Test Prerequisites, Item 2, and non-adjustable for production.  



1. The diffusers shall extend longitudinally along both sides of the bottom of the main air 
duct. 



2. Diffusers shall be designed to provide uniform distribution of air throughout the car. 



a. The design shall provide a car interior that is free of objectionable drafts and 
precludes undesirable air velocities from impacting passengers. 



b. Air motion in the car interior shall follow ASHRAE Guideline 23.  



3. Diffusers may be omitted in the low ceiling areas if the specified uniformity of interior 
temperatures can be achieved without them. 



4. Diffuser and air balance baffle settings shall be determined during climate room testing, 
shall be identically set on all cars during assembly, and shall maintain the requirements 
of Section 18.6.5, Interior Car Temperatures, on all production cars. 



5. Air shall be discharged into the Operator's cab through a flush, multiple-fin diffuser 
providing control of the air flow direction and volume. 



a. The Operator shall be able to adjust the amount of air delivered and the air flow 
direction without the use of any tools. 



b. Diffusers shall be provided to direct air towards the windshields to assist with 
defogging. 



c. The cab diffusers shall be designed to create turbulence within the primary air 
stream to ensure rapid mixing of delivery air and cab air. 



18.4.4 Air Grilles 



Contractor shall comply with the following requirements: 



1. Re-circulated air shall be drawn in through grilles in the low ceiling areas. 



a. Grilles shall be designed to avoid passengers viewing unsightly objects through the 
return air grille and shall be of robust but aesthetically pleasing construction. 



b. Grilles shall be provided with safety catches and retention hooks (not chains) and 
hinges. 



c. Grilles shall be designed to pass the required quantity of air without exceeding the 
specified air velocity or noise limits. 
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d. Grilles shall swing down laterally across the car to avoid obstructing the center aisle 
of the car. 



2. Fresh air intake grilles shall be provided, one per side of each HVAC unit. 



a. Openings shall be screened and shall preclude entrance of snow and water. 



b. Grilles and their fasteners shall be flush with the exterior surface of the HVAC unit.  



c. Grilles shall be easily removable for routine maintenance and cleaning from the side 
of the car and from within the mixed air plenum section.  



d. Information on the size and style of the perforations or slots, including details of the 
water elimination system, shall be submitted for approval. (CDRL 18-1, Air Grille 
Details). 



e. Fresh air filters shall not be considered as part of the water/snow elimination 
design.  



18.4.5 Air Filters 



Fresh air and re-circulated air filters (or fresh and mixed air filters) shall meet the requirements 
of Section 24.16.1, HVAC and Equipment Ventilation Filters. All filters shall be replaceable from 
inside the car without having to remove or adjust adjacent components. 



18.4.6 Air Ducts 



Contractor shall comply with the following requirements: 



1. Fresh air intake duct/area: 



a. The area of the fresh air intake shall be constructed of stainless steel, aluminum, or 
fire-resistant plastic per the requirements of Section 24.19, Flammability, Smoke 
Emission, and Toxicity Requirements. 



b. They shall be sloped to drain to the outside of the car. 



c. They shall be located and designed so as to exclude rain and to prevent car 
aerodynamics from affecting the direction and velocity of air flow through the ducts 
or car pressurization regardless of train speed or the position of the car in the train. 



d. They shall be sealed along their entire length and at all connection points to prevent 
air leaks. 



2. Main air duct: 



a. The top and sides shall be constructed of stainless steel or aluminum and shall 
incorporate a diagonal splitter of the same material running the entire length so that 
a separate duct is provided for each evaporator unit. 



b. The bottom of the duct shall be formed by the interior ceiling panels. 



3. Average air velocities in the ducts shall not exceed 1,200 fpm. 
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4. Acoustic insulation shall be provided, as required, to control objectionable noise: 



a. It is preferred that acoustic insulation is used on the outside of ducts. 



b. Acoustic insulation used inside ducts, if required, shall have a service life of 40 years 
or be easily removable, i.e. not bonded to anything that cannot be easily removed, 
repaired and replaced. 



c. No acoustic insulation shall be placed in an area that can become damp.  



5. Thermal insulation shall not be used on the inside of ventilation components anywhere 
in the car. 



6. Metallic ducting shall not be connected directly to the metallic roof structure. Thermal 
isolation shall be used between the ducting and the structure to minimize heat transfer 
from or to the ducts. 



7. Alternative non-metallic duct designs may be proposed to the Authority for approval. 



18.4.6.1 CFD Model and Analysis 



The Contractor shall submit a finite element, computational fluid dynamics (CFD) model and 
analysis of the cooling, heating, and air distribution system for Authority review and approval. 
(CDRL 18-2, CFD Model and Analysis) 



1. The model shall include accurate representations of the following at a minimum: 



a. All carbody ductwork 



b. Diffusers 



c. Re-circulated air grilles 



d. Exhaust grilles 



e. Interior furnishings 



f. HVAC unit components in the fresh, re-circulated, mixed, and conditioned air 
streams 



2. The analysis results shall demonstrate that the proposed air distribution system is 
capable of meeting the diffuser discharge velocity, interior air velocity, and temperature 
uniformity requirements of the Specifications.  



3. If the analysis does not show compliance, the design of the air distribution system shall 
be modified and the analysis repeated until conformance with the Specification 
requirements can be demonstrated. 
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18.4.6.2 Ventilation System Prototype 



Before final acceptance of the design of the HVAC system, the Contractor and HVAC system 
manufacturer shall construct and test a full-scale functional prototype of the air duct system for 
an entire vehicle.  



1. The test article shall include complete vehicle ductwork and diffusers, as well as fresh, 
recirculated (return), and supply-air duct systems with design supply-air distribution 
duct static pressure.  



2. The system shall include complete evaporator blower sections including evaporator and 
overhead heater coils, and return/mixed air sections including air filters, water 
elimination devices, and any other items in the air path through the units.  



3. The test of the prototype shall confirm the following: 



a. The capability of the evaporator blower section to supply the design wet and dry coil 
airflows. 



b. Fresh airflow and return airflow. 



c. Main air duct velocity. 



d. Diffuser discharge velocity and mixing capability specified. 



e. Blower total static pressure. 



f. Available duct static pressure. 



g. Electrical power requirements of the blower motors. 



h. Blower speed. A blower performance curve shall be created and verified against the 
HVAC supplier design data. 



i. The ability of the fresh air intake system to preclude the entrance of moisture into the 
HVAC unit or carbody (worst case rain and snow simulation at the air inlets). 



j. Air baffling requirements necessary to balance the specified ratio of fresh and return 
air. 



k. Accessibility for maintenance of the air filters. 



l. Absence of potential problems, such as excessive noise, pure tones, air turbulence, 
and blower instability. 



18.4.7 No Fresh Air Intake Provision 



A "No Fresh Air Intake" feature shall be provided on all cars to prevent the inclusion of 
dangerous airborne particles, smoke, or dust. 



1. Once activated, it shall inhibit fresh air from entering the car and only allow re-
circulated air movement. 
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2. It shall be designed as a discrete function that can be activated from a protected, 
dedicated pushbutton on the cab console (A-car only). Once activated, it shall be 
annunciated in the form "No Fresh Air Intake" on the VMDS. Deactivation shall be 
performed by manual reset. 



3. When it is activated, all HVAC units in the consist shall inhibit fresh air intake into the 
cars. 



4. During this operation, the evaporator air fans shall remain operational and the fresh air 
dampers shall close. The Operator shall also be able to de-energize the evaporator 
blower fans with the fresh air dampers closed.  



5. The system shall operate in a safe mode if total airflow is reduced. 



6. The Contractor may propose a design where the entire ventilation system may be shut 
down to cease all air movement in the event of a more severe situation. 



7. The position of the damper shall be monitored by the system controls and a failure shall 
be annunciated when a damper is detected in the wrong position. 



8. Once this feature has been selected, it shall take priority over any other modes of HVAC 
system operation. 



9. Details of the design shall be submitted for approval. (CDRL 18-3, No Fresh Air Intake) 



18.4.8 Smoke Detector 



Each car shall have smoke detector(s) installed in the passenger compartment, and, if required, 
in other areas of the car.  



1. The detectors shall meet the applicable requirements of NFPA 130, shall be powered 
from the low-voltage power system, and shall be rugged, reliable, and vandal- proof.  



2. The detectors shall not be sensitive enough to detect cigarette smoke, but shall detect 
smoke in such a concentration that can be considered a threat to passengers.  



3. When an unsafe condition is detected, the ventilation system on the car shall shut down 
and activate a trainline audio-visual alarm in each cab. Activation of the alarm shall be 
recorded in the car-level and train-level diagnostic systems.  



4. Indicators that are activated with the alarm and are visible on the exterior and in the 
interior shall indicate to the rescue personnel the affected car.  



5. The alarm in the cab shall remain ON until acknowledged, and the alarm in the affected 
car shall remain ON until reset.  



6. The design shall include a press-to-test switch. The reset and press-to-test switches shall 
be in an approved location that is accessible to the Operator and maintenance personnel 
but not visible to the passengers.  
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7. Details of the design, operation, installation, and testing of the alarm feature shall be 
submitted to the Authority for review and approval. (CDRL 18-4, Smoke Detector) 



18.5 COOLING SYSTEM 



18.5.1 General 



The car shall be cooled and dehumidified by electromechanical equipment having adequate 
capacity to maintain the cars at the temperatures specified in Section 18.6.5, Interior Car 
Temperatures, under the exterior ambient temperature, humidity conditions, and heat loads 
specified in Section 18.5.2, Cooling Design Criteria. 



Individual cooling systems designed integrally with the heating and ventilation systems shall 
be provided as a single HVAC unit at each end of the car. Failure of the individual subsystems 
shall not affect the operation of other subsystems. 



18.5.2 Cooling Design Criteria 



Contractor shall design the system based on the following criteria: 



1. Ambient temperatures: Maintain the same fresh air inlet and condenser air inlet 
conditions.   



a. 95°F dry bulb, 78°F wet bulb [Design Ambient Condition] 



b. 105°F dry bulb, 80.5°F wet bulb [Elevated Design Ambient Condition] 



c. 115°F dry bulb, 82.7°F wet bulb [Maximum Operating Condition] 



d. 125°F dry bulb, 85°F wet bulb [Extreme Temperature Condition] 



2. Heat loads: 



a. Normal car lighting and electrical loads including fan motors. 



b. 175 passengers at 450 BTU/hr per passenger at 54.0% sensible heat ratio (SHR) 
between car temperature of 71°F and 75°F.  For other car temperatures an adjustment 
to the SHR may be made in accordance with ASHRAE Standard 55. 



c. Actual carbody heat losses with 15 mph exterior air motion. 



d. A solar load that represents heat gain in the car interior by the following, calculated 
in accordance with ASHRAE Load Calculation Applications Manual or ASHRAE 
Guideline 23: 



• Direct and diffuse radiation 
• Convection and radiation from the window surface 
• Absorbed heat gain from the glazing and carbody structure 



e. A calculation of the total required airflow shall be submitted and shall be approved 
by the Authority. 
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18.5.3 Air Conditioning Evaporator Section 



Evaporator sections, which are an integral part of each HVAC unit, shall cool and dehumidify 
the fresh and re-circulated air. The evaporator section contains a ventilation section, evaporator 
coil/heater section, and mixed air plenum section. 



1. Ventilation Section: 



a. Ventilation is specified under Section 18.4, Ventilation. 



b. Ventilation shall be provided by evaporator blower-motor assemblies, which shall 
comply with the following requirements: 



• They shall be of a design suitable for transit car application and be available from 
multiple suppliers, at least one a North American supplier. 



• The blowers shall be of heavy-duty construction that does not exhibit 
imbalance/vibration due to normal handling, dirt buildup between scheduled 
maintenance, and cleaning, including dismantling and reinstallation. 



• They shall be powered from the APS. 
• The motor shall be chosen for continuous duty with the maximum temperature 



rise within the HVAC unit due to solar radiation and other factors. 
• Synchronous motors shall be provided, in either standard two-pole or four-pole 



designs; asynchronous designs are prohibited. 
• Unless otherwise approved by the Authority, a double-shafted motor shall be 



provided; the evaporator blower wheels shall attach directly to motor shafts. 
• The evaporator motor-blower assembly shall be balanced in accordance with 



Section 24.23.12, Blower and Other Motors. 
• A flexible safety ground strap around the vibration-isolation mounts shall be 



provided from the motor frame to the grounded HVAC unit structure. 
• Motors shall be fitted with an Authority-approved insulated bearing system to 



prevent harmful circulating harmonic currents through the bearings. 



c. Maintenance requirements: 



• The evaporator blower-motor assembly and connections shall be easily accessible 
for removal and for routine inspection and maintenance from the roof of the car. 
Maintenance access shall not require removal of other equipment internal to the 
HVAC unit. Replacement of a blower assembly shall not exceed 1 hour. 



• Motors and blower wheels shall be fully interchangeable from one location to 
any other car without requiring rebalancing. 



• Maintenance shall be minimized and restricted to occasional cleaning of the 
wheels and inspection during air filter replacement. 



• Evaporator motor-blower assemblies shall be mounted on vibration isolators. 
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2. Evaporator Coil/Heater Section: 



a. An evaporator coil assembly shall be housed in a rigid stainless steel frame. 



• The coils shall consist of copper tubes and copper fins with a minimum thickness 
of 0.008 inch and a minimum fin spacing of 0.10 inch. Alternative copper 
tube/aluminum coated fin designs may be proposed. 



• The coil area shall be maximized so that the average face velocity of air flow does 
not exceed 500 fpm. 



• The evaporator coil shall be arranged in two equal interleaved circuits. 



b. An overhead heater with corresponding protective devices shall be provided and is 
specified under Section 18.3.1, Overhead Heat.  



c. A condensate drain pan shall be provided beneath the evaporator coil assembly and 
overhead heater. 



• It shall extend beneath the thermal expansion valves and evaporator coil 
portions not in the air flow to collect condensation from the evaporator coil and 
suction lines and any other surfaces subject to condensation. 



• It shall be made from stainless steel with stainless steel fittings. 
• It shall be suitably baffled and arranged to continuously drain and to prevent 



water from spilling over into the ceiling area under any operating conditions, 
including jerking, acceleration or deceleration on a 7% grade, and hard coupling 
conditions. Condensate carryover from the evaporator coil shall be prevented. 



d. Condensate drain lines shall comply with the following requirements: 



• They shall be readily accessible for cleaning without removing adjacent 
components inside the HVAC unit. 



• They shall use the maximum sized tubing practical (minimum 1-inch diameter). 
• They shall be routed to minimize bends. 
• They shall be sloped to provide positive drainage to the underside of the car. 
• They may be installed inside the vertical stanchions. 
• Discharge from the condensate drain lines shall flow directly to the track bed. 
• Discharge from the condensate drain lines shall not flow onto the third rail 



assembly, on tangent track. 



e. All cold surfaces shall be thermally insulated to prevent sweating due to 
condensation, including the following: 



• Condensate drain lines 
• Coil housings 
• Bottom sides of condensate pans 
• Refrigerant tubing 
• Refrigerant control components 
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3. Mixed Air Plenum Section: 



a. High-pressure and low-pressure cut-out switches. 



• The low-pressure switch shall stop the compressor motor upon a loss of 
refrigerant or excessively low system pressures. 



• The high-pressure switch shall stop the compressor upon excessive discharge 
pressure before damage to the system would otherwise result. 



• The high- and low-pressure switches shall be wired directly in the refrigerant 
compressor-motor power-switching device control circuit. 



• The pressure switches shall be connected to a common pressure manifold 
through the use of 1/4-inch SAE flare connections with internal Schrader® 
valves. 



• The pressure switches shall be color coded and arranged such that they cannot 
be interchanged with any other pressure switch or installed into the incorrect 
port of the pressure manifold. 



b. High-pressure and low-pressure transducers.  



• The low-pressure transducer shall be used to regulate the system capacity control 
and shall stop the refrigerant compressors when the system pump-down 
pressure is reached. 



• The high-pressure transducer shall stop the refrigerant compressors when the 
pressure is approaching the setting of the high-pressure cutout switch. The 
software shall detect an abnormal frequency of short run-times and preclude the 
affected system from restarting until serviced. 



• Pressure transducers shall be connected to a common pressure manifold through 
the use of 1/4-inch SAE flare connections with internal Schrader® valves. 



• The pressure transducers shall be color coded and arranged such that they 
cannot be interchanged with any other pressure transducer or installed into the 
incorrect port of the pressure manifold. 



c. Service isolation valves for charging and for test gauge attachment (faucet knob 
type) in accordance with ASHRAE Standard 147 and 40 CFR 82, Subpart F. 
Connection ports/service valves shall be equipped with Schrader®-type valves with 
dust caps having a metal-to-metal seal. 



d. Liquid-line solenoid valves, one for each evaporator coil circuit. 



e. Serviceable balance-ported thermal expansion valves for each evaporator coil circuit. 
The expansion valve shall have external equalizers, tamper-resistant superheat 
adjustment, and replaceable control assemblies. Minimum superheat shall be 9°F. 



f. Re-circulated and fresh air filters or (mixed air and fresh air filters) as specified 
under Section 18.4.5, Air Filters. 



g. Two service-proven, stainless steel, motorized fresh air damper assemblies shall be 
provided in each HVAC unit as described under Section 18.4.2, Ventilation System 
Description. Damper configuration shall be of an energized-open/spring-closed 
design.    
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h. The Contractor shall consider the noise and vibration requirements of Section 1, 
Performance Requirements, when configuring the mixed air plenum section 
arrangement. 



i. A combination sight glass and moisture indicator shall be provided and located for 
convenient observation during servicing of equipment.  



18.5.4 Compressor/Condenser Section 



Contractor shall comply with the following requirements: 



1. The compressor/condenser section shall be located adjacent to the evaporator section of 
the HVAC unit and arranged to provide free rejection of heated air and to prevent the 
recirculation or intake of heated air into the condenser coil. The compressor/condenser 
section shall be completely isolated and sealed from the evaporator section. 



2. The compressor/condenser section shall include the following items: 



a. Condenser motor-fan assembly complying with Section 24.23.12, Blower and Other 
Motors. 



b. Transit railcar service-proven, vertical or horizontal scroll, tandem scroll, or digital 
scroll refrigerant compressor(s) providing capacity control, with a minimum design 
service life of 7 years. A capacity control design that requires frequent starting and 
stopping of compressor is prohibited. Crankcase heaters shall be provided. 



c. Condenser fan(s): 



• The condenser fan(s) shall provide condenser coil capacity control to minimize 
evaporator coil icing during low-ambient, low-load conditions. 



• The direction and path of condenser airflow shall be approved by the Authority.   
• The motor-fan assembly shall be balanced in accordance Section 24.23.12, Blower 



and Other Motors. 



d. A condenser coil housed in a stainless steel frame or approved alternate with 
suitable fan shrouding and protective screening. 



• The coil shall be copper tube and copper fin construction with a minimum plate 
fin thickness of 0.008 inch. Minimum fin spacing shall be 0.10 inch. 



• The tube shall be expanded to positively retain the plate fins in position. The 
tube support sheets shall be constructed of stainless steel with die-formed 
support collars for each tube. 



• Where coil tubing connects to the inlet/outlet header, the tube support sheets 
shall include a provision to prevent chafing of the tubes against the end plates 
during expansion/contraction. 



• The coil shall be designed with adequate capacity to keep the system in full 
cooling at the extreme operating points specified in Section 18.5.2, Cooling 
Design Criteria, with full internal loading. 



• The coil and coil ends shall be suitably protected against physical damage, and 
shall be readily accessible for cleaning and maintenance.  Coil units shall attach 
via bolts and flanges to the framework. 
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• The condenser coil (and sub-cooler if required) shall be proof tested at 1.5 times 
the maximum working pressure of the system or 600 psig, whichever is greater. 



• Condenser coils shall be able to be easily cleaned once the condenser coil access 
covers are opened and without having to remove adjacent components. A liquid 
cleaning jet pneumatic manifold/assembly shall be provided as part of the 
condenser section able to automatically spray wash the entire finned surface area 
of the condenser coil by direct connection of a liquid cleaning source. Time to 
clean the condenser coils shall be less than 1 hour. 



e. A hermetic filter-dryer with adjacent service/isolation valves to facilitate 
replacement without loss of refrigerant, or without having to recover the entire 
refrigerant charge. 



f. A suction line accumulator, as recommended by the refrigerant compressor 
manufacturer, to meter the liquid refrigerant and oil back to the refrigerant 
compressor. A strainer shall be installed in the suction line and located between the 
accumulator and the refrigerant compressor.  



g. A pressure relief device in accordance with UL 1995. 



h. A check valve shall be used in the compressor discharge line to prevent refrigerant 
from entering the compressor once pump-down is achieved. 



3. The connection of the refrigerant compressor and associated piping shall ensure ease of 
replacement without recovering the refrigerant, and to ensure minimal loss of 
refrigerant charge.  



4. The condenser section drain provisions shall be designed to prevent dirt clogging and 
shall be easily accessible for cleaning when necessary. Drain pipes shall be adequately 
sized to freely drain to the track bed. The design shall ensure against pressure 
retention/build-up of water inside the compressor/condenser section when the 
condenser fan is operating.  



18.5.5 Insulation 



Contractor shall comply with the following requirements: 



1. Main air duct: 



a. The outside top and sides shall be insulated with a minimum of 1-inch thick, long-
fiber, un-faced fiberglass insulation, or an Authority approved alternative material.  



b. If the duct or adjacent parts are constructed of aluminum, the insulation shall be of 
borosilicate fiberglass with a minimum density of 1.872 lb/cu-ft, or an approved 
alternative material.  



2. Refrigerant suction and liquid lines shall be insulated with a mold/fungi resistant 
material approved by the Authority. 



3. No insulation shall be used inside the air ducts, without specific approval from the 
Authority. 
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4. Insulation shall be mechanically secured with insulation pins backed with waterproof 
adhesive as a secondary measure. If fiberglass insulation is used, it shall be protected 
with an approved high-durability fabric that is resistant to tearing. 



5. Exposed insulation edges shall be sealed in an approved manner. 



6. Thermal insulation shall not interfere with the normal operation of the refrigerant 
control components or their access for maintenance. Closed cell foam thermal insulation 
meeting the fire-resistance standards of Section 4.2, Flammability, Smoke Emission, and 
Toxicity Testing Requirements, shall be used for such applications. 



18.5.6 HVAC Piping Design and Installation and Testing 



Refer to Section 24.14, Piping and Tubing, for piping materials, installation, and testing 
requirements. 



18.5.7 Refrigerant 



18.5.7.1 Refrigerant Type 



1. The cooling system shall use R-407C refrigerant unless otherwise approved. 



2. The Contractor may propose an alternative refrigerant for Authority review. Proposed 
alternate refrigerant must be listed as an acceptable substitute in U.S. EPA SNAP list for 
Motor Vehicle Air Conditioners for Passenger Air Conditioning in Buses and Trains, 
with an ASHRAE Safety Rating of not less than A1. 



18.5.7.2 Refrigerant Sampling 



The Contractor shall incorporate a refrigerant sampling program as part of the production 
process for all HVAC units. 



1. The program shall include testing of refrigerant from a system after the functional 
routine test following the criteria under AHRI Standard 700, but considering that the 
sample is being taken from a completed unit.  In that regard, the acceptable water 
content is not higher than 30 ppm by weight, and high boiling residues up to 5% may be 
permitted.  All other criteria shall apply. 



2. The testing program shall be submitted for approval (CDRL 18-5, Refrigerant 
Sampling) 



3. Testing results from HVAC units installed on Pilot Cars shall be used to gauge the 
effectiveness of the piping and cleaning procedure (Section 24.14.3.2, HVAC Piping 
Installation) and shall be used in the approval process for this procedure. 



a. Any discrepancies in the testing results shall be analyzed and appropriate 
adjustments shall made to the cleaning procedure to ensure that the HVAC units 
meet quality standards of the OEM, Contractor, and the Authority. 
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b. As part of its Quality Assurance program, the Authority will conduct periodic audits 
of these sampling results during the production cycle.  The Contractor shall 
immediately address any discrepancies with appropriate action. 



18.5.8 HVAC System Clean-Up 



The Contractor shall provide a suitable fixture to clean the HVAC refrigerant system if required 
following system contamination. The proposed design shall include a suction filter, be easy to 
connect to the refrigerant system at designated suction and liquid locations, and be submitted 
for approval.  



18.6 HEATING AND COOLING CONTROL SYSTEM 



18.6.1 HVAC System Activation 



The automatic operation of the heating and cooling control system shall be activated through 
the car's environmental control circuit breaker (ECCB) and environmental control command 
signals. 



1. The control system shall use a service proven microprocessor-based temperature 
controller with fault indications, as approved by the Authority. Proposed HVAC control 
system and control algorithms must have a minimum of 5 years in-service history with 
proven reliability; reliability (including reports) shall be presented to the Authority 
during the design phase. (CDRL 18-6, HVAC System Fault Indications) 



2. Layover heat shall be controlled by the layover thermostat whenever the ECCB is closed 
and the environmental control command is OFF. For normal control of heating and 
cooling, it shall be necessary for the environmental control to be ON. 



3. After the ECCB has been closed, it shall be possible to energize the environmental 
control and activate the heating and cooling control system using the following 
methods: 



a. By inserting a control key into the control lock in the Operator's console, or a door 
key into the door and environmental control key switch in the auxiliary control 
panel, and turning either one to the On position. 



b. By inserting a door key into the door and environmental control key switch in the 
auxiliary control panel, turning it momentarily to the On position, back to the Off 
position, and removing the key. 



c. By inserting a door key into the outside environmental control key switch (A-car 
beneath cab side window), turning it momentarily to the EC On  position, back to the 
center Off position, and removing the key. 



d. By inserting a control key into the control lock on the Hostler Panel and turning to 
the On position. 



4. The heating and cooling control system shall be energized continuously whenever the 
control key is in the On position in the Operator's console or the door key is in the On 
position in the auxiliary control panel. 
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18.6.2 HVAC System Deactivation 



A time delay arrangement shall be provided that shall delay de-energizing the heating and 
cooling control system on all the cars in a train for a period adjustable from 5 minutes to 1 hour: 



1. The delay shall occur whenever the control key is turned to the Off position in the train 
control area, or the door key is turned to the Off position in the auxiliary control panel. 



2. If the heating and cooling control system has been energized on the cars in a train by the 
methods described in Section 18.6.1, HVAC System Activation, 3.b or 3.c, the time delay 
arrangement shall de-energize them automatically at the end of the preset time interval. 



3. It shall be possible to deactivate the heating and cooling control systems prior to the 
completion of the time delay at any time by either of the following methods: 



a. By inserting a door key into the door and environmental control key switch in the 
auxiliary control panel, turning it momentarily to the EC Off position, returning the 
key switch to the center Off position, and removing the key. 



b. By inserting a door key into the outside environmental control key switch, turning it 
momentarily to the EC Off position, back to the center Off position, and removing 
the key. 



4. De-energization of the overhead heat shall precede the shutdown of the ventilation 
blowers by a time sufficient to dissipate the residual heat and avoid damage from 
overheating. A dry-contact output of the same time-delay function shall also be 
provided to de-energize the main, non-emergency car lights.   



5. A pump-down of the system, if applicable, shall occur before de-energization. 



6. Switches: 



a. The outside environmental control key switch shall have a spring return to the center 
Off position from both the EC On and EC Off position; the key shall be inserted and 
removed only in the center Off position. 



b. The door and environmental control key switch in the auxiliary control panel shall 
have a spring return to the Off position from the EC Off position; the key shall be 
inserted and removed only in the Off position. 



7. The time delay functions described above shall be active on every functioning HVAC 
system in a train. It shall be possible to activate the automatic HVAC control in every car 
in a train from any point in the train and to deactivate it from the same or any other 
point in the train. 



18.6.3 HVAC Automatic Controls 



18.6.3.1 HVAC Control Enclosure 



The battery circuit logic and power devices to control the HVAC units shall be assembled in an 
approved enclosure within the HVAC unit, or in an accessible location in or beneath the car. 
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HVAC enclosures shall comply with the following requirements: 



1. They shall be constructed of corrosion-resistant material with a removable cover and 
suitable weather seals. 



2. Enclosure covers shall be fully interchangeable, requiring jigs and proper tooling for 
manufacture. 



3. They shall be sturdy to withstand handling, and shall be shaped to prevent “drumming” 
in the tunnels due to pressure gradients from passing trains, etc. 



4. Enclosures shall be vented as appropriate to prevent ozone buildup.  



5. Hinges and latches shall be robust and manufactured from stainless steel.  Latches shall 
be the “over-center” locking-type that can be adjusted to keep the gasket compressed 
and the box watertight for the life of the equipment. 



6. Drain holes with cotter pins that serve to keep the drain holes clear shall be provided in 
the bottom of the box to prevent accumulation of moisture. 



7. Appropriate high-voltage warning labels, in accordance with Section 18.2, HVAC Units, 
shall be attached to the equipment interior and exterior and to all access panels securing 
areas containing high voltage. 



8. If the control enclosures are an integral part of the HVAC unit, they shall be supplied 
with a separate cover or protective panel accessible for servicing through the re-
circulated air grille. 



9. The enclosures shall conform to the requirements of Section 10.7, Equipment Enclosures 
and Section 23, Materials and Workmanship. 



10. The enclosures shall contain relays, contactors, power controllers, power isolation circuit 
breakers, power and control wiring, and all other electrical/electronic controls. 



11. A three-position switch shall be provided:  



a. The Auto position shall place the HVAC units under the control of the HVAC 
controls. 



b. The Test position shall place the HVAC control system in a sequential test mode. 



c. The Off position shall disable the HVAC system without pump-down. 



12. The enclosures shall contain a diagnostic test plug for attachment of a PTU. 



13.  The enclosure shall contain the HVAC temperature controller. 
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18.6.3.2 Wiring and Terminations 



Contractor shall comply with the following requirements: 



1. Wire and wire insulation shall be of an approved type as specified in Section 24.21, Wire 
and Cable, and shall be selected to meet the required ampacities for the ambient 
temperature conditions within the control enclosure. 



2. High- and low-voltage circuitry and wiring harnesses, including AC wiring, shall be 
physically separated and permanently identified. 



3. High-voltage apparatus adjacent to or part of reset or test devices shall be properly 
isolated to prevent accidental contact by maintenance personnel. 



4. All 700 Vdc wiring into the enclosure shall be to Authority-approved barrier-style 
terminal strips in accordance with Section 24.22.2, Terminal Boards and Terminal Points. 



5. For all other wiring, multi-pin connectors in accordance with the requirements of 
Section 24.22.6, Cable Connectors, shall be used to the maximum extent possible. 



6. Where connectors are not used, strain-relief fittings shall be placed on removable, 
gasketed, metal plates so that enclosure replacement does not involve pulling all wires 
and terminals out of the strain-relief. 



7. All wiring shall be permanently tagged or otherwise identified by wire number. 



18.6.3.3 Components 



Components used for automatic controls shall comply with the following requirements: 



1. High-voltage DC switching devices shall be rated for 1,500 Vdc operation. 



2. Electrical devices, terminals, and plated metal objects shall be compatible with the 
internal environment of the enclosure for the design life of the equipment. 



3. Relay coils shall have suppression networks across each coil to limit transients on the 
battery circuits. 



4. Printed circuit boards shall be mounted in accordance with Section 24.26, Printed Circuit 
Board Standards. Protection shall be provided for individual boards/cards. 



5. Blocking diodes used in the low-voltage control circuitry shall have a minimum 1,000 
peak inverse voltage (PIV) rating. 



6. All components shall meet the applicable requirements specified under Section 24, 
Materials and Workmanship. 
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18.6.3.4 Functional Description 



HVAC automatic controls shall include the following: 



1. The temperature control system shall control the heating and air conditioning electronic 
control devices and operate from the low-voltage DC power supply. Ventilation shall be 
indirectly controlled by the temperature control system and directly controlled as 
specified under Section 18.4.2, Ventilation System Description.  



2. The front and rear HVAC units, including controls, shall be separated to the greatest 
extent possible to preclude failures at one end of the car from affecting the normal 
operation at the other end. Redundant controls shall be provided.  



3. Primary temperature sensing shall be from the rear end of the car to control both 
systems. Alternatively, temperature readings of both HVAC units may be used for the 
operating control modes. If one of the HVAC units fails, the other HVAC unit shall 
control the car interior temperature. Other alternative arrangements for achieving 
redundancy may be proposed for Authority approval. 



4. The Contractor shall furnish, for Authority approval, a list of failure mechanisms that 
will not be mitigated by the redundant control arrangement and that could affect the 
operation of both systems concurrently. (CDRL 18-7, Potential Failures Affecting Both 
HVAC Systems Concurrently) 



5. The refrigerant system controls shall include an automatic pump-down cycle. 



a. Pump-down shall be initiated by closing the liquid-line solenoid valve(s) after an Off 
signal has been received or cooling is no longer required. 



b. System refrigerant shall be transferred to the condenser section until the compressor 
suction pressure drops to an approved value. 



c. Pump-down shall not be initiated if the system shut-down is initiated by a protective 
safety device, such as excessive pressure, temperature, or current protective devices. 



d. The controls shall include a start-up/pump-down provision where the HVAC 
system will perform a normal pump-down immediately after every requested start 
in a cooling mode, regardless if a normal pump-down previously occurred or not. 
Alternative compressor start-up protective schemes may be provided for Authority 
review. 



e. Pump-down shall be immediately initiated if a loss of airflow is detected while the 
compressor is operating. 



6. Heater cycling shall be minimized by staging the floor and overhead heat at an outside 
ambient temperature that is approved when the basic railcar design and minimum 
cooling capacity of the system are defined, and by optimizing the staging size used for 
reheat. 



7. Blower fan interlocking of the overhead heating and the refrigerant compressor motor 
power switching devices shall be provided to prevent heater or refrigerant compressor 
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activation unless the applicable front or rear blower fan is first energized and delivering 
the minimum required airflow. 



8. A rail-gap control provision shall be provided to ensure acceptable compressor restart 
operation after encountering rail gaps, while maximizing the available cooling. 
Compressor cycling shall be recorded. 



9. A soft-start provision shall be provided for all motors of the HVAC units to limit the 
load at start-up on the auxiliary power supply. Refrigerant compressor and evaporator 
capacity modulation shall be provided for temperature and humidity control and to 
minimize "short cycling" of the equipment. 



18.6.3.5 Mode-Indicating Panel 



A mode-indicating panel shall be provided: 



1. It shall indicate that the controls are calling for one of the following operating modes: 



a. Floor heat first stage 



b. Floor heat second stage 



c. Overhead heat first stage 



d. Overhead heat second stage 



e. Modulated cooling front end 



f. Modulated cooling rear end 



g. Full cooling front end 



h. Full cooling rear end 



i. Ground fault 



2. The indicating devices shall be located so that they can be easily observed by service 
personnel from the face of the HVAC control enclosure. 



3. The color of the indicators shall match the existing cars unless otherwise approved. 



18.6.3.6 Fault and Diagnostic Information 



Other LED displays shall be provided for troubleshooting faults associated with the 
microprocessor specified in Section 18.6.1, HVAC System Activation, and may be on that 
enclosure. Critical input and output logic levels, self-test failure, etc. shall be included. 



The microprocessor shall also monitor HVAC system signals and shall transmit selected 
diagnostic information to the VMDS. 



1. Diagnostic testing with the aid of the temperature sensors at each end of the car shall be 
implemented during start up. 
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2. Voltage and current sensors, etc. shall be placed at strategic locations to be able to 
diagnose and report failures in the system at the earliest time possible. 



3. All faults shall be date/time stamped. 



4. The HVAC data logger shall record all events, including faults, cycling cooling and 
heating components. 



a. The data logger shall be capable of storing this information for a period of one 
month before it stops recording or continues recording by overwriting the oldest 
data as programmed from PTU. 



b. Faults shall be stored for six months before overwriting old data. 



c. Log file validation and replacement shall be provided within the control algorithm 
to ensure against file corruption during file creation. 



5. The following diagnostic alarms and status points shall be monitored for each HVAC 
system. Priority One Alarms shall indicate a hard failure has occurred (except for the 
Return Temperature status). Priority Two Alarms shall indicate a potential for failure, 
e.g. when a circuit breaker has not yet tripped but is operating above normal current 
draw levels. 



Priority One Alarms Priority Two Alarms 
Hot Car High Pressure 
Cold Car Low Pressure 
Compressor CB trip Condenser Current 
Condenser CB trip Compressor Current 
Evaporator CB trip Evaporator Current 
Heater Over Temperature Cab Heat Failure 
Floor Heat CB trip  
Ground Fault  



 



18.6.3.7 Connection of PTU 



Connection of a PTU to the control system shall be as required by Section 9.2, Portable Test 
Devices, with connection capability located at the HVAC system control box and the refrigerant 
control boxes on each compressor/condenser unit, and through the VMDS in the cab. 



1. Diagnostics displayed on the VMDS and the PTU shall automatically display the 
revision level of the software of the HVAC control system and PTU unit, and the car ID 
number. 



2. The number to be used by the VMDS shall use a wired connector that stays with the car 
when HVAC system control boxes are replaced. 



3. All data downloaded to the PTU shall include the car ID number. 



4. Besides the monitoring function and communications with the VMDS, the HVAC 
control system shall be capable of exercising all controls, overriding the environmental 
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train-line, and simulating various interior and exterior temperatures under the control of 
the PTU. 



5. The PTU software shall be designed to preclude the technician from setting up 
conditions that may damage the equipment or cause personal injury. 



a. To the greatest extent possible the HVAC control box shall be able to measure the 
response to these simulations and give fault indications to the PTU. 



b. Where that is not practicable, the PTU software shall provide a prompt for the 
technician to verify a function or require a physical inspection. 



c. Additional requirements for PTUs can be found in Section 9, Special Tools and Test 
Equipment. 



18.6.4 Winter/Summer Mode Selection 



A winter/summer temperature mode selection scheme shall be provided: 



1. It shall automatically control the average interior temperature range from 67°F to 71°F in 
winter mode or 71°F to 75°F in summer mode. 



2. The 4°F range is to provide a band within which a more specific temperature will be 
maintained dependent on load and whether heating or modulated cooling, with or 
without reheat, is required to balance the load within the required range. 



3. When either mode is active, the interior temperature shall not float between the 
corresponding ranges specified in Section 18.6.5, Interior Car Temperatures, but will be 
driven by heating or by cooling, depending on the mode selected. 



4. This feature shall be automatically changed by the sensing of exterior temperature and 
shall have a suitable time constant to prevent rapid cycling during entry or exiting of the 
tunnels. 



18.6.5 Interior Car Temperatures 



The average temperatures shown in Exhibit 18-1 shall be maintained in the car interior 
depending on whether the winter or summer mode is in effect and the environmental control is 
in the On position. 



1. The term “average temperature” means the arithmetic mean of temperatures at a 
minimum of 25 or more representative locations used for the tests described in Section 3, 
Test Program, and that are read at any given time after the temperatures have stabilized. 



2. These locations are in areas in which the permissible variations are specified. 
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Exhibit 18-1, Interior Temperature Requirements 



Environmental 
Control 



Mode Ambient Temperature  
(Dry Bulb) 



Average Interior 
Temperature 



OFF/Layover Winter 11°F to +45°F 45°F, ± 10°F 
ON Winter 11°F and above 67°F to 71°F 
ON Summer 95°F or lower 71°F to 75°F 
ON Summer >95°F and ≤ 105°F Ambient - 20°F 
ON Summer >105°F and ≤ 115°F Ambient - 15°F 



ON Summer >115°F and ≤ 125°F 



No interior 
temperature 
requirement. 



System continues 
cooling operation 



(reduced if 
necessary) 



 
Contractor shall comply with the following temperature related requirements: 



1. The relative humidity in the car shall not exceed 60% when interior car temperature is 
between 67°F and 75°F. 



a. Dehumidification shall be available down to 40°F ambient temperature. 



b. Dehumidification availability may be controlled at a higher ambient temperature 
based on a passenger loading detection device indicating light loading or a 
humidistat measuring actual humidity at less than 60%. 



2. Temperature variations within the Operator’s cab and passenger compartment shall 
follow ASHRAE Guideline 23.  



3. Variations that exceed the maximum allowed may be justified if the variation is a direct 
result of the load simulation method, i.e. concentrated in the region of the temperature 
sensor. 



18.6.6 Alternative Humidity Control 



If required to achieve the specified humidity levels, the Authority will allow the use of a 
humidistat for humidity control. 



1. This device shall be capable of reliable operation in the car environment.  



2. It shall be suitable for operation at the specified steady state and transient voltages, be 
unaffected by shock and vibration as experienced during car operation, and be capable 
of operation without periodic maintenance or cleaning more than once per year. 



3. This device shall be able to respond to a 3% change in humidity within 2 minutes of the 
change in humidity. 
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18.7 DESIGN REVIEW REQUIREMENTS 



Design details of the total HVAC system shall be presented as part of the HVAC system design 
reviews. All details must be furnished before the FDR will be approved. The information to be 
submitted shall include, but not be limited to, the following: 



1. Fan Curves. External static pressure vs. standard cubic feet per minute (SCFM) showing 
the RPM and BHP at 230 Vac, three-phase at nominal line frequency. 



2. Evaporator Coil Design Criteria.  Entering and leaving wet and dry bulb conditions at 
the design saturated suction temperature; wet and dry coil air pressure drops at the 
specified air flow rate; dividing of the coil for modulated cooling, and number of rows. 
A detailed drawing of the evaporator coil will be required for final design approval. 



3. Refrigerant Compressor. Design RPM for 230 Vac, three-phase at frequency; make and 
model number of the refrigerant compressor. 



4. Condenser Coil Design. Air-to-refrigerant temperature differential; degrees of sub-
cooling; pressure drop at design conditions and air flow; sub-cooler configuration if 
used and the number of rows. A detailed drawing of the condenser coil will be required 
for final design approval. 



5. Motors. Current draw (not to exceed 80% of nameplate FLA), power factor, horsepower, 
insulation class, NEMA description and RPM versus percent load for 230 Vac, three-
phase nominal, 10% over voltage and 10% under voltage for the blowers (evaporator 
and condenser) and refrigerant compressor motors; make and model numbers. 



6. Pressures/Temperatures. Design saturated suction and discharge temperatures at full 
load and 230 Vac, three-phase nominal voltage; high-pressure and low-pressure cut-out 
switch settings and differentials. 



7. Evacuation and Test Procedures. Contractor and HVAC equipment manufacturer’s 
factory electrical test and leak testing, evacuation, and charging procedures. 



8. Diagrams/Schematics. Refrigeration piping diagrams showing pipe sizes and length of 
runs. Electrical schematics and wiring diagrams showing the resistance values of each 
resistor, contactor, and solenoid valve coil, wire identification, and wire sizes. The 
operating mode/condition of the refrigeration and electrical circuits drawn shall be 
stated. 



9. Load Calculations. Complete car load calculations with psychrometric analysis. 
Psychrometric chart at design conditions and partial load control conditions in 
accordance with Carrier System Design Manual, Part 1 Load Estimating; and applied 
psychometrics or equivalent method of ASHRAE Handbook–Fundamentals.  



18.8 VMDS INTERFACE 



The input and output signals from each performance-dependent item of equipment within the 
HVAC system, together with the equipment’s power supply voltage, shall be monitored and 
transmitted to the VMDS via the train network. 
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A functional block diagram of the diagnostics system and its equipment together with all 
signals that will be stored in the VMDS shall be submitted to the Authority for approval as part 
of the design review process.  (CDRL 18-8, Functional Block Diagram of the VMDS) 



18.9 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 18-1, Air Grille Details ................................................................................................................. 12 
CDRL 18-2, CFD Model and Analysis .................................................................................................. 13 
CDRL 18-3, No Fresh Air Intake ............................................................................................................ 15 
CDRL 18-4, Smoke Detector ................................................................................................................... 16 
CDRL 18-5, Refrigerant Sampling ......................................................................................................... 22 
CDRL 18-6, HVAC System Fault Indications ....................................................................................... 23 
CDRL 18-7, Potential Failures Affecting Both HVAC Systems Concurrently ................................. 27 
CDRL 18-8, Functional Block Diagram of the VMDS ......................................................................... 33 
 



18.10 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



29 CFR 1910.145 Specifications for Accident Prevention Signs and Tags 



40 CFR 82, Subpart F Recycling and Emissions Reduction 



AHRI Standard 700 Specifications for Refrigerants 



ANSI Z535 Series Safety Alerting Standards 



ASHRAE Guideline 23 Guideline for the Design and Application of Heating, 
Ventilation, and Air-Conditioning Equipment for Rail 
Passenger Vehicles 



ASHRAE Handbook–Fundamentals 



ASHRAE Standard 15 Safety Standard for Refrigeration Systems 



ASHRAE Standard 37 Methods of Testing for Rating Electrically Driven Unitary 
Air-Conditioning and Heat Pump Equipment 



ASHRAE Standard 55 Thermal Environmental Conditions for Human Occupancy 



ASHRAE Standard 147 Reducing the Release of Halogenated Refrigerants from 
Refrigerating and Air-Conditioning Equipment and 
Systems 



AWS B2.2/B2.2M Specification for Brazing Procedure and Performance 
Qualification 



Carrier System Design Manual, Part 1 Load Estimating  
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SAE J902 Passenger Car Windshield Demisting and Defrosting 
Systems 



UL 1995 Heating and Cooling Equipment 
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19.1 INTERIOR LIGHTING 



19.1.1 General 



The arrangement of light fixtures in the passenger-area ceiling shall generally be as shown in 
Contract Drawings and shall be subject to approval. 



Alternative design solutions that meet performance requirements and provide reduced 
maintenance burdens may be proposed for review and approval. 



19.1.2 General Fixture and Lamp Requirements 



Contractor shall comply with the following requirements: 



1. LED components shall be service proven in a transit environment. The Contractor shall 
provide service data, maintenance history, and a preliminary arrangement drawing for 
the proposed system. 



2. All lighting fixtures shall be designed to provide ease of maintenance, including the 
following tasks: 



a. Cleaning lenses 



b. Lamp and driver change-out 



c. Adjustments  



d. Housing removal 



3. Lamp access shall be by gasketed enclosure covers secured by captive, tamperproof 
stainless steel fasteners or other approved tamperproof methods. 



4. Where possible, covers shall be retained by hinges.  Hinges located on the vehicle 
exterior shall be made from stainless steel. 



5. Fixtures installed on the vehicle exterior and in the interior below ceiling level shall be 
watertight. 



6. All fixtures shall be dustproof to minimize the accumulation of airborne dirt and dust 
within the fixture. 



19.1.3 Power Source and Control 



Overhead lights shall operate from low-voltage dc (at 37.5 Vdc), and shall have integral power 
supplies. 



During interruptions of primary power, the overhead lights shall remain lighted for a period of 
time compatible with the load-shedding times established in accordance with Section 17, 
Auxiliary Power. 
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19.1.4 Intensity 



The following minimum light intensities shall be met with new lamps and power sources at 
nominal values: 



Location Intensity 
Reading plane, seated passenger, longitudinal seats and 
transverse seats nearest end of car 



30 footcandles 



Reading plane, standing passenger, most unfavorable direction 20 footcandles 
Floor, LED lights illuminated 15 footcandles 
Floor, at side door threshold, from side of car to 12 inches inboard 
of the side, threshold lights illuminated, LED lights extinguished 



15 footcandles 



 
The reading plane for a seated passenger is at a 45-degree angle, intersecting a horizontal line 
parallel to the seat back, 33 inches above the floor; for a standing passenger, the reading plane is 
at a 45-degree angle, 51 inches above the floor. 



19.1.5 LED Overhead Fixtures 



The passenger area shall be illuminated by two longitudinal rows of LED light fixtures 
mounted in the ceiling, with additional short transverse LED fixtures mounted over the end 
doors. 



The exposed portions of overhead light fixtures shall be similar in appearance to those on 
existing Authority’s 7000 Series rail cars, and shall be subject to approval. 



1. The fixtures shall be arranged with access for maintenance from below, with access 
provided by a hinged door that contains the diffuser lens. The door hinge shall be made 
of metal or approved non-metallic one piece design. The door assembly shall be able to 
withstand dropping of the door to the open position without disengagement from the 
fixture. 



2. If accidentally dropped, the door assembly shall not break. The fixture and door shall be 
sufficiently rugged to maintain their alignments and resist distortion during the life of 
the car. 



3. No door shall be more than 50 inches in length. 



4. Alignment pins shall be used between adjacent fixtures. The hinge shall be a concealed 
type and shall be located on the side of the fixture nearest the side or end of the car. On 
the side opposite the hinge, the door shall be held closed by a spring latch or by one or 
more captive, self-locking screws requiring one-quarter turn to lock. 



5. The fixtures shall not incorporate wireways. 



6. The fixtures shall be resistant to the entry of dust, moisture, and insects. The diffuser 
lens shall be made of UV-stabilized polycarbonate meeting the flammability 
requirements of Section 24.19, Flammability, Smoke Emission, and Toxicity 
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Requirements. Protection against UV induced aging or discoloration shall be provided 
against UV radiation sources. 



7. Both top and bottom surfaces of the lens shall be smooth to facilitate cleaning. 
Alternative arrangements may be considered acceptable but must be approved by the 
Authority. If the lens is made of two or more plies, the edges shall be sealed to prevent 
entry of dust between the plies. 



8. Light output from the fixture shall be obscured at higher viewing angles so as to 
produce light output as follows: 



Longitudinal Direction 
Viewing Angle Maximum Candlepower 



50° 325 
60° 200 
70° 100 
80° 30 



 
The viewing angle is measured from a vertical line down from the fixture. 



Overhead LED light fixtures shall have the following features: 



1. LEDs shall provide light with a CCT range from 3000 to 4000 Kelvin. LEDs in light 
fixtures shall be from single CCT/Color bin and follow ANSI C78.377, Table 1, Nominal 
CCT Categories. 



2. LEDs shall be from a single supplier: NICHIA, OSRAM, or approved equal. Mixing 
LEDs from various suppliers is prohibited. 



3. LED boards shall incorporate the power supplies. 



4. Service and removal of LED boards shall be conducted from the front of the fixture and 
shall not require any special tools. 



5. Attachment of the LED boards to the fixture shall not require threaded fasteners.  



6. Installing LEDs directly to fixtures is prohibited. 



7. LEDs shall be driven by a constant current circuit with a setting of 65% or less of their 
maximum current rating. 



8. Multiplex driving of LEDs is prohibited. 



9. LED light fixtures shall not affect operation of any camera in the train car. Any flicker 
caused by scan (multiplexing) of LEDs is not acceptable. 



10. Thermal management shall provide the maximum of 20°C delta increase for LED 
junction temperature over ambient. 
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11. The LED board shall include a feature to adjust the LEDs for aging in case of 
replacement of a new LED board in an old installation. The LED board shall be able to 
harmonize intensity with the adjacent LED boards. 



12. Failure of up to three LEDs in one fixture shall not turn off the LED fixture. 



13. Overhead LED fixtures shall produce a smooth, diffused light output and LED boards 
shall be designed such that there are no visible hotspots or stripes in maximum light 
output. 



14. Alternate methods for achieving the specified lighting performance requirements may 
be considered, but must be approved by the Authority. 



15. The total power consumed by the overhead lighting system shall not exceed 1000 watts 
per car. The power consumption of the overhead lights shall be measured during the 
DQT of the lighting system and shall be repeated during the 1 in 100 lighting system 
tests.  



19.1.6 Threshold Lights 



Each side door opening shall have two white-LED-lamp, threshold lighting fixtures mounted in 
the floor heater enclosure end caps at an approved location. 



1. The lamp beams shall be directed so as to illuminate the door threshold and the floor 
immediately inboard of the threshold and shall meet the lighting intensity levels 
specified in Section 19.1.4, Intensity. 



2. The fixtures shall be similar in appearance to those on the Authority's existing cars.  



3. The threshold lights shall operate on battery voltage and shall be controlled as required 
in Section 13.4.2, Threshold Lights. 



4. The LED bulb or bulb cluster shall be held securely in place and shall be easy to replace. 



19.1.7 Cab Lighting 



A white LED reading light shall be located in the ceiling of the cab above the Operator’s seat. 



1. It shall have an adjustable swivel-base type of mounting. 



2. This light shall provide at least 15 footcandles on the reading plane at the Operator’s 
seat. 



3. It shall operate on battery voltage and shall be controlled by a switch in the cab. 



4. The reading light shall be designed so as to cause minimum interference with 
observation of the roadbed when in use at night. 



5. LED lamps used for the cab reading light shall be subject to approval. 
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The console controls shall be illuminated by lights built into the console as specified in Section 
11.6.1.2, Lighting. The intensity of the console lights shall be controlled by a dimmer 
arrangement. 



19.1.8 Hostler Control Area Lighting (B-car) 



When Hostler panel controls are activated, selected overhead lighting fixtures must be 
extinguished to minimize the effect of reflections in the car end windows, side windows, and 
end door window on safe operation of the train. 



1. The Contractor shall design the Hostler Panel area lighting such that sufficient 
illumination is provided for all panel-mounted controls. 



2. Detailed review of this design shall be provided in all applicable design reviews and 
shall be subject to Authority approval. 



3. Demonstration tests shall be conducted during the Maintainability and Safety Review 
meeting and at Pilot Car First Article Inspection. 



19.1.9 Overhead Lighting Control 



Overhead lighting shall be controlled by circuit breakers located in the Operator’s circuit 
breaker panel and by a network-controlled lighting relay. 



1. Activation of the operating console, Hostler Panel, or auxiliary control panel shall 
energize the train lighting switch.  The train lighting switch shall control all overhead 
lighting throughout the train consist. 



2. It shall be possible to remove the key after the lights have been turned on, and have 
them remain on; and to turn them off from a different cab than the one from which they 
were turned on. 



3. A time-delay arrangement shall be provided that will automatically turn off the 
overhead lighting, after a period adjustable from 20 minutes to 1 hour, when there is no 
control key in the console at either end of the train. This time-delay arrangement may be 
combined with the time delay arrangement used to de-activate the heating and cooling 
control systems, as described in Section 18.5.2, HVAC System Deactivation. 



4. Two levels of dimming for all fixtures may be considered as an option.  



19.1.10 Overhead LED Lighting Power Supplies 



Contractor shall comply with the following requirements: 



1. Power supplies shall have the ability to withstand the voltage fluctuations inherent in 
this type of service, including the most severe transients. 



2. The power supplies shall operate at a frequency above the audible spectrum (minimum 
20 kHz), shall have electrical noise suppression to meet the EMI requirements of 
Section 1, Performance Requirements, and shall operate LEDs with no flicker. 
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3. Power supplies shall be solid-state electronic type with efficiency greater than 80% and 
shall meet Federal requirements for EMI/RFI (47 CFR 15), IEEE C62.41, and other 
applicable IEEE standards. 



4. Power supplies shall be accessible from the front of the fixture and shall be equipped 
with individual fuse protection. The fuses shall be accessible without requiring 
disassembly or removal. Fuses shall be used for catastrophic conditions and, when 
necessary, shall be replaced by the end user. 



5. Powers supplies shall be provided with the following design features: 



a. Input surge protection 



b. Reverse polarity protection 



c. Over-temperature protection 



d. Under/overvoltage protection 



e. MTBF greater than 500,000 hours 



f. No audible noise 



6. If a dimming feature is offered as an option, no extra hardware shall be added to each 
fixture. It shall be possible to access and service LED boards (which include power 
supplies) from the front, by dropping the lens only. 



19.2 EXTERIOR LIGHTS 



19.2.1 Headlights, Tail Lights, and Running Lights 



Two headlights, two red tail lights, two white running lights, and two red running lights shall 
be furnished on the end of each cab. 



1. The headlights, tail lights, and running lights shall be located as shown in Contract 
Drawing 8000-01, 8k Exterior Composite View. 



2. The lights shall be set in waterproof enclosures. 



3. Headlights: 



a. Headlights shall consist of two LED lamps, equivalent to type PAR 56 200 watt 
sealed-beam lamps, mounted in a fixture that supports the lamp securely and is 
adjustable, with bezel in place, to permit proper horizontal and vertical alignment. 



b. The headlight beams shall be set parallel to the centerline of the car and 0 degrees, 15 
minutes down from horizontal. Prior to acceptance testing, the headlights on each 
car shall be aimed and adjusted to meet the specified beam characteristics. 



4. Tail lights: 



a. Tail lights shall consist of two red-LED cluster lamps, as approved by the Authority, 
mounted in a fixture similar to the headlights. 
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b. The tail light beams shall be set parallel to the centerline of the car and horizontal. 



5. Running lights: 



a. White running lights shall use white LED cluster lamps, as approved. 



b. Red running lights shall use red LED clusters, as approved. 



6. Combination assemblies incorporating all three above functions will be considered. 



19.2.2 Indicators 



Exterior indicating lights shall be located as shown in Exhibit 19-1. 



1. Red illuminated indicators shall use red LED clusters, as approved. Illuminated 
indicators shall use LED clusters. The color and intensity of the illumination shall be as 
approved by the Authority. 



2. All car-side indicating lamps shall be located near the top of the rear side of the car, 
similar in appearance and function to the Authority’s existing cars, and shall be clearly 
visible from the lead cab of an eight-car train. 



Exhibit 19-1, Exterior Indicating Lights 



Indicator Description Indicator Color Exterior Location 
Door Status Red Car Side Above Center Doorway 
ATP Cut-Out (A-car only) Amber Car Sides – Right and left 
Brakes released Green Rear of car above rear doorway 
ATO (A-car only) Blue Car Sides – Right and left 



 



19.2.3 Source 



The headlights, tail lights, running lights, and all indicator lights shall be arranged to operate on 
the battery circuit and shall not be wired in series. Resistors may be used as required in 
headlight, tail light, running light, and indicator light circuits to reduce line voltage to nominal 
lamp voltage. 



19.2.4 Design 



Contractor shall comply with the following requirements: 



1. Red and white running lamps shall be designed for replacement from the interior of the 
car. All other exterior lights called for in this Section and elsewhere in the Specifications 
shall be designed for replacement from the exterior of the car and shall feature easy 
maintenance access. 



2. Headlight and tail light aiming shall be accomplished from the car exterior. The 
hardware used to permit maintenance or alignment of lights shall be captive. 



3. Headlight and tail light enclosures, running lights, and indicator lights shall be designed 
to prevent leakage of water into the carbody. 
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4. Running and indicator lamp assemblies shall use glass lenses and shall be designed to 
prevent damage to the assembly due to heat build-up. 



5. Running lights shall be located on the end of the car as shown in Contract Drawings. 



a. The beam spread of each light shall be no less than 20 degrees horizontally and 
10 degrees vertically. 



b. The beam intensity shall be such that, when measured at the center of the beam of 
the white running light at the source, it is minimum 30 candelas. 



c. The red running light shall be of the same fixture design as the white running light, 
and shall use a red lens if necessary. The beam intensity of the red running light, at 
the light source, shall be minimum 8.5 candelas. 



19.2.5 Control 



Control of headlights, tail lights, running lights, and console lights shall be automatic, through 
contacts in the electric coupler and a relay operated by the control key, so as to achieve the 
operations described below. 



1. Both ends of a train shall display tail lights and red running lights at all times unless a 
Control Lock is ON in the control console or Hostler panel. 



2. When a control key is inserted and rotated to the On position in the control console or 
Hostler Panel, the tail lights and red running lights at that location shall be extinguished 
and the headlights, white running lights, and console lights, if present, shall be 
illuminated. 



3. No lights shall be illuminated at intermediate coupled ends. 



4. To allow for emergency operation of the train from other than the leading cab, two 
controls shall be provided.  First, a headlight-bypass switch in the Operator’s circuit 
breaker panel shall permit the tail lights and red running lights to be extinguished and 
the headlights and white running lights to be illuminated on the leading car. This switch 
shall be sealed in the normal position.  Second, headlights, tail lights, and running lights 
at the ends of the train shall automatically illuminate according to the direction-control 
at the cab that is activated. 



5. The headlights at the F-end of the A-car shall be arranged for dimming through circuits 
operated by a pushbutton on the Operator’s console.  An indicator light on the console 
shall be illuminated when headlights are bright. 



6. The headlights at the F-end of the B-car shall be similarly controlled and monitored from 
the Hostler Panel. 
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19.3 EMERGENCY LIGHTS 



19.3.1 Location 



Emergency lighting shall be provided that meets the requirements of APTA PR-E-S-013-99 and 
shall be located as required by APTA PR-E-S-013-99. 



19.3.2 Control 



If used to provide normal lighting, the emergency fixtures shall be illuminated whenever the 
car’s lighting control relay is closed and they shall remain connected to the B-car battery system 
while the LVPS is not operating and undervoltage has not tripped the battery circuit breaker. 
They shall not be connected to any load-shedding device. 



19.3.3 Power 



Dedicated emergency lighting power sources shall be in accordance with APTA PR-E-S-013-99. 
Self-test modules shall be provided that automatically perform periodic discharge tests of the 
emergency lighting power supplies. 



19.4 MAINTENANCE LIGHTING 



LED lighting strips shall be provided under the car to illuminate each side of each truck. 



1. Lighting strips shall be 6 to 8 feet long. 



2. Lights shall be located to provide adequate illumination for truck inspection and 
maintenance. 



3. Lights shall be protected from damage from wayside debris. 



4. A lighting control arrangement shall be proposed during design review that allows ease 
of use, yet prevents the lights staying on when not needed, subject to authority 
approval. 



19.5 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



There are no CDRL items in this Section 



19.6 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



47 CFR 15 Radio Frequency Devices 



ANSI C78.377  American National Standard for Electric Lamps - 
Specifications for the Chromaticity of Solid State Lighting 
Products 



APTA PR-E-S-013-99 Standard for Emergency Lighting System Design for 
Passenger Cars 
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IEEE C62.41.1 Guide on the Surges Environment in Low-Voltage (1000 V 
and Less) AC Power Circuits  
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20.1 GENERAL 



Each married pair shall be equipped with an Automatic Train Control (ATC) system. The ATC 
equipment shall be installed in the A-car of the married pair. 



The ATC system shall consist of three major subsystems: 



1. Automatic Train Protection (ATP) 



2. Automatic Train Operation (ATO) 



3. Automatic Train Supervision (ATS) 



The ATC system shall also contain built-in monitoring and test facilities, as specified, and all 
other appurtenances required to provide a complete, safe, reliable, and operational system. 



The Contractor shall provide or procure from a single supplier, as an integrated system, all of 
the ATC equipment required by this Contract. The requirements of this Section, as well as the 
applicable requirements of other sections of the Specifications, apply and shall be passed on to 
any such supplier. The Contractor shall provide for the monitoring of certain system signals as 
specified in Section 20.8, VMDS Interface. 



20.1.1 Design 



Contractor shall comply with the following requirements: 



1. The design of vital circuits shall be in accordance with accepted signal system design 
practices and applicable sections of the AREMA C&S Manual recommendations, or 
approved equivalent. 



2. The ATC System shall comply with the fail-safe design criteria as specified in 
Section 4.1.10, Fail-Safe Design Requirements. 



3. The ATC equipment shall be fully compatible with the Authority's existing wayside, 
infrastructure, system interfaces, and operational and maintenance practices and shall 
permit safe and proper operation in accordance with the requirements defined within 
the Specifications during revenue and non-revenue train operation in each specified 
operational mode. 



4. The number of vital relays used in the ATP subsystem shall be limited to the absolute 
minimum required without compromising system safety and without sacrificing 
functionality of subsystem operation. 



a. Certain requirements in this Section have been specified for vital relay application, 
but alternative designs providing the same functionality as the specified vital relays 
may be proposed providing service-proven, fail-safe designs are used to implement 
the vital function. 



b. All functional, performance, and fail-safe requirements specified for vital relay 
designs shall pertain to alternative designs. 
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5. Synchronous logic shall be used for all digital logic circuits. Where unsynchronized 
signals are applied to digital logic circuits, they shall be synchronized with the logic 
clock at the point of entry. 



6. All inputs and outputs of the ATC system that connect to digital logic and other low-
energy level circuits shall be isolated with noise rejection circuitry. 



7. A safety analysis of the operation of the ATC system shall be submitted in compliance 
with the general requirements specified in Section 4.1, System Safety Program. 
(CDRL 20-1, Safety Analysis of ATC) 



8. A Mean Time Between Hazardous Events (MTBHE) of not less than 1 x 109 Train 
Operating Hours shall be established for the microprocessor-based subsystems. 



20.1.2 Design Reporting 



Conceptual Design: 



1. The Contractor shall submit a conceptual design of the ATC System for approval in 
accordance with Section 2.15.1, Conceptual Design Review. 



2. The conceptual design shall describe the concepts to be used for all functions of the ATC 
equipment and all interfaces to the Authority’s existing system and the rest of the car 
subsystems. 



Preliminary Design: 



1. The Contractor shall submit a preliminary design of the ATC System and each of the 
ATC subsystems for approval in accordance with Section 2.15.2, Preliminary Design 
Review. 



2. The preliminary design shall identify the source of all pertinent design information, 
assumptions made, and tests planned to verify the adequacy of the design, as well as 
providing a clear understanding of the design. 



Final Design : 



1. The Contractor shall submit a final design of the ATC System and each of the ATC 
subsystems for approval in accordance with Section 2.15.3, Final Design Review. 



2. The final design documents shall be full and complete reports of the design including all 
development, verification and safety test reports, and the results of all final analyses 
conducted such as reliability, safety and maintainability. 



3. The final design shall also include sufficient manufacturing drawings to identify the 
configuration to the component level. 



4. The approved final design shall serve as a production baseline. 
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20.1.3 Packaging of Equipment 



A modular design, oriented to maintenance efficiency, shall be used throughout the ATC 
system. 



1. Electrical and mechanical components shall be organized in plug-in assemblies and shall 
be rack-mounted. 



a. Rack-mounted equipment shall be hinged on one side, or otherwise constructed so 
as to facilitate access to rack wiring. 



b. Mixing equipment associated with the three subsystems in one plug-in assembly will 
not be acceptable. 



2. Assemblies and component circuit boards shall be permanently inscribed with 
nomenclature to reflect its unique part number and application. 



a. The nomenclature shall be inscribed in the English (U.S.) language at one location for 
each board. 



b. Each board-mounted component shall be permanently labeled. 



3. The ATC microprocessor-based subsystems shall be compact and self-contained, and 
shall use modular construction of plug-in circuit boards. 



a. Circuit boards of a particular type shall be uniquely keyed to prevent insertion of the 
wrong board into a wrong slot. 



b. Circuit boards and board-mounted components shall be coated to prevent them 
from malfunctioning due to accumulation of electrically-conductive dust. The 
coating shall be approved by the Authority. 



c. Circuit boards shall be mounted vertically. 



4. The vital-relay portion of the ATP subsystem shall be placed on the hinged or rolled out 
frame to allow access to the relay plate wiring. 



5. Connections to external devices shall be accomplished by means of approved 
connectors; the use of edge connectors is unacceptable. 



6. Components shall be mounted so as to facilitate maintenance or replacement without 
disturbing internal wiring or other equipment. 



7. The Authority uses a philosophy of plug-in/plug-out maintenance. 



a. The maintainers perform "remove and replace" operations on Line Replaceable Units 
(LRUs). 



b. Repair of circuit boards and electronic modules is performed in the Shop. 



c. The design of the ATC system shall be such that all electrical devices including such 
items as PC boards, relays, and filters shall be capable of being repaired by the 
Authority in its electronics laboratory. Units shall not be sealed, potted, or 
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constructed to prohibit repair by the Authority.  Units that must be potted or sealed 
by design, other than lowest level replaceable units (LLRUs), shall have a minimum 
10-year warranty. 



8. The Contractor shall provide a list of all repairable LRUs and LLRUs as part of the Preliminary 
and Final Design Review submittals. 



20.1.4 Component Protection 



Components shall be protected from damage if a plug connector or plug-in unit is removed 
while equipment is energized. As an alternative, a power disconnect switch with warning decal 
may be located in plain view and in close proximity to the plug-in unit. 



20.1.5 Adjustments 



Adjustable components shall be avoided wherever possible by the use of appropriate circuitry, 
stable components, and high-tolerance circuits. 



1. Adjustable components, useful during design development to determine experimentally 
the correct operation settings, shall be eliminated in the final design. 



2. Adjustable components, where required, shall have locking devices or shall be self-
locking to prevent inadvertent operation and drift. 



3. Whenever practical, two or more points of adjustment that are required during the same 
tune-up operation shall be located within 12 inches of each other and in such a way that 
they can be operated by one person. 



4. Interacting adjustments shall be avoided. 



5. The replacement of a component or PC card with a spare shall not require compensating 
adjustments to the associated components or modules. If compensating adjustments are 
required, they shall be limited to the device to be replaced or repaired. 



20.1.6 Test Points 



The Contractor shall provide a sufficient number of test points and diagnostics for line 
maintenance encompassing troubleshooting and routine maintenance of the ATC system 
components, and shop repair of failed components and PC boards. 



1. The quantity of test points and diagnostics for line maintenance shall be minimized to 
the extent of reliable detection of defective PC boards and electronic modules. 



2. The detection of defective components shall be possible without the disconnection of 
wires. 



3. Test points for checking essential voltages and wave forms, and for injecting test signals, 
shall be provided for troubleshooting and routine maintenance. 



4. Selected test points shall be provided to detect defective PC boards and equipment 
modules without the disconnection of wires. 
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5. Test points shall be readily accessible when the equipment is in the normal operating 
position or, in the case of printed circuit boards, when the board is on an extender board 
provided by the Contractor. 



6. Test points shall be clearly labeled. 



7. Test points shall be capable of accepting probes and connectors used with standard test 
equipment such as voltmeters and oscilloscopes, except where only special test 
equipment and connectors supplied by the Contractor will serve. 



8. Diagnostics, self-test, and system health status indicators shall be provided as described 
in Section 20.5, Test and Diagnostic Requirements. 



20.1.7 Environmental Requirements 



The ATC system shall be capable of operating under the environmental conditions specified in 
Section 1, Performance Requirements. 



1. EMI: 



a. The ATC system shall be capable of operating under the electromagnetic interference 
criteria specified in Section 1. 



b. The ATC equipment shall be tested and qualified to the following IEC standards: 



• IEC 62236-1 
• IEC 61000-4-1 
• IEC 61000-4-3 
• IEC 61000-4-4 
• IEC 61000-4-5 
• IEC 61000-4-6 



c. The ATC system shall be electromagnetically-compatible with all other carborne 
subsystems and with the ambient electromagnetic environment. 



d. None of the ATC subsystems or any other carborne subsystems shall cause or be 
impacted by electromagnetic interference with each other. 



e. The Contractor shall ensure that design techniques are employed that prevent 
electromagnetic interference from affecting proper operation of the ATC System. 



f. As part of the operational characteristics analysis specified in Section 3, Test 
Program, the Contractor shall record the electromagnetic interference experienced by 
the ATC system. 



• The recording points shall be placed where electromagnetic interference could 
impact proper operation of the ATC system.  



• As a minimum the following points shall be instrumented and recorded:  



○ Low-voltage supply to the ATC 
○ ATC ground 
○ ATP receiver input 
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○ TWC receiver input 
○ Marker antenna 
○ Speed sensor input 



• The recording points and test equipment set-up shall be submitted for approval 
prior to testing. (CDRL 20-2, ATC Operational Characteristics Analysis Test 
Setup) 



• Following completion of the operational characteristics analysis testing, the 
Contractor shall provide a report that quantifies the recorded data, its expected 
impact on the ATC System, and the measures and design techniques that will be 
used to ensure proper operation of the ATC System. (CDRL 20-3, ATC 
Operational Characteristics Analysis Test Report)  



2. Vibration:  The ATC system shall be capable of operating within the vibration criteria 
specified in Section 1, Performance Requirements. 



20.2 AUTOMATIC TRAIN PROTECTION 



The ATP equipment shall be organized to perform the following functions: 



1. Receive and decode the speed limit and door control commands 



2. Measure train speed and compare it to the speed limit 



3. Control the side door operations and check door position 



4. Apply Full Service Braking in the event of overspeed or system failures that affect safety 



The ATP system shall be fail-safe and shall meet the reliability and fail-safe requirements set 
forth in Section 7, Reliability, Availability, and Maintainability, and Section 4, System Safety. 



The ATP system shall have the capacity to receive and decode 12 speed-commands from the 
front of the train and two speed-commands from the back of the train, as shown in Exhibit 20-1. 
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Exhibit 20-1, Speed Commands 



Command Carrier Frequency1 Code Rate Frequency (Hz)2 
15 mph 4,550 Hz (F1) Code Rate 2 4.5 Hz 
22 mph 4,550 Hz (F1) Code Rate 3 6.8 Hz 
28 mph 4,550 Hz (F1) Code Rate 4 10.1 Hz 
35 mph 4,550 Hz (F1) Code Rate 5 15.3 Hz 
40 mph 4,550 Hz (F1) Code Rate 6 21.5 Hz 
45 mph 5,525 Hz (F2) Code Rate 2 4.5 Hz 
50 mph 5,525 Hz (F2) Code Rate 3 6.8 Hz 
55 mph 5,525 Hz (F2) Code Rate 4 10.1 Hz 
65 mph 5,525 Hz (F2) Code Rate 5 15.3 Hz 
75 mph 5,525 Hz (F2) Code Rate 6 21.5 Hz 
Open Right Side Doors 5,525 Hz (F2) Code Rate 1 3.0 Hz 
Open Left Side Doors 4,550 Hz (F1) Code Rate 1 3.0 Hz 



 
Notes to Table: 



1. The tolerance of these carrier frequencies will be ± 0.5%. 



2. The tolerance of these code rate frequencies will be ± 5%. 



Absence of an ATP command shall be interpreted by the equipment to mean Stop when 
operating in Automatic mode, and Stop and Proceed when operating in Manual mode. 



20.2.1  Reception and Decoding 



ATP command reception shall be accomplished through two coils mounted on the F-end of the 
A-car. 



1. The Contractor shall rigidly mount the coils to the carbody, and they shall be located as 
shown in Contract Drawing 8000-33, ATC Undercar Equipment Layout. 



2. The coils on the A-car shall be monitored by the ATC equipment on the A-car. 



3. The coils shall not be connected to the speed-command reception circuits during backup 
moves. 



20.2.1.1 Receiver 



One ATP receiver shall be provided on each A-car. The ATP receiver shall receive and 
demodulate the ATP signals presented to the coils mounted on the A-car. 



1. With the A-car as the leading car of a train, the ATP receiver shall function as a front-
end receiver. With the A-car as the trailing car of a train, the ATP receiver shall function 
as a back-end receiver. 



2. The ATP receiver shall meet the following specifications: 



a. Dynamic range of input: 36.5 dB minimum 
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b. Sensitivity: 



• Must detect 90 mA rail current  
• Must not detect 60 mA rail current 
• 6.0 amperes rail current maximum 



c. Selectivity: 



• Selectivity at 4,550 Hz: 



○ at -25 dB, +90 Hz through 160 Hz from carrier frequency 
○ at -60 dB, +325 Hz through 350 Hz from carrier frequency  



• Selectivity at 5,225 Hz:  



○ at -25 dB, +115 Hz through 190 Hz from carrier frequency 
○ at -60 dB, +395 Hz through 425 Hz from carrier frequency 



d. Outputs: 



• Fail-safe driver when coded carrier frequency F1 is received 
• Fail-safe driver when coded carrier frequency F2 is received 



e. The code output of the ATP receiver shall be validated by redundancy, parallel 
processing, comparison, or other approved methods.  



f. Refer to Section 20.2.3, Door Control, for the use of the signals from the back of the 
train. 



3. The ATP receiver shall use high-order filters and other noise rejection techniques that 
limit the effects of side-band noise and permit reception and decoding of the ATP 
commands.  



4. The ATP receiver shall have the same detection threshold for both carrier frequency and 
code rate. A speed command, door command, or back end command shall be decoded 
only with its associated carrier frequency and code rate. It shall not be possible to detect 
a carrier frequency without detecting a valid code rate, and it shall not be possible to 
detect a code rate without detecting a valid carrier frequency. 



5. The ATC shall log the cab signal levels for the corresponding wayside track block. A tool 
shall be provided on the PTU to help detect and identify track blocks with cab signal 
drop outs. 



20.2.1.2 Timing Coordination 



Contractor shall comply with the following requirements: 



1. Timing shall be such that a change to a more restrictive speed command is detected in 
less than 2 seconds under any condition, including failure conditions of a more 
restrictive speed command generator or decoder. 



2. Transition from any speed command to any other speed command shall not result in a 
false or unrecognized speed command.  
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3. Transition from any speed command to any other speed command shall not result in a 
speed command drop-out. 



4. False speed commands occurring during transition from one command to another shall 
not be more permissive than the more permissive of the commands causing the 
transition, e.g., a change from 50 mph to 35 mph shall not result in a temporary false 
command higher than 50 mph. 



5. The time required to detect an overspeed condition and open the front contacts of the 
Full Service Brake vital relay shall be less than 0.75 seconds under any condition. 



6. In the case of transitions between door-open commands and speed commands, 
temporary false commands shall never be door-open commands. 



a. To assist in this coordination, the wayside circuitry will always remove the speed 
commands a minimum of 2 seconds prior to applying the door-open commands. 



b. The change from a door-open command to a speed command can be instantaneous. 



7. Timing coordination shall not compromise the safety of any portion of the reception and 
decoding equipment. 



20.2.1.3 Code-Rate Detectors 



Code-rate detectors shall be inherently fail-safe and shall not require the use of check circuits to 
ensure their integrity. 



20.2.1.4 Decoding Requirements 



The decoding system shall meet the following requirements: 



1. Code rates shall pick with 90 mA rms rail current at carrier center frequency. 



2. Code rates shall pick with 90 mA rms rail current at ± 0.5% carrier center frequency. 



3. Code rates shall not pick with 60 mA or less rms rail current at carrier center frequency. 



4. A minimum of two full cycles is required to validate a speed or door command. 



5. Code rates are maintained within a code rate duty cycle of 40%-60% and shall not 
decode a signal with a duty cycle greater than 70% and less than 30%. 



6. Code rate detection shall not be greater than ± 5% of the nominal code rate frequency. 



7. Code rates shall be detected with a maximum current less than or equal to 6 amperes. 



8. The most restrictive command shall always have priority. 



9. The decoding system shall be capable of responding to a valid F1 code rate with F2 EMI 
present. 



10. The decoding system shall be capable of responding to a valid F2 code rate with F1 EMI 
present. 
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11. With simultaneous valid F1 and F2 code rates present in the rail, the code rate detector 
shall respond to the most restrictive speed command. 



12. With simultaneous valid F1 code rate 1 and F2 code rate 1 present in the rail, the code 
rate detector shall respond to neither.  



20.2.2 Overspeed Protection 



Overspeed protection shall be provided by a self-checking measurement unit that compares the 
decoded speed command, in connection with the Automatic-Manual circuits, to the actual ATP-
detected train speed. 



1. Overspeed protection shall be verified in a vital manner by comparing the ATP speed 
sensor signal with a second ATC speed sensor signal. 



2. The overspeed detection point shall be set at the speed-command speed limit.   



3. The Stop and Proceed overspeed detection point shall be set at the Stop and Proceed 
speed limit.  



20.2.2.1 Speed Sensors 



Two dual-channel speed sensors, as specified in Section 15.5.8, Speed Sensing, shall be mounted 
on axles 3 and 4 in the A-car and shall be used by the ATP system to provide vital speed 
measurement. 



1. The ATP system shall compare both speed sensor outputs and use the more restrictive 
speed. If the output between the two sensors exceeds a delta greater than or equal to 5 
mph, a fault shall be flagged. If the fault does not clear within 10 seconds, Full Service 
Brake shall be applied. 



2. Wheel-wear compensation, as specified in Section 20.3.2.2, Speed Measurement, shall be 
provided in discrete steps to correct for variations in wheel diameter on both axles 
monitored by the ATP sensor.  



3. The sensor used for ATP speed measurement shall not be used for any purpose other 
than ATP functionality. 



4. The speed indicator on the Operator display shall receive the vehicle speed from the 
ATP speed measurement function. 



5. The speed sensors shall monitor the rotation of a gear in the traction motor gear unit.  
The shape of the gear teeth monitored, the gear material, the gap setting between the 
sensor and the gear, and the sensor interface to the ATC subsystem shall be such that 
continuous speed detection exists between 0.5 mph and 99 mph. 



6. A self-checking feature of the speed measurement system shall ensure that each speed 
sensor is both electrically and mechanically intact. 



7. The speed sensors shall be totally isolated with no common-mode failures possible. 
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8. Protection shall be provided against sensing errors due to gear rotation that is not in 
conformance with actual car speed. Wheel spins or wheel slides on the monitored axles 
shall not cause false readings of the speed measurement system.  



9. The Contractor shall submit the technical approach used for vital speed measurement, 
including the technical approach to mitigate false readings due to wheel spin and slides. 
(CDRL 20-4, Vital Speed Measurement) 



20.2.2.2 Vital Rollback Protection 



The ATP subsystem shall detect motion when gear rotation is sensed by the ATP speed sensor. 



1. Motion detection shall be used in conjunction with the necessary logic to provide vital 
rollback protection and to continuously prove the speed sensor dynamic response and 
the mechanical adjustment. 



2. The Contractor shall submit the technique used to implement vital rollback protection as 
part of the design review process. 



3. Rollback protection shall function to detect train motion in either the forward or reverse 
direction. 



4. Rollback protection shall function with the Master Controller or Hostler Controller in 
any position and shall not impede Stop and Proceed train operation. 



5. Rollback protection shall be active in Automatic Mode and Manual with ATP Mode. 
Rollback protection shall be disabled in Manual with ATP Cut-Out Mode. 



a. In Automatic Mode, rollback protection shall initiate Full Service Braking and bring 
the train to a stop within 4 feet, adjustable via software. 



b. In Manual with ATP Mode, rollback protection shall initiate Full Service Braking 
after a preset time. The preset time shall be initially set for 8.5 seconds and shall be 
adjustable via software from 6 seconds to 16 seconds in increments of 1.0 second. 
This timer shall be reset upon a Full Service Brake request or a cab control power on 
reset. 



20.2.2.3 Speed Enforcement 



The speed enforcement system shall perform as follows: 



1. Automatic Mode: 



a. When the train is in Automatic Mode, an overspeed condition detected by the 
overspeed protection system shall result in removal of all calls for positive tractive 
effort and shall initiate a Full Service Brake application. 



b. The Full Service Brake application shall be enforced until the overspeed condition no 
longer exists. 











Section 20, Automatic Train Control 



WMATA 8000 Series Railcars  20-12 Technical Specifications 



2. Manual with ATP Mode: 



a. When the train is in Manual with ATP Mode, an overspeed condition detected by the 
overspeed protection system shall result in the removal of all calls for positive 
tractive effort and shall initiate a Full Service Brake application. 



b. An overspeed warning in the operational cab shall sound and shall persist until the 
Operator places the Master Controller or Hostler Controller into the Full Service 
Brake or Maximum Service Brake position. 



c. The Full Service Brake application shall be enforced until the overspeed condition no 
longer exists and the Operator has placed the Master Controller or Hostler 
Controller in the Full Service Brake or Maximum Service Brake position. 



3. Manual with ATP Cut-Out Mode:  When the train is in the Manual with ATP Cut-Out 
Mode, no action shall be taken by the ATC system as a result of an overspeed condition. 



4. The overspeed protection system shall also include zero-speed detection circuitry. The 
train shall be indicated as being at zero-speed when the speed is being detected, in a fail-
safe manner, to be below 0.5 mph for more than 1 second This zero-speed signal shall be 
available for use by other car subsystems. 



5. The audible overspeed alarm shall be the same as the Authority’s existing cars. 



20.2.2.4 Daily Safety-Test Provisions 



Equipment and circuitry shall be included to facilitate testing of the overspeed protection 
system during the daily test required with the integrated on-board Daily SafetyTest (DST) 
circuitry. 



1. A separate test winding shall be incorporated in the ATP receiver coils to facilitate 
injection of the ATP signals generated by the DST circuitry. As an alternate, separate 
coils may be permanently mounted such that the test signals are inductively coupled to 
both ATP receiver coils on each car. In either case, the test windings or test coils shall not 
be energized through the same cable used by the operating system. 



2. The ATP signal level produced by the test unit and the coupling to the ATP receiver 
coils shall be such that the signal presented to the ATP reception and decoding 
equipment, with both ATP receiver coils functioning properly, simulates the reception of 
80 mA to 100 mA of rail current. 



3. The ATP signal level produced by the test unit and the coupling to the ATP receiver 
coils shall simulate that the ATP does not respond to a cab signal with an equivalent rail 
current between 50 to 60 mA. 



4. The speed-sensor simulator output from the test unit shall be presented to the speed-
sensor inputs of the overspeed protection and speed regulation equipment through 
suitable isolation circuitry. The resultant signal level applied to the overspeed protection 
and speed regulation equipment shall equal the normal operating signal level, ± 5%. The 
speed frequency shall be less than or equal to 0.5 mph increments and shall be 
compensated with the wheel wear setting on the vehicle. 
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20.2.2.5 Daily Safety-Testing Process 



Integrated on-board DST circuitry shall be provided. 



1. The features and systems tested shall be, as a minimum, consistent with the Authority’s 
existing DST procedures. 



2. The DST shall not produce any conditions that result in an unsafe failure.  



3. The DST circuitry shall check all functions, as appropriate, related to the B-car Hostler 
panel. 



4. During the test, the following seven ATC functions shall be checked in all applicable 
modes: 



a. Cab signal reception and decoding 



b. Overspeed protection 



c. Rollback protection 



d. Motion-sensor failure protection 



e. Door operation. 



f. Program Station Stop wayside marker coil reception 



g. Train-to-Wayside Communication 



5. The door operation test shall validate proper reception and decoding of the front-end 
and back-end receivers by injecting ATP signals generated by the DST circuitry. 



6. It shall be possible to conduct the DST from the middle cars of an eight or more train 
consist.  



7. The test circuitry shall operate automatically after initiation via a keyed switch and shall 
also be capable of manual step-by-step operation. 



8. Successful completion of the DST shall be visually indicated. 



9. The date and time of the latest successful DST shall be stored in memory for retrieval via 
a convenient means by maintenance or engineering personnel. 



10. Any additional features and systems proposed by the Contractor shall be subject to 
approval. 



20.2.2.6 Daily Safety-Test Design Review  



The Contractor shall ensure that the Daily Safety Test is consistent with the Authority’s existing 
DST features and procedures. 



1. As part of the Operational Characteristics Analysis, the Contractor shall witness the DST 
being performed on the existing vehicles.  
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2. The Contractor shall submit a report at the Conceptual Design Review that describes the 
existing DST features and procedures, and how the Contractor will emulate the existing 
DST features and procedures. (CDRL 20-5, ATC Daily Safety Test Design)  



3. The ATC Daily Safety Test Design document shall be updated at the Preliminary Design 
Review and the Final Design Review. 



4. The Daily Safety Test shall be tested as a Design Qualification Test at the Contractor’s 
test facility. 



5. The Daily Safety Test shall be tested as an On-site Qualification Test at three separate 
WMATA rail yard storage tracks. 



20.2.2.7 Interface to Car System 



The interfaces to other car systems shall be classified as vital and non-vital interfaces.  



1. Vital interfaces shall be in the form of vital relay contacts or an equivalent technique 
submitted for approval.  The vital interfaces shall include the following: 



a. Door control 



b. Full Service Braking 



c. Back end decoding 



d. Zero-speed detection 



e. Test isolation 



2. Non-vital interfaces shall be integrated with the network. The non-vital interfaces shall 
include the following: 



a. Propulsion and braking 



b. Vehicle Monitoring and Diagnostic System 



c. Event Recorder  



d. Train Network 



20.2.3 Door Control 



Door control circuits shall be provided in the ATP system to cause automatic opening and 
closing of the train doors on the platform side: 



1. Opening and closing shall be in accordance with the following: 



a. ATP commands from the wayside; 



b. Selected direction of movement of the A-car; 



c. On-board safety checks; and 
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d. The position of the Door Control Selector Switch described in Section 13.1.3, Door 
Control Selector Switch. 



2. Signals received by the controlling-car receiver of the train shall determine on which 
side of the train the platform is located, and shall also prove that the front-most side 
door of the train is within the platform limits. 



3. Signals received by the trailing-car receiver of the train shall prove that the rearmost side 
door of the train is within the platform limits and determine on which side of the train 
the platform is located. 



4. The output of the trailing-car receiver shall detect the presence of Code Rate 1 (3.0 Hz) 
and carrier frequency F1 or F2. Door control circuits in the controlling car shall monitor 
these signals to provide back-end status.  



5. A cycle check system is provided in the passenger stations via the Train-to-Wayside 
Communication (TWC) System, which shall be used to confirm that the train is located 
in a passenger station before the doors can be operated. This cycle check (Passenger 
Station Check) shall cause a vital signal in the door control logic to be generated to 
permit the doors to be operated if all other required conditions are being met. 



6. A momentary door open signal shall be applied to the Door Control Trainline Network 
to control the doors when all of the following conditions exist: 



a. The Door Control selector switch in the active cab is in a position permitting 
automatic opening of doors 



b. The Door Control buttons in the controlling cab are not depressed 



c. The ATP zero-speed detector is energized 



d. The Program Stop System is indicating the completion of a stop (Train Berthed) 



e. The Passenger Station Check via the TWC is complete 



f. A Door Control command is being received by the trailing-car receiver on the last 
married pair 



g. The fail-safe direction monitoring circuit on the controlling married pair is indicating 
that a direction of movement is selected 



h. A door control command is being received by the receiver on the controlling married 
pair 



i. “Brake Applied” relay is energized 



j. The carrier frequency of the door control command being received by the receiver on 
the controlling married pair is the opposite of the carrier frequency of the door 
control command being received by the trailing-car receiver.  
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7. The Door-Open signal generated per conditions in 6.a through 6.j above shall be applied 
to the Door Control Trainline Network to control the doors on the console side of the 
controlling A-car under the following conditions: 



a. The fail-safe direction monitoring circuit of the controlling married pair indicates 
that the A-car is conditioned for forward movement; and  



b. The Open-Right-Doors command is being received by the  receiver of the controlling 
married pair. 



8. The door open signal generated per conditions 6.a through 6.j above shall be applied to 
the Door Control Trainline Network to control the doors on the non-console side of the 
controlling A-car under the following conditions: 



a. The fail-safe direction monitoring circuit of the controlling married pair indicates 
that the A-car is conditioned for forward movement; and  



b. The Open-Left-Doors command is being received by the receiver of the controlling 
married pair. 



9. A momentary Door-Close signal having a duration of 0.2 seconds to 0.75 seconds shall 
be applied to the doors on the side that was last commanded open when the following 
conditions exist: 



a. The door control selector switch in the controlling cab is in a position permitting 
automatic closing of doors 



b. The door control buttons in the controlling cab are not depressed 



c. Loss of: 



• The “Train Berthed” indication; or 
• The door control command at the front end 



10. If the door-control system provided by the Contractor uses magnetically-latched relays, 
an additional momentary Door-Close signal having duration of 0.2 seconds to 
0.75 seconds shall be applied to the door controls on both sides once motion is detected. 



11. Interfaces to the other car circuits shall allow complete manual override of the ATC door 
controls. 



12. The ATC System shall be interfaced to the door-interlock circuit such that a Full Service 
Brake application shall be enforced by the ATC system when any side door on the train 
is not fully closed and locked. 



13. The ATC System shall be interfaced to the battery box interlock circuit such that a Full 
Service Brake application shall be enforced by the ATC System when the battery box 
door is not fully closed and locked. 



14. Loss of the door interlock or battery box interlock with the train in motion shall result in 
a Full Service Brake application that shall be enforced until the train reaches zero-speed. 
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15. Operation of the Door/Traction Interlock Bypass switch to the Bypass position shall 
inhibit ATO operation and the ATC system control of doors. 



20.2.4 Door Enable 



Door Enable functionality shall be provided to prevent manually opening the doors on the 
incorrect side of the platform. During a station stop only the doors on the platform side shall be 
enabled, and the doors on the non-platform side shall be disabled. 



1. The Door Enable function shall be active in the Automatic mode of operation and the 
Manual with ATP mode of operation. The Door Enable function shall not be active in the 
Manual with ATP Cutout mode of operation. 



2. Door Enable circuitry:  



a. Shall enable opening of the doors by the manual door open pushbuttons on the 
platform side. 



b. Shall disable opening of the doors by the manual door open pushbuttons on the non-
platform side. 



c. Shall not affect manual or automatic closing of the doors. 



d. Shall be active only during mainline operation. 



3. Enabling the doors to be opened manually shall be accomplished by checks made by the 
ATC system or by Operator intervention. 



4. Manual door pushbutton status (Active and NotActive) shall be indicated to the 
Operator.  



5. A two-position Door Enable bypass switch shall be provided. 



20.2.5 Automatic-Manual Circuits 



An Automatic-Manual circuit shall be provided to condition the ATC system for the proper 
mode of operation by the positioning of the manually-operated controls described in 
Section 11.7, Operator’s Console, and Section 11.16, Hostler Panel. 



20.2.5.1 Automatic Mode Train Operation 



Automatic mode of operation shall be possible only with the A-car as the controlling cab. 



1. The Automatic-Manual circuit shall condition the ATC system for ATO when all of the 
following conditions exist: 



a. The Master Controller is in the Auto/Store position 



b. The Control Lock in only the A-car console is in the On position (this shall determine 
the control cab) 



c. The Mode Direction switch in the controlling cab is in the Auto position 
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d. ATP speed commands are being received and decoded 



e. Zero-speed is detected 



f. Brake Applied relay is energized 



2. When the ATC System is conditioned for the Automatic Mode, the Automatic indicator 
on the Operator’s control console shall be energized. 



3. Once conditioned in the Automatic Mode, the ATC System shall remain in that mode of 
operation until any of the following conditions exist: 



a. The Master Controller is no longer in the Auto/Store position 



b. The Control Lock is no longer in the On position 



c. The Mode Direction switch is no longer in the Auto position 



d. A rollback condition is detected 



e. The ATP Cut-Out switch is actuated 



f. Dynamic Brake Cut-Out switch is actuated 



g. ATO Stop switch is actuated 



h. Door/Traction Interlock Bypass switch is actuated 



i. Power Knockout (Brake Release Interlock Bypass) switch is actuated 



j. All-Doors-Closed-and-Locked interlock is lost 



k. Battery Box interlock is lost 



l. PSS error “97”, “98” or “99” is annunciated (as described in Section 20.3.4.5, PSS 
Monitoring) 



4. Upon loss of Automatic Mode the ATO Start indicator shall illuminate. 



5. An Automatic mode indicator shall also be provided on both the exterior right side and 
left side of the A-car. 



20.2.5.2 Manual with ATP Mode Operation 



Manual with ATP mode of operation shall be possible with either the A-car or the B-car in 
control. 



1. With the A-car the controlling cab the Automatic-Manual circuit shall condition the ATC 
system for Manual with ATP Mode when all of the following conditions exist: 



a. The Control Lock in only the A-car console is in the On position (this shall determine 
the control cab) 



b. The Mode Direction switch in the controlling cab is in the Man/Fwd position 



c. Zero-speed is detected. 
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2. With the B-car the controlling cab the Automatic-Manual circuit shall condition the ATC 
system for Manual with ATP Mode when all of the following conditions exist: 



a. The Control Lock in only the B-car Hostler Panel is in the On position (this shall 
determine the control cab). 



b. The Hostler Controller in the controlling cab is in the Maximum Service Brake 
position. 



c. Zero-speed is detected. 



3. When the A-car is the controlling cab and the ATC System is conditioned in Manual 
with ATP Mode, the Manual indicator on the Operator’s control console shall be 
energized. Once conditioned in Manual with ATP Mode, the ATC System shall remain 
in that mode of operation until any of the following conditions exist: 



a. The Control Lock is no longer in the On position. 



b. The Mode Direction switch is no longer in the Man/Fwd position (A-car only). 



c. The ATP Cut-Out switch is actuated. 



4. The Automatic-Manual circuits shall condition the ATC system to permit manual 
operation after stopping, while the system is conditioned for manual operation and no 
ATP speed command is being received. 



a. The manual operation speed shall be adjustable from 5 mph to 15 mph in 1 mph 
increments. 



b. The initial speed setting shall be 10 mph. 



c. The speed setting shall be established in a vital manner and governed by the ATP 
subsystem. 



d. This mode of operation shall be termed Stop and Proceed and shall become effective 
when all the following conditions exist: 



• The ATC System is conditioned in the Manual with ATP Mode 
• The Master Controller in the controlling cab is in the Full Service Brake or 



Maximum Service Brake position (A-car only) 
• The Hostler Controller in the controlling cab is in the Maximum Service Brake 



position (B-car only) 
• Zero-speed is detected 
• No ATP speed command is being received (A-car only) 
• Confirmation by the Operator that Stop and Proceed is desired 
• Confirmation is achieved by acknowledgement of a single digit confirmation 



code (1 through 9 only). The digit is different for each Stop and Proceed request. 



e. Entry into Stop and Proceed shall be indicated to the Operator by the Regulated 
Speed display switching from alternately displaying the Stop and Proceed 
confirmation code to displaying the Stop and Proceed speed limit and “00”; each 
shall be displayed for 400 ms. The Stop and Proceed speed limit shall be displayed 
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for two cycles as a confirmation to the Operator, and then display “00” for the 
duration that Stop and Proceed is active. 



f. The Stop and Proceed confirmation code entry shall not interfere with any other 
function, including the ability to enter the train number or train destination. 



Once conditioned for Stop and Proceed, the ATC system shall remain in that mode until any of 
the following conditions exist: 



1. An overspeed condition is detected (actual train speed exceeds the Stop and Proceed 
speed). 



2. An ATP speed command is received (A-car only). 



3. The system is no longer conditioned in Manual with ATP Mode. 



20.2.5.3 Manual with ATP Cut-Out Mode Operation 



Manual with ATP Cut-Out mode of operation shall be possible with either the A-car or the B-
car in control. All ATP control shall be bypassed when ATP Cut-Out mode of operation is 
activated. 



1. With the A-car the controlling cab the Automatic-Manual circuit shall condition the ATC 
system for Manual with ATP Cut-Out Mode when all of the following conditions exist: 



a. The Mode Direction switch is in the Manual-Forward or Manual-Reverse position 



b. The Master Controller is in the Full Service Brake or Maximum Service Brake 
position 



c. Zero-speed is detected 



d. The ATP Cut-Out switch is moved to the ATP Cut-Out position 



2. With the B-car the controlling cab the Automatic-Manual circuit shall condition the ATC 
system for Manual with ATP Cut-Out Mode when all of the following conditions exist: 



a. The Hostler Controller is in the Maximum Service Brake position 



b. Zero-speed is detected 



c. The ATP Cut-Out switch is moved to the ATP Cut-Out position 



3. Once the ATC system is in Manual with ATP Cut-Out Mode, it shall remain in that 
mode until: 



a. The Mode-Direction switch is returned to the Auto/Store position (A-car only), or  



b. The Control Lock is no longer ON. 



4. When the ATC system is in Manual with ATP Cut-Out Mode, the console and Hostler 
Panel ATP Cut-Out indicator shall be energized.  An ATP Cut-Out indicator shall also 
be provided on both the exterior right side and left side of the A-car. 
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5. If the ATC system is not conditioned for one of the operating modes described above, a 
Full Service Brake application shall be enforced. 



20.2.6 Braking Interface 



A braking interface shall be provided to initiate and enforce Full Service Brake applications. Full 
Service Brake is the vital command of a B4 brake rate initiated by the ATP system and enforced 
by dropping the Full Service Brake Trainline. 



1. Full Service Brake applications shall be initiated by any of the following: 



a. Loss of speed-command reception 



b. Overspeed condition 



c. Change in Automatic-Manual status 



d. Actuation of the ATO Stop button while in ATO mode 



e. Actuation of the emergency braking system 



f. Loss of door-check signal 



g. Loss of battery box closed signal 



h. PSS error “97”, “98” or “99” (as described in Section 20.3.4.5, PSS Monitoring) 



i. Rollback detection 



2. Commands for Full Service Brake applications shall be through the electric Full Service 
Brake trainline wire and the train network, as specified in Section 16.4.8, Service 
Braking. 



3. In Automatic Mode, Full Service Brake applications initiated by loss of speed-command 
reception shall be enforced until speed-command reception is resumed. 



4. In Manual with ATP Mode, Full Service Brake applications initiated by loss of speed-
command reception shall be enforced until speed-command reception is resumed, and 
the Master Controller or Hostler Controller is placed in the Full Service Brake or 
Maximum Service Brake position, or the ATC System is conditioned for Stop and 
Proceed. 



5. Full Service Brake applications initiated by overspeed protection shall be enforced as 
specified in Section 20.2.2.3, Speed Enforcement. 



6. Full Service Brake applications initiated by the Automatic-Manual circuits shall be 
enforced until the ATC System is once again conditioned for an operating mode and the 
ATO Start button is actuated if the operating mode is Automatic.  



7. Full Service Brake applications initiated by actuation of the ATO Stop button, the 
emergency braking system, loss of door check, loss of battery box check, or rollback 
detection shall be enforced until the initiating condition no longer exists, zero-speed is 
detected, and the ATO Start button is actuated. 
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8. When actuation of the ATO Start button is required to initiate brake release, such as after 
transfer to automatic operation or after actuation of the ATO Stop button, the ATO Start 
indicator on the Operator’s control console shall be energized immediately following 
loss of the Automatic indicator. 



9. The ATP interface to the brake control shall be through vital relay contacts. 



20.2.7 Microprocessor-Based ATP System 



20.2.7.1 General 



The ATP functions shall be carried out by a microprocessor-based system. 



1. The microprocessor and its support logic equipment shall perform all functions required 
by the design of the device for which it is used. 



2. In the event of a general failure affecting the microprocessor system or any of its 
communications links, the outputs from the system shall ensure that the system adopts a 
safe state. 



3. The microprocessor-based ATP subsystem shall be of a type that has been proven in 
revenue service in an environmentally-similar transit system for a minimum of two 
years prior to reception of the bid. Any product improvements that the Contractor 
wishes to make in the offered equipment (over and above the equipment), that has 
actual revenue experience, shall be subject to approval. 



20.2.7.2 Hardware 



Contractor shall comply with the following requirements: 



1. Hardware shall comply with the requirements of Section 24, Materials and 
Workmanship, except where stated in this Section. 



2. Logic units shall consist of a microprocessor and all necessary memory storing, interface, 
and control devices. 



a. The microprocessor shall be supplied with the instruction sets and internal registers 
necessary for execution of its programs. External bulk memory storing devices for 
program execution are prohibited, including cassettes, disks, CD ROMS, and tapes. 



b. The memory shall have adequate capacity to meet system requirements, including a 
minimum of 30% spare capacity over the requisite initial system memory 
requirements. 



c. Memory shall consist of the following types, intermixed as required: 



• Static Random Access Memory (RAM); 
• Flash Memory; 
• Mask-programmed Read Only Memory (ROM); and 
• Programmable, ultra-violet-erasable or electrically erasable Read Only Memory 



(PROM, EPROM, EEPROM). 
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3. Systems that perform real-time control functions necessary for the safe or reliable 
operation of the rapid rail system shall provide integrity checks for all data and 
programs stored in PROMs, EPROMs, EEPROMs, and any other memory devices. 



a. The check shall consist of a cyclic redundancy check (CRC) of the memory contents 
performed either as a background task, or on receipt of a periodically generated 
processor interrupt. 



b. Memory-related integrity checks shall be executed minimum once every 5 minutes. 
If an integrity check fails, the unit shall immediately provide an indication that it has 
failed, switch all outputs to their most restrictive condition, and execute a processor 
halt instruction. 



4. If a memory device uses EEPROM technology, the erasure apertures of erasable-
memory storing-devices shall be covered by approved self-adhesive opaque labels. The 
labels shall clearly identify the memory content of the device, and the version number of 
the program or data it contains. 



5. All software configuration items shall have a label that identifies the software part 
number and revision. Revision labelling can be provided through electronic display, 
such as PIU, printed circuit board front panel display, or VMDS. 



6. Systems performing real-time control functions necessary for the safe or reliable 
operation of the carborne signaling system shall provide verification of output status, 
independent of the output port and its associated electronics. This verification port shall 
allow diagnostic software routines to recognize and identify specific output failures. 



20.2.7.3 Inputs and Outputs 



Contractor shall comply with the following requirements: 



1. Inputs and outputs shall incorporate opto-isolated circuits, or other approved method to 
isolate external circuits from the internal components of the circuit boards. 



2. The system shall have solid state outputs of suitable balanced power to drive relays, 
serial links, and parallel inputs to other microprocessor systems, or other devices as 
required. 



3. All systems shall include a quartz-crystal-controlled master clock for time various 
operations.  Where applicable, the clock shall be continuously monitored by an 
approved method. 



4. Microprocessor subsystems shall include a panel with LEDs and/or liquid crystal 
displays indicating the state of the system to maintenance forces. The displays shall 
comply with requirements of Section 24.27, Microprocessor-Based System Hardware. 



5. All equipment, including modules and connectors, shall be housed in such a manner as 
to preclude contamination from electrically conductive dust. 
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6. All equipment shall be capable of performing in the environment specified in Section 1, 
Performance Requirements.  Forced-air cooling fans to circulate air through the modules 
and over circuit boards are prohibited. 



7. Integrated circuits subject to revision of software shall be mounted in approved sockets 
as specified in Section 24.26.4, IC and Device Sockets, or other techniques where 
software can be uploaded without removing the integrated circuit from the printed 
circuit board. 



8. Components shall not require special grounding practices during troubleshooting, or for 
the replacement of boards or modules. 



20.2.7.4 Vital System Requirements 



Microprocessor systems employed in safety critical systems or subsystems shall be considered 
vital. The requirements of this Section must be complied with by those systems. 



1. Each vital system shall monitor on a continuous basis (at least once per 100 ms) that it is 
capable of executing its instruction set correctly, that the executive software and the 
application logic have not changed since installation of the system, and that databases 
are valid and not corrupted. Systems that revert to a more restrictive state in the event of 
corruption are acceptable. 



2. The system shall ensure that inputs are correctly recognized and not stuck in a less 
restrictive state, and that they are responsive to changes in the external input circuits. 



3. The system shall ensure that inputs and internal variables are current, and not “stale” 
data from previous operations. 



4. The system shall ensure that output devices are driven correctly and are responsive to 
changes in output status of the microprocessor-based equipment. No de-energized 
output shall be spuriously energized. 



5. Data exchanged between microprocessors shall be current and valid. 



6. Failure of the system to meet any or all of the above requirements shall result in a 
shutdown of the microprocessor and reversion to a restrictive state of all outputs. 



7. The microprocessor-based ATP system shall be equipped with its own regulated power 
supply.  The power supply shall be used solely for energizing the system itself and not 
for energizing other systems or associated equipment such as input or output relays or 
circuits. 



8. The equipment shall be protected against, and shall not malfunction or cause an unsafe 
condition due to power fluctuations of the carborne low-voltage power supplies, 
including but not limited to power dips and spikes, electrical noise, and radiation of 
externally generated electromagnetic energy. 



9. In the event of a power interruption, the system shall automatically reset to its normal 
operating mode upon restoration of input power. 
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20.2.7.5 Software 



Software, as a safety critical element of the ATP subsystem, shall meet both general 
requirements specified in Section 6, Software Quality Assurance, and the requirements outlined 
for vital systems in Section 20.2.7.4, Vital System Requirements. 



1. A Vital Software Validation Report shall be provided as part of the Software Quality 
Assurance Documentation according to the requirements of Section 6. (CDRL 20-6, 
System Vital Software Validation Report) 



2. Vital software validation shall be based on series of tests proving a fail-safe feature of 
software design. 



20.3 AUTOMATIC TRAIN OPERATION 



20.3.1 General 



An ATO subsystem shall be provided to perform the functions of automatic speed regulation 
and program station stopping. 



The speed measurement, comparison, and computation logic required to perform the function 
of this subsystem shall be performed through the use of microprocessor technology. 



20.3.2 Automatic Speed Regulation 



The automatic speed regulation equipment shall use microprocessor technology and solid-state 
digital logic circuits for speed measurement, speed comparison, and cab display drives. 



The speed regulator shall use a controlled feedback loop that compares the vehicle speed to the 
target speed. The vehicle speed shall be updated at a minimum every 100 ms. The vehicle speed 
update frequency shall be based on the target speed.  



The ATO subsystem shall regulate the train speed to +0/-4 mph of the target speed. 



20.3.2.1 Speed Sensing 



The ATO speed sensor shall be identical to the ATP speed sensor and shall be installed on one 
of the A-car axles in an identical manner to the ATP speed sensor installation. Refer to 
Section 15.5.8, Speed Sensing, for locations of speed sensors. 
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20.3.2.2 Speed Measurement 



Contractor shall comply with the following requirements: 



1. ATO wheel wear adjustment shall be provided to compensate for wear of the wheels on 
the axle monitored by the ATO speed sensor. 



a. Adjustment shall be accomplished by means of a laptop computer or a multi-
positioned switch. 



• If a multi-positioned switch is used, a permanent label shall be provided, clearly 
showing the wheel-size range for which each numbered position compensates. It 
shall be affixed to a readily visible surface near the switch. 



• Sufficient steps shall be provided for wheel wear compensation to provide an 
overall speed measurement accuracy of ± 1% from 25 mph to 75 mph, and 
± 0.25 mph below 25 mph. 



b. The wheel wear adjustment shall be checked and compensated by means of an 
automatic feature.  



• This feature shall compare a known distance, such as the distance between two 
wayside marker coils, with the distance measured by the ATO system.  



• Automatic adjustment is warranted when the distance comparison indicates that 
the station stopping accuracy requirement will not be met. 



c. The wheel wear adjustment shall be communicated to other car systems. 



2. The length of the sample time and the system configuration shall be such that the 
response time from recognition of ATP command change to control command for the 
proper vehicle response shall be 200 ms maximum. 



20.3.2.3 Speed Comparison 



The automatic speed regulator shall determine the train target speed by receiving the speed 
commands from the ATP System, the performance speed circuitry in the ATS subsystem, and 
the program station stopping profile. 



1. To determine the target speed, prior to each sample time, the ATP speed and the ATS 
speed shall be compared and the lower speed shall be selected. 



2. Before the ATS speed is updated from the TWC receiver, the ATS speed shall be set at a 
default value. The default value shall be an adjustable parameter initially set at 49 mph.  



3. The speed thus selected (regulated speed), shall be further compared with the program 
station stop profile speed and the lower selected as the target speed. 



4. To prevent overshoot, the regulated speed shall be offset by a fixed amount for 
comparison to the profile velocity. 



5. The selected speeds shall be stored for the duration of the sample time to avoid errors in 
speed comparison due to a change in commands. 
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6. The target speed shall be input to the speed comparison algorithm. The regulated speed 
shall be converted to the proper form and output to a separate digital speed display in 
the cab. 



7. The target speed shall be compared to the actual train speed. Commands shall be sent to 
the propulsion/braking control system to maintain the regulated speed to a tolerance of 
+0/-4 mph. 



20.3.2.4 Motoring/Braking Control Logic 



Contractor shall comply with the following requirements: 



1. When the target speed is either the ATP speed or the ATS speed, acceleration rates 
selected to cause the train to accelerate to, and be maintained within, the band of 
+0 mph to -4 mph of the target speed, shall be determined by the speed regulation 
algorithm. 



2. When the target speed is the program stop profile speed, the tolerance shall be that 
required to provide the specified accuracy of the station stops. The speed regulation 
algorithm shall make use of the results of the comparison, the target speed, and the 
grade and curve data in making the determination. 



3. The number of changes in acceleration rates shall be held to a minimum.  The number of 
changes resulting in a decrease in either positive or negative tractive effort shall be kept 
to a minimum. 



4. Provisions to minimize tractive effort changes shall include, but are not limited to the 
following: 



a. Logic to prevent overshooting when the target speed is changed. 



b. Damping by providing hysteresis on all control commands. 



c. Minimizing the effects of slips, slides, and electrical noise by requiring that rates be 
changed only after two consecutive sample time results call for the same change, or 
one of the two results calls for a greater change in the same direction. 



5. The train shall, under all possible grade conditions, experience no more than four 
undesirable changes in tractive effort per minute averaged over the duration of test runs 
between Silver Spring and Dupont Circle. 



20.3.2.5 Rate Control 



The automatic speed regulator shall limit the requested positive rate of acceleration in 
accordance with the ATS performance acceleration control (power limit) received via the ATS 
subsystem. 



1. The absence of the power limit signal shall result in maximum acceleration during 
motoring requests. 
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2. The presence of the power limit signal shall result in an acceleration of 50% of maximum 
during motoring requests. 



20.3.2.6 Interfacing 



Acceleration and braking controls shall provide a continuous control rate between an 
established minimum and maximum level for both motoring and braking. 



1. All acceleration and deceleration levels shall be selected by issuing control commands to 
a train network as specified in Section 15.6, Acceleration and Braking Controls. 



2. The configuration of the interface shall be such that in ATO, control commands applied 
to the train network shall be supplied from the ATC system. 



a. In the Auto/Store position of the Master Controller, all contacts used to control rates 
shall be open to preclude runaround paths. 



b. In Manual Mode, control commands to the train network shall be supplied from 
either the console in the Operator’s cab or the Hostler Control Panel, but shall be 
routed through the ATC equipment for brake enforcement. 



c. Circuitry shall be arranged to interface the ATO control command circuitry to the 
motoring/braking control only when the Automatic mode is active. 



20.3.3 Maximum Train Speed in Manual Mode of Operation 



While in the Manual mode of operation the ATC shall compare the regulated ATS speed 
received from the ATS subsystem to the train speed and limit the maximum train speed to the 
regulated ATS speed. 



1. This functionality may be achieved in either a vital or a non-vital manner. 



2. The ATC speed display shall indicate the ATS speed in the Manual mode. 



3. The ATS speed shall be compared to the actual speed and a B4 rate shall be commanded 
by the ATC when the actual train speed exceeds the ATS speed. 



4. The B4 rate command shall override the Master Controller position. 



5. It is permissible for the B4 rate command to be achieved either by dropping the Full 
Service Brake vital relay or by the ATO subsystem commanding a B4 rate. 



6. The B4 rate shall remain in effect until the train is under the regulated speed and the 
Master Controller has been placed into the B4 or B5 position. 



7. Under all circumstances, the ATP limiting speed shall be the maximum allowable speed. 



8. In addition to how the overspeed alarm responds to an ATP overspeed in the Manual 
mode, the overspeed alarm shall sound each time the train speed exceeds the regulated 
speed. The alarm shall persist until the Master Controller is placed into the B4 or B5 
position. 
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9. If no ATS speed is received and validated at a station or flyby transmitter, the ATS speed 
shall remain at the previous value. If no ATS speed is received at the initial station, the 
ATS speed will be the default value. 



10. The regulated speed shall be conveyed to the Event Recorder. 



20.3.4 Program Station Stop (PSS) 



20.3.4.1 PSS System Description 



The Program Station Stop (PSS) equipment shall cause the train to decelerate smoothly to a stop 
at a passenger station, properly aligned with the required location at the platform. 



1. The PSS profile shall be consistent with the Authority’s existing operating schedules. 



2. Stopping locations shall be as follows: 



a. Four-car trains shall be required to stop with their front ends aligned with the 
platform centerline, with their front ends aligned with the leaving end of the 
platform, or with their centerlines aligned with the platform centerline, all as 
determined by signals received from the wayside markers. 



b. Six-car trains shall be required to stop with their centerlines aligned with the 
platform centerline, with their front ends aligned with the leaving end of the 
platform, or with their trailing ends aligned with the entering end of the platform. 



c. Eight-car trains shall always stop with their centerlines aligned with the platform 
centerline. 



3. Station stop accuracy shall be ± 3.5 feet for 99.999% of stops. 



4. The PSS equipment shall have the capability of causing the train to skip any station stop 
when so commanded by: (1) Central Control via signals received from the wayside 
markers, or (2) the Operator when the Station Stop Cancel pushbutton is depressed. 



5. Operation of the carborne PSS equipment shall be initiated by wayside markers located 
at distances of 2,700 feet, 1,200 feet, and 484 feet from the platform centerline. Where 
stations are less than 3,000 feet apart, the 2,700-foot marker will be eliminated and ATP 
speed limits set to ensure that the train speed at the 1,200-foot marker is equal to or less 
than the speed required for executing a reliable program stop from the 1,200-foot 
marker. A typical marker arrangement is shown in Contract Drawing 8000-34, Typical 
Marker Arrangements. 



6. Program station stops shall be conducted in accordance with predetermined speed-
distance profiles.  



a. The profile selected for a station stop shall be a function of the following: 



• Train length. Data shall be as determined by the train length circuits in the ATS 
System. 
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• Targeted train-platform alignment. This shall be determined by the marker 
recognition circuits and shall not be affected by grades and curves on the station 
approach. 



• Value of acceleration due to grades and curves. 



b. The nominal deceleration rate used in generating the profiles shall be an agreed-to 
rate that approximates 1.8 mphps. 



c. The profile from the 484-foot marker to the stopping positions shall assume an 
acceleration due to grades and curves of zero. 



d. The profile from the program station stop initiation point to the 484-foot marker 
shall be influenced by the value of acceleration due to grades and curves. This value 
shall be a representation of the grade and curve conditions between the initiating 
marker and the 484-foot marker. The value shall not be changed at intermediate 
recalibration markers. 



e. Resolution of the profile reproduction shall be such that the overall system accuracy 
(± 3.5 feet of stopping position) shall be maintained with a minimum number of 
brake-level changes. 



f. The distance-traveled data, required to reproduce the profile, shall be obtained by 
counting the output pulses from the speed sensor used for automatic speed 
regulation. 



7. The PSS equipment shall generate the Train Berthed signal to be transmitted to wayside 
via the TWC System. 



a. The Train Berthed signal shall be initiated as noted below, or when the train has 
completed a Program Station Stop, and shall be maintained until the PSS equipment 
is reset. 



b. The point on the stopping profile at which the Train Berthed signal is to be initiated 
shall be adjustable to occur at a profile speed of from 0 mph to 7 mph. The setting 
shall allow minimum time between no train motion and doors opening while 
allowing the train to reach its ATO determined stopping position before removal of 
the wayside ATP speed commands cause the train to stop short. 



c. The time between no train motion (zero-speed) and doors opening (door check lost) 
shall be between 1 and 2 seconds. 



8. The PSS equipment shall be reset on the loss of Door-Open command reception at the 
front of the train, or upon actuation of the Station Stop Cancel pushbutton. 



9. Actuation of the Train Berthed pushbutton shall cause the Train Berthed output of the 
PSS equipment to be energized and remain energized until the Program Station Stop is 
reset. 



10. PSS triggering shall also occur in the Manual mode of operation.  During the Manual 
mode of operation, the ATO system will trigger a PSS on detection of the wayside 
markers and calculate distance to go to the target stop in the background.  If an Operator 
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changes from Manual to Auto mode after passing the PSS trigger point, the ATO system 
shall proceed with a PSS. 



11. The ATO shall log valid, missed or invalid wayside PSS markers.  The logging shall be 
either a part of or coordinated with the track map. The log shall consist of a database 
capable of storing 48 hours of wayside marker information. The information shall 
consist of the wayside marker location, wayside marker frequency and wayside marker 
signal reception amplitude. The log shall be retrievable by the PTU. The PTU shall 
contain an analysis tool used by the Authority’s maintenance to identify wayside 
markers for possible adjustments or replacement.  



20.3.4.2 PSS Indicators 



Indicators shall be provided in the Operator’s cab to enable the Operator to monitor the 
operation of the PSS equipment. These indicators shall be energized from the PSS equipment as 
follows: 



1. Program Stop indicator: This indicator shall be energized upon initiation of a Program 
Station Stop and shall remain energized until the stop is completed (removal of Door-
Open Command), or until cancellation of the stop by the Station Stop Cancel 
pushbutton. 



2. Skip Stop indicator: This indicator shall be energized upon receipt of a Skip Stop signal 
and shall remain energized until the platform marker is received. 



3. Program Station Stop Aborted indicator: This indicator shall be energized upon receipt 
of PSS profile malfunctions that would result in a station overrun. See Section 20.3.4.5, 
PSS Monitoring. 



20.3.4.3 PSS Markers 



Marker reception equipment shall be provided to respond to the wayside markers and perform 
the logic required to interpret the markers. 



1. The marker reception equipment shall have sealed, weather-tight connections with a 
pre-amp within 10 feet of the signal pick-up coil for signal boosting to improve system 
performance. 



2. Equipment mounting shall be such as to enable removal and installation within 10 
minutes. Refer to Contract Drawing 8000-33, ATC Undercar Equipment Layout, for 
location of the marker receiving coil. 



3. The wayside system is organized so that four marker positions are used at each station 
for each direction of approach. 
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4. The wayside markers, which shall be detected by the marker reception equipment, are 
tuned circuits, the inductance of which is an air-core coil with an inside diameter of 
approximately 11 inches. 



a. The coil is the coupling element to the carborne equipment and is located between 
the running rails with its axis vertical. 



b. The top edge of the coil is between 0.5-inch and 1.75-inches below top of the rail. The 
relationships between the coil center and the track centerline are as follows: 



Radius of Curve (feet) Offset from Centerline1 
(inches) 



Tangent to 5,000 0 
5,000 – 2,000 2 
2,000 – 1,500 3 
1,500 – 1,100 4 
1,100 – 900 5 
900 – 700 6 



 
Notes to Table: 



1. Offset from centerline of track is toward the outside of the curve. 



20.3.4.4 PSS Marker Validation 



Each wayside marker location (except the 160-foot marker) consists of two independent, tuned-
circuit members. This configuration is used to provide for running in either direction and to 
provide the required amount of data with fewer frequencies. 



The determination of marker validity for the direction of travel shall be accomplished as 
described below: 



1. When a wayside marker member (tuned circuit) is detected by the marker reception 
equipment, it shall be stored and a distance window shall be created to condition the 
equipment to respond to a second member after traveling a distance of between 2.5 feet 
and 20 feet. 



2. If the first member detected and stored is F1 through F5, it shall be assumed that the 
marker pair is valid for the direction of travel. If the first member detected and stored is 
F6 through F10, it shall be assumed that the marker pair is invalid for the direction of 
travel. 



3. After detection of the second member or after traveling a distance of 20 feet from the 
first member, the valid marker data shall be transferred to the proper circuitry to be 
acted upon and the marker validation circuitry shall be cleared in preparation for 
detection and validation of the next marker. 



4. The system shall be provided with a check feature to ignore F1, F2, and F3 markers that 
are detected after receipt of any valid one of the three. 











Section 20, Automatic Train Control 



WMATA 8000 Series Railcars  20-33 Technical Specifications 



5. Failure to detect marker members shall result in the following: 



a. Failure to detect first member of any marker except the 484-foot marker:  No action. 



b. Failure to detect first member of the 484-foot marker:  Simulate the detection based 
on distance traveled after detection of the 1200 foot marker. 



c. Failure to detect second member when first member is F1 or F5:  Simulate detection 
of F10. 



d. Failure to detect second member when first member is F2 or F3:  Simulate detection 
of F9. 



6. Data received from specific station stopping markers is shown in Exhibit 20-2. 



7. Frequency assignments are shown in Exhibit 20-3. 



Exhibit 20-2, Data Received from Specific Station Stopping Markers 



Marker Function 
2,700-Foot Marker: 
1st Member Always tuned to F1 



Initiates PSS 
Initializes “Type A” stop logic 
Indicates 2700 feet from platform centerline 



2nd Member Conveys grade information.  Tuned to one of five frequencies: F6, F7, F8, F9 
or F10 



1,200-Foot Marker: 
1st Member Always tuned to F2 



Initiates PSS in absence of 2,700-foot marker 
Indicates 1,200 feet from platform centerline 



2nd Member Sets the type of stop logic 
Tuned to one of four frequencies:  F6, F7, F8, or F9 (tuning is controlled by 
the wayside station control logic as required) 



484-Foot Marker: 
1st Member Always tuned to F3 



Sets the grade storage logic to zero grade 
Initiates PSS in the event of a turnback move 
Indicates 484 feet from platform centerline 



2nd Member Sets the type of stop logic 
Tuned to one of four frequencies:  F6, F7, F8, or F9 



160-Foot Marker: 
 Always tuned to F4 



Resets the Skip Stop logic 
Indicates 160 feet from the platform centerline 
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Exhibit 20-3, Frequency Assignments 



Freq 
ID 



Nominal 
Frequency 



Center 
Frequency 



Tolerance Information Conveyed 



F1 110 kHz 109.48 kHz 106.98/111.98 kHz 2,700-foot marker 
Grade change annunciator 



F2 100 kHz 99.22 kHz 96.72/101.72 kHz 1,200-foot marker 
F3 92 kHz 90.84 kHz 88.34/93.34 kHz 484-foot marker 
F4 170 kHz 170.43 kHz 167.93/172.93 kHz 160-foot marker 
F5 120 kHz 119.68 kHz  117.18/122.18kHz Grade change annunciator 



F6 130 kHz 129.82 kHz 127.32/132.32 kHz 
Skip stop if first member of pair was F2 or F3 
Maximum (2.5 to 4.0%) upgrade if first 
member of pair was F1 or F5 



F7 140 kHz 139.96 kHz 137.46/142.46 kHz 



Type A stop (front of train to centerline of 
station) if first member of pair was F2 or F3 
Intermediate (0.75 to 2.5%) upgrade if first 
member of pair was F1 or F5 



F8 160 kHz 160.43 kHz 157.93/162.93 kHz 



Type B stop (front of train to leaving end of 
station) - if first member of pair was F2 or F3 
Zero (± 0.75%) grade if first member of pair 
was F1 or F 



F9 180 kHz 180.74 kHz 178.24/183.24 kHz 



Type C stop (centerline of train to centerline 
of station) if first member was F2 or F3 
Intermediate (0.75 to 2.25%) downgrade if 
first member of pair was F1 or F5 



F10 150 kHz 150.12 kHz 147.62/152.62 kHz Max. (2.25% to 4.0%) downgrade if first 
member of pair was F1 or F5 



 



20.3.4.5 PSS Monitoring 



The PSS system shall include software algorithms to monitor the performance of the vehicle 
while it is in the PSS profile and detect malfunctions that will result in station overruns.  



1. If such malfunctions are detected, the following shall occur: 



a. The vehicle shall be commanded to Full Service Brake until it comes to a stop.  



b. The train shall drop out of the Automatic mode. 



c. A PSS Aborted indicator shall be displayed to the Operator. 



2. A software algorithm shall be added to check and monitor the PSS flag. 



a. The software shall verify each transition of the flag from a high to low state. 



b. If the transition was made for a valid reason such as (1) receipt of a cancel-station-
stop command from the Operator’s console or from a wayside marker; or (2) receipt 
of an open-door command, no action would be taken. 











Section 20, Automatic Train Control 



WMATA 8000 Series Railcars  20-35 Technical Specifications 



c. Any transition for an invalid reason shall set the commanded speed to zero, 
command Full Service Brake to stop the train, drop out of Automatic mode, and give 
an indication to the Operator by displaying “97” in the speed readout. 



3. A software algorithm shall be added to check the distance-to-go counter for a sudden 
jump or increase during a programmed station stop. 



a. The algorithm sets two limits on the maximum distance-to-go update allowable, one 
for a wayside marker update and one for an update between wayside markers. 



b. Any distance-to-go update, either positive or negative, greater than the limit set for a 
wayside marker update, shall set the commanded speed to zero, command Full 
Service Brake to stop the train, drop out of Automatic Mode, and give an indication 
to the Operator by displaying “99” in the speed readout.  



c. Any distance-to-go update, either positive or negative, greater than the limit set for a 
jump in distance-to-go, shall set the commanded speed to zero, command Full 
Service Brake to stop the train, drop out of Automatic Mode, and give an indication 
to the Operator by displaying “98” in the speed readout.  



4. A diagnostic routine shall be incorporated into a data acquisition module to collect and 
store data that will identify the reason for a station overrun. 



a. The data shall include ATC, propulsion and braking information that will enable 
conclusive determination as to the cause of the overrun. 



b. The diagnostic routine shall be initiated either manually by the Operator or 
automatically when one of the following occurs: 



• The ATO Stop pushbutton or Emergency Stop pushbutton is activated; 
• The TWC long message is established then lost before no train motion occurs; or  
• Any logical sequence of events that indicates a station overrun has occurred, as 



determined by the Contractor. 



c. The date and time of the station overrun data shall be stored in memory for retrieval 
via a convenient means by maintenance personnel. 



20.3.4.6 Track Map 



A track map shall be provided to monitor and improve the performance of the marker reception 
equipment. 



1. The track map shall consist of a database that lists all wayside markers, station 
platforms, diverging junctions, converging junctions, pocket tracks, and terminals, with 
associated distances. 



2. The distances shall be referenced to the Authority’s chain markers and line. 



3. Track map: 



a. Shall compare every marker read and validated by the marker reception equipment 
to the marker, distance, and location contained in the Track Map.  
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b. Shall validate each wayside marker read by the marker reception equipment. 



c. Shall have the ability to negate false markers. A false marker is a marker read and 
validated by the marker reception equipment that is not contained in the Track Map. 



d. Shall have the ability to negate reverse direction wayside markers that are read as 
normal direction wayside markers. 



4. The Contractor may propose additional features that improve the performance of the 
marker reception equipment and the PSS equipment. Any feature proposed by the 
Contractor shall be subject to approval. 



5. The Contractor shall submit a description of the track map during the CDR, PDR, and 
FDR. 



20.3.4.7 Marker Reception Test Provisions 



Integrated on-board equipment and circuitry shall be provided to facilitate testing of marker 
reception. 



1. The test shall validate detection, decoding, and validation of marker frequencies F1 
through F10 at their lowest and highest frequency tolerance. Provision shall also be 
included to test the tuning (null) of the marker receiving coil. 



2. The test circuitry shall operate automatically and shall also be capable of manual step-
by-step operation. 



a. The test shall be initiated as either a subroutine of the Daily Safety Test or a separate 
test. 



b. Successful completion of the test or the reason for a test failure shall be visually 
indicated on the Train Control Display. 



c. The date and time of the latest successful test shall be stored in memory for retrieval 
via a convenient means by maintenance personnel. 



3. A separate test winding shall be incorporated in the marker receiving coil to simulate 
the wayside marker and facilitate injection of the marker frequencies generated by the 
test circuitry. 



a. As an alternate, a separate coil may be permanently mounted such that the test 
signals are inductively coupled to the marker antenna. 



b. In either case, the test windings or test coil shall not be energized through the same 
cable used by the operating system. 



4. Any additional features and systems proposed by the Contractor shall be subject to 
approval. 



20.4 AUTOMATIC TRAIN SUPERVISION 



An ATS subsystem shall be provided to interface with the Authority’s existing ATS System. The 
ATS subsystem shall consist of TWC and train length determination equipment. 
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20.4.1 Train-to-Wayside Communications 



The TWC system shall provide the communications link for the following ATS functions 
between trains and the wayside: 



Train-to-Wayside Wayside-to-Train 
Train Identification (ID) Train Identification (ID) 
Train Berthed Power Limit 
Train Ready ATS Speed Limit 
Passenger Station Check Passenger Station Check 
Train Length Platform ID 
Motion Detect  
All Doors Closed  
Manual Pushbutton Right  
Manual Pushbutton Left  
Doors Closed Right  
Doors Closed Left  
PSS Active  
ATP In  
Train in Automatic  



 
The TWC system shall be a continuous-scanning, time-division, multiplex transmission system 
in which communication transmitted to, and received from the wayside are time-shared. 



The carborne TWC system shall be inductively coupled to the wayside TWC system via coils on 
the cars. 



1. Refer to Contract Drawing 8000-33, ATC Undercar Equipment Layout, for the basic coil 
layout. 



2. The TWC transmit coil shall be constructed and dimensioned as the coils on the existing 
Authority cars. 



3. At wayside receiver locations other than fly-by locations, the area of effective two-way 
communications shall be at least 350 feet long. 



4. The carborne encoder shall receive parallel coded signals and shall convert these signals 
to form a serial output message.  Inputs to the encoder shall be: 



a. TRAIN NUMBER and TRAIN DESTINATION, in BCD code from the storage unit 



b. TRAIN LENGTH, from the Train Length circuit 



c. TRAIN READY, from the ATO START pushbutton  



d. TRAIN BERTHED, from the Program Station Stop System  



e. PASSENGER STATION CHECK, from the carborne door control circuit  



f. MOTION, from the motion detect/zero-speed function 



g. ALL DOORS CLOSED, from the door interlock circuit  
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h. MANUAL PUSHBUTTON RIGHT, from the operating cab right side door button 



i. MANUAL PUSHBUTTON LEFT, from the operating cab left side door button 



j. DOORS CLOSED RIGHT, from the right doors closed status input 



k. DOORS CLOSED LEFT, from the left doors closed status input 



l. PSS ACTIVE, from PSS software flag 



m. ATP IN, from ATP cut-out relay 



n. TRAIN IN AUTOMATIC, from the Automatic mode status. 



5. The encoder shall form a message in the following formats: 



Bit No. Short Message Format 
1-3 Message Prefix 
4-11 Word 1 (Train Destination) 
12 Parity, Word 1 
13-15 Message Suffix 



  
Bit No. Long Message Format 



1-3 Message Prefix 
4-11 Word 1 (Train Destination) 
12 Parity, Word 1 
13-24 Word 2 (Train Number) 
25 Parity, Word 2 
26 Manual Pushbutton Right 
27 Manual Pushbutton Left 
28 Doors Closed Right 
29 Doors Closed Left 
30 PSS Active 
31 ATP In 
32 Train in Automatic 
33 Spare 
34 Spare 
35-37 Spare 
38 Parity, Word 3 
39 Passenger Station Check 
40 Train Ready 
41 All Doors Closed 
42 Train Berthed 
43 Parity, Word 4 
44 Motion Detect 
45-47 Train Length 
48 Parity, Word 5 
49-51 Message Suffix 
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Message Configuration: 



1. The prefix bit configuration for the short message mode shall be MARK-SPACE-MARK. 
The prefix bit configuration for the long message mode shall be MARK-MARK-MARK. 
The suffix bit configuration for both long and short message modes shall be MARK-
MARK-MARK. 



2. The encoder shall output the message to the transmitter as a non-synchronous, return-
to-zero, serial code. There shall be a 100-ms pause between successive message 
transmissions.  The message shall start 60 ms after the transmitter is keyed ON and end 
20 milliseconds before the transmitter is keyed OFF. The bit rate shall be 100 bps. 



3. The encoder shall key the transmitter for the entire message transmission period. During 
the entire message transmission period, the encoder shall also inhibit the carborne 
receiver. 



4. The carborne encoder shall be arranged to transmit only Word 1, except when a reply is 
received from the wayside. After such a reply is received, all words shall be transmitted. 



5. The carborne TWC transmitter shall have a carrier frequency of 9,800 Hz and shall be of 
the return-to-zero, frequency-shift keying type. 



6. A frequency of 9,950 Hz shall be interpreted as MARK. A frequency of 9,650 Hz shall be 
interpreted as a SPACE.  Parity shall be ODD. 



7. Each TWC bit shall have a duration of 10 ms. The bit format shall be MARK or SPACE 
for the first 5 ms and return-to-zero (9800 Hz) for the second 5 ms. 



8. The transmitter output shall be adjustable.  The adjustment range shall be such that a 
minimum of 40 mA rms and a maximum circulating current of 45 mA rms at 9800 Hz 
shall be induced into the rails as circulating current between the train and a 0.06 ohm 
impedance located at a minimum of 250 feet from the train and at a maximum of 350 feet 
from the train. The transmit frequency tolerance shall be ± 0.5%. The adjustment shall be 
a parameter set by the PTU. Refer to Contract Drawing 8000-33, ATC Undercar 
Equipment Layout, for location of the transmit coil. 



9. The carborne TWC receiver shall be designed to receive the same type of signals as the 
transmitter produces. The receiver shall receive the signals from the wayside via the 
ATP receiving coils and convert the signal to a serial coded message to the carborne 
decoder. The receiver sensitivity and receiving coils (TWC winding on ATP coils) shall 
be such that a rail current of 90 mA rms shall be detected. The receiver shall have a 
dynamic range of 36.5 dB. 



10. The carborne TWC receiver shall decode as a valid bit a 10 ms sequence consisting of a 
MARK or SPACE for the first 5 ms and carrier (9800 Hz) for the second 5 ms. Only one 
bit shall be decoded every 10 ms. 



11. In-band noise shall not be decoded as a TWC bit unless it mimics a valid bit format. 
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12. The decoder shall check all words for proper parity and shall output each correct word 
to storage. In the case of Words 1 and 2, both must be valid before either is loaded into 
storage.  When the decoder determines that received words have bad parity, the 
information contained in the word with bad parity shall not be stored. 



13. All storages shall be reset to zero initially when the married pair becomes the controlling 
pair, except that the ATS speed shall be initialized at 49 mph. 



14. Both Word 1 and Word 2 storage shall provide continuous Train Destination and Train 
Number input data to the encoder and to the converter units used to drive the Train ID 
displays located in the controlling cab. 



15. Word 1 storage shall also drive an interface that shall output the destination to the 
destination sign interface. 



16. If a “bad” parity status is received for Word 1, Word 2, or Word 5, the respective error 
light located on the controlling cab console shall be energized and remain energized 
until valid data is received. 



17. Both Word 1 and Word 2 storages shall also have the provision to accept Train Number 
and Train Destination data provided from the Train ID selector switches located in the 
cab. 



18. The Contractor shall organize the input facilities of Word 1 and Word 2 storage to accept 
only Train Number and Train Destination data provided by the selector switches, 
whenever the Train ID selector switch is placed in the Manual position. When the Train 
ID selector switch is in the Auto position, the decoder shall provide the inputs to Word 1 
and Word 2 storages. 



19. The information contained in the received message shall be: Train Number; Train 
Designation; Platform ID; ATS Speed Limit; Power Limit; and Passenger Station Check. 



20. The received message format shall be as follows: 



Bit No. Short Message Format 
1-3 Message Prefix 
4-7 Word 5 (ATS speed limit) 
8 Word 5, Parity 
9-11 Message Suffix 



 
Bit No. Long Message Format 



1-3 Message Prefix 
4-11 Word 1 (Train Destination) 
12 Word 1, Parity 
13-24 Word 2, (Train Number) 
25 Word 2, Parity 
26-33 Word 3,(Platform ID) 
34-37 Word 3 (Spares) 
38 Word 3, Parity 
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Bit No. Long Message Format 
39 Word 4, (Passenger Station Check) 
40 Word 4, (Power Limit) 
41-42 Word 4, (Spares) 
43 Word 4, Parity 
44-47 Word 5, (ATS Speed Limit) 
48 Word 5, Parity 
49-51 Message Suffix 
20.4.2 Train Length Circuit 



 
A train length measuring circuit shall be provided to automatically indicate the number of cars 
in the train. The train length measuring circuit shall be configured to provide two-car, four-car, 
six-car, and eight-car outputs to the PSS, the Train ID Display, and the TWC Encoder. 



The train length data shall interface to the Train ID Display and to the TWC and Program Stop 
subsystems.  



20.4.2 TWC Transmission and Reception Test Provisions 



Integrated on-board equipment and circuitry shall be provided to facilitate testing of the TWC 
equipment. 



1. The test shall validate reception and decoding of the wayside short and long TWC 
messages and the carborne short and long TWC messages. 



2. The test circuitry shall operate automatically and shall also be capable of manual step-
by-step operation. 



3. The test shall be initiated as either a subroutine of the Daily Safety Test or a separate test. 



4. Successful completion of the test or the reason for a test failure shall be visually 
indicated on the Train Control Display. 



5. The date and time of the latest successful test shall be stored in memory for retrieval via 
a convenient means by maintenance personnel. 



6. The test shall use the onboard TWC transmit coil, receiver, encoder and decoder to 
transmit and receive the messages. 



7. During the test the TWC system shall perform the following: 



a. Encode and transmit wayside short and long messages and receive and decode the 
messages. 



b. Encode and transmit carborne short and long messages and receive and decode the 
messages. 



8. Each TWC bit shall be toggled during the test sequence. 
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9. The signal levels produced during the test shall be such that the signal with both 
receiver coils functioning properly simulates reception of 80 mA to 100 mA of rail 
current. 



10. The TWC encoder and decoder shall be reset after completion of the test. 



11. Any additional features and systems proposed by the Contractor shall be subject to 
approval. 



20.5 TEST AND DIAGNOSTIC REQUIREMENTS 



Contractor shall comply with the following requirements: 



1. The ATC equipment shall vitally establish the Test Mode during all ATC tests and 
vitally prohibit any simulated test signals to be generated during revenue service. When 
in Test Mode the ATC shall enforce a Full Service Brake application. The Contractor shall 
submit the Test Mode design for approval as part of the design review process.   



2. Test receptacles shall be provided as part of the ATC equipment to interface with all 
applicable portable test units and bench test equipment. 



3. Each ATC subsystem shall be provided with a comprehensive set of diagnostic 
capabilities, including internal health monitoring routines and diagnostic indications.  
Self-detected faults shall be displayed locally on the front of the equipment, and 
interface to the VMDS and portable test unit providing fault identification data to that 
equipment. 



4. Subsystem faults shall be self-detecting to the maximum degree possible (at least down 
to the circuit board or module level) and diagnostic and health status shall be indicated 
on either LCD displays, LED indicators, LED segment displays, or displays of similar 
technology. 



a. The displays shall be clearly visible from the front of the ATC equipment and shall 
be clearly labeled. 



b. Alternatively, the display shall spell out in text form the nature of the fault. 



c. The displays shall not be coded, and must be easily understood by a maintainer 
without reference to a manual or troubleshooting guide. 



5. A diagnostic system that uses two levels of detection is acceptable: 



a. The initial indication of a fault may be responded to by the Operator or maintainer 
pushing a button on the ATC equipment to initiate a more intensive diagnostic or 
self-test routine. 



b. The results of this test shall be displayed on the equipment display units and 
available via the portable test unit so that the line replaceable unit at fault is 
identified. 
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20.6 POWER SUPPLY 



The ATC system shall include all required power conditioning equipment to operate the ATC 
system. 



1. The power conditioning equipment shall operate from the car battery system.  



2. The power conditioning equipment shall be equipped with remote control such that the 
ATC system on each pair of the cars is energized when the Control Lock is in the On 
position in any control area of the train. 



3. Power conditioning equipment shall be capable of continuous operation at loads of 
125% of the maximum steady state ATC system load with input voltage between 
23 volts and 42 volts. 



4. Power conditioning equipment shall have built-in protection against the following: 



a. High and low input-voltage 



b. High and low output-voltage 



c. Overcurrent 



5. Power conditioning equipment shall have input-to-output isolation of 5 megohms 
minimum. 



6. Power conditioning equipment shall achieve regulation stability within one second of 
turn-on. 



7. Power conditioning equipment for the ATC system may be located under the car. 



20.7 MICROCOMPUTER 



Microcomputers used to perform Automatic Train Control functions shall conform to the 
requirements of Section 24.27, Microprocessor-Based System Hardware. 



The Contractor shall submit to the Authority for approval software quality assurance 
documents in compliance with the requirements of Section 6, Software Quality Assurance. 



20.8 VMDS INTERFACE 



The input and output signals from each critical system-performance-dependent equipment, 
together with its power supply voltage, shall be monitored and transmitted to the VMDS using 
the train network. 



A functional block diagram of the system and its equipment together, showing all signals that 
will be transmitted to the VMDS, shall be submitted for approval as part of the design review 
process. 



20.9 COMMUNICATIONS BASED TRAIN CONTROL 



The Contractor shall provide an Interface Control Document that describes how, in terms of 
capability, the specified ATC system could be replaced with a Communications Based Train 
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Control (CBTC) System. (CDRL 20-7, Interface Control Document for Communications Based 
Train Control) 



The Interface Control Document shall: 



1. Provide a list of the functions provided by the ATP, ATO and ATS subsystems, and 
describe how the same functions will be accomplished by a CBTC system.  



2. Provide a list of all internal and external interfaces with the specified ATC system. The 
document shall compare these interfaces with the interface requirements for a CBTC 
system. List any new interfaces required by a CBTC system. 



3. Specify what specified ATC system functionality cannot be met by a CBCT system and 
list the components of the specified ATC system that will be retained. 



4. Compare the specified ATC system power requirements with the CBTC system power 
requirements. 



5. Compare the specified ATC system space requirements with the CBTC system space 
requirements. 



6. Compare the specified ATC system wiring requirements with the CBTC system wiring 
requirements. The wiring requirements shall specify type and size of cable. 



7. Compare the specified ATC system equipment mounting and placement requirements 
with the CBTC system equipment mounting and placement requirements. 



8. Provide a functional block diagram of a CBTC system showing equipment placement 
and system interfaces. 



20.10 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 20-1, Safety Analysis of ATC ........................................................................................................ 2 
CDRL 20-2, ATC Operational Characteristics Analysis Test Setup .................................................... 6 
CDRL 20-3, ATC Operational Characteristics Analysis Test Report .................................................. 6 
CDRL 20-4, Vital Speed Measurement .................................................................................................. 11 
CDRL 20-5, ATC Daily Safety Test Design ........................................................................................... 14 
CDRL 20-6, System Vital Software Validation Report ........................................................................ 25 
CDRL 20-7, Interface Control Document for Communications Based Train Control .................... 44 
 



20.11 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



AREMA C&S Manual AREMA Communications & Signals Manual 



IEC 62236-1 Railway applications - Electromagnetic compatibility – 
Part 1: General 
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IEC 61000-4-1 Electromagnetic compatibility (EMC) – Part 4-1: Testing 
and measurement techniques - Overview of I IEC 61000-4 
series 



IEC 61000-4-3 Electromagnetic compatibility (EMC) - Part 4-3: Testing 
and measurement techniques - Radiated, radio-frequency, 
electromagnetic field immunity test 



IEC 61000-4-4 Electromagnetic compatibility (EMC) – Part 4-4: Testing 
and measurement techniques – Electrical fast 
transient/burst immunity test 



IEC 61000-4-5 Electromagnetic compatibility (EMC) - Part 4-5: Testing 
and measurement techniques - Surge immunity test 



IEC 61000-4-6 Electromagnetic compatibility (EMC) - Part 4-6: Testing 
and measurement techniques - Immunity to conducted 
disturbances, induced by radio-frequency fields 
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21.1 SCOPE 



This Section provides the requirements for network and trainline controls on the 8000 Series 
railcars. It is not required that this equipment on the 8000 Series railcars be compatible with 
similar systems on existing Authority railcars. 



The Authority anticipates refining the specific requirements and functionality of these systems 
during the design development process. The Contractor is required to collaborate in this 
refinement process, and to provide suitable documentation and practical demonstrations that 
the proposed technical solutions meet the requirements of the Specifications. 



21.2 GENERAL 



Contractor shall comply with the following general requirements: 



1. All trainline components, including networks, shall be designed to ensure proper 
operation of trainlined functions for train lengths of up to eight cars, and shall permit 
emergency operation (with limited performance and functionality) of trains with up to 
16 cars. 



2. Trainline design shall permit operation from any cab in the train. 



3. Receptacle locations, jumper lengths, coupler electric portions, coupler cables, and all 
other aspects of inter-car connections shall be designed for reliable operation over curves 
and interlockings while minimizing risk of damage due to wayside debris. 



4. The Contractor shall pay strict attention to balancing with respect to ground and noise 
sources, EMI, shielding, grounding, impedance and impedance matching, attenuation, 
and terminations when designing trainline circuits for data network, audio, RF, and 
low-level signal applications. 



5. The Contractor shall provide a control specification and performance analysis 
demonstrating that the medium and method of transmission for all trainlined signals 
allows for normal train operation from any cab with train lengths up to eight cars, and 
for emergency operation with up to 16 cars.  (CDRL 21-1, Control Specification and 
Performance Analysis) The analysis shall consider voltage drop, signal loss, signal-to-
noise ratios, burst noise, distortion, and other factors that can corrupt signal 
transmission. 



6. Where redundant trainlines are employed, the redundancy scheme shall ensure that 
redundant circuits are routed in separate harness bundles, conduits, or raceways, and 
interconnected with the use of different connectors. 
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21.3 NETWORK COMMUNICATIONS AND TRAINLINE ARCHITECTURES 



21.3.1 General 



Contractor shall comply with the following requirements: 



1. The 8000 series network communications and trainline system shall be arranged as three 
inter-related systems as described in the following sections. 



a. Physical redundancy shall be employed to ensure high availability of all systems. 



b. Where redundancy is employed, redundant networks and associated circuitry shall 
be configured such that normal train operation may continue with loss of one of the 
redundant networks. 



2. Wireless data transfer interfaces between systems on the railcars are prohibited. 
Proposed deviations from the IEEE standards may be submitted to the Authority for 
review and approval. 



3. The system design shall include interconnection of subsystems between multiple 
networks, as required. 



4. The isolation of the network connections when coupling or uncoupling shall be done by 
solid state devices.  Switching of the train networks through the drum switch or control 
relay contacts is prohibited. 



5. The protocol used over the train networks shall provide a transparent data highway, 
and shall not be tied to any specific subsystem protocol. The protocols shall be conceived 
such that changes or replacement of network subsystems with other compliant 
technologies will not cause obsolescence of interface protocols or equipment. 



6. Network functionality and redundancy shall be at least equivalent to traditional direct-
wired trainline and control cables, without reduction in safety, reliability, or control 
sensitivity. 



7. The train networks shall be active whenever primary power from the third rail is 
applied, regardless of whether a cab is active. 



8. The network design shall be compatible with the Authority’s wayside network 
infrastructure and policies. See Section 25, Data Communication Interface with 
WMATA, for details. 



9. A detailed network design description covering architectures, trainlines, associated 
protocols, and functionality shall be submitted for approval prior to CDR. (CDRL 21-2, 
Network Design Document)  
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Exhibit 21-1, Network Architecture Diagram 



 
 
Notes to Exhibit: 



1. The network architecture illustrated in Exhibit 21-1 is furnished as an example and for 
theoretical purposes.  



2. An alternative design may be proposed to the Authority, if equal or better network 
characteristics, such as bandwidth, upstream/downstream determinism, EMC, overhaul 
reliability, service reliability, availability, and cybersecurity are demonstrated.  



3. Alternative proposals shall rely on proven, documented railway solutions. 



21.3.2 Train Control Network (E-TCN) 



An all-Ethernet/IP-based Train Control Network (E-TCN) shall be used to support the 
transmission of both downstream and upstream train functions that require high levels of 
determinism, such as for issuing driving and braking commands, and monitoring of axle speeds 
or slide conditions.   



1. The E-TCN shall be based on IEC 61375-2-5, IEC 61375-3-4 and IEEE Std 1473, for Type E 
protocol. 



2. Where possible, the data format employed shall conform to the Train Real Time Data 
Protocol (TRDP), as specified in IEC 61375-2-3, to ensure interoperability with future 
new or overhauled cars, and the design shall use discrete trainline data, as appropriate, 
to ensure safe train operation at all times. 
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3. The traffic exchanged through the E-TCN to achieve train control functions shall be 
completely isolated from the traffic exchanged through the E-TCDN, specified in Section 
21.3.4, Train Communication and Diagnostic Network (E-TCDN). When necessary, 
logical network separation and traffic prioritization mechanisms shall be implemented, 
such as through the use of VLAN and Ethernet trunking. 



4. During normal conditions, the inauguration of the E-TCN (Train IP Network 
Addressing, election of Master, Backup ETBN, etc.) shall be determined by attributes 
(such as MC Keyed, Coupled) that shall be reported internally to the ETBN by the 
Master Logical Control Units (MLCUs) and the Logic Control Units (LCUs) of each car 
over the E-TCN Ethernet Consist Network (see Section 21.3.2.2, E-TCN Ethernet Consist 
Network). 



5. The E-TCN shall automatically configure itself such that activation of any Operator’s cab 
or Hostler Panel in a car will recognize that car as the controlling car in the train consist. 
Network controllers in the other cars in the train shall recognize the controlling car and 
respond appropriately. 



6. The E-TCN shall use shielded Cat 5e cables that shall meet all the tests for smoke and 
flammability specified in Section 24.19, Flammability, Smoke Emission, and Toxicity 
Requirements. 



7. The E-TCN design shall assume that the cars are not at the same potential and the 
shielding of the ETB cables shall be terminated accordingly to prevent ground current 
from flowing between cars.  



8. The IP address mapping and routing scheme used on the E-TCN shall allow for unicast 
and multicast transmission. The general broadcast of messages shall be limited to the 
greatest extent possible, and its use shall necessitate the Authority’s approval on a case-
by-case basis. 



9. Protocols used on the E-TCN to support services over IP at the network layer, transport 
layer, and application layer of the ISO/OSI model (including IGMP, ICMP, ARP, UDP, 
TCP, TFTP, FTP, SFTP, SNMP, RTP, TELNET and HTTP) shall be subject to approval by 
the Authority. 



10. The choice of technology to be employed for transporting data across the coupler shall 
take into consideration the worst-case conditions for using a conventional electrical 
coupler system.  



a. The level of risk associated with this aspect shall be examined by the System 
Integrator and the Contractor, and shall be submitted to the Authority for evaluation 
as part of CDRL 21-2. 



b. Link aggregation through the use of TTDP shall be employed for the aggregation of 
multiple 10/100 BASE-TX ports across the electrical coupler. 



c. Alternative methods of data frame transmission over the electrical coupler, such as 
achieved with conventional twisted pairs of wires and the encapsulation of Ethernet 
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frames into other protocols (such as HDLC or Power Line), may also be proposed to 
the Authority for approval. 



11. The E-TCN shall use a pair of redundant 10/100 BASE-TX fault-tolerant Ethernet 
networks (IEEE Std 802.3) to handle the communication between the consist switch(es) 
of the A-car and B-car with the use of a linear, ladder, or ring topologies. 



12. A non-terminated spare Cat 5e cable shall be provided to each subsystem or intelligent 
device connected to the E-TCN, in situations where adding future cable for expansion or 
replacing failed cable may be difficult. The Contractor shall submit the list of all IP 
devices and report on spare Cat 5e cables for approval by the Authority as part of 
CDRL 21-2. 



13. An Ethernet Universal Service Port shall be provided in an accessible location in the car 
to support the subset of PTU functions that are specific to Ethernet applications and 
configuration/troubleshooting tools.  (See also in Section 9.2.7.3, Network PTU 
Universal Port).  



The E-TCN shall be composed of two physically-redundant Ethernet Train Backbones (ETBs) 
and of a fully redundant Ethernet Consist Network (such as ECN 1 from Exhibit 21-1).  



21.3.2.1 E-TCN Ethernet Train Backbone (ETB)  



The two physically redundant ETBs shall be used to interconnect each car and each married 
pair.  



1. The Ethernet trainlines shall be physically routed independently from end-to-end of 
each electrical coupler face, via two sets of fully redundant Ethernet Train Backbone 
Nodes (ETBN). 



2. The E-TCN traffic to be exchanged between married pairs shall be carried in parallel by 
both ETBs for redundancy, so that the failure to communicate over one ETB shall not 
interrupt E-TCN traffic from flowing between married pairs. 



3. The design of the ETBs shall be based on IEC 61375-2-5, IEEE Std 802.3, and IEEE Std 
1473, for Type E protocol. 



4. The design of the ETB architecture shall permit the execution of a Train Composition 
Recognition (TCR) function that shall be capable of identifying the number, sequence, 
and orientation of each car in a train composed of up to 16 cars. The TCR shall also have 
the ability to recognize and locate any number of dead cars within a 16-car train, and 
support a degraded mode of operation as approved by the Authority. 



5. The two ETBs making up the E-TCN shall implement Internet Protocols (IP) over 
redundant 100 BASE-TX Ethernet networks based on IEEE Std 802.3. Fully redundant 
ETBN shall be used within each ETB to accomplish the following: 



a. Manage electrical coupling and isolation of the ETB trunks. 



b. Bypass the ETBN in case of its malfunction or when operating the E-TCN through 
“dead cars.” 
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c. Report faulty network or hardware conditions to the Vehicle Monitoring and 
Diagnostic System (VMDS). 



d. Perform an automated discovery of neighboring nodes and of LAN policies such as 
link aggregation (Train Topology Discovery Protocol (TTDP)), Quality of Service 
(QoS), and Virtual Local Area Network (VLAN), as applicable. 



e. If needed, manage an IP address translation scheme to support all possible train 
configurations polarity (A-car to A-car, B-car to B-car, and A-car to B-car), when 
coupled front-end to front-end, rear-end to rear-end, or front-end to rear-end. 



f. Handle the switching of telegrams over the E-TCN and manage the routing of IP 
protocol data units between the ETB and the consist switch. 



6. The E-TCN ETBs shall be fault-tolerant, and their topology shall be able to prevent a 
single point of failure from disabling communication between the consist switch(es) and 
the end devices connected to the E-TCN Ethernet Consist Network, or from disabling 
communication of the end devices among themselves. Where possible, a point-to-point 
topology shall be employed (such as from end device to consist switch) to mitigate 
medium access difficulties (e.g., collisions), and to ease troubleshooting. 



21.3.2.2 E-TCN Ethernet Consist Network 



The E-TCN Ethernet Consist Network shall be used to interconnect, at the car level, all the end 
devices (subsystems) that are judged critical for maintaining train operation, such as 
Propulsion, Friction Brake, Master Controller, and ATO. 



1. Redundancy of the E-TCN Ethernet Consist Network shall be implemented at the 
network level so that communication to/from a critical end device can be maintained in 
case of failure of a consist switch. 



2. Redundancy of the E-TCN Ethernet Consist Network shall also be implemented at the 
end-device level (dual homing) so that the communication to/from the critical end 
device can be maintained in case of failure of one of its redundant links. 



3. If necessary, the only traffic coming from the E-TCDN Ethernet Consist Network 
allowed to be exchanged through the E-TCN Ethernet Consist Network is the traffic 
used to achieve the monitoring of the health status of the critical end devices. A 
mechanism shall be implemented to prevent any other traffic from being exchanged 
between the two Ethernet Consist Networks, such as the use of an application-layer 
gateway between the E-TCN Ethernet Control Network and the E-TCDN Ethernet 
Control Network (ALG from Exhibit 21-1).    



4. The design of the E-TCN Ethernet Consist Network shall be based on IEC 61375-3-4, 
IEEE Std 802.3, and IEEE Std 1473, for Type E protocol. 



5. The fault-tolerant E-TCN Ethernet Consist Network shall be provided between cars of a 
married pair, as required to permit communications and control facilities provided on 
only one car of the married pair to be reached by the other car without requiring use of 
the E-TCN ETBs. 
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6. The end devices connected to the E-TCN Ethernet Consist Network shall comply with 
Section 21.4.3, End Devices. 



21.3.3 Network Logical Control Unit  



An LCU shall be responsible for handling all the vehicle monitoring and control functions that 
are critical for maintaining operation of the cars over the Train Control Network (E-TCN), and 
for operator interface via the Train Control Display (TCD).  



1. Each car shall host a pair of fully redundant LCUs, which may be hosted in the same or 
separate enclosures. The LCU may be incorporated into another subsystem, such as the 
Propulsion Control Unit or the VMDS, provided that the full redundancy scheme is 
maintained. 



2. Arbitration based on (but not limited to) the coupler occupancy and Master Controller 
key shall be considered for electing the LCU of the leading car to become the MLCU of 
the train. 



3. The MLCU shall be responsible for acquiring cab control signals and undertaking the 
consistency checks that are needed for filtering and release of non-safety critical vehicle 
functions, such as transmitted over the networks and through digital/analog outputs. 



21.3.4 Train Communication and Diagnostic Network (E-TCDN) 



An all-Ethernet/IP-based Train Communication and Diagnostic Network (E-TCDN) shall be 
used for carrying out tasks that necessitate high bandwidth or that are less critical for 
maintaining operation of the train, such as diagnostic, communication, and video systems. 



1. The E-TCDN shall support the transmission of all non-deterministic data sets, including 
audio, video, passenger information, vehicle monitoring and diagnostics, etc. The 
network shall contain redundant trainline connections to ensure high availability. 



2. The E-TCDN shall be based on IEC 61375-2-5, IEC 61375-3-4 and IEEE Std 1473, for Type 
E protocol. 



3. Where possible, the data format employed shall conform to the TRDP, as specified in 
IEC 61375-2-3, to ensure interoperability with future new or overhauled cars. 



4. The traffic exchanged through the E-TCDN shall not interfere with the traffic exchanged 
through the E-TCN specified in Section 21.3.2, Train Control Network (E-TCN), unless it 
is used to achieve the monitoring of the critical end devices connected to the E-TCN. 
When necessary, logical network separation and traffic prioritization shall be 
implemented, such as through the use of VLAN and Ethernet trunking. 



5. Network functionality and redundancy shall be at least equivalent to traditional direct-
wired trainline and control cables, without reduction in reliability or control sensitivity.  



6. The E-TCDN shall use Cat 5e cables that meet all tests for smoke and flammability 
specified in Section 24.19, Flammability, Smoke Emission, and Toxicity Requirements. 
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7. The E-TCDN design shall assume that the inter-train cars are not at the same potential 
and the shielding of the cable shall be terminated accordingly to prevent ground current 
from flowing between cars.  



8. The IP address mapping and routing scheme used on the E-TCDN shall allow for 
unicast and multicast transmission. The general broadcast of messages shall be limited 
to the greatest extent possible, and its use requires the Authority’s approval on a case-
by-case basis. 



9. The choice of technology to be employed for transporting data across the coupler shall 
take into consideration the worst-case conditions for using a conventional electrical 
coupler system.  



a. The level of risk associated with this aspect shall be examined by the System 
Integrator and the Carbuilder, and shall be submitted to the Authority for evaluation 
as part of CDRL 21-2 



b. Link aggregation through the use of TTDP shall be employed for the aggregation of 
multiple 10/100 BASE-TX ports across the electrical coupler. 



c. Alternative methods of data frame transmission over the electrical coupler, such as 
achieved with conventional twisted pairs of wires and the encapsulation of Ethernet 
frames into other protocols (such as HDLC or Power Line), may also be proposed to 
the Authority for approval. 



10. The E-TCDN shall be configured as a group of independent virtual LANs. Virtual LANs 
shall be used to segregate and load shed services as appropriate but, as a minimum, to 
separate passenger addressing and emergency from other, less operation-critical system 
functions. All voice and audio control shall be accomplished over IETF/RFC-recognized 
IP services, such as RTP and RTCP. 



11. A pair of redundant 10/100 BASE-TX fault-tolerant Ethernet networks (IEEE Std 802.3) 
shall be used to handle the communication between the consist switch(es) of the A-car 
and B-car with the use of linear, ladder, or ring topologies. 



12. A non-terminated spare Cat 5e cable shall be provided to each subsystem or intelligent 
device connected to the E-TCDN, in situations where adding future cable for expansion 
or replacing failed cable may be difficult. The Contractor shall submit the list of all IP 
devices and report on spare Cat 5e cables for approval by the Authority as part of 
CDRL 21-2. 



13. Protocols used on the E-TCDN to support services over IP at the network layer, 
transport layer, and application layer of the ISO/OSI model (including IGMP, UDP, 
TCP, TFTP, FTP, SFTP, SNMP, RTP, TELNET and HTTP) are subject to approval by the 
Authority. 



The E-TCDN shall be composed of two physically redundant ETBs and of a redundant Ethernet 
Consist Network (such as ECN 2 from Exhibit 21-1). 
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21.3.4.1 E-TCDN Ethernet Train Backbone (ETB) 



1. The ETBs shall be used to interconnect each car and shall be routed independently from 
end-to-end of each electrical coupler face.  



2. The use of the ETBs specified in Section 21.3.2.1, E-TCN Ethernet Train Backbone (ETB)), 
is recommended, although alternative solutions may be considered and proposed to the 
Authority for Approval. 



3. The E-TCDN traffic to be exchanged between married pairs shall be carried in parallel 
by both ETBs for redundancy, so that the failure to communicate over one ETB shall not 
interrupt E-TCDN traffic from flowing between married pairs. 



4. The design of the ETBs shall be based on IEC 61375-2-5, IEEE Std 802.3, and IEEE Std 
1473, for Type E protocol. 



5. The protocol used over the E-TCDN ETBs shall provide a transparent data highway, and 
shall not be tied to any specific subsystem protocol used on the E-TCDN Ethernet 
Consist network. The protocols shall be conceived such that changes or replacement of 
the E-TCDN systems with other IEEE Std 802.3-compliant technologies will not cause 
obsolescence of interface protocols or equipment residing on the consist network. 



6. The ETBs making up the E-TCDN shall implement IPs over redundant 100 BASE-TX 
Ethernet networks based on IEEE Std 802.3. Fully redundant ETBNs shall be used to 
accomplish the following: 



a. Manage electrical coupling and isolation of the ETB trunks. 



b. Bypass the ETBN in case of its malfunction or when operating the E-TCDN through 
“dead cars.” 



c. Report faulty network or hardware conditions to the VMDS. 



d. Perform an automated discovery of neighboring nodes and of LAN policies such as 
link aggregation by the use of the TTDP, QoS, and VLAN. 



e. If needed, manage an IP address translation scheme to support all possible train 
configurations polarity (A-car to A-car, B-car to B-car, and A-car to B-car), when 
coupled front-end to front-end, rear-end to rear-end, or front-end to rear-end. 



f. Handle the switching of telegrams over the E-TCDN and manage the routing of IP 
Protocol Data Units between the ETB and the consist switch. 



7. The E-TCDN ETBs shall be fault-tolerant, and their topology shall be able to prevent a 
single point of failure from disabling the communication between the consist switch(es) 
and the end devices, or from disabling the communication of the end devices among 
themselves. Where possible, a point-to-point topology (such as from end device to 
consist switch) shall be employed to mitigate medium access difficulties (e.g., collisions), 
and to ease troubleshooting. 
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21.3.4.2 E-TCDN Ethernet Consist Network 



The E-TCDN Ethernet Consist Network shall be used to interconnect, at the married pair level, 
the consist switches used to integrate the systems that necessitate high bandwidth or that are 
less critical for maintaining operation of the train, such as passenger information, camera, 
VMDS, etc.  



1. The E-TCDN Ethernet Consist Network shall address redundancy at the network level 
at a minimum. 



2. If necessary, the only traffic coming from the E-TCN Ethernet Consist Network allowed 
to be exchanged through the E-TCDN Ethernet Consist Network is the traffic used to 
achieve the monitoring of the health status of the critical end devices. A mechanism shall 
be implemented to prevent any other traffic from being exchanged between the two 
Ethernet Consist Networks, such as the use of an application-layer gateway between the 
E-TCN Ethernet Control Network and the E-TCDN Ethernet Control Network (ALG 
from Exhibit 21-1).  



3. The design of the E-TCDN Ethernet Consist Network shall be based on IEC 61375-3-4, 
IEEE Std 802.3, and IEEE Std 1473, for Type E protocol.  



4. The fault-tolerant E-TCDN Ethernet Consist Network shall be provided between cars of 
a married pair, as required to permit communications and control facilities provided on 
only one car of the married pair to be reached by the other car without requiring use of 
the E-TCDN ETBs. 



5. The traffic-handling policies over the E-TCDN Ethernet Consist Network shall rely on 
known, available, and standard applications, such as VLAN and QoS, in order to avoid 
congestion, and to provide precedence to certain data packets according to configurable 
priorities. 



6. All cameras and network video recorders from each car shall be connected to the same 
consist switch. 



7. The end devices connected to the E-TCDN Ethernet Consist Network shall comply with 
Section 21.4.3, End Devices. 



21.3.5 Discrete Trainline Network 



Electrical trainlines shall be provided to ensure vehicle functionality, safety, and reliability.  



1. Functions selected for electrical trainlines shall be based on the premise that a hard-
wired trainline has fewer failure modes than a network with subsystems and is thus 
inherently more reliable. 
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2. Trainline functions shall be categorized into those that require the highest degree of 
reliability for vehicle safety, those that are critical and are used to check the network for 
correctness, and those that provide limited operability in the event of a failure of the 
Train Control Network. The trainline functions shall be based on the following 
parameters: 



a. Vehicle Safety: The function ensures safe operation of the vehicle and is unaffected 
by a failure of the Train Control Network. As such, the function operates in a 
manner totally independent and separate of the Train Control Network. 



b. Operational Criticality: A function that for operational efficiency should be 
networked, but must be cross checked to ensure safe operation of the vehicle. For 
each of these functions, the controlling car shall recognize a permissive condition 
only if the discrete trainline signals agree with the results of the cross check.  



c. Operational Impact: Function that must be available in case of primary and 
redundant Train Control Network or Train Communication and Diagnostics 
Network failure. 



3. The electrical trainlines listed in Exhibit 21-2 are based on the trainline parameters 
specified above. Inclusion of these trainlines shall be provided in the Contractor’s 
conceptual design. As the design progresses, the Contractor shall amend the trainlines 
listed in Exhibit 21-2, as necessary, to meet the safety and performance requirements of 
the Specifications. The final discrete trainline configuration shall be determined during 
the design and safety analysis process and shall be established by the Final Design 
Review. 



4. All Train Control Network and trainline functions shall be identified in the Preliminary 
Hazard List. The placement of functions on either the Train Control Network, trainlines, 
or both shall be determined as part of the system integration effort required in Section 
21.7.2, Systems Integrator Responsibilities, and reviewed during the Preliminary Hazard 
Analysis. 



5. Arrangement of trainline connections through the coupler shall be coordinated as 
required by Section 12.1.4, Coupler Operation. 
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Exhibit 21-2, Discrete Trainlines 



Trainline Spec Ref Category Basic Function 
Emergency Brake 16.3.2.1, Emergency 



Brake Control T/L 
Vehicle Safety Four-wire, double-break design 



Wheel Slip Slide 
Inhibit 



16.4.6.2, Emerg. 
Stop Button 



Vehicle Safety Inhibits correction of detected wheel slips and 
slides during braking in fail safe manner. 



HVAC Emergency 
Shut Down 



18.4.7, No Fresh Air 
Intake Prov. 



Vehicle Safety To control functions associated with the No 
Fresh Air Intake Provision. 



Doors Closed and 
Locked 



13.1.5, Door/ 
Traction Interlock 



Vehicle Safety Loop summary circuit that indicates all side 
doors are closed and locked to allow traction 
power to be generated and to allow friction 
brakes to be released. Double break. 



Full Service Brake 16.4.8, Service 
Braking 
15.6.4.2, Mode and 
Rate Selection 



Operational 
Criticality 



Vitally overrides Power and Service Brake 
command status with a resultant Full Service 
Brake (B4) application. Double break. 



Forward/Reverse 
Direction 



15.6.4.1, Train 
Direction 



Operational 
Criticality 



Commands train movement in forward – Cab 
facing, or reverse – Cab trailing directions. 



Motor/Brake 15.6.4.3, Motor 
Brake Selection 



Operational 
Criticality 



Ensures valid propulsion or braking 
command. 



Doors Open 
RIGHT 



13.1.12, Network 
and Trainline 
Commands 



Operational 
Criticality 
/Operational 
Impact 



Enables opening Right-side doors in response 
to E-TCN command, pushbutton operation in 
the cab or Hostler Panel with E-TCN active. 
Controls Right-side doors with E-TCN 
inactive. 



Doors Open LEFT 13.1.12, Network 
and Trainline 
Commands 



Operational 
Criticality 
/Operational 
Impact 



Enables opening Left-side doors in response 
to E-TCN command, pushbutton operation in 
the cab or Hostler Panel with E-TCN active. 
Controls Left-side doors with E-TCN inactive. 



Doors CLOSE 13.1.12, Network 
and Trainline 
Commands 



Operational 
Criticality / 
Operational 
Impact 



Enables closing Right- and Left-side doors in 
response to E-TCN command, pushbutton 
operation in the cab or Hostler Panel with E-
TCN active. Controls Right- and Left-side 
doors with E-TCN inactive. 



Public Address  22.2.3, Audio 
Announcement Sys 



Operational 
Impact 



Provides public address capability. 



Control Lock 11.7.1.2, Control 
Lock 



Operational 
Impact 



Establishes and activates controlling console. 



Signal Buzzer  Operational 
Impact 



Allows simple communication among crew. 



Limp-Home 
Functionality 



 Operational 
Impact 



Limited operational control 
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Trainline Spec Ref Category Basic Function 
BASE TRAINLINE FUNCTIONS 



ETB Network 
Buses 



21.3.2, Train 
Control Network E-
TCN); 21.3.4, Train 
Communication 
and Diagnostic 
Network (E-TCDN) 



 Redundant bus wires that transmit coded 
commands and system status information to 
safety control train movement and for train 
communications systems. 



Battery (B+) 17.2.2, Battery    Multiple wires that allow sufficient combined 
current carrying capacity throughout a train 
consist. 



Battery (B-) 17.2.2, Battery    Multiple wires that allow sufficient combined 
current carrying capacity throughout a train 
consist and keep each car in the consist at a 
common potential so that potential sneak 
circuit paths/loops are mitigated. 



SPARE TRAINLINES 
Train Control 
Network  



21.3.2, Train 
Control Network 
(E-TCN) 



 1 complete Ethernet cable 



Train 
Communication 
and Diagnostic 
Network 



21.3.4, Train 
Communication 
and Diagnostic 
Network (E-TCDN) 



 1 complete Ethernet cable 



Communications   1 twisted pair shielded cable 
General Use 24.21, Wire and 



Cable 
 6 single-conductor cables 



 



21.3.6 Test Points  



The railcar design shall provide test points for all networks.  



1. Test points shall be accessible and shall not require dismantling vehicle components and 
cabling for access purposes. 



2. Where the application of test points could result in weakening the integrity networks, 
the Contractor shall supply test harnesses that permit temporary branching off onto 
network legs that are normally encapsulated between connectors. 



3. Test points or test harnesses shall permit simultaneous hook up of a scope/meter and a 
protocol analyzer in locations that are suitable (practical and safe) for the execution of 
dynamic tests. 
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21.4 NETWORK DESIGN 



21.4.1 General 



21.4.1.1 Protocols 



Contractor shall comply with the following requirements: 



1. Communication protocols shall be organized and documented in terms of the ISO/OSI 
communication model. 



2. Data network protocols and transmission methodology shall be as approved by the 
Authority. 



3. Any network protocol used to support the management of non-IEEE Std 802.3 compliant 
topologies, or to execute network tasks residing at the application layer of the OSI 
model, shall be designed and programmed in separate software configuration items  to 
allow full disclosure of associated documentation and source codes to the Authority, 
and to permit the integration of similar solutions as obtained from multiple source 
vendors. 



4. The communication protocols shall provide for interconnecting of networks and for the 
prioritization and filtering of network traffic. 



21.4.1.2 Traffic Levels 



The Contractor shall submit detailed calculations of peak and average data traffic levels to the 
Authority for approval as part of the network design document (CDRL 21-2). 



The Contractor shall also submit peak and average traffic levels for the transmission media, as 
recommended by the protocol supplier. The calculated peak and average traffic levels on each 
link shall not exceed 60% of the maximum peak and average traffic levels. 



21.4.1.3 General Network Requirements 



Contractor shall comply with the following requirements: 



1. Network data formats shall be structured in a universal fashion, not intimately tied to 
the needs of a particular supplier. These data formats shall be fully documented and 
submitted to the Authority. 



2. Subsystem designers, including the propulsion and braking system designers, shall 
provide written approval of the network characteristics for those signals. During vehicle 
commissioning, actual peak and average data traffic levels shall be measured to 
demonstrate compliance with this requirement. 



3. Protocols shall include error detection. All nodes on the network shall collect summary 
statistics regarding current and historical error rates and make that information 
available to the VMDS. 
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4. Physical designs shall presume that there are static and dynamic differences in the 
ground reference level of each car and equipment package within a car. 



21.4.1.4 EMC 



The physical network design shall consider the effects of common-mode noise, such as that 
typically encountered on self-propelled electric multiple-unit vehicles.  



1. To this effect, and for each category of data channel employed, the Contractor shall 
submit CDRL 21-3, Data Network Electro-Magnetic Compatibility (EMC) Plan.  The 
Plan shall achieve the following: 



a. Identify EMI countermeasures that are implemented in the vehicle design to protect 
the data networks from all sources of  electro-magnetic interferences, such as the 
following: 



• Segregation and separation of data cable bundles/conduit runs 
• Overall shielding and bonding scheme employed throughout the car interior and 



under floor, at the electrical coupler, and between cars.  
• All types of single- and multi-pin connectors and terminals employed to 



interconnect the networks. 
• The workmanship used for bonding (or passing) cable shields through connector 



pins, back shells, or terminals boards. 



b. Clearly identify the susceptibility limit of the network to noise (in frequency and 
intensity) and specify pass-fail criteria. 



2. The thresholds specified in the EMC Plan shall provide enough signal-to-noise (SNR) 
benchmarking to allow troubleshooting the networks for noisy conditions with the use 
of standard scopes/meters, and shall not require the hook-up of protocol analyzers for 
that purpose. 



3. The SNR and bit-error-rate (BER) values provided in the final EMC Plan shall also result 
from static tests conducted in a laboratory, and from dynamic tests conducted on the 
new 8000 cars (e.g., to provide historical data), and shall not rely on levels that are found 
in specifications or white papers that do not specifically apply to railway conditions. 



4. Testing shall be coordinated with other EMC/EMI testing described in Section 1, 
Performance Requirements, and Section 3, Test Program. 



21.4.2 Ethernet Switches 



All IP switches (whether integrated into subsystem controllers or stand-alone units) shall be 
managed and designed to support the following: 



1. IPV4 and IPV6 in bi-mode in reference to RFC-3964 



2. MAC services and addressing as per IEEE Std 802.3 



3. Management and Remote Management as per IEEE Std 802.1D 
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4. Ethernet Frame Relaying, Filtering and Queuing as per IEEE Std 802.1D 



5. Virtual Local Area Network as per IEEE Std 802.1Q 



6. Link Layer Discovery Protocol as per IEEE Std 802.1AB 



7. QoS as per IEEE Std 802.1P 



8. Link Redundancy Management 



9. Host enough buffering and queuing capability to avoid the congestion on common 
network and/or internetwork bottlenecks 



The use of Ethernet hubs is prohibited unless otherwise approved on a case-by-case basis by the 
Authority. 



The design specification of the component shall meet the following additional requirements: 



1. Specifically designed for use in rough industrial environment; 



2. Meets the requirements in the Specifications for vibration, shock, ESD, and EMC; 



3. Complies with the requirements in the Specifications for electronic equipment; 



All IP routers or IP switches shall employ Ethernet M12 D-coded connectors unless otherwise 
approved by the Authority. 



The connector shall be equipped with a positive locking mechanism, although an alternative 
solution may be proposed to the Authority for approval. 



21.4.3 End Devices 



All car network end devices shall implement a unique device ID scheme (such as realized with 
encoded plugs) that shall have precedence over the IP address to ensure that the replacement of 
end devices does not require manual reentry or reconfiguration for the purpose of associating 
new MAC/IP addresses with system attributes that may define equipment type, location, 
orientation, or numbering sequence in the vehicle. 



End devices connected to the E-TCN must be availability-critical and therefore shall use two 
separate physical network interfaces (dual homing) to communicate on it.  



All protocols used for addressing car network end devices, as follows, shall be fully 
documented and disclosed to the Authority, together with the source code (not in escrow): 



1. To support the administration of the network topologies 



2. To coordinate the transmission of data 



3. To ensure the security of the car network 
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21.5 FAULT TOLERANCE, SAFETY, AND SECURITY 



21.5.1 General Requirements 



Contractor shall comply with the following requirements: 



1. Network interfaces shall be designed to minimize the possibility that a transceiver 
component fault could disable the network. 



2. Component faults shall not inhibit nor severely degrade train control functions other 
than the failed component. 



3. The Contractor shall perform a failure mode analysis related to network component 
failure and data corruption. 



a. All single-points of failure that could render the Authority’s critical functions 
inoperative or result in an unsafe condition shall be identified for evaluation by the 
Authority. 



b. The subject analysis shall be included in the CAMS design integration packages (see 
CDRL 21-1). 



4. Fault recovery shall be automatic to the maximum extent possible. 



a. Systems shall be designed so that the failure of any system to respond properly shall 
not inhibit or severely degrade network functions outside of the unresponsive 
system. 



b. This includes periods during which a system is being reset. 



5. The system design shall allow all faults to be simply isolated. Network component faults 
shall cause the offending equipment to be disabled or disconnected from the network. 



6. All faults shall be reported to the VMDS or TCD, or both, as appropriate. 



7. The network system shall include self-test features that automatically identify defective 
nodes. 



8. When nodes on the network are replaced using parts supplied by the manufacturer, the 
network system shall automatically identify the replacement equipment and its 
communication links. 



9. Vehicle communication and control systems shall be secured against unauthorized 
access and attack, both from the vehicle itself and from the wayside. 



10. Security requirements shall apply, both when the vehicle is in revenue service, and 
when the vehicle is out-of-service for maintenance or storage. Security measures shall be 
consistent with industry best practices at the time of design. 
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21.5.2 Hazard Analysis 



The Contractor shall perform a Hazard Analysis (CDRL 21-4, Hazard Analysis) demonstrating 
safe levels of protection coverage for the following data transmission hazards: 



1. Denial of Service:  Prevention of communications between a particular group of 
applications; 



2. Message Deletion:  Loss of one or more messages; 



3. Message Delay:  Late delivery of a message; 



4. Message Insertion:  Random insertion of a message; 



5. Message Modification:  Alteration of the contents of a message; 



6. Misrouting:  Routing of a message to the wrong destination; 



7. Repetition:  Erroneous repetition of a message; 



8. Re-sequencing Error:  Incorrect reassembly of a sequence of packets constituting a 
message; 



9. Network Saturation/Overload; and 



10. Hardware Failure. 



21.5.3 Vehicle Communication and Control System Vulnerability Assessment 



To demonstrate compliance with specified requirements, the Contractor shall prepare and 
submit for approval CDRL 21-5, Vehicle Communication and Control System Vulnerability 
Assessment. 



1. It shall identify the following: 



a. All potential system vulnerabilities. 



b. Associated risks (including exploit likelihood and consequences). 



c. Countermeasures applied. 



d. Resulting mitigated risk. 



2. Report format shall be similar to that of a Hazard Analysis; a representative sample of 
the proposed report format shall be submitted for approval. 



3. Exploits to be considered shall include (but are not necessarily limited to) the following, 
as appropriate: 



a. Vandalism; 



b. Eavesdropping; 



c. Device/user impersonation; 
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d. Dictionary attacks; 



e. Message modification; 



f. Session hijacking; 



g. Buffer overflow; 



h. Denial of service; 



i. Jamming (physical layer denial of service); 



j. Virus/worm infection; 



k. Unauthorized software installation; and 



l. Unauthorized root/administrator access. 



4. Security measures shall include, but are not limited to the following, as appropriate: 



a. Restricting physical access to communication and control system components to all 
but authorized personnel; 



b. Use of Access Control Lists (ACL); 



c. Use of device and/or user authentication; 



d. Use of encryption; 



e. Use of hardware keys in conjunction with passwords/ passphrases; 



f. Access logs; 



g. Intrusion detection/prevention; 



h. Antivirus; 



i. Proper isolation of security-critical system functions from other functions; 



j. Application of secure coding practices; and 



k. Use of secure operating systems. 



5. Security measures shall be designed and implemented such that their effect on 
reliability, availability, and basic system operation is minimized. 



21.6 OBSOLESCENCE AND EXPANSION 



21.6.1 Replacements and Upgrade 



Additions and changes to vehicle systems shall be easily incorporated into the existing 
architecture without modification to other portions of the train control system.  Interfaces shall 
be documented as part of the systems integration process deliverables and shall comply with 
IEEE Std 1558. 
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21.6.2 System Expansion 



The architecture shall allow for additional subsystems and for additional functions within initial 
subsystems.  The architecture shall allow for additional trainline functions without degrading 
network operation. 



Network components shall be designed with obsolescence of implemented hardware planned, 
so that future hardware can be used without redesign of the network. 



21.6.3 Interoperability 



All hardware and software interfaces to the networks shall be non-proprietary: 



1. Hardware used as part of a subsystem as part of the network interface shall be 
commercially available from multiple U.S.-based suppliers. 



2. Software used as part of a subsystem’s network interface shall be written in a 
commercially available language. 



3. All interface source code shall be delivered to the Authority as part of this Contract, 
without exception. 



4. Full disclosure of system interoperability is required as part of the Interface Control 
Documents (ICD), specified in Section 21.7, Systems Integration. 



21.7 SYSTEMS INTEGRATION 



21.7.1 Systems Integrator 



The Contractor shall retain the services of an experienced computer network engineering and 
integration resource to act as Systems Integrator. 



1. The Integrator shall be responsible for systems engineering, integration, and testing for 
all network and trainline communication. 



2. The firm shall have successful prior rail industry or aerospace experience in performing 
such work.  The selection of the integration resource is subject to Authority approval. 



21.7.2 Systems Integrator Responsibilities 



The System Integrator shall perform the following, as a minimum: 



1. Submit CDRL 21-6, Control-Level Specification. This specification shall accomplish the 
following: 



a. Clearly define the motoring and braking concept. 



b. Identify the types of interface used to handle vehicle functions that are critical to 
safety (vital), operation, and to the reliability of the 8000 Vehicles, in relation to 
IEEE 1475 Type, I, II or III. 
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c. Make use of a Preliminary Hazard Analysis and a Failure Mode, Effects and 
Criticality Analysis to identify the critical aspect of the forecasted cases of failure and 
demonstrate acceptability of associated degraded modes of operation. 



2. Submit CDRL 21-7, Network Interface Card (NIC) Specification. This specification 
shall define all design requirements needed by each subsystem vendor to accomplish the 
following: 



a. Implement adequate ESD/EMI protection to ensure protection of the subsystems 
and prevent interference from offending nodes. 



b. Establish physical layer performance and tolerance with pass/fail criteria. 



c. Identify the network policies/services that must be respected and used by each 
subsystem (e.g., packet priority, network redundancy arbitration, watchdog timing). 



d. Dictate the mechanisms (e.g., DPRAM sink time supervision watchdog, error 
detection and correction) that must be implemented to prevent latency and discard 
invalid messages. 



3. Perform qualification test for each subsystem’s network interface card to ensure 
compliance with the requirements established in the NIC specification prior to their 
implementation into the Authority’s 8000 vehicle network. 



4. Perform penetration testing on the integrated network and all network subsystems to 
reveal and report potential network vulnerabilities to the Authority. Penetration testing 
must be performed at the Systems Integrator’s laboratory prior to the implementation of 
the network into the Authority’s 8000 vehicle and must be performed again during the 
on-car qualification test for the first pilot car. 



5. Submit CDRL 21-8, Interface Control Documents (ICD). This submittal shall 
accomplish the following: 



a. Clearly identify (for each subsystem) all signals transmitted over data networks, 
including the following information for each signal: 



• Signal name; 
• Signal description; 
• Brief explanation of signal function; 
• System or systems concerned; 
• Network path, including sender, receiver, and any intermediate nodes; 
• Data format; 
• Frequency and duration of transmission; and  
• Type of transmission service, e.g., broadcast, acknowledged, etc. 
• Protocols 



b. Furnish detailed descriptions of all data frame types transmitted over data networks. 
Interface documentation for all data networks, wired and wireless, shall be provided 
with a level of detail sufficient to permit suppliers, other than the original equipment 
supplier, to provide compatible and interoperable equipment. 
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c. Furnish full details, including source, for all network interface hardware and 
software. 



6. Perform progressive in-laboratory network integration/testing of all train subsystems 
(including the electrical coupler, network switches, and remote I/O stations): 



a. The laboratory work shall accomplish the following: 



• Resolve conflict 
• Establish the susceptibility limits of network-to-noise 
• Pre-qualify the proposed architecture of networks before its implementation into 



the pilot cars 



b. The laboratory test facility shall be set up with penetration testing capabilities. The 
Systems Integrator shall designate the members of the penetration testing team and 
submit the list to the Authority for approval. 



c. The laboratory test facility shall be made available to the Authority at all stages of 
the design. 



d. The laboratory test facility setup shall remain intact during the warranty period to 
allow duplication of problems found during testing and revenue service, and 
subsequent test of proposed solutions. 



e. At the end of the warranty period, the test setup, test equipment, and software shall 
become the property of the Authority. 



21.8 PTU PROTOCOL ANALYZER  



A Portable Test Unit (PTU) capable of performing detailed diagnostics and real-time monitoring 
of network activity for all of the networks shall be provided.  See Section 9.2.9, Network PTU – 
Protocol Analyzer, for specific requirements. 



21.9 NETWORK TROUBLESHOOTING 



21.9.1 General  



The Contractor shall submit CDRL 21-9, Network Troubleshooting Plan. 



1. This plan shall apply to all levels of data networks provided under the Contract. 



2. This plan shall be reviewed as part of each design review and shall be submitted for 
approval following FDR, prior to FAI. 



21.9.2 Data Network Troubleshooting Plan  



The Data Network Troubleshooting Plan shall include the following: 



1. An explanation and details of the electrical characteristics of the physical layers, such as 
the following: 



a. Electrical medium characteristic impedance, capacitance 
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b. Topology and terminating circuits 



c. Waveform, clock, data encoding (e.g., Upper/Lower rings, Preambles) 



d. Configuration of the Network Interface Cards (e.g., transformer, ac/dc coupling, 
bias resistors, ESD clamping, spark gap, bypass relay contacts, fritting current), and 
diagnostic procedure for identifying faulty components on the offending nodes 



2. An explanation and details of the configuration of the protocol stacks. 



3. An explanation of the mechanism implemented into firmware and application software 
used to detect errors, latency, and discard erroneous messages (e.g., CRC check, 
hamming distance, sync time supervision, watchdog, circular byte). 



4. An explanation of the meaning/definition of protocol analyzer reports in relation to 
cause and effect (e.g., missed preambles, bad packets, CRC errors, collisions, overrun, 
restarts). 



5. Analysis of physical symptoms when troubleshooting the networks with scope meters 
using pass/fail criteria as established in the Data Network EMC Plan (e.g., common 
mode noise and signal-to-noise ratio susceptibility limits, abnormal waveform 
amplitude, rising edge, reflection, identification of offending nodes). 



6. Rules implemented in the design of the cars for the bonding of cable shields at the 
coupler, intercar junction, subsystems, and the main controller racks. 



7. Recommended workmanship to be applied or followed for repairing/terminating 
network on each kind of connector/terminal employed to interconnect networks or 
network nodes (including the component part number to be used). 



8. Procedure for instrument hookup and required instrumentation calibration, and setup 
needed for executing a selected set of troubleshooting tasks (as approved by the 
Authority). 



9. Identification/recommendation of three COTS scope-meter instruments that are well-
suited for recording networking activities and for capturing adverse phenomenon such 
as created by noise. 



10. Identification/recommendation of three COTS cable testers (e.g time domain 
reflectometer) that should be used in the shop for quick/preliminary assessment of 
cabling problems (e.g., damage to conductor, cross-talk). 



11. Reference to applicable Interface Control Document needed to verify the subsystem 
logic associated with the Protocol Data Units that can be visualized when using the PTU 
Protocol Analyzer. 



12. Complete and detailed instructions for conducting vehicle acceptance tests when 
combining Protocol Analyzer and scope-meter data into synchronized and correlated 
logs. 
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21.10 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 21-1, Control Specification and Performance Analysis............................................................. 1 
CDRL 21-2, Network Design Document ................................................................................................ 2 
CDRL 21-3, Data Network Electro-Magnetic Compatibility (EMC) Plan ........................................ 15 
CDRL 21-4, Hazard Analysis.................................................................................................................. 18 
CDRL 21-5, Vehicle Communication and Control System Vulnerability Assessment .................. 18 
CDRL 21-6, Control-Level Specification ............................................................................................... 20 
CDRL 21-7, Network Interface Card (NIC) Specification .................................................................. 21 
CDRL 21-8, Interface Control Documents (ICD) ................................................................................. 21 
CDRL 21-9, Network Troubleshooting Plan ........................................................................................ 22 
 



21.11 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



IEC 61375-2-5 Electronic railway equipment - Train communication 
network (TCN) - Part 2-5: Ethernet Train Backbone 



IEC 61375-2-3 Electronic railway equipment - Train communication 
network (TCN) - Part 2-3: TCN Communication Profile 



IEC 61375-3-4 Electronic railway equipment - Train communication 
network (TCN) - Part 3-4: Ethernet Consist Network 



IEEE Std 802.1D Standard for Local and metropolitan area networks: Media 
Access Control (MAC) Bridges 



IEEE Std 802.1Q Standard for Local and metropolitan area networks--
Bridges and Bridged Networks 



IEEE Std 802.1AB Standard for Local and metropolitan area networks - 
Station and Media Access Control Connectivity Discovery 



IEEE Std 802.3 Standard for Ethernet 



IEEE Std 1473 Standard for Communications Protocol Aboard Passenger 
Trains 



IEEE Std 1475  Standard for the functioning of Interfaces Among 
Propulsion, Friction Brake, and Train-Borne Master 
Control on Rail Rapid Transit Vehicles 



IEEE Std 1558 Standard for Software Documentation for Rail Equipment 
and Systems 
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22.1 GENERAL 



22.1.1 Scope 



This Section provides the requirements for communications systems on the 8000 Series railcars.  



Systems defined in this Section include the following: 



1. Passenger information systems, including public address, destination displays, 
information displays and active route maps 



2. Operator's radio equipment 



3. Passenger call stations 



4. CCTV surveillance and recording system 



5. Advertising System 



22.1.2 General Requirements 



Contractor shall comply with the following requirements: 



1. It is not required that communications equipment on the 8000 Series railcars be 
compatible with similar systems on existing Authority railcars, except that the 
Operator's radio system shall be fully compatible with the Authority's radio network. 



2. The Authority anticipates refining the specific requirements and functionality of these 
systems during the design development process. The Contractor is required to 
collaborate in this refinement process, and to provide suitable documentation and 
practical demonstrations that the proposed technical solutions meet the requirements of 
the Specifications.  The Authority’s expectation is that the communication systems will 
be at least as sophisticated as those of the 7000 Series cars, with additional functionality 
as described in the Specifications. 



3. It is the Authority’s desire that, to the greatest extent possible, the communication and 
monitoring equipment should function as one integrated system, and that it provides 
the greatest possible level of functionality both at the time of supply, and with respect to 
its flexibility in handling future modifications and upgrades. 



4. The Contractor shall submit for review and approval a communication and monitoring 
design integration package. (CDRL 22-1, Communications and Monitoring System 
Design Integration Package) 



a. It shall be submitted as part of each design review meeting (CDR, PDR, FDR). 



b. It shall include the following: 



• A complete system functional and operation description. 
• Data sheets and specification sheets for all system components and network 



hardware/software. 
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22.1.3 Duty Cycle 



Communications equipment shall be rated for continuous duty. 



22.1.4 Power  



The Communications System shall be powered from the 37.5 Vdc Low Voltage Power Supply 
(LVPS), and shall have all required power conversion and power conditioning devices as 
integral components. 



1. Power supply inputs, and any directly connected circuitry, shall be isolated from ground 
on both positive and negative sides of the battery. 



2. Transient filter protection shall be provided as an integral part of the equipment, in 
accordance with the manufacturer's recommendations.  As a minimum, adequate 
protection shall be provided against transients with a peak pulse amplitude of 3.0 kV 
and a total energy of 90 joules, when measured in accordance with IEEE C37.90.1. 



3. When the use of other sources of power supply voltage (such as 24 Vdc for cameras) 
cannot be practically avoided, the power source for each subcomponent or device 
installed in the car shall originate from dedicated, current-limited, self-resetting, dc/dc 
isolated outputs provided from the associated subsystem controller, and shall not 
necessitate additional circuit breakers or other in-car distribution systems. 



4. In cases where devices have extremely low power consumption requirements, other 
schemes of power distribution, such as Power over IP (PoIP), may be suggested and 
submitted for the Authority’s approval on a case-by-case basis. 



22.1.5 Environmental Conditions 



All equipment shall perform reliably under the environmental conditions defined in Section 1, 
Performance Requirements.  



Equipment shall be subject to a storage temperature range as defined in Section 1.  Equipment 
operated within the storage temperature range shall not be damaged, but may operate in a 
degraded mode. 



22.1.6 Federal Communications Commission Rules 



Radio equipment installed in the cars shall be certified as having FCC-type acceptance. 



22.2 PASSENGER INFORMATION SYSTEM 



The passenger information system shall consist of a combination of audio and visual messaging 
that provides line and station specific information to passengers, as well as providing the 
capability for a broad array of public service, commercial messaging, and passenger-to-operator 
communication. 



1. This fully integrated system shall include the following: 



a. Exterior Destination Signs: A-car, five; B-car, four 
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b. Interior Passenger Displays: 



• Windscreen Displays: Six double-sided per car 
• Low/High Ceiling Transition Displays: Two per car 
• Dynamic Route Map Display: Three per car 



c. Audio Announcement System: 



• Interior PA Speakers: 11 (A-car) and 12 (B-car) 
• Exterior Speakers: Two per car 
• Console Microphone: A-car, one 
• Left Cab Microphone: A-car, one 
• Hostler Panel Microphone: B-car, one 



d. Passenger Call Station System: 



• Passenger Call Stations: Four per car 
• Cab speaker: One 



2. The Contractor shall submit an integrated system design package. (CDRL 22-2, 
Passenger Information System Design Package): 



a. It shall be submitted for approval at each design review meeting (CDR, PDR, FDR). 



b. It shall include a design approach for uploading of the following: 



• General information 
• Advertising and other public information data 



c. It shall include samples of all signage and display lettering for each system, clearly 
illustrating examples of all lettering font styles, colors, spacing and upper/lower 
case presentation designs. 



3. The system shall have the capability to store and display/announce passenger 
information, as described in this Section. 



a. It shall be possible to upload and download data via USB, and via wireless transfer 
as described in Section 23.5, Train/Wayside Data Transfer. 



b. It shall be possible for Authority personnel to direct-upload and update system-
specific information, including line information, station names, and destination 
information, at a maintenance facility. 



4. The system shall have a self-test feature to allow maintenance personnel to test all 
features of the system. 



5. There shall be a passenger information control unit in each car or in each married pair, 
subject to approval. 



a. The control unit shall contain an internal map of the Authority’s system, identifying 
operating lines, station sequence, and exact distances between stations. 
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b. The control unit shall interface with the required carborne systems to acquire train-
location information, or shall capture it directly using a dedicated, Contractor-
supplied location-identification system. 



c. There shall be capability for the Operator to easily correct the information regarding 
current position of the train, if the passenger information becomes unsynchronized 
with the actual location. 



d. At the start of a trip, the control unit shall pre-load the route that represents the 
return route from the route most recently completed. For example, if the train has 
most recently completed a trip from Shady Grove to Glenmont on the Red Line, the 
control unit shall pre-load the route from Glenmont back to Shady Grove. The 
Operator shall be able to accept the pre-loaded route, or easily select a different 
route. 



e. There shall be capability for the Operator to select and display a route and 
destination while standing at an originating station, prior to keying-in. 



22.2.1 Exterior Destination Sign 



22.2.1.1 General 



Five destination signs shall be provided on the A-car, four signs on the B-car. 



1. Signs shall comply with 49 CFR 38. 



2. Side destination signs: 



a. Four shall be located above the center windows between each pair of adjacent 
doorways. 



b. Side destination signs shall display the destination and operating line color on the 
outside of the car. 



3. End destination signs: 



a. One destination sign shall be on the F-end of the A-car, located above the end door. 



b. The car end sign shall display the operating-line color by color columns; and shall 
alternately display the operating-line color by word, and the destination in 
abbreviated form. 



c. The end destination sign shall operate only when it is at either end position of a 
train. 



4. Destination signs shall have full color illuminated characters on a non-illuminated 
background and shall use electronic segment or LED-type displays. Other technology 
will be considered. All signs shall be discernable in bright daylight. 



5. Access to the sign and color-coded indicators shall be from inside the car, and shall 
provide for easy replacement and maintenance of all components. 
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22.2.1.2 Display Capability 



Destination signs shall comply with the following requirements: 



1. Side Signs: 



a. Each side sign shall have capacity for at least 150 different destinations and 5 special 
indications. 



b. Two color columns immediately before the destination shall indicate one of 10 color 
codes, in addition to the destination, that will make the color code of the destination 
obvious at a distance of 15 feet to a viewer directly in front of the sign, and at angles 
up to 45 degrees on both sides. 



c. Side signs shall be programmable to display public-relations messages. They shall be 
capable of displaying a minimum of 14 characters and maximizing the available 
space to spell the destination. An area with a nominal size of at least 4 inches by 
36 inches shall be available for wording. 



2. Front Signs: 



a. The front sign shall provide for characters to spell out the line color and destination.  
The total number of characters will be determined in design review, and will be at 
least 12. 



b. There shall be at least one color column on each side of the descriptive word that will 
make the color code of the destination obvious at a distance of 50 feet to a viewer 
directly in front of the sign, and at angles up to 45 degrees on both sides. 



c. An area with a nominal size of at least 4 inches by 24 inches shall be available for 
wording. 



3. The colors shall not fade. 



4. Interchangeability of parts between side and end signs is preferred. 



22.2.1.3 Display Controls 



A small display that duplicates the display of the side signs shall be provided in the Train 
Operator’s cab. Alternately this function may be integrated with the VMDS display. 



1. Line color indicators shall be extinguished or otherwise obscured if a special indication 
has been selected.  Line color indicators, if separate from the destination signs, shall be 
considered as part of the destination sign for the purpose of determining destination 
sign reliability.   



2. The time required to change destinations shall not, with any combination of 
destinations, exceed 5 seconds at rated voltage. 



3. With a valid code input, 90% of all sign logic failures shall produce a black indication. A 
malfunction shall also be considered a failure if three or more segments, elements, or 
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LEDs per sign do not function. A “00” code shall cause the sign to display a black 
indication. Response to any invalid code shall produce a black display. 



22.2.2 Interior Passenger Information Displays 



22.2.2.1 General 



Interior passenger information displays shall comply with the following requirements: 



1. Displays shall be backlit liquid crystal display (LCD) technology or other technology as 
approved. 



2. Displays shall be suitably protected for the operating environment, and protected from 
vandalism. The display screen shall be covered with a minimum of four layers of an 
optically clear, distortion-free polyester film manufactured by 3M or WMATA-approved 
equal, installed such that the film can be removed and replaced without removing the 
display. 



3. Displays shall have a minimum 90-degree viewing angle. 



4. Displays are required in the following locations in the quantities indicated: 



a. Windscreen Displays: Six double-sided displays per car 



b. Low/High Ceiling Transition Displays: Two per car 



c. Dynamic Route Map Displays: Three per car 



22.2.2.2 Information Video Control System 



The information video control system shall comply with the following requirements: 



1. It shall include sufficient data storage capacity to store a minimum of 1 hours’ worth of 
video programming. 



2. It shall be capable of distributing three discrete but coordinated channels for the three 
display locations. 



3. The different types of visual information to be displayed include the following: 



a. A line map of the line currently being served. The map shall actively show the 
current position and direction of travel of the train, and its destination. 



b. Next station name and an indication of which side of the train the doors will open. 



c. Station specific information (e.g., adjacent destinations, elevator outages) and 
general announcements (e.g., safety messages). 



d. Authority-sponsored video content that may be location specific (e.g., advisories for 
particular stations or lines) or general (e.g., safety messages). 
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e. Other public information, such as video clips, news headlines, sports scores, and 
weather information, as may be sourced from WMATA or third-party providers; 
note that this does not include paid advertising. 



f. A scroll bar that can show data such as in item “e.” above, and is intended primarily 
as near real time information. 



4. Lettering for all next station announcements shall comply with ADA display 
requirements. 



22.2.2.3 Windscreen Information Displays 



Double-sided displays shall be provided in one windscreen at each doorway, as shown on 
Contract Drawing 8000-04, 8k X-Ray View. 



1. Displays shall have a minimum 21-inch viewing area. 



2. The displays shall be embedded in the windscreen glass, unless otherwise approved.  If 
not embedded, the back-to-back displays shall be independently replaceable. 



3. At a minimum, these displays shall show all of the types of information described under 
Video Control above. 



22.2.2.4 Low/High Ceiling Transition Information Displays 



Displays shall be provided at the transition between ceiling heights at each end of the car, 
adjacent to the outer door vestibules. 



1. These displays shall provide Next Station information, including door opening side 
indicators. 



2. They shall be readable from at least 30 feet. 



22.2.2.5 Route Map Area Dynamic Information Displays 



Displays shall have a minimum 40-inch viewing area. 



Displays shall have all of the display capability of the windscreen displays. 



22.2.3 Audio Announcement System 



22.2.3.1 General 



An audio announcement system shall be provided: 



1.  It shall broadcast the following: 



a. Automated station approach and arrival announcements 



b. Automated station specific announcements (e.g. elevator outages) 



c. Automated and manually-initiated general system announcements (e.g. safety 
messages) 
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d. Public address announcements made by the Operator or from Central Control (via 
the carborne radio) 



e. Door operation announcements 



2. Automatic audio broadcasts shall be coordinated with visual displays, such that 
corresponding audio and visual announcements are broadcast simultaneously. 



3. The pre-recorded announcement unit shall use stored pre-defined digital messages 
(.wav file format) and shall broadcast these messages to passengers automatically at 
designated locations along the tracks. 



4. The text content for the pre-recorded messages will be provided by the Authority; the 
Contractor shall be responsible for recording the pre-defined digital messages per the 
provided text. 



5. The Contractor shall provide to the Authority a means to record and store additional 
messages. 



6. Manual announcements from the Operator or from Central Control shall always 
override a pre-recorded announcement. 



7. Door operation announcements shall be made in accordance with Section 13.5, Door 
Warning Audio and Visual Indicators. 



22.2.3.2 Power Amplifiers and Speaker Control 



Power amplifiers shall be provided in each car for the audio announcement system: 



1. Each power amplifier shall feed 50% of the PA speakers in each car of a married pair. 



2. Digital-input power amplifiers are preferred.  



3. Each power amplifier shall be capable of delivering a minimum of 50 watts configured 
as a constant voltage distribution system at not more than 1% total harmonic distortion 
in the range of 100 Hz to 10 kHz. 



4. The frequency response shall be within ± 1 dB from 100 Hz to 10 kHz, with provision for 
a roll-off of 6 dB per octave below 100 Hz. The signal-to-noise ratio of the amplifier 
below the compression threshold shall be at least 65 dB. 



5. Each amplifier shall be stable, with no oscillation present during any normal operation.  



6. Amplifier(s) shall be configured to allow separate control and adjustment of each 
speaker system within the car: exterior, interior, and cab, via laptop PTU.  This includes 
the ability to deactivate left-side exterior speakers and right-side exterior speakers 
according to train location and by manual selection by the Operator. 
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22.2.3.3 Speaker General Requirements 



All interior and exterior speakers shall be of transportation grade, direct radiating, axial-free, 
permanent magnet type. The enclosure and speaker shall be removable from the vehicle as a 
complete unit. 



22.2.3.4 Interior PA Speakers 



Interior speakers shall be used for all audio announcements specified in 22.2.3, Audio 
Announcement System. 



1. A minimum of nine interior speakers shall be provided in each railcar, two at each door 
way, one midway between each set of doors, and one in the R-end of the car. Final 
speaker quantity and location shall be determined as part of the audibility analysis. 



2. Interior speakers shall comply with the following requirements: 



a. Axial-free field sound pressure level (SPL): 95 dB referenced to 2 x 10-11 N/mm² at a 
distance of 4 feet from the speaker, with an 80 to 1,250 Hz, 1-watt warble input 
signal. 



b. Continuous power rating: Minimum 20 watts. 



c. Frequency response: ± 5 dB from 300 Hz to 8 kHz, with a gradual roll-off of response 
above 7 kHz. 



d. Off-axis coverage between any two adjacent speakers: Maximum 6 dB below the on-
axis SPL, for uniform sound distribution. 



e. Interior speaker output shall be adjustable (range ± 10 dBA), via PTU interface to the 
system. 



3. Interior speakers shall provide uniform audio quality throughout the railcar and the 
train, and shall be designed to inhibit audio feedback. 



4. The audio system shall operate without a loss of audio quality or change in volume 
regardless of train length. 



5. Speakers shall operate in phase. 



6. The Contractor shall submit for approval an audibility analysis for the interior audio 
system, including the location of each speaker in the car. (CDRL 22-3, Interior Audio 
Audibility Analysis) 



7. Speakers shall be installed such that the mounting hardware is readily accessible for 
ease of service and maintenance. Exposed hardware is not permitted. 



8. Metal covers or plastic enclosures shall protect the interior speakers from dust, moisture, 
and vandalism, and shall be covered with sound absorbing material. 
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22.2.3.5 Exterior Speakers 



Four exterior speakers shall be provided, two per side of each railcar, adjacent to Doors 2, 5, 8, 
and 11, midway between the door and side window. 



1. Exterior speakers shall comply with the following requirements: 



a. Axial free-field SPL: 121 dBA referenced to 2 x 10-11 N/mm² at a distance of 4 feet 
from the speakers. 



b. Continuous power rating: Minimum 30 watts. 



c. Frequency response: 475 Hz to 14 kHz. 



d. Exterior speaker output shall be adjustable (range ± 20 dBA) via PTU interface to the 
system. 



2. Exterior speakers shall be weather resistant and impervious to the chemicals used in 
cleaning the exterior of the car. The speakers shall be installed with gaskets to prevent 
water ingress. The use of sealant is not permitted. 



22.2.3.6 Cab Microphone 



A microphone shall be provided in each cab to be used for the train radio, manual public 
address announcements, and passenger intercom calls: 



1. It shall comply with the following requirements: 



a. Type:  Fixed mounting, noise-cancelling. (Not goose-neck type) 



b. Frequency response: Minimum 200 Hz to 10 kHz, ± 7 dB. 



c. Output level: -56 ± 3 dB referenced to 1 volt/microbar. 



d. It shall be of the dynamic type, working in conjunction with audio compression 
circuitry to suppress or reject unwanted cab noises from broadcast. 



2. It shall be mounted on the left hand side of the console such that a seated Operator can 
comfortably use it.  



A flush-mounted microphone shall be provided on each Hostler Panel for PA announcements 
and intercom. 



22.2.3.7 Left Cab Microphone 



A second microphone and push-to-talk button shall be installed in the left side of the cab area to 
allow Operators to make PA announcements without returning to the Operator’s console. 



1. The microphone shall be flush mounted behind a protective grill adjacent to the sliding 
window. 



2. The push-to-talk button shall be located in the left door control panel.  
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3. Component quality and overall system performance shall be equal to that of the 
microphone at the cab console. 



4. The Contractor shall ensure the elimination of feedback from reflective surfaces outside 
the car that might interfere with the communications system. 



5. Microphones and associated equipment shall function correctly at every location on the 
Authority’s system regardless of cab windows being open or closed. 



22.3 PASSENGER CALL STATIONS 



22.3.1 General 



Passenger call stations shall be provided to permit two-way communication as an intercom 
between the passengers and the Operator. 



1. They shall be located adjacent to Side Doors 3 and 10, on the left collision post of the R-
end doorway, and on the right side of the cab partition. 



2. Call station controls shall be accessible, located 46 inches ± 1-inch above the finished 
floor, or as required by the latest ADA regulations. 



3. Each passenger call station shall be enclosed to prevent moisture entry, and shall have a 
momentary action, illuminating pushbutton. 



22.3.2 Passenger Call Station Functional Description 



Passenger call stations shall operate as follows: 



1. The Operator’s cab communications control panel shall be equipped with two 
momentary action pushbuttons, labeled “Talk Intercom” and “Reset Intercom.” The 
function of the pushbuttons shall be as shown in Exhibit 22-1. 



2. The Passenger Call Station system shall include a caller-ID functionality. The VMDS 
shall indicate the car number and call station position within each car for all activated 
call stations. 



a. If two or more call stations are activated, the Operator will be able to see the 
activated locations on the display. 



b. The Operator may select the call station to which to connect, or may choose to make 
a general response over the PA system. 



c. The VMDS interface shall also allow a call station to be placed “on hold.” 



3. A minimum of eight intercoms shall be able to queue their presence to the Operator, 
regardless of train length. 



4. Activation of a passenger call station anywhere in the train consist shall cause display of 
live video from the camera monitoring the location of the active call station on the Train 
Control Display and shall cause a flag to be recorded in that camera’s video stream. The 
video image shall be available only when the train is at zero speed. Audio from the 











Section 22, Communication - PA, Intercoms, Screen, Video Surveillance 



WMATA 8000 Series Railcars  22-12 Technical Specifications 



activated passenger call station, in both directions, shall be recorded in video storage as 
the audio component of the associated camera’s video stream. 



Exhibit 22-1, Passenger Call Station Pushbutton Functions 



Action  Result 



Depressing the passenger 
call station pushbutton 



Connects the call station to the active cab and alerts the 
Operator. 
If two or more call stations are activated, the Operator will be 
able to see the activated locations on the display and select the 
call stations to which to connect. The waiting call station shall 
hear a ring tone until the operator responds. 
Illuminates the active cab “Reset Intercom” pushbutton and 
actuates a short stroke chime in both the cab and the call 
station. 
Illuminates the activated call station pushbutton, which 
remains lit until reset by the Operator. 



Depressing the cab “Talk 
Intercom” pushbutton 



The Operator shall be able to select and address an activated 
call station. 



Releasing the cab “Talk 
Intercom” pushbutton 



The activated call station shall be able to address the Operator. 



Depressing the cab “Reset 
Intercom” pushbutton 



The lamps on all illuminated pushbuttons are extinguished. 
The connection between cab and call station is released. 



 



22.3.3 Passenger Call Station Speaker and Microphone 



Passenger call stations shall comply with the following requirements: 



1. Speaker: 



a. Each passenger call station speaker shall have a nominal 4-inch outside diameter and 
shall be mounted in an enclosure of which the entire interior surface is covered with 
a sound-absorbing material. 



b. The speaker shall comply with the following requirements: 



• Axial free field SPL: 79 ± 2 dB referenced to 2 x 10-11 N/mm² at a distance of 
10 feet from the speaker, with an 80 to 1,250 Hz, 1-watt warble input signal.  



• Continuous power rating: Minimum 5 watts rms.  
• Frequency response in its enclosure: Minimum 300 Hz to 5 kHz, ± 5 dB.  
• Nominal coverage angle of 100 degrees; response shall be no more than 10 dB 



down, 50 degrees off axis. 



2. Microphone: Shall have a sensitivity of -50 ± 5 dB re 1 volt/microbar. 
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22.3.4 Cab Speakers 



There shall be two speakers in each cab, one for the train radio and one for the intercom 
systems. 



1. Both speakers shall comply with the following requirements: 



a. Type: Direct radiator cone type. 



b. Coverage angle: 90 degrees.  



c. Enclosure: Covered in sound absorbing material.  



2. Individual volume adjustment controls shall be provided for each speaker. 



3. Locations: 



a. The radio speaker shall be flush mounted above the Operator’s position. 



b. The intercom speaker shall be located on the right hand side of the cab. 



22.4 COMMUNICATIONS CONTROL PANEL AND RADIO EQUIPMENT 



22.4.1 Communications Control Panel 



The communications control panel (CCP) shall provide the Operator with a control interface to 
the audio and visual communications system: 



1. The CCP shall be integrated into the Operator’s console as shown in Contract Drawing 
8000-15, 7k Operators Cab - Console. Mounting shall be from the top, to facilitate 
maintenance. 



2. The CCP shall be functional only when the cab is activated by the key switch. 



3. The CCP shall provide the following functions: 



a. Control and reset passenger emergency intercom 



b. Select and control Cab/Hostler-Cab/Hostler communications 



c. Initiate and control transmit and receive functions of the train radio 



d. Adjust speaker outputs in the cab (not PA speakers) 



e. Select and control automatic PIS audible and visual announcements. 



f. Connect radio transmissions to the PIS system for broadcast 



4. The failure of any one CCP in a train shall not cause the communication system to 
function improperly. Failure of any control on a CCP, such as a jammed switch, shall not 
disrupt CCP operation beyond the function(s) associated with the failed control. 



5. Independent controls shall be provided for the Operator to make public address 
announcements, radio calls and passenger intercom responses. When making public 











Section 22, Communication - PA, Intercoms, Screen, Video Surveillance 



WMATA 8000 Series Railcars  22-14 Technical Specifications 



address announcements, radio audio output shall be attenuated by 20 dB. The failure 
mode for this function shall be full radio output. 



6. The CCP shall contain communications equipment status indicators. Indicator lamps 
shall be LEDs. 



7. Functionality related to the selection and initiation of PIS audible and visual 
announcements may be achieved through integrated control capabilities of the CCP and 
the TCD, which shall be subject to approval. 



8. The Contractor shall submit for approval functional descriptions and block diagrams of 
the CCP and associated communications components as part of CDRL 22-1. 



9. In lieu of a CCP, the Hostler Panel shall be equipped with a momentary pushbutton that 
activates the Public Address (PA) function. 



22.4.2 Cab-Mounted Radio Equipment 



There shall be a separate train radio in each Operator’s cab. 



1. The radio equipment shall be a Motorola APX 8500 All-Band P25 Mobile Radio 
configured as per the Authority’s requirements, or as approved, compatible with the 
Authority’s radio system. 



2. The radio system shall be configured and tuned for an output of 4 to 5 watts of radiated 
power from the antenna. 



3. The radio control head shall be mounted in the CCP. All other radio equipment shall be 
housed beneath the Operator’s console and configured for easy maintenance. 



22.4.3 Train Radio Functionality 



The carborne mobile train radio system shall selectively provide two-way and one-way voice 
communications as follows: 



1. Two-way: 



a. Between Central Control and the Operator 



b. Between Yard Control and the Operator  



c. Between Operator and other mobile radio subsystems  



2. One-way: From Central Control to the train’s public address (PA) system. The Train 
Operator shall have the ability to select this mode, key-out, and leave the cab, while 
continuing to have this function to be operable.  When operating in this mode, there 
shall be text, corresponding to the audio, presented on all interior screens.  WMATA will 
consider allowing the Advertising Displays to be black-screen instead of showing the 
text. 











Section 22, Communication - PA, Intercoms, Screen, Video Surveillance 



WMATA 8000 Series Railcars  22-15 Technical Specifications 



22.4.4 Radio Antenna 



Antennas for the radios shall comply with the following requirements: 



1. Type: Low-profile, Sinclair Excaliber Model, or approved equal, with an operating range 
appropriate for the radio. 



2. Location: The antenna shall be surface-mounted on the roof of each A-car, in a location 
subject to Authority approval. 



3. Radiation pattern: Omni-directional and vertically polarized with a minimum gain of 
unity over the operating bandwidth. 



4. Provisions shall be made to ensure electrical continuity between the antenna and the 
carbody. The antenna, transmission cables, and radio transmitter shall be impedance 
matched. 



5. The installation shall be waterproof and shall not project more than 2.75 inches above 
the roof, including gaskets and mounting plates. 



6. The antenna shall be constructed to withstand the Authority’s car-washing machines 
without damage or degradation to the antenna or its attachment to the carbody. 



22.5 VIDEO SURVEILLANCE SYSTEM 



22.5.1 General 



Each railcar shall be equipped with an Ethernet TCP/IP-based Closed Circuit Television 
(CCTV) system consisting of color cameras, DVR for video storage, CCTV Controller and other 
ancillary equipment, as required: 



1. The video cameras and digital video storage shall be ruggedized for reliable service in a 
railcar environment. 



2. The Contractor shall submit CDRL 22-4, Video System Architecture and Design 
Package for review and approval. 



a. The submittal shall demonstrate how all requirements of this Section are to be 
achieved. 



b. It shall provide technical specifications and datasheets for each system component. 



3. Power to the video system shall be from a dedicated circuit breaker on each car. 



22.5.2 Cameras 



Video cameras shall comply with the following requirements: 



1. Resolution: Minimum 1280×1024, with 720p, and lower resolutions available and user 
selectable. 



2. Colors:  Minimum 16-bit color depth. 
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3. Imaging:  Automatic WDR. 



4. Illumination rating (light sensitivity):  Maximum 0.2 lux, for low light conditions.  
Demonstrate that the camera does not “white out” when operating at night or in a 
tunnel with no external light source and at least 50% railcar lighting failed. 



5. Compression:  H.264 or H.265. 



6. Frame rate:  Minimum 30 fps, with lower rates available. 



7. Power source:  From the CCTV system.  Power over Ethernet (PoE) cameras are 
acceptable.  



8. Control:  Frame rate and bandwidth for each camera shall be remotely controllable using 
the CCTV Controller. 



9. Response:  The camera and lens shall respond rapidly to changes in lighting levels, such 
as when transitioning between surface and tunnel operation, with minimum loss of 
image quality. 



10. Cameras shall be mounted in vandal-resistant housings and of ruggedized military 
specification. 



22.5.3 Camera Locations 



Cameras shall be installed in the following locations: 



1. In the interior ceiling panels (or other approved locations) on each railcar, to provide full 
coverage of the railcar interior passenger area and operator cab doorways, with no 
camera blind spots and a minimum of Rotakin Recognition.  



a. A minimum of eight cameras shall be installed in the passenger area, located so that 
each doorway is directly covered (camera view looks out doorway), and providing 
longitudinal views of the car interior.  



b. Camera locations shall be approved by the Authority. 



2. One camera shall be installed in each Operator cab, facing forward through the 
windshield.  



a. Access to the camera enclosure shall be from within the cab.  



b. Contacts shall be provided on the mode selector switch to be able to activate the cab 
camera in the active cab only. 



3. Two cameras shall be installed in the ceiling of each Operator cab, one on the left side 
and one on the right side, facing downward.  



a. The right side camera shall provide full coverage of the Operator’s Console and 
Auxiliary Control Panel. 
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b. Operator actions and control and indication equipment shall be clearly visible and 
intelligible under all possible lighting conditions. 



c. The camera shall be activated by the Operator’s console control lock. 



d. A microphone shall be installed adjacent to, or as part of, the right-side camera, to 
effectively monitor conversations and sounds in the Operator cab; audio from the 
microphone shall be recorded in video storage as the audio component of the right-
side camera’s video stream. 



4. One camera shall be installed in the ceiling of each B-car F-end facing downward. 



a. The camera shall provide full coverage of the Hostler Control Area. 



b. Operator actions and control and indication equipment shall be clearly visible and 
intelligible under all possible lighting conditions. 



c. The camera shall be activated by the Hostler panel control lock or whenever the cab 
cameras are active. 



5. Cameras shall not be able to be blocked by items such as sun visors. 



22.5.4 Video Storage and Transmission 



Video storage shall comply with the following requirements: 



1. Video storage units shall have sufficient internal and external cooling capacity to operate 
reliably within a railcar equipment locker. 



2. Each storage units shall have capacity to store 30 days of images from every active 
camera on the car (or married pair), with a minimum capture rate of 30 frames/second. 



3. Video data shall be date and time synchronized with the VMDS. 



4. Video storage units shall be located either on each railcar or on each married pair, 
subject to approval of the video system architecture. 



5. Each video camera shall be connected to its assigned digital video storage unit through 
the train network. 



6. Download of images from the storage units shall be possible by connecting a portable 
computer to an easily accessible security interface port, and through the wireless data 
transfer system defined in Section 23.5, Train/Wayside Data Transfer. 



7. Viewing of recorded images shall be possible using a portable computer, or from the 
TCD. 
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22.5.5 Viewing Live and Recorded Video 



22.5.5.1 From the Cab TCD 



From the TCD, the Operator or Maintenance Personnel can view the following: 



1. Passenger Call Stations where a passenger has activated the station.  This includes the 
ability to select cameras when multiple PCS have been activated. 



2. Rear exterior camera when the train is in reverse. 



3. Recorded video, except for audio information. 



It shall be possible for each of these to be interlocked with zero-speed, by adjustable parameter. 



22.5.5.2 From a File on the PTU or on the Wayside 



Video recordings shall be encrypted.  A special software application shall be provided to allow 
viewing of the video, including associated audio.  This application shall have limited 
distribution with unique password protection.  The application shall allow for: 



1. Selection of segments of video by date and time 



2. Viewing video at different playback speeds 



3. Exporting frames or video segment in an approved format. 



22.5.5.3 From the Cab CCTV Monitor 



A color video LCD monitor, with touch screen, shall be provided in each Operator’s cab. 



1. The monitor shall be ruggedized for reliable service in a railcar environment.  



2. The monitor shall be located in the left-area of the cab, in a location approved by the 
Authority. 



3. The monitor shall be normally OFF, displaying no data feed. It shall be activated by a 
unique key, identified as a Police Key.  The key shall be the same as that used on the 
Authority’s 7000 Series cars. 



a. From the touch screen monitor, a user shall be able to select up to four video data 
feeds from any cameras in the train consist for display on the CCTV monitor.  



b. All activations of Cab CCTV Monitor shall be recorded by the VMDS. 



c. The CCTV Monitor shall not deliver audio information. 



4. The Cab CCTV Monitor shall have dual-use functionality.  When activated by a 
Maintenance Key, the screen shall function as a view-only duplicate of the TCD.  The 
Police Key shall take priority over the Maintenance Key. 
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22.5.5.4 Operator Platform Monitoring (Priced Option)  



A video platform monitoring system shall be provided, allowing the seated Operator to observe 
the doors and passenger flow along a train stopped at a station on tangent track.  



1. The video platform monitoring system shall consist of color video cameras and monitors 
ruggedized for reliable service in a rail vehicle environment. 



2. Cameras shall comply with the following requirements: 



a. Resolution: Minimum 470 TVL, requiring minimum illumination of 1.0 Lux 



b. Signal to noise ratio: 50 



c. Output video type: 1Vpp Composite @ 75 ohm 



d. Camera lens: 



• Wide angle focal length 5-50 
• Aperture: 1.4 
• Angle of view: 41.3 H, 5.4 V 



3. Video cameras shall be installed on each side of the car aimed and focused to enable 
observation of the straight train length. The video cameras shall not protrude outside the 
specified static and dynamic vehicle outline without written approval. 



4. Only the exterior camera on the active door side of the vehicle shall display images, and 
shall display only when the zero speed signal is present. 



5. Two color video LCD monitors shall be provided in each Operator’s cab, one to display 
the image of the train’s left side, the other one to display the image of the train’s right 
side. Only the monitors in the active cab shall be powered on. 



6. The monitor display shall be of sufficient size for the operator to easily and clearly see 
details of the displayed image, even when the display has a split-screen to show images 
covering the entire train length. 



7. Cameras and monitors shall be powered from the car’s emergency power DC supply 
and battery. 



8. The car-mounted cameras shall be housed in an enclosure suitable for outdoor 
application that contains a heater and fan to warm and cool, preventing cameras from 
freezing and fogging. 



9. At a minimum, platform cameras shall be activated when the leading car of the train 
enters the platform area and remain active until the trailing car of the train leaves the 
platform area. 
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22.6 INTERIOR ADVERTISING DISPLAYS 



22.6.1 General 



Interior advertising displays shall comply with the following requirements: 



1. Displays shall be backlit liquid crystal display (LCD) technology or other technology as 
approved. 



2. Displays shall be suitably protected for the operating environment, and protected from 
vandalism.  The display screen shall be covered with a minimum of four layers of an 
optically clear, distortion-free polyester film manufactured by 3M or WMATA-approved 
equal, installed such that the film can be removed and replaced without removing the 
display. 



3. Displays shall have a minimum 90-degree viewing angle (that is, 45 degrees in each 
direction). 



4. Displays are required in the following locations in the quantities indicated: 



a. Door Pocket Displays: Six per car 



b. Window Valence Displays: Maximizing the use of the valence area, but with a 
minimum of 12 displays per car 



22.6.2 Advertising Video Control System 



The advertising video control system shall comply with the following requirements: 



1. This system shall be distinct from the passenger information display video control 
system, but will exchange video, control, and logging data through the TWDT. The 
system may have different communication and control requirements to correspond to 
the Authority’s needs relative to advertising. 



2. It shall include sufficient data storage capacity to store a minimum of 2 hours’ worth of 
video programming plus 2 hours’ worth of new downloads for each display device. 
Programming shall be organized as 15-second video clips that can be programmed to 
play according to date, time, location, etc. 



3. It shall be capable of distributing discrete, but coordinated, individual channels to each 
display location. 



4. It shall be able to handle location-specific advertising (e.g., for businesses at a particular 
station) as well as general advertising (e.g., consumer products). All advertising shall be 
logged in detail, by car, display unit(s), train location, route and destination, and other 
information that is typically required by advertisers for audit and billing purposes.  Log 
files shall be uploaded to the wayside and aggregated for billing. 
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22.6.3 Door Pocket Advertising Displays 



Door Pocket Displays shall be located at each doorway, as shown on Contract Drawing 8000-04, 
8k X-Ray View. 



Door-pocket-mounted displays shall be a minimum 24-inch display area. 



22.6.4 Window Valence Advertising Displays 



Displays shall be provided in the window valances. There shall be displays midway between 
each set of doors, on both sides of the car.  Contract Drawing 8000-04, 8k X-Ray View, illustrates 
how displays fit in the vertical area of the valence. 



Valance displays shall be sized to use the maximum available height. 



22.6.5 Advertising System Wayside Workstation 



The Contractor shall provide the wayside components (software and any hardware) necessary 
to fully implement the advertising system. 



1. The wayside components shall include a web-based user interface software, a database, 
and a file system. The central control unit shall be equipped with at least one operator 
terminal and one technician terminal. 



2. The user interface shall be efficient and easy to use, and shall provide the following 
discrete functions: 



a. Create schedule and control data as to when to play specific media files.  This 
includes dates, times, stations, lines, directions, and other practical control features. 



b. Send advertising media files and schedule/control data to cars.  This includes 
tracking of which cars have received the data, automatic retries, and similar file 
management features. 



c. Automatically download the play logs from cars and aggregate the data for billing. 



d. Allow remote data transfer from an advertising vendor without WMATA 
intervention, including both media files and schedule/control data. 



e. Management of user access and permissions.  



f. Other items as needed for a practical system. 



3. The central data server provided by the Authority shall be used by the Contractor to 
provide, at a minimum, the following discrete functions: 



a. Store media files and control data. 



b. Store the downloaded log files and aggregated log files. 
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22.7 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 22-1, Communications and Monitoring System Design Integration Package ....................... 1 
CDRL 22-2, Passenger Information System Design Package ............................................................... 3 
CDRL 22-3, Interior Audio Audibility Analysis .................................................................................... 9 
CDRL 22-4, Video System Architecture and Design Package ........................................................... 15 
 



22.8 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



49 CFR 38 Americans With Disabilities Act (ADA) Accessibility 
Specifications for Transportation Vehicles 



IEEE C37.90.1 Standard for Surge Withstand Capability (SWC) Tests for 
Relays and Relay Systems Associated with Electric Power 
Apparatus 
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23.1 GENERAL 



23.1.1 Scope 



This Section provides requirements for the vehicle monitoring and diagnostic system on the 
8000 Series railcars. In addition, compliance with these requirements will require specific design 
elements on all other systems of the procurement. 



Systems defined in this Section include the following: 



1. Monitoring and diagnostics system 



2. Vehicle/Track Dynamic Performance Monitor 



3. Event recorder 



4. Train to/from wayside data transfer capability. 



23.1.2 General Requirements 



It is not required that this equipment on the 8000 Series railcars be compatible with similar 
systems on existing Authority railcars. 



Contractor shall comply with the following requirements: 



1. The Authority anticipates refining the specific requirements and functionality of these 
systems during the design development process. The Contractor is required to 
collaborate in this refinement process, and to provide suitable documentation and 
practical demonstrations that the proposed technical solutions meet the requirements of 
the Specifications. 



2. It is the Authority’s desire that, to the greatest extent possible, the communication and 
monitoring equipment should function as one integrated system, and that it provides 
the greatest possible level of functionality both at the time of supply, and with respect to 
its flexibility in handling future modifications and upgrades. 



3. The Contractor shall submit for review and approval, a communications and monitoring 
design integration package, as specified in Section 22, Communication, CDRL 22-1. 



23.1.3 Duty Cycle 



Monitoring and diagnostics equipment shall be rated for continuous duty. 



23.1.4 Power  



The Monitoring System shall be powered from the 37.5 Vdc Low Voltage Power Supply (LVPS), 
and shall have all required power conversion and/or power conditioning devices as integral 
components. 



1. Power supply inputs, and any directly connected circuitry, shall be isolated from ground 
on both positive and negative sides of the battery. 
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2. Transient filter protection shall be provided as an integral part of the equipment, in 
accordance with the manufacturer's recommendations.  As a minimum, adequate 
protection shall be provided against transients with a peak pulse amplitude of 3.0 kV 
and a total energy of 90 joules, when measured in accordance with IEEE C37.90.1. 



3. When the use of other sources of power supply voltage cannot be practically avoided, 
the power source for each subcomponent or device installed in the car shall originate 
from dedicated, current-limited, self-resetting, dc/dc isolated outputs provided from the 
associated subsystem controller, and shall not necessitate additional circuit breakers or 
other in-car distribution systems. 



23.1.5 Environmental Conditions 



All equipment shall perform reliably under the environmental conditions defined in Section 1, 
Performance Requirements. 



Equipment shall be subject to a storage temperature range as defined in Section 1.  Equipment 
operated within the storage temperature range shall not be damaged, but may operate in a 
degraded mode. 



23.2 VEHICLE MONITORING AND DIAGNOSTIC SYSTEM 



23.2.1 General 



The Contractor shall provide a fully integrated Vehicle Monitoring and Diagnostic System 
(VMDS). The objectives of the VMDS are to improve train operation and to improve vehicle 
maintenance efficiency, by collecting, analyzing, and storing data, and reporting/annunciating 
information to the train crew and maintenance personnel.  



1. The basic functional requirements for the VMDS are the following: 



a. Collect, store, and analyze fault, event, and state information obtained from 
monitored subsystems within the car and from additional VMDS systems in the train 
consist. 



b. Present all safety-critical and operation-critical information to the train Operator. 
The presentation of this information shall be as appropriate for a train Operator. 



c. Present information to maintenance personnel to facilitate preventive and responsive 
maintenance of the train and all of its equipment. 



d. Initiate automatic tests of each car system and measure/record the response. 



e. Provide for efficient transfer of all stored information to the wayside and to 
maintenance equipment such as PTUs and USB drives. 



2. The Authority intends to use the VMDS to quickly identify faults within the car or train 
consist, to isolate the source (system) of the fault(s), and to efficiently and thoroughly 
investigate train incidents. 
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3. VMDS design criteria are summarized as follows: 



a. Safety-critical and operational-critical fault details are sufficient to identify the car, 
system, location, and type of fault without the need for additional tools or reference 
materials such as code books. 



b. Stored system faults, combined with associated snap shot data, if necessary, are 
sufficient to identify failures to the LRU level, and ideally to a failed, replaceable 
module within the LRU. 



c. Train operational characteristics and command status information, as required, are 
archived to document the complete operational state of the vehicle. 



4. The Contractor shall be responsible for integrating the fault data of all subsystems. 



5. The Contractor shall submit for Authority approval a Fault Management Plan 
(CDRL 23-1, VMDS List of Faults, Fault Hierarchy, and Fault Logic) 



a. It shall list all faults, fault hierarchy, fault logic, and train state data, including the 
following: 



• Fault listing; 
• Detailed description of each fault; 
• Detailed description of the triggering conditions for each fault, including time 



delays, filtering, and event counts; 
• Conditions required for fault reset; 
• Detailed description of the triggering conditions for subsystem lockout, 



including time delays, filtering, and event counts; 
• Conditions required for lockout reset; and 
• Recommended fault attributes for each fault. 



b. Where faults, events, etc. are logically combined for purposes of display and 
annunciation, this logic shall be included in the CDRL above. 



c. The Fault Management Plan shall be submitted at PDR, and updated at Final Design 
Review (FDR), as changes to the system require, and as necessary based on design 
developments throughout the design, production, testing, commissioning, and 
warranty periods. 



23.2.2 Other VMDS Functionality 



The VMDS shall also meet the following requirements. 



1. It shall be accessible from within the railcar. 



2. It shall not degrade the reliability and safety of other vehicle systems. A failure in the 
VMDS or its wiring shall not cause a fault in another railcar system. 



3. It shall automatically synchronize date and time information for all subsystems. All data 
shall be date and time stamped to allow immediate synchronization between data sets. 
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4. It shall detect and annunciate failures within the VMDS system including failures or 
faults detected during power-on self-tests, during diagnostic tests, or by faults or 
hardware failures that occur subsequent to startup. 



a. Detectable faults shall include all hardware and software of the VMDS system. 



b. Faults shall be annunciated via the Train Control Display (TCD) and by an indicator 
light on the failed equipment. 



5. Each railcar subsystem shall perform its own diagnostics, log fault and status data, and 
provide this information to the VMDS. A subset of information shall be reported by way 
of the TCD located on the console of each cab (Contract Drawing 8000-15, 7k Operators 
Cab - Console). 



6. The VMDS design shall provide complete galvanic isolation of all inputs and outputs. 
The isolation and input protection shall meet the electromagnetic compatibility 
requirements. The VMDS shall be protected from damage due to transient over- and 
under-voltage conditions. 



7. The VMDS shall communicate with all railcars in a train consist of up to eight cars, using 
the train network. The system shall identify trains longer than eight cars. 



8. The VMDS shall have sufficient memory capacity to store collected data for a minimum 
of 90 days without loss of data or overwrites. 



a. Train state data shall be stored for a minimum of 7 days. 



b. The VMDS memory data shall not be lost when the main power is cut off. 



c. Provision shall be made within the VMDS and any other data storage device to take 
advantage of higher capacity media as it becomes available to prevent obsolescence 
constraints. 



9. Fault data shall be recorded in a structured format so that statistical analysis may be 
conducted after download. 



10. The VMDS software shall be designed so as to differentiate a failure of a system from a 
failure to communicate with it. 



11. The VMDS fault data recorded by the VMDS shall be overwritten by the VMDS only if 
the data to be overwritten has already been transferred into the TWDT database.   



12. The VMDS shall include capabilities to limit or interrupt fault data logging while the car 
is in the Shop. This capability shall allow the Shop to see and use fault data in response 
to tests, but shall not include such data in the normal data logs. 



13. The VMDS shall include capabilities for downloading stored data: 



a. Download shall be via a USB 2.0 or better Type-A connector (or approved 
alternative), consistent with other PTU interfaces, as defined in Section 9.2, Portable 
Test Devices. The USB port shall be capable of transferring data directly to a memory 
storage device in addition to transferring data to the PTU. 
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b. Alternatively, a removable drive containing duplicate data set may be included. 



c. Data download shall not require more than 15 minutes. 



d. All data shall be downloaded in a common, spreadsheet-style format that can be 
directly loaded into Microsoft Excel®. No data conversion shall be required. 



e. The VMDS shall also be capable of downloading data via the wireless data transfer 
system as described in Section 23.5, Train/Wayside Data Transfer. 



23.2.3 Monitored Subsystems 



Real-time status and fault data shall be available, for Auto and Man operation, for all processor-
based systems and other important systems, including from at least the following systems: 



1. ATC 



2. Doors, including individual door open/closed status 



3. Friction brake 



4. Propulsion 



5. LVPS 



6. Auxiliary power system 



7. HVAC 



8. Communications system 



9. Monitoring systems 



10. Lights 



11. Control lock 



12. Couplers, including discrete trainlines and train network states 



13. Control console equipment, including door control pushbuttons and couple/uncouple 
function 



14. Air compressor 



23.2.4 Faults, Data Classification, and Attributes 



Some data requirements and the organization and classification of data shall conform to the 
following. Even though the word “fault” is used below, this functionality also applies to events 
that may not be faults. 



1. VMDS data shall be classified according to its purpose(s), as follows: 



a. Data intended to be shown to the train Operator  
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b. Data intended to assist maintenance and troubleshooting 



c. Predictive maintenance data 



d. Data intended to support total rail system operation 



2. Each fault shall be assigned a set of fault attributes that controls how the VMDS 
responds to that fault. The proposed list of attributes shall be submitted for review and 
shall be as approved in design review. Requirements regarding attributes shall be as 
follows: 



a. Determine whether a fault is shown to the train Operator, or only to maintenance 
personnel. 



b. If a fault is shown to the train Operator, determine whether it is Critical (red), 
Warning (yellow), or Information (white) 



c. Determine whether a fault should be acknowledged by a physical action of the 
Operator. 



d. Determine whether a fault should be accompanied by an alarm, and what type of 
alarm. At least three types of alarms shall be included. 



e. Determine whether a fault should be immediately transmitted to the wayside. 



f. Determine whether a fault should be part of a heart-beat packet that is routinely 
transmitted to the wayside. 



g. Determine whether a fault should be ignored. 



h. The VMDS software shall be designed so as to enable the Authority to modify 
attributes via download of an attribute table. 



3. Each fault or event shall include a packet of data associated with that fault or event. The 
data-set shall be as approved by the Authority. An example of the type of data is shown 
below. 



• VMDS Date 
• VMDS Time 
• Car Number (location of fault) 
• Consist Configuration (even car numbers from each married pair in consist) 
• System Name (where fault exists) 
• R-end, or F-end identifier (where applicable) 
• Fault Name 
• Fault Description 
• Snap Shot file name 
• Car Mileage 



b. Notes to fault data: 



• The VMDS software shall be designed so as to differentiate a failure of a system 
from a failure to communicate with it. 
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• The fault data recorded by the VMDS shall be sufficient to identify a failed LRU 
and to help identify a failed replaceable module with an LRU.  



4. Predictive maintenance data general requirements: 



a. The predictive maintenance data shall consist of, at a minimum, the following: 



• Condition Based Monitoring Data: This data shall include, at a minimum, the 
number of cycles for assets that are maintained based on the number of cycles of 
operation (e.g., HSCB, doors, compressors, HVAC, brakes, etc.).   Specific 
condition monitoring items for Propulsion, Brakes, Doors, and HVAC shall be 
identified for approval. 



• Energy Consumption Data: This data shall be calculated by each applicable 
subsystem subject to significant characteristics of energy usage or generation 
(e.g., propulsion, dynamic brakes, and auxiliary systems). Energy usage shall be 
measured in kWh, and shall be reported to the VMDS at a frequency subject to 
approval by the Authority.  The Authority shall be able to select a date interval 
and determine the following: 



○ Energy consumed by the propulsion system 
○ Energy consumed by the auxiliary systems 
○ Energy dissipated in the braking resistors 
○ Energy returned to the third rail 
○ Total energy consumed by the car, considering regeneration to the third rail 
○ Total energy that would be consumed without regeneration to the third rail 



b. The predictive maintenance data values shall be recorded by each applicable 
subsystem in a preset time period subject to approval by the Authority. 



c. The list of assets or subsystems subject to predictive maintenance data shall be 
submitted to the Authority for Approval. 



d. The predictive maintenance data values shall be reported to the VMDS and saved by 
the VMDS in a file format that can be downloaded by PTU and can be transferred to 
the wayside by the TWDT system.  



23.2.5 Train Control Display 



A Train Control Display (TCD) shall be provided in each cab for the Operator and the 
maintenance technicians. Multiple TCDs may be proposed to ensure availability of critical 
information. See Section 11.7.2, Train Control Display, for location requirements. 



1. It shall be microprocessor-based, self-contained, suitable for railroad applications, and 
shall require no external controls, adjustment, or routine maintenance. 



2. It shall provide two primary screen displays: 



a. Operating screen 



b. Maintenance screen 
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3. The screen displays shall be sufficiently large to present the information to an Operator 
without undue scrolling. 



4. Each screen may use additional levels of subsidiary screens to present extensive 
information as well as additional subsidiary screen choices. 



a. If several screens are used to display levels of primary and subsidiary data, then the 
screens shall be arranged in a sequential hierarchy that shows the most important 
and general data first, and allows user to move to subsidiary data from there. 



b. If subsidiary screens are used, return to the primary screen shall be possible with one 
command. 



5. Activation of a touch screen area, if provided, shall be acknowledged by a short audible 
“beep” and by highlighting the area of the screen by means such as reverse video. The 
position and function of touch screen buttons (if provided) shall preclude accidental or 
unintentional operation when changing screens. 



6. Display information shall be divided among, and presented on screens in a logical and 
orderly manner. 



a. Data shall be organized and displayed in a time-based format, unless otherwise 
approved. 



b. Information shall be displayed graphically, textually, or both.  



c. Data shall be displayed in the most efficient manner available, and shall be labeled in 
easily-understood plain English. Display of information in coded form is prohibited. 



d. Each screen shall be designed with the same layout and format, regardless of its 
place in the hierarchy of primary and subsidiary data. 



e. The interface for screen selection shall be the same type for all screens. 



7. Display screens shall be designed, physically and functionally, to allow for easy addition 
of display items.  



8. Display screens shall be readable in direct sunlight or with the cab lighting at night. The 
screens shall be glare free. 



9. The TCD shall provide capabilities for allowing remote access from the wayside to view 
screens via Wi-Fi. 



23.2.5.1 Train Control Display Operating Screen 



The TCD operating screen shall present railcar data necessary for the following: 



1. Prepare the train for operation. 



2. Assist the Operator with fundamental train operation functions. 



3. Inform the Operator of fault conditions affecting the operation of the train. 
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The TCD operating screen shall meet the following general requirements: 



1. Time, date, and Train ID data from the VMDS in the leading car shall be transmitted and 
used by all fault recording equipment on a train. Time and date data shall be transmitted 
periodically to all fault-recording equipment to ensure consistency of recorded data. 



2. The operating screen shall enable railcar mileage data to be viewed, though this need 
not be displayed when the train is in motion. 



3. The operating screen shall be used for configuration of the passenger information 
system (e.g route selection), directly or by a link to a lower-level screen. 



4. The operating screen shall provide the Operator with the necessary interfaces to issue 
special announcements and inform the Operator of any passenger call. The subject 
functions may be accessible by a link to a lower-level screen. 



5. The operating screen may include a lower-level screen to broadcast live video from 
cameras located on the train. The list of cameras allowed to be broadcasted through the 
operating screen is subject to approval by the Authority.   



6. The operating screen shall display major failures of the car or train. 



7. The fault data displayed on the operating screen shall include the time, date, unit 
number, and a system description of the fault, based on the system’s software 
requirements specification. 



8. Where more than one of the same type of equipment is installed on a vehicle, the fault 
data displayed on the operating screen shall identify the specific equipment exhibiting 
the fault. 



9. If necessary, provisions shall be made to allow the user to scroll fault data for all systems 
and to drill down to lower-level screens that provide more detailed data on each system 
and shall clearly identify faults preventing or interrupting train operation. 



10. The Contractor shall submit for approval a functional description of this screen and a 
depiction of its layout as part of the design integration package (see CDRL 22-1).  



23.2.5.2 Train Control Display Maintenance Screen 



The TCD maintenance screen shall provide the necessary interfaces to assist with the following: 



1. Maintenance activities on the train. 



2. Enhanced troubleshooting activities of the train. 



3. The broadcast of train information requiring special permissions. 



The TCD maintenance screen shall meet the following general requirements: 



1. The access to the TCD maintenance screen shall require a special maintenance key. 
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2. The maintenance screen shall provide the following, at a minimum: 



a. Detailed status from all major subsystems variables. 



b. Subsystems software versions screen 



c. Subsystems maintenance tests screen 



d. Test message function screen 



e. Detailed VMDS fault data  



f. Subsystems fault data 



g. CCTV Screen 



h. Stored Video screen 



3. The TCD maintenance screen shall provide sufficient information to identify a failed, 
replaceable module within a subsystem (LRU). 



4. The Contractor shall submit for approval a functional description of this screen and a 
depiction of its layout as part of the Communications and Maintenance System design 
integration package (see CDRL 22-1). 



23.2.5.3 Train Control Display Indications 



Visual indicators to be displayed on the TCD shall, at a minimum, include the following: 



1. Iconic view of the train, showing fault, event, and status information  



2. Active key locations 



3. Critical operation information (e.g., Emergency trainline status, FSB trainline status, etc.) 



4. Status of each cutout control 



5. Status of each bypass control 



6. ATO Mode 



7. Door Mode 



8. Doors Closed, for each door, shown on the iconic view 



9. Fault acknowledgement 



10. Overspeed 



11. Loss of third rail: 



a. Loss of third rail shall be reported at the car level. 



b. Loss of third rail shall not be reported if the railcar passes over a rail gap.   
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Other indications to be displayed on the cab console are detailed in Exhibit 11-1, Operator’s Cab 
– Train Operation Controls and Indications – Functional Description. 



23.2.6 Left Cab Maintenance Screen 



The left side of the cab includes a video view screen as described in Section 22.5.5.3, From the 
Cab CCTV Monitor.  This is a dual-use screen.  There shall be a second Maintenance Key that is 
associated with this screen.  When the key is activated, the left-cab screen shall be a view-only 
version of the TCD, including all TCD screen displays.  Audio outputs that would be provided 
to the train Operator shall not be provided for this screen.  Monitoring functions of the Left Cab 
Maintenance Screen shall be available regardless of whether the train is stopped. 



23.3 VEHICLE/TRACK DYNAMIC PERFORMANCE MONITOR 



A proven vehicle/track interaction monitoring system shall be provided to record excessive 
accelerations on the carbody, truck, and axles. 



1. The system shall be autonomous and function without Operator intervention. 



2. The system shall be capable of continuously monitoring measurements at up to 400 Hz 
sampling rate and detecting exceptions for the following. Monitoring range and 
exceptions shall be subject to the Authority’s approval: 



a. Carbody vertical accelerations 



b. Carbody lateral accelerations 



c. Truck frame lateral accelerations 



d. Axle vertical accelerations (both wheels) 



3. The system shall not add or require any additional trainlines but may use existing speed, 
distance, or station location signals. 



4. The system shall be capable of being powered from the LVPS system.  



5. The system shall be capable of location determination through GPS; speed, distance, and 
station information derived from existing onboard sensors; VMDS, AAS; or a 
combination of these, as approved by the Authority. 



6. The units shall have the ability to produce strip chart reports. 



7. The system shall be able to transmit acceleration data within a secure, standalone 
system, via wireless or cellular medium to processing servers. 



a. When the communication network is not available, the system shall be capable of 
queuing data transmission until coverage is available. 



b. Once the data reaches the processing server, it shall remain secure. 
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8. A web-enabled, front-end protected reporting application shall be provided through 
which the acceleration data (over a defined threshold) shall be available for review and 
analysis. 



a. Through this web application, acceleration data shall be suitable for sorting or export 
to Microsoft Excel®. 



b. Information provided through the web application shall include, at a minimum:  



• Vehicle ID 
• Date/Time of detection 
• Speed/Location of event (such as feet past station and chain marker location) 
• Value of the acceleration 
• Estimated force of wheel impacts 



c. Up to 4 seconds of associated waveform data for detected exceptions shall also be 
available for review in the website display. 



d. Automated quality assurance checks shall be performed on the acceleration data to 
filter out suspect events.  All data shall be available for display in tabular views and 
it shall be possible to query on multiple parameters, as approved by the Authority.  
It shall be possible to narrow searches by adjusting the date/time range, location, 
equipped vehicle, and event type. 



e. The web system shall be able to generate daily data exports that can be distributed 
via email to predefined email addresses and for upload into existing proprietary 
maintenance information management systems. 



f. The health of the system hardware and maintenance reports shall be provided by 
website display to ensure systems are operational and performing to specifications. 



g. Authority personnel shall be able to define thresholds after the data has been 
delivered to the central processing station for triggering corrective action on a 
reported location. 



• Authority personnel shall be able to receive email and text updates based on 
these customizable threshold levels. 



• It shall be possible to configure high-level events for immediate email delivery to 
predefined email addresses. 



9. The Contractor shall procure, install, set up, and maintain the described equipment 
throughout the warranty period, set up and maintain the website on an Authority-
approved server, and customize the reports to the Authority’s satisfaction. 



a. As a minimum, 15% of the 8000 series cars shall be equipped with this monitoring 
equipment, which shall be installed on B-Cars. 



b. The monitoring system shall be tested as a part of factory acceptance tests and again 
during the vehicle acceptance testing at the Authority’s property. 



c. The system shall not require maintenance or service fees to continue operation. 
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23.4 EVENT RECORDER 



The Contractor shall supply one event recorder for each married pair: 



1. It shall be permanently mounted in an approved location. 



2. The event recorder may be provided as an integral part of the VMDS, subject to 
Authority approval. 



3. The Authority prefers that all signals be measured and extracted from the source of the 
signal independent of the VMDS. The use of calculated or derived processed data 
signals shall be minimized. 



4. The event recording equipment shall comply with requirements of 49 CFR 229 and IEEE 
1482.1. In case of conflict between the requirements, the more stringent requirement 
shall prevail. 



5. If the event recorder is integrated with the VMDS, the event recording memory module 
shall be demonstrated to meet the crashworthiness requirements listed in IEEE 1482.1, 
Table 4, Crashworthiness requirements. 



6. The event recorder shall continue recording when the vehicle is stationary but in operate 
mode. 



7. The Contractor shall submit for approval, data on event recorder design, operation, and 
functionality, including a list of recorded parameters. (CDRL 23-2, Event Recorder 
Design, Operation, and Functionality) 



23.5 TRAIN/WAYSIDE DATA TRANSFER 



23.5.1 General 



The Contractor shall develop an integrated design for onboard and wayside equipment to fully 
support a Train/Wayside Data Transfer (TWDT) system as described in this Section. 



1. The system shall be wireless and provide reliable and secure transfer of data to and from 
the railcars. 



2. The Contractor shall be responsible for the design and supply of the carborne equipment 
as part of the Contract, and shall also provide a wayside database, a shared file system, 
and user-interface software, as described in Section 23.4.5, Wayside TWDT Components, 
below. 



3. The Contractor shall submit a comprehensive design package for review and approval 
by the Authority. (CDRL 23-3, Train-to-Wayside Data Transfer (TWDT) Design 
Package) (Optional) It shall include the following: 



a. Datasheets and specifications for all system equipment 



b. A description of the system’s functional capabilities 



c. A description of the system’s security measures 
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4. The following requirements define the Authority’s intent for the TWDT system. The 
TWDT System shall be based on the latest version of IEEE 802.11, or approved equal. 
Alternate approaches that meet the functional intent may be proposed for approval. 



23.5.2 Transfer Locations 



To facilitate the implementation of the TWDT system, the Authority is providing wayside 
communications equipment, including wireless access points and a central data server, 
including at storage yards, at stations, and potentially along the alignment between stations.  



The system architecture shall be designed so that the Authority can add additional access points 
in the future at additional passenger stations, additional storage yards, and other locations. 



23.5.3 Data Transfer 



Data transfer shall be configurable to be either scheduled for automatic operation or by request 
of a wayside user, or both. 



1. Data to be transferred from the railcar to the wayside shall include the following (in 
order of priority): 



a. Event recorder data 



b. Fault data from the VMDS 



c. Subsystems internal fault data (as needed and for approval by the Authority) 



d. Status data from the VMDS 



e. Predictive maintenance data from the VMDS 



f. Stored video images 



g. Video images associated with a Passenger Call Station activation 



h. Live video images (when supported by wayside access points) 



i. Mileage 



j. Onboard software configuration 



k. Commercial logs of historical data broadcasted by the PIS 



2. Data to be transferred from the wayside to the cars shall include the following: 



a. An accurate system location reference, for use in synchronizing the PIS  broadcast 
data [scheduled] (when supported by wayside access points) 



b. PIS data, including audio and video service and other special announcements (AAS) 



c. Commercial data for broadcast on the PIS 



d. Daylight Savings Time rules 



e. Time synchronization requests 











Section 23, Monitoring and Diagnostics  



WMATA 8000 Series Railcars  23-15 Technical Specifications 



f. Additional data type subject to a transfer from the wayside to the railcar (subject to 
approval by the Authority) 



3. The Authority shall have the ability to set the priority assigned to individual types of 
data from a wayside control station, using a password protected access mode. 



4. The TWDT system shall allow for data to be transferred between the railcar and the 
wayside (in both directions) when the train is either keyed up or keyed down. 



5. The Contractor shall submit the list of data to be transferred while the train is keyed 
down and the list of data to be transferred while the train is keyed up to the Authority 
for approval. 



6. The TWDT system shall allow for data to be transferred between the railcar and the 
wayside (in both directions) when the train is either stationary or in motion.  



7. The Contractor shall submit the list of data to be transferred while the train is stationary 
and the list of data to be transferred while the train is in motion to the Authority for 
approval. 



8. The TWDT system shall be designed so that any transfer interrupted as a result of a loss 
of communication (e.g, loss of Wi-Fi) between the wayside and the railcar shall 
automatically resume as soon as the communication re-establishes. 



9. The TWDT system shall include email capabilities: 



a. The TWDT system shall allow for automatic notification of the data transferred from 
the railcar to the Authority. 



b. The TWDT data subject to the notification feature, the frequency of the notification 
(instantaneous, daily, weekly, etc.), and the definition of the Authority’s email 
distribution groups shall all be made configurable by the system. 



10. The TWDT system shall save the data transferred from the railcar to a shared memory 
space on the wayside, allowing simultaneous access to the transferred data by multiple 
programs. See Section 235.5, Wayside TWDT Components, below, for details. 



11. The Contractor shall implement the latest techniques of authentication and data 
encryption when designing the TWDT system. The use of a trusted Certificate Authority 
and TLS/SSL for data encryption is recommended although alternate solutions may be 
proposed to the Authority for Approval. 



23.5.4 Carborne TWDT Equipment 



The TWDT system shall operate discretely with each Operator’s cab. 



1. The interface point shall be implemented through the use of multiple antennas 
connected to a carborne TWDT controller. The onboard TWDT antennas shall use 
MIMO (Multiple Input Multiple Output) technology to provide the best characteristics 
of speed, bandwidth, and reliability. The TWDT controller shall be interfaced to the 
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VMDS, the event recorder, the network video recorder, the cameras, the PIS and other 
car equipment, as appropriate. 



2. The TWDT controller shall be connected to the E-TCDN Ethernet Consist Network, as 
defined in Section 21, Network and Trainline Control. 



3. Communication between each TWDT controller and the wayside shall be limited to the 
married pair hosting the TWDT controller only.  



4. A mechanism preventing any unintended traffic from being exchanged between the 
wayside and the TWDT controller (such as the use of an application layer gateway) shall 
be implemented on the railcar. 



5. Power to the carborne TWDT system shall be from a dedicated circuit breaker on each 
railcar. 



6. The system shall interface to the WMATA wayside system according to the state of the 
wayside system during Design Review.  Specific items include the following: 



a. Each married pair shall be equipped with 802.11ac compliant wireless client having 
the following minimum capabilities: 



• External, roof-mounted, dual-band MIMO (2x) antenna 
• 2x MIMO RX and TX capability 
• Full Dual band operation including all U.S. regulatory 2.4 GHz and 5 GHz ISM, 



UNII1, UNII2, and UNII 3 channels 
• -20dBm or better output power on both 2.4 GHz and 5 GHz bands 



b. The client will connect to the WMATA network using an existing WLAN with the 
following security settings: 



• WPA2 PSK with AES Encryption 
• The client shall also be able to support the 802.1X security standards including 



PEAP and TLS with certificates 



c. The key will be provided to one person at the vendor to embed into the 
configuration files for their client. Wireless access to the network is restricted by a 
firewall and network access is limited only to the ports and addresses necessary for 
the applications. All other access is blocked. 



23.5.5 Wayside TWDT Components  



The Contractor shall provide the wayside components necessary to fully implement the TWDT 
system. 



1. The wayside components shall include a web-based user interface software, a database, 
and a shared file system. The central control unit shall be equipped with at least one 
operator terminal and one technician terminal. 
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2. The system architecture shall be expandable to support the following: 



a. Additional wayside access points throughout the Authority’s network as described 
in this Section. 



b. Network connectivity with other Authority systems. 



3. The user interface shall be efficient and easy to use, and shall provide the following 
discrete functions: 



a. Send data to a particular train, selected by its schedule ID. 



b. Send data to all trains on a particular line. 



c. Send data to all trains on the system. 



d. Request data from a particular train, selected by its schedule ID. 



e. Request data from all trains on a particular line. 



f. Request data from a specific married pair. 



g. Request data from all trains on the system. 



h. Provide a log of data receipts for a preceding time interval (selected from list). 



i. Reading capabilities of the transferred data (e.g., stored video) or railcar real-time 
data (e.g., live video) at least equivalent to that one’s offered by the PTU. 



j. Data retention capabilities (exporting/deleting) of the transferred data. Exporting 
capabilities shall allow for a partial or full export of each data type transferred into 
the TWDT database. 



k. Management of TWDT user access and permissions. 



l. Remote access to the railcar TCD. 



4. The TWDT database shall be hosted on the central data server provided by the 
Authority and shall provide, at a minimum, the following discrete functions: 



a. Store the real-time information transferred from the railcar and any applicable 
metadata associated with the transferred data. 



b. A software equipped with basic user friendly database maintenance capabilities 
(database backup, cleanup, etc.) shall be provided to the Authority along with the 
TWDT database. 



5. The TWDT shared file system structure shall reside on the central data server provided 
by the Authority to store the media files transferred from the railcar not saved into the 
TWDT database. 



6. The TWDT database structure and the TWDT shared file system structure shall both be 
implemented to allow for simultaneous access by multiple external programs.  
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23.6 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 23-1, VMDS List of Faults, Fault Hierarchy, and Fault Logic .................................................. 3 
CDRL 23-2, Event Recorder Design, Operation, and Functionality ................................................. 13 
CDRL 23-3, Train-to-Wayside Data Transfer (TWDT) Design Package .......................................... 13 
 



23.7 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



49 CFR 229 Railroad Locomotive Safety Standards 



IEEE 802.11 Standard for Information technology--Telecommunications 
and information exchange between systems Local and 
metropolitan area networks--Specific requirements - Part 
11: Wireless LAN Medium Access Control (MAC) and 
Physical Layer (PHY) Specifications 



IEEE 1482.1 Standard for Rail Transit Vehicle Event Recorders 



IEEE C37.90.1 Standard for Surge Withstand Capability (SWC) Tests for 
Relays and Relay Systems Associated with Electric Power 
Apparatus 
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24.1 GENERAL 



24.1.1 Scope 



This Section defines the minimum performance requirements for materials to be used in the 
construction of vehicles, and establishes minimum guidelines for workmanship. 



It identifies mandatory government requirements and industry specifications controlling the 
quality of specific materials and components and the construction methods.  Alternatives may 
be considered by the Authority, if proposed. 



Inclusion of a material or product in this Section does not imply approval of its use in a 
particular application. Refer to other sections for detailed requirements for specific vehicle 
systems. 



24.1.2 Quality 



Material and workmanship shall be in accordance with the stated Specification or description, 
unless a substitution is approved by the Authority. 



Inclusion of a material or method in this Section does not indicate approval for application or 
use in a specific situation. When a material or method is specified in this Section, this Section 
shall be applicable; however, specific requirements detailed in appropriate Technical 
Specifications sections take precedence over this Section. 



24.1.3 Standards 



Materials and workmanship shall conform to the appropriate industry standards for use on rail 
transit equipment: 



1. These standards include Federal or Military Specifications or Standards, the 
Specifications of the Aluminum Association, AAR, ANSI, ASME, ASNT, ASTM, FRA, 
IEEE, IEC, EN, NACE, NFPA, SSPC, or other requirements as specified in this Section. 



2. Foreign standards may be proposed as alternatives. The Contractor shall submit 
documentation for Authority review and approval demonstrating that the proposed 
standards are the equivalent of the specified standards. Proposed substitute 
specifications shall be submitted in both English and the language of the country of 
origin. 



24.1.4 Material Availability in the U.S. 



24.1.4.1 Cleaning Agents 



For each part of the vehicle that is normally cleaned, materials proposed for use in that area 
must have a manufacturer-recommended cleaning agent available and not prohibited in the 
U.S.  
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Contractor shall submit a list including recommended cleaning agents for each material 
exposed to normal cleaning. Include a Safety Data Sheet (SDS) for each cleaning agent. (CDRL 
24-1, Recommended Cleaning Agents)  



All recommended cleaning agents shall be safe for use on any equipment or material anywhere 
on the car. 



24.1.4.2 Maintenance Materials 



Fasteners, paint, lubricants, and other materials required for maintenance of the vehicles must 
be available and not prohibited in the U.S. 



24.1.5 Storage of Materials 



Contractor shall ship and store equipment and material intended for use in these vehicles such 
that damage and reduction in life are prevented: 



1. These requirements apply to equipment and material at the Contractor's facilities, at the 
Authority 's facilities, and to capital spare parts. 



2. At a minimum, Contractor shall comply with the following: 



a. Contractor shall protect stored material subject to corrosion by waterproof covers or 
coatings.  Store materials and equipment under cover and off the floor or ground. 



b. Contractor shall store equipment with ports, covers, and other enclosure openings 
closed to prevent entrance of dirt or moisture. 



c. Contractor shall clearly mark dated material with the expiration date; material shall 
not be used beyond this date. 



d. Contractor shall handle and store material with special handling or storage 
requirements according to the manufacturer's requirements. 



• For equipment with special storage requirements, Contractor shall include 
storage and handling instructions with the equipment. 



• Contractor shall clearly mark and store material with appropriate nomenclature 
to prevent misapplication. 



• Contractor shall include instructions on how to prepare equipment for use after 
long periods of storage, where applicable. 



3. Contractor shall clearly mark rejected material as such and store in a separate controlled 
area specifically designated for that purpose and segregated for this program. 



24.1.6 Prohibited Materials 



Contractor shall submit a list of prohibited materials with certification that no prohibited 
materials are used in the vehicle (CDRL 24-2, Certification of No Prohibited Materials)  



The following materials shall be prohibited from use on the vehicles: 



1. PVC 
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2. Asbestos 



3. Cadmium (except for battery) 



4. Lead, all applications, including in paint and coatings, except for electronics solder 



5. PCBs 



6. Carcinogenic materials as listed by current Publication of the American Conference of 
Governmental Industrial Hygienists (ACGIH) 



7. CFC and HCFC compounds, including R-22 refrigerant 



8. Urethane foam 



9. Materials in the List of Highly Hazardous Chemicals, Toxics and Reactives, 29 CFR 
1910.119, Appendix A 



24.1.7 Material Reporting Requirements 



Contractor shall comply with the following: 



1. Whenever a proposed commercial material is not covered by a specification or standard, 
it is considered a contract deliverable, and must be submitted by the Contractor (CDRL 
24-3, Proposed Materials not Covered by Specification or Standard)  



2. The Contractor shall keep on file Safety Data Sheets (SDSs) for chemical materials 
(paints, solvents, adhesives, etc.) used in the manufacture of the vehicle, and furnish 
SDS information as requested by the Authority for any questionable material.  SDSs 
shall comply with 29 CFR 1910.1200 (g). 



3. The Contractor shall maintain records that trace all materials to their manufacturers and 
production lots, and help verify compliance with quality standards specified or cited in 
this Section. 



24.1.8 Dissimilar Materials 



Dissimilar materials are materials that corrode or otherwise become damaged when in contact 
with each other. 



1. Connection of dissimilar materials is permitted only at permanent connections and with 
electrochemical isolation approved by the Authority. 



2. Electrochemical isolation treatments shall be permanent and not require maintenance or 
replacement for the life of the vehicle. 



3. Dissimilar materials are not permitted at electrical connections or connections requiring 
disassembly for maintenance or for removal and replacement of equipment. 
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24.2 STANDARDS OF WORKMANSHIP 



24.2.1 Workers 



Contractor shall comply with the following requirements: 



1. Vehicle components shall be constructed by workers experienced in the appropriate 
trades. 



2. The Contractor shall provide worker training and supervision to ensure that 
manufacturing control requirements are satisfied. 



24.2.2 Use of Drawings and Procedures 



Contractor shall comply with the following requirements: 



1. Design and construction drawings and procedures shall be readily available where 
manufacturing is occurring, and shall be used by workers to accomplish and verify their 
tasks. 



2. Contractor shall ensure that workers are always using the current revision. 



3. Contractor shall ensure that workers use tooling as defined by the design or 
construction drawings. 



4. Work not expressly detailed on the Contractor's drawings, such as internal standards or 
documents, shall conform to the minimum standards of workmanship in this Section, 
and are subject to the same review and approval standards as the drawings. 



24.2.3 Use of Manufacturing Tools and interchangeability 



Contractor shall comply with the following requirements: 



1. Attachment points in the vehicle and on subassemblies shall be located by jigs, fixtures, 
laser levels, and similar methods, unless waived by the Authority, to ensure accurate 
placement and per-design tolerances. 



2. Like components shall be constructed to the same dimensions and tolerances, hole and 
subassembly locations, materials and finishes, and shall be interchangeable in the 
vehicle and between vehicles without modification. 



24.2.4 Prohibited Practices 



The following are strictly prohibited: 



1. Cut-to-fit, match drilling, filing, and other hand-fitting practices, unless specifically 
approved by the Authority.  Where such practices appear necessary in construction, 
perform a prompt review of design and construction methods and implement 
corrections to avoid these practices. 



2. Modification of OEM or subcontractor equipment, including minor modifications such 
as replacement of wire terminations. 











Section 24, Materials and Workmanship 



WMATA 8000 Series Railcars 24-5 Technical Specifications 



3. Modification of Contractor equipment without following Authority-approved 
procedures. 



24.2.5 Metal Fabrication 



Contractor shall comply with the following requirements: 



1. In rolled-steel members, camber and sweep, as received, shall not exceed AISC 
specifications. 



2. Flat plates shall be sheared or cut using modern metal-cutting technology such as laser 
cutting or waterjet cutting. 



3. Structural shapes, pipe, and tube shall be cut to length using band saw or cold cut blade 
saw.  Cut to length by hand held torch is not permitted. 



4. Holes shall be drilled or die punched.  Bolt holes shall not be burned by hand torch. 
Holes 1.5 inch and larger may be cut by modern metal-cutting technology such as laser 
cutting or waterjet cutting. 



5. Spacing of holes on connection plates shall have a tolerance of maximum 0.03125 inch. 



24.2.6 Machining 



Contractor shall comply with the following requirements: 



1. Machine fits shall adhere to ASME B4.1. 



2. Surfaces receiving power machine cutting or profiling shall have a surface finish of 
maximum 125 microinches rms. 



3. Shafting shall have the ends squared by face off in an engine lathe. 



4. Chamfers shall be machined on shaft edges and at edge of bore of press on parts. 



5. Cut edges shall be de-burred. 



24.3 JOINING 



24.3.1 General 



Certain combinations of materials require particular care in joining to avoid the possibility of 
corrosion. Isolating and moisture-proofing materials, appropriate to the materials being joined, 
shall be used at all times where these combinations exist. 



24.3.2 Joint Fitting 



Contractor shall comply with the following requirements: 



1. Joints shall be properly fitted, whether exposed or concealed. 
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2. Gaps between joints: 



a. Shall be held to a minimum and be uniform in width. 



b. When not otherwise specified in drawings or specifications, gaps between joints 
shall be held to a dimension not greater than 10% of the thinner material being 
joined, or 0.002-inch, whichever is greater. 



3. The edges of panels shall have a smooth, finished appearance. 



4. Where excessive gaps (greater than those permitted by approved drawings or 
standards) are found to exist at the faying surfaces of structural bolted or riveted 
connections, Contractor shall comply with the following requirements: 



a. Metal shims of the same material as that of the deficient part may be used, but only 
with the written permission of the Authority.  



b. Shims, if used, shall be permanently fastened to one of the base parts being joined. 
The use of epoxy or other plastic filler at such locations is expressly prohibited. 



24.3.3 Metal-to-Metal Connections 



Contractor shall comply with the following requirements: 



1. Metal riveted or bolted to metal: 



a. Contact surfaces shall be free of dirt, grease, rust, and scale. 



b. Contractor shall coat with an epoxy primer as specified below in Section 24.18, 
Paints and Coatings. 



c. Epoxy primer may be omitted for like-stainless steel to like-stainless steel joints. 



2. Aluminum:  Metal-to-metal connections shall be as specified below in Section 24.5.5, 
Aluminum. 



24.3.4 Wood-to-Metal Connections 



Contractor shall comply with the following requirements: 



1. Wood and ferrous metal surfaces joined: 



a. Contractor shall coat wood with two coats of epoxy paint. 



b. Contractor shall coat metal with primer, as specified below in Section 24.18, Paints 
and Coatings. 



2. Bolts or rods passing through wood:  Contractor shall coat with primer. 



3. Aluminum:  Wood-to-metal connections shall be as specified below in the Aluminum 
section. 
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24.3.5 Wood-to-Wood Connections 



Wood and wood joined:  Coat both abutting surfaces with two coats of epoxy. 



24.4 FASTENERS 



24.4.1 General 



24.4.1.1 Scope 



Fasteners include threaded fasteners, associated nuts, tapping plates, and washers; quick-
release fasteners; rivets; and locking pins.  Contractor shall submit a design package (CDRL 24-
4, Fasteners Design Package)  



24.4.1.2 Design 



The Contractor shall take note of the Authority’s preferences, and comply with the following: 



1. All fasteners shall conform to inch standards. However, use of ISO metric-standard 
fasteners will be permitted for backshop operations only for suppliers for which using 
inch fasteners would require a redesign of products. 



2. Contractor shall be responsible for selecting fastener types, sizes, styles, lengths, 
materials, grades, and finishes that will satisfy the requirements of the design and meet 
the requirements of the Specifications. 



3. Contractor shall minimize the number of different sizes and styles of fasteners used. 



24.4.1.3 Material 



Contractor shall comply with the following requirements: 



1. Bolts, screws, nuts, washers, and other related fastening devices shall be plated steel or 
stainless steel. 



2. Aluminum fasteners are generally prohibited except where specified. 



3. Except for fasteners internal to electrical or electronic components, plastic screws, bolts, 
nuts, or other plastic fastening components shall not be used unless specifically 
approved. 



24.4.1.4 Plating 



Contractor shall comply with the following requirements: 



1. Carbon steel, alloy steel, and martensitic stainless steel fasteners shall be plated with 
zinc, unless specifically waived by the Authority.  Zinc plating shall conform to ASTM 
B633, Type II (if RoHS compliant), V, and VI and SC2, SC3, or SC4. 



2. Plating materials other than zinc, and plating of any type on high strength fasteners, are 
subject to approval by the Authority. 



3. Cadmium plated fasteners are not permitted. 
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24.4.1.5 Prohibited 



The following are prohibited: 



1. Protruding screws, mounting bolts or similar items on the vehicle interior or exterior, 
except for those appointments that cannot be built into the structure in any other 
manner. 



2. Self-drilling and self-tapping screws, except where specifically approved. 



3. Tapped holes in structure, brackets, and other vehicle assemblies.  Tapping plates shall 
be used when installing fasteners into vehicle structure or subassemblies. 



4. Fasteners installed into blind holes, unless specifically approved. 



5. Thread-sealing compounds, except for anti-vibration treatments (for example, Loctite) 
where approved. 



6. Use of elastic stop nuts for electrical connections. 



24.4.2 General Requirements for Threaded Fasteners 



24.4.2.1 Standards 



Threaded fasteners shall conform to Industrial Fastener Institute (IFI) latest standards. 



24.4.2.2 Head Types 



Contractor shall comply with the following requirements: 



1. General:  Shall be hex heads or hex socket-heads. 



2. Where specified, tamper-resistant fasteners shall be pin-in-head torx, with a minimum 
number of different sizes used throughout the car. 



3. Prohibited:  Philips, flat head, or other designs, are prohibited except in small electronic 
assemblies or where specifically approved. 



24.4.2.3 Identification 



Contractor shall comply with the following requirements: 



1. Inch fasteners:  Shall be identified as required by the referenced U.S. standards. 



2. Metric fasteners:  Shall be identified as required by the referenced ISO standards. 



24.4.2.4 Maintenance Access 



The design shall provide access for maintenance or replacement of threaded fasteners and nuts.  
When bolts are used to secure apparatus where the bolt head is inaccessible, provide a reusable 
mechanical locking device to prevent the bolt head from turning when the nut is being turned. 
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24.4.2.5 Thread Projection 



Contractor shall comply with the following requirements: 



1. Minimum thread projection shall be 1.5 full screw threads beyond any portion of the 
nut, at proper torque. 



2. Maximum projection shall be as follows: 



a. With elastic stop nuts projection shall be  0.25 inch, regardless of bolt diameter. 



b. Without elastic stop nuts: 



• 0.25-inch diameter or less:  Projection shall be 1.5 full threads plus 0.25 inch 
• Greater than 0.25-inch diameter:  Projection shall be 8 full threads, unless 



otherwise approved by the Authority. 



24.4.2.6 Bolt Hole Size 



Bolt hole clearances shall not exceed the recommendations of Industrial Fasteners Institute (or 
ISO 273). 



24.4.2.7 Tapping Plates 



If tapping plates are used, Contractor shall comply with the following requirements: 



1. Minimum Thickness:  Shall be equal to diameter of the bolt for which the tapping plate 
is intended. 



2. Strength:  Shall meet the same standards as the equivalent nut. 



3. Installation: 



a. Contractor shall attach to the structure with mechanical fasteners unless otherwise 
approved. 



b. Contractor shall drill a clearance hole in the structure for the bolt. 



24.4.3 Special Requirements for Structural Fasteners 



24.4.3.1 Scope 



This section applies to structural and load carrying bolts: 



1. It includes structural bolts for undercar and roof equipment. 



2. It includes fasteners used on the side sill to attach heavy equipment brackets (these are 
considered structural fasteners). 



24.4.3.2 Material and Property Class (or Grade) 



Contractor shall comply with the following requirements: 



1. Structural or load-carrying bolts shall be medium carbon steel. 
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2. Inch (or metric) bolts and nuts shall conform to minimum requirements as indicated in 
the table below, including markings.  Stronger fasteners shall be used if required for the 
application. 



3. Nuts shall have a material proof strength equal to or greater than the material ultimate 
tensile strength of the fastener with which it is used.  For applications where this is not 
achievable, submit specific calculations showing that the nut is stronger than the bolt to 
prevent undetected internal thread stripping. 



Structural or Load Carrying Bolts:  Minimum Grade 
 Standard Grade (Property Class) 
Bolts SAE J429 or ASTM A449 (ISO 898-1) 5 (8.8) 
Nuts SAE J995 (ISO 898-2) According to bolt strength 



 



24.4.3.3 Minimum Size 



Bolt diameter shall be minimum 0.375 inch, regardless of design load. 



24.4.3.4 Required Documentation 



Structural fasteners shall have documentation with the following information available for 
examination by the Authority at the Contractor's QA department: 



1. Identification of manufacturer 



2. Location or country of manufacture 



3. Purchase specifications 



4. Fastener material or grade 



5. Finish, including plating material and specifications, when applicable 



6. Contractor shall obtain and hold the documentation for a period not ending before 
expiration of the last vehicle's warranty period, whether the buyer is a subcontractor, 
supplier, or the Contractor. 



24.4.3.5 Additional Requirements for Safety-Related Fasteners 



Contractor shall comply with the following requirements for safety-related fasteners: 



1. Scope: 



a. Safety-related fasteners include, but are not limited to, those applied to carbody 
structure, trucks, bolsters, brake equipment, couplers, and power collection devices. 



b. A fastener is safety related if failures cannot be tolerated; that is, if even a single 
fastener fails, there is a possibility of brake failure, derailment, or accident. 



c. In the event of a dispute, the Authority will make the final determination of which 
fasteners are safety related. 
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2. Testing for Conformance to Purchase Specifications: 



a. The Contractor shall have a representative sample of each production lot of fasteners 
tested for conformance to purchase specifications by an independent laboratory 
accredited by the American Association of Laboratory Accreditation (AALA), or 
approved equal. 



b. A production lot is defined as one size of fastener, from one manufacturer, and 
produced during one continuous production run.  Fasteners not meeting this 
definition of production lot shall be treated as separate lots. 



c. Testing shall be performed using sample quantities as proposed by the Contractor 
and approved by the Authority. 



d. Tests conducted shall confirm that fastener material meets specified chemistry and 
strength requirements. 



e. The Contractor shall obtain certified test results from the testing laboratory and hold 
the documents for a period not ending before expiration of the last vehicle's 
warranty period. 



3. Testing for Hydrogen Embrittlement: 



a. Safety-related fasteners that are plated or chemically cleaned shall have certification 
of hydrogen-embrittlement testing. 



b. The certification shall be based on a representative sample of actual production 
fasteners that have been tested by the original equipment manufacturer, Contractor, 
or a supplier for hydrogen embrittlement following SAE USCAR 7 procedures.  The 
plating process shall be certified to ASTM F519 procedures. 



c. An ASTM F606/F606M wedge-test sample may be used in place of the ASTM F519 
standard samples. 



d. Test loads shall be a minimum of 80% of yield strength or proof load and held for a 
minimum of 168 hours.  Any failures shall result in the rejection of the entire lot. 



e. The Contractor shall obtain certified test results from the testing laboratory and hold 
the documents for a period not ending before expiration of the last vehicle's 
warranty period. 



24.4.4 Coatings other than Zinc 



Contractor shall comply with the following requirements for alternate fastener coatings (other 
than zinc): 



1. Alternate fastener coatings must be RoHS compliant. 



2. Alternate fastener coatings are permissible only if approved by the Authority.  If 
approved, they must be qualified by testing per ASTM B117 with no red rust or visible 
corrosion products after 96 hours of exposure. 
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3. The Contractor shall test for hydrogen embrittlement in accordance with the Testing for 
Hydrogen Embrittlement paragraph in Section 24.4.3.5, Additional Requirements for 
Safety-Related Fasteners, as specified below: 



a. Fasteners less than Grade 5 (or Property Class 8.8):  If the coating has the possibility 
of causing hydrogen embrittlement, each lot shall be tested for hydrogen 
embrittlement. 



b. Fasteners of  Grade 5 (or Property Class 8.8) or higher:  Each lot shall be tested for 
hydrogen embrittlement regardless of the coating's propensity for hydrogen 
embrittlement, including OEM plated zinc or yellow bolts. 



4. If the proposed coating results in a change in the K-value for the plated fastener to 
outside the range of 0.13-0.15, as defined by IFI-543, Contractor shall comply with the 
following requirements: 



a. The Contractor shall use the alternate coating on all fasteners within the particular 
LRU. 



b. The Contractor shall provide an indelible label identifying the coating type used 
within the LRU and the required torque values for each size fastener used. 



c. Fasteners internal to a subcomponent within an LRU may use the standard coating 
system if they are not subject to removal during maintenance activities. 



24.4.5 Self-Locking Nuts and Washers 



24.4.5.1 Self-Locking Nuts 



Contractor shall comply with the following requirements: 



1. Type:  Prevailing-torque, nylon-insert type, regular-height, self-locking ESNA stop nuts, 
or approved equal. 



2. Alternate type:  All-metal; use only where there is insufficient clearance to install ESNA 
type locknuts, or where the locknut is exposed to temperatures above manufacturer's 
recommended maximum temperature. 



3. Standard:  Contractor shall conform to inch fastener standards found in the IFI Inch 
Fastener Standards Book (or IFI ISO Standards Handbook) or NASM21044. 



4. High Temperature:  Nylon insert lock nuts shall not be used near heat sources that will 
exceed the locknut manufacturer's recommended maximum temperature. 



Contractor shall comply with the following use requirements: 



1. Self-locking nuts (locknuts):  Shall be used throughout, where appropriate for the 
application. 



2. Non-self-locking nuts with lock washers:  Shall be used only in non-structural 
applications upon approval by the Authority, or where required by the Specifications. 
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3. Self-locking nuts shall be used only one time. If disassembled, the self-locking nut shall 
be replaced. 



24.4.5.2 Washers 



Contractor shall comply with the following requirements: 



1. Shall be suitable for the application and matched with the property class (or grade) of 
the bolt with which it is used. 



2. Where high-strength fasteners (above Grade 5/Class 8.8) are applied, washers shall be 
hardened. 



3. Washers shall comply with inch fastener standards found in the IFI Inch Fastener 
Standards Book (or ISO standards found in the Industrial Fasteners Institute (IFI) ISO 
Standards Handbook). 



4. If used, lock washers, shall conform to IFI standards. 



Use Requirements:  Contractor shall provide washers under the heads of bolts and under nuts. 



Use Restrictions: 



1. Split-ring lock washers are prohibited except where specifically approved. 



2. Lock washers shall not be used in structural applications or in fatigue applications 
where the fastener must be torqued and marked.  If applicable, prevailing torque nuts 
shall be used for these applications. 



3. Other types of washers, including Belleville washers, may be used for special 
applications with approval by the Authority. 



24.4.6 Torquing 



Contractor shall comply with the following requirements: 



1. The Contractor shall specify fastener torque value on the Shop Assembly Drawing. 



2. The Contractor shall torque threaded fasteners to the value assigned by the designer or 
to standard torque values recommended by the fastener manufacturer as appropriate to 
the application. 



3. The Contractor shall torque safety-related fasteners, including truck and brake 
equipment bolts and all fasteners exposed to fatigue loads, to a minimum preload equal 
to 75% of their proof load and "torque stripe" after torquing by paint, torque seal 
lacquer, or other approved means. 



4. The Contractor shall calculate fastener installation torque for standard oiled or waxed 
bolts with standard or heavy hex nuts from Industrial Fasteners Institute equations in 
"Torque Book for Fasteners."  Use the following values for coefficient of friction, "K", 
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unless another coefficient of friction was established during qualification of an alternate 
thread plating or coating: 



a. Unplated threads:  K = 0.18 



b. Plated threads:  K = 0.15 



5. The Contractor shall torque self-locking nuts in accordance with their manufacturer's 
recommendations, or conduct tests to determine the proper installation torque. 



6. The Contractor shall perform torquing only by torque wrench. 



7. For those nuts or bolts requiring "torque striping," the Authority may require bolt 
torque-tension tests to verify that installed preload is equivalent to 75% of proof loads. 



24.4.7 Other Fasteners  



24.4.7.1 Quick-Release Fasteners 



Quick release fasteners may be quarter-turn type or other types, as approved by the Authority: 



1. Quarter-turn fasteners: 



a. Shank diameter:  Minimum 0.25 inch 



b. Strength:  Adequate for the application 



c. Manufacturer:  Southco, or approved equal 



2. Head type:  Philips, tamper-resistant, hex socket, or hex head. 



24.4.7.2 Rivets and Lock Pins 



Rivets and lock pins shall meet the following requirements: 



1. Exposed to passengers:  Austenitic stainless steel or aluminum as appropriate to the 
materials being joined. 



2. Exposed heads:  Concentric with the shank and free from rings, fins, pits, and burrs. 



3. Structural steel rivets:  Shall conform to ASTM A502 or ANSI B18.1.2. 



4. Swage-locking (Huckbolt-type) fasteners:  Conform to MIL-P-23469. 



Contractor shall comply with the following requirements for installation: 



1. Rivets: 



a. Driven hot:  May be hand driven and shall completely fill the rivet holes. 



b. Driven cold:  Shall be mechanically driven. 



c. Removed and replaced:  The Contractor shall ream holes to the size required such 
that the next larger rivet may be driven securely. 
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2. Huckbolt-type fasteners: 



a. The Contractor shall machine or grind smooth rough surfaces of the collar end 
where accessible to passengers, crew, or maintenance personnel performing routine 
maintenance functions. 



b. The Authority will make the final determination whether an application is 
hazardous to maintenance personnel. 



c. The Contractor shall apply paint to the exposed end of shank after pin has sheared at 
collar. 



24.4.8 Location- and Application-Specific Requirements 



24.4.8.1 Interior - Exposed to Passengers 



Contractor shall comply with the following requirements: 



1. Contractor shall install such that the fastener head is flush with the mating surface. 



2. Contractor shall match the surfaces being joined using bright or finished fasteners: 



a. General use:  Austenitic or plated martensitic stainless steel. 



b. For stanchions:  Austenitic grade stainless steel. 



3. Contractor shall use screws, bolts, and nuts only if specifically approved. 



24.4.8.2 Exterior - Exposed to Passengers 



Contractor shall comply with the following requirements: 



1. Stainless steel vehicle body:  Austenitic stainless steel. 



2. Aluminum vehicle body:  Austenitic stainless steel or aluminum alloy fasteners, as 
appropriate to the design and appearance requirements. 



24.4.8.3 Access Required 



For access panels, equipment box covers, or other areas requiring access, Contractor shall 
comply with the following requirements: 



1. Fasteners shall be captive to the panel or cover in which they are used. 



2. Where operator or maintenance access is expected more often than every five years, 
provide quarter-turn fasteners or similar quick-release fastener. Where greater clamping 
force is required, such as for EMI containment, alternate fasteners may be proposed. 



3. Where accessible to passengers, tamper-resistant type fasteners shall be used. 
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24.4.8.4 Heat Producing Equipment 



When making connections to heat producing apparatus, Contractor shall take into 
consideration the thermal expansion of the components for selection of fastener materials: 



1. If the joined components are high-expansion alloys such as copper or austenitic stainless 
steel, Contractor shall use austenitic stainless steel fasteners. 



2. If the joined components are low-expansion materials such as carbon steel or ferritic 
stainless steel, Contractor shall use zinc plated carbon steel fasteners of minimum 
Grade 5 (or Class 8.8). 



3. Cadmium plated fasteners are not permitted. 



4. Contractor shall use only fasteners rated by fastener manufacturer for maximum 
ambient temperatures. 



24.5 METAL 



24.5.1 Stainless Steel 



24.5.1.1 Austenitic Stainless Steel 



Contractor shall comply with the following requirements: 



1. General requirements for delivery: 



a. As required by the Certification Provisions of ASTM A666. 



b. Structural applications:  Contractor shall test for susceptibility to intergranular 
corrosion in accordance with ASTM A262: 



• Practice A:  Shall be used to accept material only 
• Practice E:  Required for final determination of acceptance or rejection of material 



that is not acceptable by Practice A. 



2. Structural components assembled by fusion or resistance welding: 



a. Specification and composition: 



• AISI type 201L, 301L, 301LN or SUS301L (with Nitrogen), 316L 
• Conform to the requirements of ASTM A666 except that the carbon content shall 



not exceed 0.03% and type 301LN and SUS301L (with Nitrogen) shall not exceed 
0.25% nitrogen. 



b. Stainless steel used in structural applications covered by the Specifications shall also 
conform to APTA PR-CS-S-004-98. 



3. Other stainless steels conforming to ASTM A666 are acceptable for non-welded 
applications. 
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4. Use: 



a. Contractor shall comply with uses as permitted throughout the Specifications. 



b. Austenitic stainless steels may be unpainted. 



c. Unpainted austenitic stainless steels exposed to passengers shall be a single grade in 
which both the color and surface finish of abutting pieces shall match, except where 
the design specifically calls for contrasting appearance. 



24.5.1.2 Ferritic Stainless Steel 



Contractor shall comply with the following requirements: 



1. General requirements:  As specified in ASTM A480/A480M. 



2. Used in welded construction: 



a. May be used only with the specific written approval of the Authority. 



b. Shall contain stabilizing element(s) to prevent sensitization during welding. 



c. When specified, ferritic stainless steel conforming to ASTM A240/A240M may be 
used for sheeting up to 0.2-inch thickness. 



d. Shall have a ductile-to-brittle transition temperature (DBTT) or nil-ductility 
temperature (NDT) below 0°F. 



e. Weld heat-affected-zones shall also have a DBTT or NDT below 0°F. 



f. Shall have a balanced composition (low carbon and suitable titanium content) that 
will, for all conditions of fabrication and assembly into the vehicle body, inhibit 
formation of martensite and limit chromium depletion in weld heat-affected-zones, 
such that material meets ASTM A763 requirements for resistance to inter-granular 
corrosion. 



g. Where ferritic stainless steels are welded to other structural steels, the less-noble 
steel shall be painted with weld-through primer. 



3. Use:  Ferritic stainless steels shall be painted where exposed to passengers or the 
weather. 



24.5.1.3 Stainless Steel Testing 



The Contractor shall submit a test and inspection plan for acceptance of stainless steel to be 
used in welded applications before purchasing any such material. (CDRL 24-5, Stainless Steel 
Test and Inspection Plan)  



1. The tests and inspections shall verify that the stainless steel conforms to specified 
requirements.  



2. For austenitic stainless steels, the test and inspection plan shall include frequency of 
submittal of certifications in accordance with Certification Provision of ASTM A666 and 
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frequency of submittal of checks for susceptibility to intergranular corrosion in 
accordance with ASTM A262.  



3. For Ferritic stainless steels, the test and inspection plan shall include frequency of 
submittal of checks for susceptibility to intergranular corrosion in accordance with 
ASTM A763. 



24.5.2 High-Strength Low-Alloy Steel (HSLA) 



Contractor shall comply with the following requirements: 



1. Structural shapes, plates and bars: 



a. Shall comply with ASTM A588/A588M. 



b. Plate steel: May alternatively conform to ASTM A710/A710M, Grade A, Class 1, 2 or 
3. 



c. Delivery:  General requirements per ASTM A6/A6M. 



2. Cold and hot rolled HSLA sheet and strip: 



a. Minimum standard:  ASTM A606/A606M, Type 4. 



b. Delivery:  General requirements per ASTM A568/A568M. 



3. Welded HSLA steel:  Shall develop 20 ft-lb  Charpy V Notch impact strength in the 
CGHAZ (Coarse grain heat affected zone 1 mm from fusion area) at 0°F. 



4. Application: 



a. HSLA steels shall be applied according to their specification properties. 



b. Hot rolled or formed structural shapes conforming to ASTM A36/A36M may be 
used for non-structural applications, including equipment supports, jack pads, and 
clip angles. 



5. Testing:  



a. The Contractor shall submit a test and inspection plan for acceptance of structural 
steels in accordance with the requirements of this Section before purchasing any 
such material. (CDRL 24-6, HSLA Steel Test and Inspection Plan) 



b. The test and inspection plan shall include provisions for submission of reports and 
certification to the Authority for each shipment in accordance with the applicable 
requirements of Purchase Specification and specified CGHAZ impact tests. 











Section 24, Materials and Workmanship 



WMATA 8000 Series Railcars 24-19 Technical Specifications 



24.5.3 Steel Castings 



24.5.3.1 General 



Contractor shall comply with the following requirements: 



1. Contractor is responsible for selecting casting grade, composition, strength, heat 
treatment, finishing, and design best suited for the intended application. 



2. Marking: Apply pattern and serial numbers in a manner that does not impair their 
strength. 



3. Disposal of Non-Conforming Castings: If castings are found to be non-conforming to 
requirements determined by the design qualification castings, the material shall be 
repaired, retested, and re-inspected or destroyed at the Contractor's expense. 



24.5.3.2 Design Qualification 



Contractor shall comply with the following requirements: 



1. Before castings are produced:  Select acceptance levels for the design qualification 
radiographic examinations as appropriate for the service intended, subject to approval 
by the Authority. 



2. Qualification Test: 



a. Contractor shall conduct on one casting, selected by the Authority from the first lot 
of production castings, to test the casting design: 



• Contractor shall perform radiographic examination to determine material 
soundness using reference radiographs to ASTM E446, and mechanical testing, 
as required. 



• Radiographs shall meet the requirements of ASTM E94/E94M and 
ASTM E1030/E1030M and the quality level in the area of inspection shall be at 
least 2% (2-2T). 



• Radiographs resulting from the Qualification Test shall be made available to the 
Authority for review. 



b. Submit a Qualification Test report (CDRL 24-7, Steel Casting Qualification Test 
Report). If the casting selected for qualification fails to qualify, include a plan of 
action with details of how failed material will be handled. 



c. Contractor shall obtain approval before production of castings. 



3. After Qualification:  Once a design is qualified and accepted by the Authority, no 
changes shall be made in the casting pattern, technique, heat treatment, or material 
composition without re-qualification in accordance with the requirements of this 
Section. 
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24.5.3.3 Quality 



Contractor shall comply with the following requirements: 



1. Structural castings  shall be equal to or better than the design qualification castings in all 
respects. 



2. Contractor shall test, inspect, and accept castings in accordance with procedures 
described in AAR M-201. 



Contractor shall perform the inspections below and furnish a test report for each lot of castings 
produced: 



1. Magnetic particle inspections: 



a. Conduct on all surfaces of each casting according to ASTM E709.  Testing personnel 
shall be certified to NAS 410. 



b. For structural castings, including coupler castings, the maximum permissible 
magnetic particle indications shall be 0.25 inch in the direction transverse to the 
usual direction of loading, and 0.75 inch  in the direction parallel to the usual 
direction of loading. 



2. Radiographic inspection: 



a. Conduct according to ASTM E94/E94M and ASTM E1030/E1030M, using reference 
radiographs to ASTM E446. 



b. Propose a sampling frequency and submit for approval (CDRL 24-8, Steel Castings 
Radiographic Inspection Sampling Frequency). 



3. Radiographic inspection of structural castings: 



a. Shall not exceed Severity Level 3 of ASTM E446 in critical areas and shall not exceed 
Severity Level 5 in other areas of the castings. 



b. During demonstration that the stated severity level requirements of ASTM E446 
have been met, re-inspect successively-produced castings by radiography in the 
defective areas shown in the prior radiographic inspection. 



c. Sampling frequency: 



• After severity levels have been proved, 1 casting out of each 10 produced. 
• If no castings are rejected by radiographic inspection, 1 casting in 25. 
• Unacceptable castings found during sampling shall require 100% inspection of 



other castings from the lot/heat, or before and after in sequence (if sequentially 
cast) until the extent of the unacceptable condition(s) is determined. 



• If the reason for the failure has been isolated, based upon Authority review, 
sampling may return to 1 casting in 10, and then, if no failures are found, to 1 in 
25. 
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24.5.3.4 Specific Applications 



Contractor shall comply with the following requirements in the specified application: 



1. Truck and carbody structures: 



a. Meet AAR M-201, Grade "B", plus 2% nickel, minimum. 



b. Heat-treat castings to develop the following: 



• Minimum tensile strength:  75 ksi (517 MPa) 
• Minimum yield strength:  48 ksi (331 MPa) 
• Elongation:  Minimum 25% in 2 inches 
• Reduction of area:  Minimum 50% 



2. Truck side frames and bolsters: 



a. Comply with the referenced standards: 



• Bolsters:  AAR M-202 
• Side frames:  AAR M-203 



3. Coupler, drawbars, and anchors:  Meet AAR M-201, Grade "C", quenched and tempered. 



4. Cast steel to ASTM A27/A27M, grade 65-35, may be used for truck structure, bolster 
and center bearing arrangements as an alternative to the AAR M-201 material specified 
above. 



24.5.3.5 Repair Welding and Cast-Weld Design 



Contractor shall comply with the following requirements 



1. Welding of castings:  



a. Permitted, provided the casting supplier performs repair welds in accordance with 
an approved written procedure and uses welders qualified to ASTM A488/A488M. 



b. Castings requiring repair or modification by welding after completion of heat 
treatment may be stress relieved locally by using electrically controlled heating to 
not greater than 1,150°F, followed by slow cooling. Manual torch stress relief shall 
not be permitted. 



2. For cast-weld designs, the entire length of all assembly welds on any welded assembly 
of several separate castings selected for design qualification shall be radio graphically 
inspected to ASTM E94/E94M using reference radiographs from ASTM E390. 



24.5.4 Steel and Aluminum Forgings 



24.5.4.1 General 



The Contractor is responsible for selecting forging material grade, composition, strength and 
finishing that will meet the intended application.  
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Forgings not welded shall have adequate toughness for their intended application. 



24.5.4.2 Steel Forgings 



Steel forgings shall comply with requirements of ASTM A668/A668M, or as proposed by the 
Contractor and approved by the Authority. 



24.5.4.3 Aluminum Forgings and Extrusions 



Aluminum alloy forgings shall comply with requirements of ASTM B247, or as proposed by the 
Contractor and approved by the Authority. 



Aluminum alloy extrusions shall comply with requirements of ASTM B221, or as proposed by 
the Contractor and approved by the Authority. 



24.5.4.4 Specific Applications 



Contractor shall comply with the following requirements in the specified application: 



1. Forgings that are to be welded to structure shall meet the toughness (Charpy V-notch 
impact) resistance specified for welded structure at the lowest operating temperature. 



2. Steel forgings used for axles shall conform to ASTM A729/A729M or AAR M-101. 



3. Steel forgings used for wheels shall conform to ASTM A504/A504M, AAR M-107/208 or 
APTA PR-M-S-012-99 with residual element limits as specified in AAR M-107/208. 



4. Steel forgings used for the truck structure, bolster, center-bearing arrangement or 
carbody structure shall be weldable and shall meet specified impact properties for 
welded steel structure at the lowest operating temperature.   



24.5.4.5 Design Qualification of Structural Forgings 



One forging, selected by the Authority from the first lot of production forgings, shall be 
subjected to a qualification test of the forging design by the Contractor. 



1. Qualification tests shall include section and etching for verification of flow pattern, 
magnetic particle examination for surface imperfections, and radiographic examination 
for internal soundness.  



2. Mechanical testing shall include static and fatigue load testing, as appropriate for the 
intended usage.  



3. Acceptance levels for the design qualification radiographic examinations shall be 
selected by the Contractor as appropriate for the service intended, subject to approval 
before additional forgings are produced.  



4. Radiographs shall meet the requirements of ASTM E94/E94M and the quality level in 
the area of inspection shall be at least 2% (2-2T). 
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5. A qualification test report shall be prepared and submitted for approval. (CDRL 24-9, 
Structural Forgings Design Qualification Test Report)  



a. The production of any forgings before receipt of the Authority's approval of this 
report shall be at the Contractor's risk.  



b. All radiographs that resulted from the qualification test shall be made available to 
the Authority for review.  



c. In case the forging selected for qualification fails to qualify, a plan of action 
including details of how failed material will be handled shall be included in the 
qualification test report.  



6. Once a design is qualified and accepted by the Authority no changes shall be made in 
the forging dies, technique, heat treatment, or material composition without re-
qualification in accordance with the requirements of this Section. 



24.5.4.6 Quality of Structural Forgings 



All forgings supplied shall be equal to or better than the design qualification forgings in all 
respects. The forging supplier or Contractor shall test, inspect, and accept forgings in 
accordance with a written process that has been reviewed and approved by the Authority. A 
written report of the results of the tests and inspections shall be furnished for each lot of 
forgings produced. 



24.5.5 Aluminum 



24.5.5.1 General Requirements 



Contractor shall comply with the following requirements: 



1. Aluminum-alloy mill products: 



a. Shall be identified by designations prescribed by the Aluminum Association. 



b. Shall conform to specifications contained in the Aluminum Association's publication 
"Aluminum Standards and Data." 



2. Castings: 



a. Sand castings:  Shall conform to ASTM B26/B26M. 



b. Die castings:  Shall conform to ASTM B85/B85M. 



c. Permanent mold castings:  Shall conform to ASTM B108/B108M. 



3. Aluminum alloy forgings:  Shall conform to ASTM B247. 



4. Copies of all test reports for sheet, extrusion, and forgings used in the vehicle structure 
shall be submitted to the Authority. (CDRL 24-10, Test Report for Aluminum Sheet, 
Extrusions, Forgings). 
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24.5.5.2 Design Stresses 



Contractor shall comply with the following requirements: 



1. Aluminum structural members shall be designed such that calculated stresses under an 
AW3 load do not exceed allowable stresses listed in the Aluminum Association's 
"Aluminum Design Manual." 



2. Proper allowance shall be made for the effects of fatigue, for column and plate stability 
effects, and for strength reduction at welded regions. 



3. Permissible fatigue stresses under the specified AW3 passenger load shall be 
established, with approval based on available relevant research data or on prototype 
testing under the variable load patterns expected to occur in service. 



24.5.5.3 Connections to Aluminum 



Contractor shall take specific measures, based on a suitable method that can be adapted to the 
design involved, to prevent the risk of direct metal-to-metal contact and resultant possible 
galvanic or electrolytic corrosion.  The measures shall be approved by the Authority. 



Contractor shall comply with the following minimum requirements for connections to 
aluminum unless they conflict with recommendations by the aluminum manufacturer: 



1. Contractor shall provide protection at the contact surface of connections to aluminum. 



2. Carbon steel fasteners (including washers and nuts): 



a. Shall be zinc plated. 



b. The head and unthreaded portion of the shank of the bolt shall be in contact with the 
aluminum part when secured in place, where possible.  Suitable bushings may be 
used in place of the zinc-chromate paste. 



Contractor shall comply with the following requirements for connections to aluminum alloy: 



1. Surfaces shall not be secured to, nor make direct contact with the surfaces of  



a. Wood; or 



b. The following metals: 



• Copper or copper bearing aluminum alloy 
• Brass or bronze 
• Silver 
• Nickel and nickel plated parts or nickel alloys 
• Tin 
• Ferrous materials 



2. Aluminum alloy to aluminum alloy:  Surfaces of parts shall be protected by painting 
with zinc chromate primer before securing. 
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3. Aluminum alloy to steel:  Surfaces of parts shall be protected as follows: 



a. With a one-part polysulfide sealant. 



b. Alternatively, use an approved insulation joint material, such as mica, that 
completely covers the faying surfaces. The material shall be non-hygroscopic and, if 
fibrous, shall be impregnated with bitumen or some other approved water and 
moisture-repellant substance. 



c. Prime and paint fasteners with red oxide or aluminum paint after installation. 



d. Rivets driven hot may be considered as covered by a protective oxide coating due to 
the heating, but the method of riveting shall, if possible, always be with the formed 
rivet head in contact with the aluminum alloy. 



4. Aluminum alloy with zinc plated stainless or carbon steel fasteners:  Surfaces shall be 
protected as follows: 



a. Shall be coated with zinc chromate paste or approved equal before installation. 



b. Where possible, only the head and shank of the bolt shall be in contact with the 
aluminum part when secured in place. 



c. Suitable bushings approved by the Authority may be used in place of the zinc-
chromate paste. 



24.5.5.4 Interior Trim 



Where unpainted aluminum is exposed to contact by passengers, it shall have a clear (natural) 
anodic finish. The finish process shall be Type-II anodic coating followed by nickel acetate 
sealing with a minimum coating thickness of 0.0004 inches and a minimum coating weight of 21 
milligrams per square inch, or approved equal process. 



24.6 WELDING AND BRAZING 



24.6.1 General 



24.6.1.1 Scope 



This section applies both to welding and brazing performed on vehicle structural elements and 
on equipment and systems provided for use on the vehicle, unless waived by the Authority. 



24.6.1.2 Quality 



Contractor shall control the quality of welding and brazing, including that performed by 
subcontractors. 



Before performing work under this Contract, welders shall be tested to confirm their ability to 
operate the welding equipment and to make the types of welds required by the design or this 
document. 
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24.6.2 Welding and Brazing Prohibitions 



The following weld process and material restrictions shall apply in vehicle structure welding: 



1. High-iron-powder flux-type rods such as E6024, E7024 and rods known as "jet rod" may 
not be used. 



2. Short-arc MIG welding using hardwire with argon, or argon/CO₂ shielding may be 
used only on sheet metal, gauges 12 and thinner.  Weld sheet steel in accordance with 
AWS D1.3/D1.3M. 



3. Galvanized steel shall not be welded to stainless steel. 



4. Brazing shall not be used to join stainless steel to itself or to other metals unless 
specifically permitted by the Authority. 



24.6.3 Welding 



24.6.3.1 Structural Welding 



Contractor shall comply with the following requirements: 



1. Structural welding practices not specifically covered in other sections of the 
Specifications shall be in accordance with the following AWS standards.  Requirements 
for cyclically loaded structures shall be applied: 



a. AWS C7.4/C7.4M 



b. AWS D1.1/D1.1M, for steel 0.125 inch and thicker 



c. AWS D1.2/D1.2M 



d. AWS D1.3/D1.3M, for steel thinner than 0.125 inch 



e. AWS D1.6/D1.6M 



f. AWS D15.1/D15.1M 



g. AWS D17.2/D17.2M, for resistance welding 



h. AWS Welding Handbook 



2. As an alternate, structural welding may be in accordance with EN ISO 9606-1 for steel 
and EN ISO 9606-2 for aluminum, except that the Authority may enforce AWS 
requirements at its discretion if the alternate standards are more permissive. 



3. The use of laser welding shall be supported with the appropriate design and process 
control documentation, and shall be subject to approval. Prior to conducting any 
AWS C7.4/C7.4M Procedure Qualifications, the Contractor shall submit for approval the 
tests that are proposed for those qualifications and the technical justification for those 
tests.  Should laser welding be used in place of resistance weld connections, the static 
and fatigue strength of the laser welds shall be equal to or better than the resistance 
welds. 
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4. Structural welding of stainless steel by the fusion-arc process shall be governed by the 
following standards: 



a. AWS D1.6/D1.6M 



b. ASME BPVC, Section IX 



c. ASME BPVC, Section VIII-1, Part UHA, "Requirements for Pressure Vessels 
Constructed of High Alloy Steel" 



5. Other requirements: 



a. AISI 201L and 301LN stainless steels shall be treated as P-No. 8, Group-No. 3 
category for reference to ASME BPVC requirements. 



b. Weld heat-affected zones (HAZ) and weld metal shall be limited to maximum 
allowable stress values in ASME BPVC, Section VIII-1, Table UHA-23 for UNS 
S20100 stainless steel and Table UW-12 rating of welds, regardless of strength level 
of the base metal. 



c. Ferrite number for welds shall be between WRC 4 and WRC 10, or as proposed by 
the Contractor and approved by the Authority. 



6. Additional information on definitions, processes or other questions pertaining to 
welding shall be referred to the AWS Welding Handbook. 



24.6.3.2 Welding Procedure Qualification 



Contractor shall comply with the following requirements: 



1. Welding procedures (WPSs) shall be qualified by the Contractor, accompanied by 
procedure qualification records (PQRs) containing welding test results, and subject to 
approval by the Authority. 



2. Use of prequalified WPSs is prohibited.  Weld procedure and qualification shall be 
identified on shop drawings specifically for that purpose. 



3. Perform general welding, not specified elsewhere, in accordance with the standards of 
AWS D1.1/D1.1M. 



24.6.3.3 Welder Qualification and Identification 



Contractor shall comply with the following requirements: 



1. Welders shall make only those welds for which they have been qualified in accordance 
with the following: 



a. Requirements of the AWS or ASME BPVC, Section IX, qualifying procedures. 



b. As an alternate, the requirements of the applicable standards in the ISO 156xx series, 
except that the Authority may enforce AWS or ASME requirements at its discretion 
if the alternate standards are more permissive. 
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2. Records of welder qualification tests shall be made available for review upon the 
Authority's request. 



3. Stamp critical strength welds with an identifying symbol that can be traced to the 
welder who performed the work. 



24.6.3.4 Weld Type Requirements 



Contractor shall comply with the following requirements: 



1. All welding procedure specifications shall be qualified to the requirements of AWS 
D1.1/D1.1M, clause 4, AWS D1.3/D1.3M, clause 4, or AWS D1.6/D1.6M, clause 4, as 
applicable for the steel type. 



2. Complete Joint Penetration (CJP) welds: 



a. Shall be required for critical structural welds unless otherwise approved by the 
Authority. 



b. Shall conform to the prequalified joint details of AWS D1.1/D1.1M for CJP welds. 



c. Shall be evaluated for static or fatigue stress or both using the allowable stresses of 
clauses 2.6 (static) or 2.16 (cyclically loaded) of AWS D1.1/D1.1M applying to CJP 
weld categories. 



3. Partial Joint Penetration (PJP) welds: 



a. May be used for structural connections where CJP welds are not required. 



b. Shall conform to the prequalified joint details of AWS D1.1/D1.1M for PJP welds. 



c. Shall be evaluated for static or fatigue stress or both using the allowable stresses of 
clauses 2.6 (static) or 2.16 (cyclically loaded) of AWS D1.1/D1.1M applying to PJP 
weld categories. 



4. Fillet welds:   



a. May be used only as permitted by AWS D1.1/D1.1M. 



b. Shall be evaluated for static or fatigue stress or both using the allowable stresses of 
clauses 2.6 (static) or 2.16 (cyclically loaded) of AWS D1.1/D1.1M applying to fillet 
weld categories. 



24.6.3.5 Weld Inspection 



Contractor shall comply with the following requirements: 



1. Visually inspect each structural weld in accordance with the referenced AWS 
requirements, using personnel meeting the AWS requirements: 



2. First production welds: 



a. Inspect visually in accordance with the specified AWS welding code requirements. 
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b. Inspect by nondestructive surface inspection methods (dye penetrant or magnetic 
particle, as appropriate and approved by the Authority), regardless of whether the 
assembly was presented for First Article Inspection. 



3. Specify additional nondestructive inspection sampling rate for subsequent welds, 
subject to approval of the Authority. 



4. For full penetration welds, Contractor shall comply with the following requirements: 



a. On the first structure, Contractor shall inspect nondestructively, volumetrically all 
full penetration welds (ultrasonic or radiographic methods), according to the 
applicable code or standard. 



b. For subsequent full penetration welds, Contractor shall propose a random sampling 
plan for volumetric inspection for approval: (CDRL 24-11, Full Penetration Welds 
Random Sampling Plan) 



• The minimum acceptable inspection plan shall require inspection of one foot of a 
full penetration weld for every 200 feet of production welds made. 



• The proposed test welds shall be selected from among welds that are most 
critically loaded as decided by calculations or load test results. 



• With approval, destructive sectioning and metallurgical examination may be 
substituted for some or all of the required volumetric inspection requirements for 
production welding. 



5. Dissimilar metal welds or braze-welds (usually stainless to carbon or HSLA steel ring 
welds) on the first structure shall be nondestructively inspected by magnetic particle or 
dye penetrant methods.  



a. Sample dissimilar metal welds shall be sectioned and examined metallographically 
to determine heat affected zone (HAZ) hardness.  



b. Stainless to carbon or HSLA steel weld HAZ shall not exceed 400 VH (Vickers 
Hardness).  



c. Other dissimilar metal welds or braze-welds shall be limited as determined by the 
Contractor and approved by the Authority.  



d. The Contractor shall submit a random sampling plan for additional metallographic 
examinations of dissimilar metal welds for approval. The minimum acceptable 
sampling plan shall require inspection of sample and braze weld for every fifth car 
made. 



24.6.3.6 Weld Cleaning Requirements 



All welds, regardless of their location, shall be cleaned and free of flux residue, spatter, slag or 
other debris that may impair the function or appearance of the welded area. 



Heat tint on stainless steel welds not exposed to passenger view need not be removed. 
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24.6.3.7 Welding Rod or Wire 



Contractor shall comply with the following requirements: 



1. Purchase to AWS specifications. 



2. Where special materials are required that are not covered by these or other applicable 
AWS welding material specifications, submit the purchase specifications for approval. 



3. Purchase welding filler materials in packages of convenient size, marked with the 
manufacturer's name and the specification, diameter, and net weight of the material. 



4. Store the material in accordance with referenced AWS recommendations to protect it 
from damage, and so that it can be easily identified. 



5. Issue and handle material in such a way as to prevent it from being mixed with that of 
another filler metal type and specification. 



24.6.3.8 Special Welding 



Contractor shall comply with the following requirements: 



1. Submit procedures for structural welding of stainless steel to HSLA, or other 
combinations of metals or conditions not covered by AWS specifications or codes, for 
approval. 



2. Use austenitic stainless steel electrodes or wire to join carbon or HSLA steels to stainless 
steels. 



24.6.3.9 Resistance Welding 



Contractor shall comply with the following requirements: 



1. Weld stainless or carbon steels in accordance with AWS D17.2/D17.2M: 



a. Structural applications:  Class B 



b. Non-structural applications:  Class C 



2. Obtain approval for desired deviations from AWS D17.2/D17.2M including, but not 
limited to weld nugget diameter, tension shear strength, and minimum spacing, before 
inclusion in the design or in production procedures. 



3. Control current, time, electrode size, shape, and tip force to produce uniform welds of 
specified strength that are not subject to intergranular stress-corrosion cracking. 



4. Arrange welds to avoid tension or "peeling" forces on the welds under anticipated 
loading condition. 



5. Surface indentation: 



a. Not exposed to passenger view:  Maximum 20% of material thickness (t) or 0.01 inch, 
whichever is greater 
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b. Exterior areas exposed to passenger view:  Maximum 10% of t or 0.005 inch, 
whichever is greater 



6. Remove surface burn and discoloration by an approved method. 



24.6.3.10 Resistance, Spot Weld and Intermittent Weld Spacing 



Spacing of resistance and spot welds shall be appropriate to the design: 



1. Spacing shall be 44t, not to exceed 2 inches plus twice the weld nugget diameter for any 
structural application, including vehicle-body side sheets, where “t” is the thickness of 
the thinnest outside sheet being welded.  For non-structural applications the weld 
spacing shall be 60t not to exceed 3 inches plus the weld nugget diameter. 



2. Intermittent weld spacing shall not exceed 5 inches for 2 inch weld length (40% 
minimum).  Exceptions to avoid warping in thin sheets will be considered, but must be 
reviewed and approved by the Authority. 



24.6.3.11 Toughness of Welded Assemblies 



Contractor shall prove that all safety-related welded structures have adequate toughness for the 
specified environmental exposure, including, but not limited to end underframes, fabricated 
truck frames and bolsters, and welded coupler components: 



1. Weld heat affected zone (HAZ) and base metal shall resist service impact loads at the 
lowest specified operating temperature. 



2. Criteria for acceptance shall be shown by the Contractor to be adequate. 



3. Charpy V-notch specimen impact value:  Minimum 15 ft-lbf (20 J) of absorbed energy at 
the lowest specified operating temperature, in the absence of prior operating history, 
and if no analysis requires greater toughness. 



24.6.4 Torch Brazing 



Contractor shall comply with the following requirements for brazing (above 840°F): 



1. Follow the recommendations in AWS Welding Handbook, Volume 2. 



2. Qualify procedures and personnel in accordance with AWS B2.2/B2.2M. 



3. Brazed joints shall present a workmanlike appearance in accordance with 
AWS C3.4M/C3.4. 



4. Protect inner surfaces of air conditioning tubing from oxidizing contaminants during 
and after brazing operations. 



24.6.5 Torch Soldering 



Contractor shall comply with the following requirements for soldering (below 840°F): 



1. Follow the recommendations in the AWS Welding Handbook, Volume 2. 
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2. Qualify procedures and personnel through preparation and testing of samples, as 
follows: 



a. Copper Piping into Fittings: 



• Each worker designated to perform this work shall prepare three copper piping 
connections in the vertical position. 



• The sample joints shall present a smooth, workmanlike appearance, without 
excess solder reinforcement. 



• Each joint shall be pressure tested using a water or air system to confirm that it is 
leak-free. 



b. Stainless Steel Lap Joints (Trim Seams): 



• Each worker designated to perform this work shall prepare one typical trim seam 
sample, using the same stainless steel materials, finish, and thicknesses as used 
on the actual vehicle. 



• The seam for evaluation shall be minimum 36 inches in length, and shall be set 
up in the horizontal position during soldering. 



• Specimen width shall be selected, or the test setup arranged, so that premature 
overheating of the joint does not occur. 



• Finished samples shall be saw-cut into four pieces so that eight cross-sections of 
the joint may be examined. 



• Exposed solder surfaces shall display a uniform, smooth contour and shall meet 
or exceed all applicable AWS quality standards. 



24.6.6 Welding Terms, Symbols and Definitions 



Welding terms and definitions shall be as determined in AWS A3.0M/A3.0 unless otherwise 
approved by the Authority. 



Weld symbols shall be in accordance with AWS A2.4, ISO 2553, or JIS Z 3021 unless otherwise 
approved by the Authority. The fabrication drawings shall show the applicable welding symbol 
and identify which Welding Procedure Specification is used to make the weld. 



24.7 ELASTOMERS 



24.7.1 General 



Contractor shall comply with the following requirements: 



1. Elastomeric parts shall be of neoprene, or approved equal, unless otherwise specified.  



2. The elastomer shall be compounded and cured to perform satisfactorily in the 
temperature range specified in Section 1, Performance Requirements.  



3. The elastomers shall have high resistance to ultraviolet radiation, weather, all Authority 
car washing fluids, and the longest possible life consistent with the other characteristics 
specified. Elastomeric parts shall be resistant to ozone, oxidation, heat, oil, grease, and 
acid. 
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24.7.2 Application-Specific Requirements 



24.7.2.1 Neoprene 



The following elastomeric parts shall be of neoprene unless otherwise specified or approved: 



1. Door Seals 



2. Door Nosing 



3. Isolation Tapes/Pads 



4. Other parts exposed to the outdoor ambient environment, except where otherwise 
specified. 



5. Seals: 



a.  Glazing strips shall be of neoprene conforming to ASTM C542, or approved equal 
material. 



b. For door mating edges, door and window seals, and glazing strips, the durometer 
hardness shall be 70, ± 5, measured with a Shore Type "A" durometer at a 
temperature between 70ºF and 90ºF. 



24.7.2.2 Natural Rubber 



The following elastomeric parts shall be of natural rubber unless otherwise specified or 
approved: 



1. Resilient mounts and elastomeric truck components shall be of natural rubber. Synthetic 
rubber compounds may be substituted for natural rubber only when approved for a 
specific application.  



2. Truck bumpers, snubbers, and the exterior surfaces of air springs shall be made of 
natural rubber or approved equal.  They shall be compounded to be resistant to 
abrasion, oil, grease, and acid. 



3. The component manufacturer shall specify the recommended shelf life of its product(s), 
subject to Authority approval. 



24.7.3 Tests 



All tests shall be conducted according to the latest revisions of the specified ASTM test 
procedures, unless otherwise specified.  



Resilient, natural rubber mounts and elastomeric truck suspension components shall be tested 
in accordance with Section 4.2, Flammability, Smoke Emission, and Toxicity Testing 
Requirements and the results submitted to the Authority under Section 4, System Safety.  



1. The performance of only these truck suspension elastomers will not be bound by the 
Flammability and Smoke Emission performance requirements for elastomers.  
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2. See Section 3.4.11.1, Elastomer Tests, for testing requirements.  



24.7.4 Life Expectancy 



For all parts made by vulcanizing an elastomer to metal, any premature failure (less than 
7 years) between metal and the elastomer or in the elastomer, occurring when the parts are used 
in normal service and according to the provisions of the Specifications, shall be considered as 
having been caused by defect of materials or workmanship. 



24.7.5 Metal Parts 



Metal parts to which elastomeric material is vulcanized shall be made of SAE 1020 or SAE 1045 
hot-rolled steel except for brass or brass alloys internal air brake components. 



24.7.6 Bonding 



Joining of elastomeric pieces shall be done by the hot vulcanization process. Bonding of 
elastomers shall not be allowed unless the Contractor submits the application, bonding 
procedure and bonding agent technical data for approval prior to the purchase of materials. 



24.8 GLAZING MATERIALS 



24.8.1 Safety Glass 



Safety glass shall meet the requirements under Item 1, Table 1 of ANSI Z26.1. 



Laminated safety glass used in the F-end of the car, including that in the end door, shall be 
certified as having been tested and having met the 49 CFR 223 FRA Type I requirements. Side 
window and non F-end glazing shall meet 49 CFR 223 FRA Type II requirements. 



24.8.1.1 Type 



Safety glass shall be of the laminated sheet type and shall consist of a minimum of two sheets of 
glass bonded with an approved interlayer of plasticized polyvinyl butyral resin in the form of a 
membrane approximately 0.045-inch thick, and resistant to degradation from ultraviolet or 
visible light and heat. 



24.8.1.2 Quality 



Safety glass shall meet the following requirements 



1. Flatness: When an individual piece of glass is laid on a truly flat surface, such as a 
surface plate, the glass shall not indicate a bow of more than 0.030-inch per linear foot. 



2. Dimension Tolerance: The overall dimensions of individual pieces as supplied shall be 
held within 0.060-inch of the dimensions ordered. 



3. Overlap Tolerance: The overlap of one laminate of the piece with respect to the other, at 
an edge, shall not exceed 0.03125-inch. Corners and burrs shall be ground smooth and 
all edges treated in accordance with SAE J673, Edge No. 4. 
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4. Color: The color of the glass shall be as required by Section 10, Carbody.  When new, 
there shall be no more than ± 4% variation in the color of individual pieces of laminated 
sheet glass when examined over a white background. 



5. Haze: All the laminates of the safety glass shall be so nearly free from haze that the glass 
shall have approximately the same clarity as a piece of the same nominal thickness of 
plate glass when viewed against a north light. 



6. Specks and Scratches: Occasional specks of foreign material and scratches are 
permissible, provided such specks do not exceed 0.020-inch in greatest dimension, a 
maximum of 0.75 inch in length, and scratches do not exceed a total sum of 3 inches in 
length and neither are within the central three-quarters area of the light. 



7. Bond Separation: The bond between two sheets of glass and the membrane shall be of 
such quality that when the glass is broken by twisting or by direct impact, there will be 
no separation between the glass sheets. Lights that contain unbonded areas (“let-go’s”) 
shall not be used. 



24.8.1.3 Marking 



All safety glass shall be marked with proper identification in accordance with ANSI Z26.1, and 
appropriate FRA-Type designation. The window light shall be installed so that the 
identification marking can be read from the inside lower right hand corner. 



24.8.2 Plastic Glazing Prohibited 



Plastic glazing shall not be used. 



24.9 FLOOR COVERING 



Floor coverings shall meet all applicable industry standards, such as APTA, ADA, ASTM, and 
FRA, as well as all safety requirements as described in Section 4, System Safety. 



24.10 WOOD AND PANELS 



24.10.1 Lumber 



Lumber shall be thoroughly air seasoned or kiln dried before using and shall be dressed on all 
surfaces to full dimensions. Lumber shall be straight-grained, free from dry rot, knots, checks, 
and other defects that may impair its strength and durability or mar its appearance. 



24.10.2 Plywood 



Plywood shall be NIST PS 1, panel grade Structural I, or approved equal. 



1. Each plywood panel shall be formed from one piece. Scarf or finger jointed panels are 
not allowed.  



2. Plywood shall be sealed with two coats of an epoxy paint, or approved equal on all 
edges and cutouts as soon as possible after fabrication.  
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3. Exposed edges of the panels:  Joints between panels, fastener heads, and openings of 
panels used in areas accessible to moisture shall be treated prior to installation in the car 
as follows: 



a. Before sealing edges, splits showing on edges shall be plugged with wooden wedges 
dipped in adhesive conforming to Federal Specification MMM-A-181. 



b. Seal the exposed edges with an approved epoxy or polyurethane moisture barrier 
coating. 



c. Allow minimum 24 hours drying time between each coat. 



4. Plywood shall be stored under cover. 



24.10.3 Panel Contour Tolerance 



Surfaces exposed to passengers shall not deviate from the specified contour by more than 
0.09375 inch in any 36-inch distance. The slope of any such deviation shall not exceed 0.09375-
inch in 12 inches. 



24.10.4 Plymetal 



The term “plymetal” as used in this Specification means metal-faced plywood. All plymetal 
panels shall be tested in accordance with ASTM C273/C273M and the table below. 



1. Codes and standards other than those referenced in the Specifications may be submitted 
to the Authority for approval.  



2. The submittal shall include technical justification demonstrating that the proposed 
substitution meets or exceeds the Codes and standards referenced in this specification. 



Plymetal Testing Requirements 



Mechanical Properties 
Minimum Metal to Wood 
Average Shear Value or  



80% Wood Failure 
Dry shear 250 lbf/in² 
Boil shear; 3-hour boil; tested wet at room temperature 150 lbf/in² 
Soak shear; 48-hour soak wet at room temperature 150 lbf/in² 
Creep or cold flow; under static load for 48 hours; at room 
temperature 250 lbf/in² 



 
The metal face of the plymetal panel that is faced with melamine shall be constructed in 
accordance with Section 24.10.6, Melamine-Faced Aluminum, prior to the melamine-faced metal 
panel being laminated to the plywood core. 



24.10.5 Honeycomb Panels 



The term “honeycomb panels” as used in the Specifications refers to an assembly of honeycomb 
material bonded to melamine-faced metal panels or to metal panels.  



1. Honeycomb material shall be commercial-grade 3003 aluminum honeycomb meeting 
the requirements of SAE AMSC 7438. 
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2. Bonding shall be sufficient to develop the full strength of the honeycomb material. 



24.10.6 Melamine-Faced Aluminum 



Melamine-faced aluminum panels shall be constructed by laminating melamine to aluminum 
sheets: 



1. Minimum thicknesses: 



a. Melamine and required binder sheets shall be 0.013 inch, ± 0.005-inch thick. 



b. When used as facing on plywood, aluminum sheets shall be minimum 0.025-inch 
thick. 



c. When not laminated to a substrate such as plywood, aluminum sheets shall be 
minimum 0.081-inch thick. 



2. Construction: 



a. Aluminum sheets shall be properly cleaned by etching, sanding, or other approved 
process to ensure full, permanent, adhesion. 



b. Melamine-impregnated papers shall be directly molded to the aluminum sheets at 
minimum 270°F and 1,000 psi. 



c. The use of contact adhesives to bond the melamine sheets to the aluminum backing 
is not acceptable. 



3. The surface characteristics, after manufacture, shall be minimum that required of NEMA 
LD 3, type GP (General Purpose). 



4. The bond between the melamine and aluminum sheets shall, as a minimum, meet the 
following requirements: 



Melamine to Aluminum Bond Requirements 
Mechanical 
Properties 



ASTM 
Method 



Condition Value 



Internal bond ASTM D952  2,600 lbf/in² 



Flexural strength (S) ASTM D790 With grain: 26,500 lbf/in² 
Crossgrain: 25,300 lbf/in² 



Modulus of elasticity (E) ASTM D790 With grain: 2.8 x 106 lbf/in² 
Crossgrain: 3.1 x 106 lbf/in² 



Tensile strength ASTM D638 With grain: 22,300 lbf/in² 
Crossgrain: 20,300 lbf/in² 
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24.10.7 Phenolic Cored Panels for Flooring 



Phenolic cored panels shall mean panels constructed of top and bottom skins laminated on each 
side of foam coring: 



1. Panel skins: 



a. Shall be fiberglass-reinforced, phenolic resin matrix, comprised, at a minimum, of 24 
oz/square yard bi-axial and 9 oz/square yard mat. 



b. The corresponding minimum skin thicknesses shall be 0.050 inch thick. 



c. The thickness of the phenolic resin matrix skins shall be increased, if necessary, to 
meet the strength requirements below. 



2. Foam core shall be closed-cell, phenolic-reinforced, isocyanurate. 



3. The panel structure shall contain a dense fiberglass-reinforced phenolic resin close-out 
core to provide support for all edges, cut outs and holes. Fastener holes shall be pre-
drilled and countersunk to accommodate the approved fasteners. 



4. The panel shall be manufactured using the matched die molding process with the 
application of heat and pressure. Production techniques shall ensure that the glass fiber 
reinforcement is uniformly distributed throughout the final product in such a manner as 
to avoid resin rich or resin starved sections.  



With the vehicle floor loaded to simulate a uniformly-distributed AW4 passenger load plus 
interior equipment, such as seats, interior liners, and equipment boxes, the following conditions 
shall be met: 



1. The floor panels shall not deflect more than 1/250 of the shortest span between 
supports, up to a maximum of 0.0625 inch. The floor shall not take a permanent set 
when the load is removed. An analysis shall be submitted demonstrating compliance to 
deflection requirements. 



2. The floor panels shall sustain no permanent deformation under normal use (passenger 
portion of AW4 distributed uniformly along the vehicle during the design life of the car, 
and shall be designed to withstand the specified loading without exceeding 50% of the 
yield stress of the flooring material. 



3. The maximum stress in the floor beams shall be less than 50% of the critical buckling 
stress or 50% of the yield strength of the material, whichever is less. 



4. A stress analysis shall be performed to confirm that the construction of the 
manufactured panel is adequate for its intended purpose and meets the specified 
strength requirements. The panel shall meet the following requirements: 



Mechanical Properties ASTM Test Requirement 



Flexural Properties ASTM C393/ 
C393M 



For a span of 15 inches, failure load greater than 
155 lb/in  
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24.11 SEAT CUSHION MATERIALS 



24.11.1 Cushion 



24.11.1.1 Material 



Seat cushion fill material shall be low-smoke flexible foam constructed of inherently fire-
retardant materials.  



1. The material shall have a polymerized or vulcanized homogeneous (free from foreign 
material), cellular structure with a porous surface and open cells. The cells shall be 
interconnecting and uniform in size. 



2. Cellular material may be molded in one piece or may be assembled by laminating to 
achieve the required thickness. Laminated cushions shall be bonded together.  



3. The thickness and density shall be approved during design review. 



4. Cushion material shall be properly cured to prevent any objectionable odor. 



24.11.1.2 Physical Properties 



Flexible foam shall meet the following physical property criteria when tested without 
upholstery material: 



1. Tensile Strength: 8.0 lbf/in² minimum when tested to ASTM D3574 Test E 



2. Elongation: 150% minimum when tested according to ASTM D3574 Test E 



3. Compression Set at 50%: 10% maximum when tested according to ASTM D1055 



4. Flex Fatigue: Thickness loss 5% maximum when tested according to ASTM D1055 



5. Tear Strength: 2.5 lbf/in² minimum when tested according to ASTM D3574 



24.11.2 Upholstery 



24.11.2.1 Material 



Vinyl used for seat upholstery shall be made of woven transportation grade fabric-backed vinyl 
with a minimum weight of 23 ounces per square yard. 



Cloth fabrics used for seat upholstery shall be made of woven, transportation grade fabrics of 
wool, wool/nylon blend (90/10, 85/15), or an approved flame-resistant polyester. The 
maximum fabric shrinkage shall be 2% in either the warp or fill direction. 



24.11.2.2 Physical Properties 



Fabric-backed vinyl upholstery material shall be subjected to the physical tests of textile 
products required by the following methods, and the results shall not be less than the following 
values. Values shown are minimum allowable for testing in both warp and filling directions. 
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Fabric-Backed Vinyl Physical Tests 
Test No. Description Criteria 



ASTM D751 Seam Strength 85 lb 



ASTM D751 Tensile Strength Warp: 80 lb 
Fill: 90 lb 



ASTM D751 Tear Strength (Tongue) Warp: 6 lb 
Fill: 7 lb 



ASTM D1117 Tear Strength (Trapezoid) Warp: 18 lb 
Fill: 20 lb 



AATCC 16.2 Color Fastness – 200 hours No change 
ASTM D751 Adhesion of Coating 10 lb 



ASTM D4157 Wyzenbeek Abrasion Test – 
No. 8 duck, 100,000 cycles No significant wear 



 
Wool/nylon blend seat upholstery material shall be subjected to the physical tests of textile 
products required by the following ASTM methods, and the results shall not be less than the 
following values: 



Wool/Nylon Blend Physical Tests 
ASTM Test No. Description Criteria 



ASTM D3776/ 
3776M Fabric Weight 15.5 oz/sq yd without back coating 



ASTM D3775 Fabric Count Warp – (ends) 88 epi 
Fill - (picks) 40 to 72 ppi 



ASTM D5034 Breaking Strength and 
Elongation 



Warp – 200 lb 
Fill – 200 lb 



ASTM D2261 Tear Strength (Tongue) Warp – 20 lb 
Fill – 20 lb 



ASTM D4034 Yarn Slippage Warp – 30 lb 
Fill – 40 lb 



ASTM D3597 Color Fastness 



Water – Class 4 min. 
Solvent – Class 4 min. 
Crocking – Class 4 min. 
Light – Class 4 min. 



ASTM D4966 Martindale Abrasion Test 20,000 cycles – no breaks 
 
Flame resistant polyester seat upholstery material shall be subjected to the physical tests of 
textile products required by the following ASTM methods, and the results shall not be less than 
the following values: 
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Flame-Resistant Polyester Physical Tests 
ASTM Test No. Description Criteria 



ASTM D3776/ 
D3776M Fabric Weight 12 oz/sq yd without back coating 



ASTM D3775 Fabric Count Warp – (ends) 88 epi 
Fill – (picks) 40 to 72 ppi 



ASTM D5034 Breaking Strength and 
Elongation 



Warp – 270 lb 
Fill – 200 lb 



ASTM D2261 Tear Strength (Tongue) Warp – 20 lb 
Fill – 20 lb 



ASTM D4034 Yarn Slippage Warp – 75 lb 
Fill – 65 lb 



ASTM D3597 Color Fastness 



Water – Class 4 minimum 
Solvent – Class 4 minimum 
Crocking – Class 4 minimum 
Light – Class 4 minimum 



ASTM D4966 Martindale Abrasion Test 20,000 cycles – no breaks 
 



24.12 FIBERGLASS-REINFORCED PLASTIC 



24.12.1 General 



Fiberglass-reinforced plastic (FRP) shall be a glass-fiber-reinforced, laminated material, 
composed of a gel coated surface, fiberglass reinforcement, and an approved resin.  



FRP shall withstand, without any physical deformation or structural damage, the 
environmental conditions in Section 1, Performance Requirements, be resistant to acids, alkalies, 
and cleaning solutions recommended by the Contractor. 



24.12.2 Components 



Contractor shall comply with the following requirements: 



1. Resin: Shall be of good, commercial grade, thermosetting material selected to meet the 
physical properties of the Specifications and molding process requirements. 



2. Reinforcement: 



a. The fiberglass reinforcement shall be mat, fabric, woven roving, continuous roving, 
chopped spun roving, or swirl mat as required to meet the physical properties of this 
Specification and the molding process requirements.  



b. The glass content shall be a confirmed through testing to ASTM D2584. 



3. Gel Coat: 



a. Minimum thickness shall be 0.016 inch and maximum thickness 0.032 inch.  



b. If the surface of the FRP panel is to be painted, a primer gel coat shall be used and 
the part shall be painted in accordance with Section 24.18, Paints and Coatings.  
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c. If the FRP panel does not receive paint, then the gel coat shall be pigmented to match 
the color selected by the Authority.  Three sets of samples shall be submitted to the 
Authority. 



d. Gel coat shall be resistant to scuffing, fire, weather, and cleaning agents. 



e. Finished gel coated surfaces shall have a minimum gloss value of 85 when measured 
with a 600 glossometer and shall exhibit no print-through of the reinforcements or 
have any appreciable orange peel. 



4. Additives: 



a. Additives, fillers, monomers, catalysts, activators, pigments, fire retardants, and 
smoke inhibitors shall be added to the resin mixes to obtain finished products with 
the required physical characteristics of the Specifications. 



b. Mineral filler shall not exceed 28% of finished weight for any preformed matched die 
molding process. 



24.12.3 Construction 



Contractor shall comply with the following requirements: 



1. FRP shall be manufactured by either open molding, hand layup, or the matched die 
molding process. 



2.  Production techniques shall ensure that the glass fiber reinforcement is distributed 
throughout the final product in such a manner as to avoid resin-rich or resin-starved 
sections. 



3. FRP parts shall have a greater thickness at attachment points and edges. Exposed sharp 
edges will not be allowed on any parts.  



4. A stress analysis shall be performed to confirm that the construction method chosen is 
adequate for its intended purpose and meets the specified strength requirements. 



24.12.4 Repair 



Repair procedures shall be provided for all FRP products. 



24.12.5 Strength Requirements 



Independent laboratory tests shall be performed on test coupons that are trimmed from 
production parts. 



1. Test specimens shall be conditioned in accordance with ASTM D618. 



2. Independent laboratory test reports shall be provided confirming that the reinforced 
plastic material complies with the requirements of the following standards. 
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FRP Minimum Strength Requirements – Interior Components 
Mechanical Properties ASTM Test Open or Match Die Moldings 



Tensile Strength ASTM D638 10,000 lbf/in² 
Compressive Strength ASTM D695 18,000 lbf/in² 
Flexural Strength ASTM D790 15,000 lbf/in² 
Impact Strength ASTM D256 6 ft-lb per inch of notch 
Hardness - 45 Barcol 



 



FRP Minimum Strength Requirements – Exterior Components 
Mechanical Properties ASTM Test Open or Match Die Moldings 



Tensile Strength ASTM D638 18,000 lbf/in² 
Compressive Strength ASTM D695 24,000 lbf/in² 
Flexural Strength ASTM D790 30,000 lbf/in² 
Impact Strength ASTM D256 8 ft-lb per inch of notch 
Hardness - 45 Barcol 



 



24.13 THERMOPLASTIC SHEET 



24.13.1 General 



Thermoplastic sheet used in the construction of this vehicle shall withstand, without any 
physical deformation or structural damage, the environmental conditions described in Section 
1, Performance Requirements, and shall be resistant to the Authority’s cleaning solutions.  



The color and surface finish of parts manufactured from this material shall be approved prior to 
the production run of any parts.  Three sets of samples shall be submitted to the Authority. 



24.13.2 Material/Construction 



Contractor shall comply with the following requirements: 



1. Thermoplastic sheet shall be homogeneous and extruded from virgin stock which does 
not include any regrind of vacuum formed parts. 



2. The exposed surface of this material shall conform to the color, texture, and gloss of the 
interior panel.  



3. Only UV stabilized pigments shall be used to create the specified color of the 
thermoplastic sheet.  



4. Thermoplastic sheet shall be used as extruded or vacuum-formed.  



24.13.3 Quality 



Contractor shall comply with the following requirements: 



1. The finished parts shall be free of waves and quilting on both sides.   
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2. Degraded polymer in the sheet shall not be allowed, and if present, shall be cause for 
rejection of the piece.   



3. Voids, lumps, and contamination shall also be cause for rejection of parts if the defects 
are larger than 0.010 inch, and the population of these defects is greater than one defect 
in 4 square feet. 



24.13.4 Strength Requirements 



Independent laboratory test certificates shall be provided stating that the thermoplastic sheet 
complies with the requirements of the following standards.  Extruded sheet in the surface finish 
specified shall be used for testing. 



Thermoplastic Sheet Strength Requirements 
Mechanical Properties ASTM 



Method 
Value 



Specific Gravity ASTM D792 1.20 to 1.45 
Tensile Strength ASTM D638 5,500 lbf/in² minimum 
Flexural Strength ASTM D790 8,000 lbf/in² minimum 
Flexural Modulus ASTM D790 3.3 x 105 lbf/in² 
Hardness Rockwell “R” Scale ASTM D785 90 to 110 
Heat Shrinkage; 15 minutes at 350°F - 10% maximum 
Heat Deflection (annealed) at 264 lbf/in² ASTM D648 165°F minimum 
Impact Strength, Fabricated Parts; 
Gardener Dart Drop 0.5-inch diameter 
ball at 73°F 



ASTM D5420 
ASTM D5628 



160 in-lb minimum 



 



24.14 PIPING AND TUBING 



24.14.1 General 



Contractor shall comply with the following requirements: 



1. Piping, valves, fittings, installation methods, and testing shall be in accordance with the 
ASME B31.1. 



2. Pipe routing and support shall be planned and accomplished in an efficient, organized 
manner to keep the total length and number of fittings and bends to an absolute 
minimum. 



a. Pipes must be supported throughout their length and at all connections to prevent 
vibration or noise and to limit stresses in the pipe to less than 50% of the pipe’s 
fatigue endurance limit. 



b. Support and clearances provided between adjacent pipes and between pipes and 
surrounding structure, equipment or other appurtenances shall be sufficient to 
prevent chafing or contact due to any combination of car loading and deflection, car 
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dynamics, and thermally induced movement. The minimum clearance shall be 
0.25 inch. 



c. Changes in direction shall be accomplished by bending the pipe to a radius of not 
less than specified by AAR MSRP, Section E, Standard S-400, and not with fittings.  



d. Joints shall be easily accessible. 



e. Pipes and their connections shall not interfere with the removal of other 
components.  



3. Piping or tubing passing through holes in the floor, bulkheads, structure, or any fixed 
member: 



a. Pipes shall be rigidly clamped to protect against possible damage or noise due to 
bearing, abrasion, or car dynamics-induced rattling.  



b. Clamps shall not be welded, brazed or otherwise permanently fastened to any pipe 
or tubing. 



c. Pipe and tubing interfaces with clamps shall be insulated with an elastomeric or 
woven non-asbestos mineral fabric tape material to protect and sound-insulate the 
pipe or tubing. 



4. Connections to vibration-isolated or rotating equipment such as the air compressor and 
air conditioning compressor-condenser unit: 



a. Clamps shall be of a suitable material for the application. 



b. Approved flexible vibration eliminators shall be used. 



c. The pipe connection at either end of the flexible elements shall be rigidly clamped no 
farther than 2 inches from the flexible elements.  



d. All pipe clamps shall be inherently rigid and shall be firmly attached to car structure. 
Cantilevered clamps or clamp supports that are weaker than service-proven designs 
will not be accepted.  



5. Cut-out cocks or other manually operated valves shall be locking type with provisions 
for safety wire. 



6. Following installation: 



a. Piping systems shall be cleaned to remove dirt, metal chips, oily contamination, and 
moisture.  



b. After cleaning, piping systems shall be pressure tested in accordance with 
ASME B31.1.  



c. Leaks shall be repaired and the system re-cleaned and re-tested until leak-free. 
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24.14.2 Air Piping, Tubing, and Fittings 



24.14.2.1 Type, Size, and Gauge 



Contractor shall comply with the following requirements: 



1. Pneumatic piping shall conform to ASTM A269, 304L seamless annealed stainless steel 
tubing. 



2. Hose and hose fittings used within the air system shall be in compliance with the 
following AAR MSRP standards: 



a. Section E, M-601 



b. Section E, M-618 



c. Section E, M-620 



d. Section E, M-927.  



3. Hose fittings shall be of the reusable type as manufactured by Stratoflex, or approved 
equal. 



4. Hose assemblies shall have a minimum initial storage life of seven years and associated 
extended storage life of three years as defined by ISO 2230.  



5. Air pipes shall be sized in accordance with the function intended. The diameter of the 
main reservoir pipe and brake pipes shall meet the brake supplier’s requirements; 
however, in no case shall these pipes be less than 7/8-inch O.D. 



6. Gauge shall be as follows: 



a. 1/2-inch tubing shall be minimum 18 gauge. 



b. 3/4-inch tubing shall be minimum 16 gauge. 



c. 7/8-inch tubing shall be minimum 14 gauge.  



24.14.2.2 Installation 



Contractor shall comply with the following requirements: 



1. Air piping shall be installed in a manner to provide drainage away from devices, or 
branch pipes leading to devices, when the function of those devices could be impaired 
by the accumulation of water or ice.  



2. Truck piping: 



a. Low spots (traps) are strictly prohibited on trucks.  



b. Truck piping shall not be run on the bottom of truck side frames, transom or bolster.  



3. Connections and joints where disassembly for service may be required shall use 
hydraulic piping-style, bevel seal fittings with threaded retaining nuts.  
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4. Air piping connections shall be accessible without removing any undercar equipment or 
components. 



5. Use of threaded fittings, where the threaded connection is used to retain piping pressure 
integrity, is expressly prohibited.  



6. Pneumatic piping shall be retained by clamping devices with rubber inserts and 
minimum two fasteners.  Single fastener clamps, e.g. P-clamps, are expressly prohibited. 



7. Cut-out cocks shall be of the vented type, except where function prohibits. Cut-out cock 
handles and their arrangements shall be as described in Section 16, Friction Braking 
System. 



Air piping must comply in all respects with the air brake supplier’s design and installation 
requirements.  



1. Prior to manufacture of production cars, the Contractor shall provide the Authority with 
a report containing written approval from the air brake supplier of the Contractor’s air 
brake piping fabrication, installation, and design concept.  



2. The following information shall be contained in the report: 



a. All critical line sizes and materials including the main reservoir pipe, the emergency 
brake pipe, and the brake cylinder piping. 



b. The installation details of the above critical lines including routing, total length and 
volume, elevation and slopes, and major joint and direction change locations. A list 
of all proposed bend radii shall also be provided. 



c. Pipe processing details including welding, brazing, cleaning, and fabrication 
methods, as required by Section 24.6, Welding and Brazing. 



d. Locations of all major air brake control, relay, and emergency venting devices, and 
the proposed location and volume of all reservoirs. 



e. An air consumption analysis justifying the proposed air storage system design. 



24.14.3 Air Conditioning System Piping, Tubing, Fittings and Installation 



24.14.3.1 Type and Size 



Contractor shall comply with the following requirements: 



1. Air conditioning refrigerant lines shall be of seamless copper tubing, ASTM B88 Type K, 
with wrought sweat type fittings. 



2. Tubing shall be refrigeration grade, cleaned and sealed with plugs at the mill, in 
accordance with ASTM B280.  



3. Finned tubing in evaporators and condensers shall be copper, but need not be Type K.  
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4. The suction line shall be sized for 3 psig maximum system pressure drop. Liquid line 
piping shall be sized to limit pressure loss under full load conditions to a value that will 
not cause flashing in the liquid line.   



24.14.3.2 HVAC Piping Installation 



The Contractor shall follow the procedures of ASME B31.5 and the recommendations of the 
HVAC system’s manufacturer regarding the design and installation of refrigerant lines. 



1. Joints and fittings shall be kept to a minimum. Inaccessible tubing runs shall be without 
joints. 



2. Tubing shall be bent where necessary and practical by means of a tubing bending tool 
designed specifically for bending of the tubing to be used. 



3. Piping and pipe subassemblies shall be deburred, cleaned, dried, and capped with tight 
fitting plastic caps, or approved equal on all openings after fabrication. The Contractor 
shall prevent dirt from entering the refrigerant lines during fabrication. Caps shall 
remain in place until immediately prior to incorporation into the final assembly. 



4. Suction lines shall be designed and installed without traps. No horizontal traps will be 
permitted in the suction line. 



5. Vibration isolation shall be provided where refrigerant line attaches to a resiliently 
mounted assembly and to the refrigerant compressor.  



a. Vibration isolators beneath the car floor shall have an approved waterproof jacket to 
prevent icing of the flexible elements and damaged to the isolator braid.  



b. Vibration isolators shall be installed in accordance with the manufacturer’s 
recommendations.  



6. Refrigerant lines shall be adequately supported to prevent vibration, chafing, fatigue, 
and stressing of joints.  



7. Tubing installations shall be designed to allow any single length of tubing to be replaced 
without dismantling or removing surrounding equipment, piping, wiring, or other 
appurtenances. 



8. Refrigerant liquid and suction lines shall be insulated both above and below the floor 
using closed-cell foam insulation meeting the fire-resistance standards of Section 4.2, 
Flammability, Smoke Emission, and Toxicity Testing Requirements, with approved joint 
sealant between lengths of insulation. 



9. After fabrication, the refrigerant lines shall be thoroughly cleaned of all dirt, moisture 
and foreign matter and sealed. 



10. When the piping installation is complete, the entire system shall be thoroughly tested to 
ensure that it is absolutely pressure-tight; no leaks will be permitted. The system shall be 
leak tested, evacuated, and charged according to procedures approved by the HVAC 
system supplier and by the Authority.  
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24.14.4 Brazing and Soldering of Piping, Tubing and Fittings 



Brazing and soldering shall comply with the applicable parts of Section 24.6, Welding and 
Brazing, and the following requirements: 



1. Unless specifically approved, all refrigerant piping and air system copper tubing shall 
be joined using silver solder conforming to Federal Specification QQ-B-654, BAg-5 or 
BCuP-5.  



2. Refrigeration piping and tubing shall be internally swept with a continuous flow of a 
non-oxidizing gas such as dry nitrogen during brazing.  



3. Condensate drain tubing shall be joined using 95-5 solder or Silver Solder as above.  



4. Solder joints shall be wiped and have flux cleaned from tubing and fittings after 
soldering.  



5. After fabrication, the refrigeration and air systems shall each be cleared of all dirt and 
foreign matter, flushed with a degreasing agent, and dried, all according to a written 
procedure prepared for each by the Contractor and approved by the Authority.  



24.14.5 Hydraulic Piping, Tubing and Fittings 



24.14.5.1 Type, Rating, and Size 



Contractor shall comply with the following requirements: 



1. Type: 



a. Exposed tubing, piping, or fittings shall be stainless steel complying with  SAE 
AMST 6845 or SAE AMS 5567.  



b. Tubing, piping, or fittings protected from under-car exposure may be either stainless 
steel or carbon steel complying with SAE J524 or SAE J356. 



c. Hose used within the hydraulic system shall comply with SAE J517 and hose fittings 
shall comply with SAE J516.  



d. Hose shall be supplied clean and with both ends capped. 



2. Rating: 



a. All hose shall be rated to withstand four times the maximum operating pressure 
without bursting.  



b. Hose application limits shall comply with SAE J1273, SAE J343, and SAE J1405. Hose 
shall not be used in locations where the temperature may exceed 200°F.  



3. Size: 



a. Hydraulic pipes, tubing, and fittings shall be sized for the function intended without 
experiencing a pressure drop of more than 15% from control to function.  
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b. Wall thickness shall be Schedule 80 for truck-mounted piping and sufficient to 
maintain a safety factor of 6 at the maximum system pressure. 



c. Wall thickness in other locations shall be sufficient to maintain a safety factor of 6 at 
the maximum system pressure. 



24.14.5.2 Installation 



Contractor shall comply with the following requirements: 



1. Truck piping shall not be run on the bottom of truck sides, frames, transom, or bolster. 



2. Bending: 



a. Tubing shall be bent using a bending tool designed specifically for bending of the 
tubing to be used.  



b. Bent tubing shall have a uniform bend free of kinks.  



3. Tubing and piping shall be deburred after cutting. 



4. Tubing, fittings, and subassemblies shall be cleaned and capped on all openings after 
fabrication. Caps shall remain in place until immediately prior to incorporation into the 
final assembly. 



5. Joints: 



a. Joints for tubing or piping shall use fittings of the same material as the tubing or 
piping.  



b. Joints shall be welded, brazed, flared to 37-degrees in accordance with SAE J533, or 
made with compression fittings, Swage-Lock, or equal.  



c. There shall be no inaccessible joints. 



6. Connections: 



a. Connections to manifold ports, valve bodies, and other hydraulic system 
components shall use straight thread fittings with separate O-ring seals.   



b. Quick connect couplings shall be of the double shutoff type with valves built into 
both mating parts of the coupling. 



7. Service and Isolation Devices: Shall provide means to safely isolate or otherwise relieve 
all stored energy from a portion of the system requiring service, without loss of fluid or 
accumulator gas (if so equipped). 



24.15 PRESSURE VESSELS 



Pressure vessels shall conform to ASME BPVC, Section VIII-1. Test reports shall be furnished for 
each pressure vessel, and each pressure vessel shall be stamped to document the test. 
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24.16 AIR FILTERS 



24.16.1 HVAC and Equipment Ventilation Filters 



Contractor shall comply with the following requirements: 



1. Filters shall be selected in accordance with the manufacturer’s recommendations for the 
specific equipment involved, shall be designed to meet the performance requirements of 
each installation, and shall be approved. 



2. Type: 



a. Filters shall be the disposable, pleated media type, 2-inch thick, with an integral 
cardboard frame, complying with UL 900. Reusable filters may be approved for 
specific applications where throw-away filters are not available.  



b. The filter frame shall have airflow directional arrows showing. 



c. Air filters shall be unmodified, commercially available standard catalog sizes 
available from multiple suppliers or coincide with those sizes already used by the 
Authority. Specialty filters with protective coatings applied to the filter media or 
those available only from a single manufacturer are not permitted.  



d. The average efficiency shall be a minimum of 70% at a constant velocity of 300 fpm 
up to 0.5-inch water gauge pressure drop as tested in accordance with ASHRAE 41.3. 



3. Filter holders shall be provided to hold framed filters.  



a. The filters and filter holders shall be sealed at their edges to prevent filter air bypass. 



b. Support of the filter elements shall be provided to prevent blowout of the filter 
elements under clogged filter conditions.  



4. Application: 



a. Filter area shall be such as to limit filter face air velocity to a maximum of 300 fpm.  



b. Initial clean filter pressure drop shall be a maximum of 0.09-inch water gauge.  



c. Fresh air filters shall not be used as part of the water elimination system and shall 
not become wet under any circumstances. Some dampness of the filter will be 
permitted. However, the final weight or percentage of wetness after a 10-minute test 
shall conform to the manufacturer’s recommendations and filter performance. The 
Contractor shall also be able to demonstrate through a one-time qualification test 
that removal of the fresh air filters does not allow the inclusion of water through the 
fresh air intakes 



5. Maintainability: 



a. Maintenance personnel shall have full and unconstrained filter access allowing use 
of both hands to remove and replace fresh air filters without the need to remove or 
move any components after opening the return air grille. 
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b. HVAC air filters shall be readily accessible for replacement from inside the car 
through the hinged re circulated air grille.  



c. The replacement interval shall be mileage-based and the minimum replacement 
interval shall be 8,000 miles. 



24.16.2 High Pressure Air Filters 



Contractor shall comply with the following requirements: 



1. Air filter assemblies with replaceable filter elements shall be provided in the air line that 
connects each subsystem to the air supply system.  



a. The air filter filtering capability, flow rate capability, and overall size shall be 
appropriate for the application so that the filter replacement interval is greater than 
one year.  



b. It shall be possible to gain access to the filter element for replacement without 
requiring any pipe fittings to be disconnected or loosened.  



2. Filters shall be provided for each of the following systems and any others operated from 
the air supply system: 



a. Each air brake control assembly 



b. Input and output of each height control valve 



c. Coupler controls 



d. Door controls 



e. Horn 



24.16.3 Low Pressure Air Filters 



Low-pressure air filters shall be replaceable media type filters with the following properties: 



1. Resin-bound, spun-glass fiber materials having an uncompressed thickness not less than 
3.5 inches.  



2. Non-absorptive of fluids and gases. 



3. Material density shall increase progressively from air inlet to air exit side. 



4. Filter shall be coated with not less than 24 grams per square foot of a dust-retaining, 
viscous adhesive film, which shall be stable at temperatures up to 150°F.  



5. The filter medium shall be cut minimum 0.5-inch oversize to ensure adequate sealing 
between the edge of pad and its integral frame. 
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24.17 LUBRICATION FITTINGS 



All lubrication fittings shall be easily accessed and lubrication shall be possible through the use 
of standard, commercially-available grease guns without any disassembly of surrounding 
components. 



24.18 PAINTS AND COATINGS 



24.18.1 General 



The exterior portion of the carbody receiving paint shall be painted as required by the 
Specifications and in accordance with the specified color scheme, lettering and numbering.  



All painting to be applied on the carbody or any component is to be conducted in accordance 
with the paint manufacturer’s recommendations.  



The Contractor and its paint supplier shall supply a touch-up procedure and ensure that a 
continuing supply of touch-up paints in colors used on the car, suitable for spot application by 
spray roller or brush, will continue to be available in the United States. 



24.18.2 Materials Not to be Painted 



Austenitic stainless steel portions of the carbody shall not be painted, unless otherwise specified 
by the Authority for cosmetic reasons. 



Equipment or parts of equipment that would be damaged or suffer impaired operation from 
painting shall not be painted and shall be corrosion resistant, including but not limited to the 
following: 



1. Flexible conduit and fittings 



2. Copper tubing, piping, and fittings 



3. Wire and cable 



4. Power resistors 



5. Heat transfer surfaces 



6. Electrical insulators 



7. Elastomeric devices 



8. Grounding pads 



9. Truck-Related Items: 



a. Wheels 



b. Axles 



c. Elastomeric parts 
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d. Grease fittings 



e. Linkages 



f. Threaded parts used for adjustments 



g. Electrical equipment 



h. Wearing surfaces. 



24.18.3 Paint Materials 



24.18.3.1 General 



Contractor shall comply with the following requirements: 



1. Painting materials for all surfaces shall be a high quality finishing system resistant to 
corrosion, chipping, and fading and shall retain the gloss level. 



2. Paint and filler materials which are to be superimposed to form a finish shall be 
mutually compatible and shall be warranted for use as a system by the manufacturer of 
the components. 



3. Paint materials shall be used at the consistency recommended by the paint supplier. If 
thinners or reducers are necessary, they shall be approved by the paint manufacturer 
and shall be used only to the extent recommended. 



24.18.3.2 Samples and Data 



Contractor shall submit three samples and manufacturer’s data for each primer, top coat, and 
base coat clear coat paint for exterior, undercar, truck frames, and any paint or powder coat 
used for the interior of the vehicle or equipment for approval of color, gloss, adhesion, finish, 
and orange peel characteristics. (CDRL 24-12, Paint Samples and Manufacturer’s Data)  



1. Samples: 



a. Samples of top coats shall contain the same number of coats of primer and final paint 
as specified for the vehicle. 



b. Samples shall use same base material to which paint will be applied on the vehicle. 



c. Trucks:  Provide a sample demonstrating that paint does not hide structural cracks. 



d. Corresponding CIE LCH tristimulus values for each color sample. 



2. Manufacturer's data for each type of painting material shall include the following 
information: 



a. Composition 



b. Curing characteristics 



c. Recommended minimum and maximum dry film thickness 



d. Performance characteristics 











Section 24, Materials and Workmanship 



WMATA 8000 Series Railcars 24-55 Technical Specifications 



e. Manufacturer's data on powder coating material. 



24.18.3.3 Primers 



Where specified, primers shall comply with the following requirements: 



1. Wash (etch) primer:  A primer with anti-corrosion properties for application as a first 
coat on metal surfaces, as recommended by the manufacturer of subsequent primer and 
top coat. 



2. Epoxy primer:  Compatible with the polyurethane top coat. 



3. Truck primer:  Compatible with truck paint. 



4. The primer color shall contrast the finish color to ensure complete top coat coverage. 



24.18.3.4 Top coats 



Where specified, top coats shall comply with the following requirements: 



1. Polyurethane:  Two-part, high-solids, low-VOC, polyurethane paint system with a solids 
content between 50% and 70%. 



2. Alternate paint systems, such as base coat-clear coat systems, or direct-to-metal paint 
systems will be considered if the paint performance equals or exceeds two part 
polyurethane.  



3. Anti-skid:  For surfaces requiring anti-skid paint, mix a non-skid additive into the paint, 
such as fine glass or plastic beads. 



4. Truck paint:  Select truck paint that will not hide structural cracks. 



24.18.3.5 Powder Coat 



Where specified, powder coat shall comply with the following requirements: 



1. Interior applications:  Thermosetting, resin based, polyester or epoxy powder tailored to 
the individual application. 



2. Exterior applications:  Not approved for use. 



24.18.4 Preparation and Application 



24.18.4.1 General 



Preparation of the painted surface and application of painting materials for brushing or 
spraying shall be in accordance with the paint supplier’s recommendations. 



24.18.4.2 Paint Process Documentation 



The Contractor shall prepare a paint coating and application document containing procedures 
for surface cleaning and preparation, priming, surfacing, and painting for the carbody and all 
equipment that is painted or powder coated. (CDRL 24-13, Paint Preparation and Application) 
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A detailed paint schedule showing the equipment painted, paint type and manufacturers, 
recommended thickness, and other pertinent information shall also be included.  



This document shall be submitted to and approved by the paint component manufacturer(s) 
before being submitted to the Authority for review and shall be made part of the maintenance 
manuals. 



24.18.4.3 Applicator Qualifications 



Painting shall be done only by experienced and fully trained personnel, using proper 
equipment under competent supervision. 



24.18.4.4 Carbody 



Metal portions of the carbody not constructed of austenitic stainless steel shall, after fabricating, 
be prepared for painting by one of the following methods: 



1. Grit blast, then immediately after grit blasting, apply epoxy primer within a time frame 
suggested by the manufacturer. 



2. Wash with an alkaline solution, properly rinse, phosphate coat or paint with a coat of 
wash (etch) primer, and then coat with epoxy primer.  



Hidden aluminum or ferrous materials, except austenitic stainless steel, shall be given one coat 
of epoxy primer and one top coat. 



In addition, Contractor shall comply with the following requirements for the locations 
indicated: 



1. Concealed surfaces capable of rusting or oxidation:  Shall be properly cleaned, receive a 
wash primer, then shall coated with epoxy primer and painted with polyurethane or 
other approved coating suitable for the vehicle design life. 



2. Where arc welding is performed on joints between stainless steel and other materials, 
the Contractor shall de-scale and clean the joint, apply wash primer, apply epoxy 
primer, and apply polyurethane top coat. 



24.18.4.5 Exterior Not Visible to Passengers 



Surfaces that are on the exterior of the vehicle but not visible to passengers shall be prepared as 
specified above for the vehicle body, and painted as follows: 



1. After erection of the framing structure and body sheets, all undercar metal, except 
stainless steel, shall be coated with an epoxy primer and polyurethane top coat.   



2. Underfloor apparatus (motors, control boxes, junction boxes, brake valves, and other 
equipment as specified) shall be coated with epoxy primer and one polyurethane top 
coat. 
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3. The exterior surfaces of undercar equipment enclosures and apparatus, other than 
propulsion control equipment, made from carbon steel shall be coated with epoxy 
primer and one polyurethane top coat.  



4. The interior and exterior surface of all propulsion control equipment enclosures shall be 
coated with an approved insulating, thermosetting, resin-based, powder coating or 
approved equal. The interior of the boxes shall be white and the exteriors shall match the 
undercar paint scheme. 



5. Parts of undercar equipment enclosures made from plastic or fiberglass shall be painted 
in accordance with the above requirements for metal portions except that the paint 
system shall be compatible with the plastic used, and an insulating coating need not be 
applied.  



6. Equipment control groups shall be coated with epoxy primer and one polyurethane top 
coat. The color shall be as approved by the Authority. 



24.18.4.6 Trucks 



Contractor shall comply with the following requirements: 



1. All truck components to be painted shall be given a full coat of primer prior to assembly. 



2. Following assembly, all exposed surfaces of each truck, including machined mounting 
surfaces not used, shall be cleaned by blowing off with compressed air and solvent-
wiped to remove all dirt and grease. 



3. All truck components not listed as materials not to be painted shall then be sprayed with 
one coat of primer and one coat of black truck paint and air dried. 



24.18.4.7 Exterior Visible to Passengers 



Contractor shall comply with the following requirements: 



1. Preparation:  Before painting car surface that is exposed to view, all dents, gashes, nicks, 
roughness, or other surface imperfections or depressions shall be removed as follows: 



a. Remove imperfections so far as possible by straightening and properly prepare to 
receive the filler material. 



b. After straightening, wash prime the surface, fill remaining imperfections with an 
approved epoxy-based filler, and sand smooth.  



c. The maximum allowable filler thickness shall be as recommended by the filler 
manufacturer for the environment and service to which it is to be exposed, but in no 
case shall it exceed 0.125-inch. 



2. Painting:  Apply epoxy primer and two polyurethane top coats. The paint shall be 
uniformly applied over all surfaces to be covered. Painting shall be done in a clean, dry 
atmosphere at an ambient temperature as recommended by the paint manufacturer. 



3. Surface appearance:   
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a. The finished exterior shall present a high-quality appearance free from sags, drips, 
scratches, variations in gloss, and other imperfections.  



b. The gloss level shall be greater than 80 as measured with a 60-degree glossometer.   



c. The exterior finish shall have a minimum allowable surface smoothness (orange peel 
index) of 7 as measured with the ACT Laboratories Orange Peel Standard. 



24.18.4.8 Stainless Steel 



Exterior austenitic stainless steel shall be cleaned with an approved alkaline cleaning solution, 
which shall not damage any previously painted surfaces.  



Where stainless steel is painted, procedures shall be as recommended by the paint manufacturer 
for the application, and surfaces shall be properly prepared to ensure adhesion. 



24.18.4.9 Interior Painting 



Exposed interior surfaces, including molding and trim, shall be as specified in Section 10, 
Carbody, or powder-coated metal. 



Interior surfaces requiring painting shall be coated with an approved thermosetting powder 
coating. Parts which are to be powder-coated shall be cleaned and prepared in accordance with 
the recommendations of the powder supplier. 



The Contractor and its powder supplier shall supply a touch-up procedure and ensure that a 
continued supply of touch-up paint in the proper colors suitable for spot application will 
continue to be available in the United States. 



24.18.4.10 Testing 



The final painted surface shall be tested on the first car to the following criteria: (CDRL 24-14, 
Paint Testing on First Car) 



1. Hardness:  Pencil Hardness tests shall be performed according to ASTM D3363. The 
range of acceptance shall be between H and 2H and shall be the average of ten readings 
taken from typical surface locations. This is a destructive test and shall require the tested 
surfaces to be repaired. 



2. Adhesion:  Adhesion shall be tested per ASTM D4541 and achieve a minimum rating as 
provided by the paint manufacturer. This is a destructive test and shall require the 
tested surfaces to be repaired. 



3. Thickness:  The minimum and maximum dry film thicknesses shall be provided by the 
paint supplier. Dry film thicknesses beyond the manufacturer’s minimum and 
maximum recommendations shall not be accepted. Non-destructive testing shall be 
performed to verify final dry film thickness. 



4. Paint Cure:  A solvent rub test shall be performed per ASTM D5402. The test procedure 
requires no less than fifty double finger rubs with a cloth wetted in acetone or methyl 
isobutyl ketone to the painted surface. No paint color should transfer to the cloth. After 
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72 hours the painted surface must retain all original characteristics such as gloss and 
hardness. 



24.18.5 Acoustical Insulation 



Acoustical insulating materials shall be applied to properly cleaned underframe, sides, ends, 
roof and floor sheets, as required in Section 8, Manuals and Training, to the supplier’s 
recommendations.  



1. The materials shall be resistant to dilute acids, alcohols, grease, gasoline, aliphatic oils, 
and vermin. The material shall be unaffected by sunlight and ozone and shall not 
become brittle with age.  



2. The product shall be an approved viscoelastic, sprayable-liquid sound damper.  



3. The Contractor may propose an alternative insulation system. The alternative acoustic 
insulation system shall be service proven for commuter rail vehicle application and shall 
demonstrate compliance with the design and performance requirements specified. 



24.19 FLAMMABILITY, SMOKE EMISSION, AND TOXICITY REQUIREMENTS 



All combustible material used in the construction of the car shall satisfy the flammability, 
smoke emission, and toxicity requirements cited in Section 4.2, Flammability, Smoke Emission, 
and Toxicity Testing Requirements, and NFPA 130. 



24.20 RACEWAYS AND JUNCTION BOXES 



24.20.1 Scope 



This section applies as follows: 



1. Raceways include conduit and wireway, both non-metallic and metallic. 



2. Junction boxes are boxes that are part of the raceway system, and include both pull 
boxes and boxes for electrical connections. 



24.20.2 General Requirements 



Contractor shall comply with the following requirements: 



1. Locate raceways and junction boxes to avoid mechanical damage. 



2. If the installation of raceways or junction boxes causes the connection of dissimilar 
materials, the installation shall comply with the requirements for dissimilar materials in 
this Section. 



3. Raceways in exterior locations, or in interior locations exposed to water or other liquids, 
shall be watertight. 
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24.20.3 Conduit 



24.20.3.1 Permitted Conduit Types 



Contractor shall comply with the following requirements: 



1. Flexible Non-Metallic Conduit: 



a. Use:  May be used where flexibility is required but not where subject to physical 
damage. 



b. Conduit:  Material meeting the flammability, smoke emission, and toxicity 
requirements of this Section. 



• Interior use:  Rated IP64 with fittings 
• Exterior use:  UV resistant and rated IP66 with fittings 



c. Terminations:  Manufactured by the conduit manufacturer for the conduit selected 
and suitable for the application. 



d. Fittings to secure conduit: 



• For corrugated-exterior-wall type:  Clips manufactured for the purpose by the 
conduit manufacturer and designed to restrain longitudinal motion. 



• For smooth-exterior-wall type:  Two-hole, heavy-duty galvanized steel straps, 
manufactured for the size of conduit they are used to secure. 



2. Liquidtight Flexible Metal Conduit: 



a. Use:  May be used in the same locations as flexible non-metallic conduit, except 
where exposed to accidental impact damage, such as under the vehicle ends. 



b. Core:  Flexible galvanized steel with a continuous copper bonding conductor spiral 
wound between the convolutions. 



c. Jacket:  Extruded liquid-tight plastic or neoprene meeting the flammability, smoke 
emission, and toxicity requirements of this Section; moisture- and oil-proof.  If used 
in exterior locations, jacket shall be UV resistant and rated IP66 with fittings. 



d. Terminations:  Zinc-coated steel. 



e. Fittings to secure conduit:  Two-hole, heavy-duty galvanized steel straps, 
manufactured for the size of conduit they are used to secure. 



3. Rigid Metal Conduit: 



a. Use:  May be used where flexibility is not required. 



b. Conduit, elbows, nipples:  Steel, hot-dip galvanized inside and out after threading, 
UL listed, complying with ANSI C80.1. 



c. Couplings and Terminations:  Steel, galvanized, threaded type. 



d. Bushings:  Nylon insulated, metallic. 
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e. Fittings to secure conduit:  Two-hole, heavy-duty galvanized steel straps, 
manufactured for the size of conduit they are used to secure. 



24.20.3.2 Conduit Installation 



Contractor shall comply with the following requirements: 



1. General: 



a. Install conduit to prevent moisture traps and arrange to gravity-drain toward control 
boxes or an open end. 



b. Install conduit such that wire and cable may be installed after conduit installation 
without using power equipment and without exceeding the allowed wire or cable 
pulling tension or sidewall tension. 



2. Flexible Non-Metallic Conduit:  Install conduit in accordance with the requirements of 
NFPA 70, Article 356, Liquidtight Flexible Nonmetallic Conduit, including but not 
limited to the number of bends in one run, bend radii, and securing and supporting 
conduit. 



3. Liquidtight Flexible Metal Conduit:  Install conduit in accordance with the requirements 
of NFPA 70, Article 350, Liquidtight Flexible Metal Conduit, including but not limited to 
the number of bends in one run, bend radii, and securing and supporting conduit. 



4. Rigid Metal Conduit: 



a. Install conduit in accordance with NFPA 70, Article 344, Rigid Metal Conduit, 
including but not limited to how bends are made, the number of bends in one run, 
bend radii, reaming and threading, securing and supporting conduit, and use of 
bushings. 



b. After threading, clean to remove threading oil and protect from corrosion with 
minimum two coats of brushed on cold galvanizing compound. 



c. If conduit is terminated at floor level, extend minimum 1 inch about the floor to 
prevent entrance of liquid. 



d. Clean conduit after installation by pulling through a brush or swab. 



24.20.3.3 Conduit Connections to Boxes and Enclosures 



Contractor shall comply with the following requirements: 



1. Conduit connections to boxes and enclosures shall be configured as follows: 



a. So that structural, electrical, and environmental integrity is maintained. 



b. To facilitate removal and replacement of the equipment enclosure.  Conduit entries 
into removable equipment boxes shall be secured by means of a bolt-on watertight 
access panel. 
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2. Conduit shall be connected to underfloor and roof equipment enclosures using 
watertight connectors.  The entrance of conduit into the top and bottom of equipment 
boxes is prohibited. 



24.20.4 Wireway 



24.20.4.1 Scope 



Wireway includes wire duct, trough, channel, or other means, not including conduit, used to 
contain electrical wire, electrical cable, or communications cable. 



24.20.4.2 General Requirements 



Contractor shall comply with the following requirements: 



1. Use restrictions:  Shall be used only where it will remain permanently accessible, such as 
where installed in electrical lockers or behind removable panels. 



2. Design and installation:  Contractor shall ensure that wire and cable can be installed 
without damage: 



a. Surfaces and edges:  Designed to prevent damage to wire and cable insulation. 



b. Wire entry and exit points:  Provide additional wire protection and support. 



3. Wire management:  Contractor shall provide means to securely fasten wire and cable 
within wireways to prevent movement and chafing, but allow changes to be made 
throughout the lifetime of the vehicle. 



4. Barriers:  If used for conductors of different voltages, Contractor shall provide circuit 
separation as specified in Section 24.21.6.2, Circuit Separation. 



24.20.4.3 Interior 



Interior wireway may be non-metallic or metallic, as appropriate for the application: 



1. Non-metallic wireway: 



a. Material shall be low-smoke, halogen-free, complying with requirements for 
flammability, smoke emission, and toxicity in this Section. 



b. Wireway shall be designed for the intended purpose and may be solid or slotted. 



c. Provide a removable cover. 



d. Attach securely to the vehicle structure using specified fasteners; adhesive fasteners 
are not permitted.  Secure at intervals complying with NFPA 70, Article 378, 
Nonmetallic Wireways. 



2. Metallic wireway:  Shall meet the requirements for exterior metal wireway. 
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24.20.4.4 Exterior 



Exterior wireway shall be metallic, unless otherwise approved, and shall comply with the 
following requirements: 



1. Material:  Stainless steel, or steel primed and painted in accordance with the 
requirements of this Section. 



2. Drains:  Provide to prevent accumulation of water, unless made with perforated 
material. 



3. Covers:  Removable. 



4. Installation:  Shall be attached securely to the vehicle structure using specified fasteners.  
Shall be secured at intervals complying with NFPA 70, Article 376, Metal Wireways. 



24.20.5 Junction Boxes 



24.20.5.1 General 



Contractor shall comply with the following general requirements for interior and exterior 
junction boxes: 



1. Manufacturer:  Shall be the Contractor or a regular manufacturer of electrical junction 
boxes. 



2. Interior finish:  Shall be primed and painted white. 



3. Covers:  Shall be gasketed and retained by spring-type latches or captive screws as 
agreed by the Owner on a location-by-location basis.  Fasteners shall be stainless steel. 



24.20.5.2 Exterior Junction Boxes 



Exterior junction boxes shall meet the general requirements for junction boxes.  In addition, they 
shall be minimum 14-gauge steel and weatherproof, equivalent to NEMA 250 Type 4. 



24.20.6 Bonding and Grounding Metallic Raceway and Junction Boxes 



Metallic raceway and junction box installations shall comply with the following requirements: 



1. Contractor shall provide appropriate fittings such that raceways and connected junction 
boxes are mechanically and electrically continuous. 



2. Contractor shall provide additional bonding jumpers or internal grounding wires if 
necessary to provide electrical continuity. 



3. Contractor shall safety ground raceway and junction boxes to the vehicle structure in 
accordance with Section 24.22.8, Grounding Return Connections. 
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24.21 WIRE AND CABLE 



24.21.1 General 



Contractor shall comply with the following general requirements for all wire and cable used on 
the vehicle: 



1. The number of wire types and sizes used in the vehicle shall be limited to the extent 
possible. 



2. Wire and cable shall be applied and installed as indicated in NFPA 70, Chapter 3, Wiring 
Methods and Materials, EN 50343, APTA PR-E-RP-002-98, NFPA 130, and IEEE Std 16, 
except where otherwise specified, and except that wire shall be as specified. 



3. Vehicle wiring shall have circuit protection conforming to NFPA 70, Article 240, 
Overcurrent Protection, or the Specifications. 



4. Wire and cable shall comply with the flammability, smoke emission, and toxicity 
requirements of this Section, AAR RP-585, and NFPA 130. 



5. Only wire or cable shall be used for carrying electrical current. Exceptions are third rail 
shoes and other devices specifically designed to be electrical conductors. 



6. Where this Specification uses wire insulation trade names, the use of an approved equal 
is acceptable. 



24.21.2 Samples and Documentation 



The Contractor shall submit samples (at least 12 inches long), specifications, and qualification 
test documentation of each size and type of wire and cable specified, for approval, before using 
proposed wire and cable. 



Three copies of notarized, certified test reports shall be submitted. (CDRL 24-15, Samples and 
Documentation for Each Size and Type of Wire and Cable) 



24.21.3 Wire and Cable Type Requirements 



24.21.3.1 Conductors 



Contractor shall comply with the following requirements: 



1. Material:  Conductors shall be soft, annealed copper, in accordance with ASTM B33 



2. Plating:  Shall be as indicated in standards referenced for wire types in Section 24.21.3.2, 
Insulation, or if not indicated, in accordance with temperatures below: 



a. 150°C or less:  Tinned; ASTM B33. 



b. 250°C or less:  Silver-plated; ASTM B298. 



c. 450°C or less:  Nickel-plated; ASTM B355. 
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3. Stranding:  Shall be suitable for the application. Extra-fine wire stranding shall be used 
on applications subject to repetitive motion, where superior flexibility is necessary for 
proper installation, or as specified elsewhere. The use of solid wire is not permitted. 



24.21.3.2 Insulation 



Contractor shall comply with the following requirements: 



1. Flexibility:  For wire sizes No. 6 AWG and larger, the insulation material shall be 
formulated for extra flexibility. 



2. Voltage Rating: 



a. Nominal voltages 100 V or less:  Insulation shall be rated 600 V, AC and DC. 



b. Nominal voltages greater than 100 V:  Insulation shall be rated 2000 V, AC and DC. 



3. General Vehicle-Body Wiring: 



a. Sizes No. 12 to No. 28 AWG:  Teflon®, mineral-filled, abrasion-resistant insulation; 
or 



b. All sizes:  Flame retardant, flexible, cross-linked polyolefin complying with ICEA S-
95-658, having a continuous temperature rating of 110°C (230°F) or 125°C (257°F), as 
appropriate for the application. 



c. Flammability, Smoke Emission, and Toxicity Standards: 



• NFPA 130 
• 49 CFR 238 
• ASTM E662 in flaming and non-flaming modes 
• BSS 7239 or Bombardier SMP 800C 
• IEEE 1202 
• UL 1685 



4. High Temperature Applications: 



a. Sizes No. 16 AWG and Larger: 



• Abrasion resistant Teflon® polytetrafluorethylene (PTFE) complying with SAE 
AS 22759/6 or tetrafluorethylene (TFE) complying with SAE AS 22759/10, as 
appropriate for the voltage level; or 



• Silicone rubber complying with AAR RP-587 and suitable for the application. 



b. Sizes No. 18 AWG and Smaller: 



• Abrasion resistant Teflon® polytetrafluorethylene (PTFE) complying with SAE 
AS 22759/6 or tetrafluorethylene (TFE) complying with SAE AS 22759/10, as 
appropriate for the voltage level. 



c. When used for interconnecting pieces of apparatus, wire used in high-temperature 
applications shall be in bundles with a high-temperature rated, low-smoke 
generating, insulated protective covering. 
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5. In Equipment:  Wiring within replacement modular units, electronic apparatus such as 
cards and card racks, and other equipment, as approved, shall be one of the following: 



a. Tefzel® ethylene tetrafluoroethylene (ETFE) per ASTM D3159 (material standard) 
and insulation construction per SAE AS 22759/16. 



b. Teflon® polytetrafluoroethylene (PTFE) type EE per NEMA HP 3. 



c. Cross-linked polyolefin insulated wire, as described for general vehicle-body wiring, 
above. 



6. Crowded Locations (Cab Console or similar locations): 



a. Tefzel® ETFE per ASTM D3159 and insulation construction per SAE AS 22759/16. 



b. When used for this application, bundle these type wires with a protective covering 
of cross-linked modified polyolefin or similar high-temperature rated, low-smoke 
generating insulation. 



24.21.3.3 Multi-Conductor Cables 



Multi-conductor cables, where approved, shall be constructed using conductors and insulation 
as described above or in NEMA WC 27500. Where a conflict exists, the most restrictive 
condition shall apply.  



1. Fillers:  Where required to obtain a circular cross-section, fillers shall be made of non-
hygroscopic materials compatible with the wire insulation and jacket, and shall be of the 
same or of a higher temperature rating than the wire insulation. 



2. Binder tape:  Material shall be non-hygroscopic, of the same (or better) temperature class 
as the wire insulation, and of a compatible material. Binder tape shall be employed over 
the assembly of conductors if needed to assist in cable manufacture, or as required to 
permit the cable to function as intended in its application.  



3. Shield (if required):   Shall consist of either copper braid conforming to ASTM B33, 
concentrically-served copper, or aluminum/polyester tape with a drain wire, as 
appropriate for the application. The shields shall have the following minimum 
properties: 



a. Copper braid strands shall be either tinned, conforming to ASTM B33, or silver-
coated conforming to ASTM B298, as appropriate for the wire insulation. Strand size 
and application shall be as recommended by the cable manufacturer for the 
application but shall be minimum No. 38 AWG. Shield coverage shall be minimum 
85%. 



b. Aluminum/polyester tape shields shall consist of a helical wrap of aluminum/ 
polyester tape with a nominal thickness of 0.0004 inch aluminum on a backing of 
0.001-inch polyester. In contact with the aluminum side of the shielding tape shall be 
a No. 22 AWG 7/30 tinned copper drain wire conforming to ASTM B33 and 
ASTM B174. The tape shall have a minimum overlap of 10% of the tape width to 
ensure complete coverage. 
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4. Jackets:  The overall jacket of multi-conductor cables shall be of flame retardant, cross-
linked, modified polyolefin; ETFE Tefzel or PTFE Teflon to match the wire insulation 
and application as approved. 



a. The jacket shall be extruded and vulcanized over the cabled conductors, and shall be 
well centered, with a smooth appearance without objectionable roughness or 
irregularities, consistent with good industry practice. 



b. The nominal jacket thickness shall be as shown in the table below, with the 
minimum wall not less than 80% nominal value. 



5. Coupler cable jacket (sheath):  Shall be of low-temperature polychloroprene (neoprene) 
per MIL-DTL-13777, with a wall thickness suitable for 600 volts.  



6. Identification: 



a. Individual conductors in multi-conductor cables shall be color coded or otherwise 
permanently identified as approved. 



b. Overall jacket shall be permanently marked at maximum 1 m (3 ft) intervals with the 
following information, as a minimum: 



• Conductor size 
• Number of conductors 
• Voltage rating 
• Jacket type 



24.21.3.4 Ethernet Cable 



For network cabling the Contractor shall provide industrial-grade Ethernet cable (Category 
5/5e or better, 300-volt rated) designed for reliable performance in a transit environment: 



1. Conductors:  Shall be tinned copper, solid or stranded as required for the application 
and specified performance. 



2. Shielding:  Shall be provided if required to obtain specified performance. 



3. Jacket:  Shall be abrasion-resistant. 



4. Construction: 



a. Shall be suitable for the intended installation method. 



b. Shall comply with flammability, smoke emission, and toxicity requirements of this 
Section. 



c. Shall be minimum IP65 rated in accordance with IEC 60529 when mated with 
specified connectors. 



5. Identification:  Cable shall be permanently marked at maximum 3-foot intervals with the 
following information, as a minimum: 



a. Electrical performance rating (e.g. Cat 5e) 
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b. Number of pairs and size (AWG) 



24.21.4 Wire and Cable Application Requirements 



24.21.4.1 General 



Selection of wire sizes and insulations shall be based on the current carrying capacity, voltage 
drop, mechanical strength, temperature, and flexibility requirements in accordance with 
applicable AAR, ICEA, ASTM, NFPA, and MIL Specifications. However, in no case shall the 
properties of the wire and cable be less than those properties delineated in the Specifications. 



24.21.4.2 Wire Sizes 



Contractor shall comply with the following requirements: 



1. Wiring shall be sized for the intended load, voltage drop, application, and installation 
method. 



2. Wire and cable ampacity shall comply with NFPA 70, Section 310.15, Ampacities for 
Conductors Rated 0-2000 Volts.  Where the temperature rating of the approved wire or 
cable is not included in Section 310.15 tables, manufacturer's ratings may be used, 
provided that the rating method is consistent with NFPA 70 Section 310.15. 



3. Regardless of load, minimum wire sizes shall be as follows: 



a. Wire that is pulled through conduits or wireways:  No. 16 AWG. 



b. Wire on electronic units, cards, and card racks:  No. 28 AWG. 



c. Wire within control compartments:  No. 18 AWG. 



d. All other wire, including that which is laid in, rather than pulled through, wireways:  
No. 16 AWG. 



e. Multi-conductor cables where current is not a factor in wire size selection, such as 
LED indicator lights or status displays:  No. 16 AWG. 



f. Multi-conductor cables within control compartments:  No. 20 AWG. 



4. Trainline wiring, and all associated connections, shall be sized for operation of consists 
with the maximum number of cars as allowed by Section 1, Performance Requirements.  



a. The maximum voltage drop permitted between the battery or LVPS and any load in 
the vehicle shall not be greater than specified in Section 17.2.2.4, Voltage Drop.  



b. Voltage drop measurements shall include both the supply and return leads as Wire 
Insulation for High Temperature Applications. 
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24.21.4.3 Insulation Level 



Contractor shall comply with the following requirements: 



1. All wiring within an enclosure shall be insulated for the highest voltage in the enclosure, 
unless approved otherwise.  



2. All wiring connected to a piece of apparatus shall be insulated for the highest voltage 
connected. 



24.21.4.4 High Temperature Wire 



Contractor shall comply with the following requirements: 



1. If used for interconnecting pieces of apparatus, high-temperature wire shall be in 
bundles with a high-temperature rated protective covering. 



2. High-temperature insulated wire shall not be used in conduit or raceways without 
specific approval. 



24.21.4.5 Circuit Shielding 



Contractor shall comply with the following requirements: 



1. All applications of shielded cable shall be approved. 



2. Trainline circuits: 



a. Wire shields shall be continuous up to the car's electrical coupler contacts, including 
contacts of the jumper cable connector at the intermediate couplers.  



b. The wire shields shall be connected through all applicable connectors and junction 
boxes.  



c. Circuits shall be categorized. Shields contained in one circuit category shall not be 
interconnected with shields contained in another category. Shields used to protect 
against interference shall not carry signal current. 



3. Low-level signal wires shall not be interconnected with shields on high-level signal 
wires in the same category.  



a. Each group of shields (other than at the electric couplers) shall be carried through on 
a connector pin or pins, or on terminal strips which shall be in the immediate 
proximity of the categorized group of circuits.  



b. Loops due to interconnections of shields shall not be permitted. 



4. Coaxial cables used as constant impedance transmission lines shall be terminated as 
dictated by the circuit termination design and shall not be considered to be shielded 
conductors. Triaxial cables may be used as coaxial impedance transmission lines with 
the outer conductor employed as an RF shield. 
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5. The following three items shall be considered as guidelines and are not absolute 
requirements: 



a. Shields used to suppress electromagnetic interference (EMI) at all frequencies shall 
be terminated only at the low potential side of the interference circuit, at the 
termination which exhibits maximum susceptibility. 



b. Shields used to protect against the effect of, or to exclude, EMI at frequencies below 
150 kHz, shall be terminated either to the low potential side or at the balance point of 
the protected circuit at the termination which exhibits maximum susceptibility. 



c. Cables requiring both audio frequency (AF) and radio frequency (RF) shields shall 
be electrically isolated from each other.  



• The resistance between these circuits shall be at least 500 megohms when 500 
volts dc is applied.  



• Double shielding shall be required on circuits that are both AF-susceptible and 
RF-susceptible. 



24.21.5 Wiring Methods 



The layout of wiring, for both car and equipment, shall be designed in advance of its installation 
and in cooperation with the suppliers of the related equipment. 



1. All undercar wiring smaller than No. 6 AWG shall be run in closed wireways, conduits, 
or open wire mesh wireways in an approved manner. 



2. Lead wires to resiliently-mounted electrical apparatus shall be carried in conduit to a 
point as close to the apparatus as possible. The length of the leads between the end of 
the conduit and each piece of apparatus shall be as approved.  



3. Short runs of cables or harnesses entering or leaving conduit and apparatus shall have 
an approved guard mounted to the carbody to protect the wires from mechanical 
damage.  



4. Lead wires to solidly-mounted, electrical apparatus and equipment enclosures shall run 
in conduit connected to the apparatus or enclosure. 



5. Wiring run through the floor shall be run in ducts or conduit. Wiring, even if enclosed in 
loom, must not be run through partitions without suitable bushings being provided at 
such points of passage. 



6. Harnessed wires shall not be installed in conduit. 



24.21.6 Wiring Installation 



24.21.6.1 General 



Contractor shall comply with the following requirements: 



1. Wire runs shall be continuous and unbroken between connection points  
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2. Wiring shall be secured and protected against movement, chafing, and any contact with 
conductive, sharp, or abrasive objects  



3. Wiring shall not be secured directly to the car structure, equipment enclosures, or any 
metallic surface.  



4. Wire and cable shall be fully protected against contact with any surface other than that 
designed specifically to support or protect it. This applies to all current carrying wires, 
cables or buses on the vehicle. 



5. Wire installation shall not be subject to accumulations of water, oil, or other foreign 
matter. 



6. Wiring run in loom shall not be carried over a potential chafing hazard. 



7. Wiring securing devices shall be either completely non-metallic or metallic with a 
resilient, insulating member between the wiring and the metallic portion of the device. 



24.21.6.2 Circuit Separation 



Contractor shall comply with the following requirements: 



1. Circuits shall be physically separated to reduce the possibility of unsafe conditions, 
interference, or equipment damage. 



2. The following major circuit groups shall not be harnessed or bundled together, shall not 
run in the same conduit, and shall be physically separated and secured in enclosures, 
wire ducts, junction boxes, or other wire routing devices: 



a. ATC/ATS/Cab Signal circuits 



b. High-voltage circuits 



c. AC circuits 



d. Communication circuits 



e. Battery voltage level circuits 



f. Semiconductor gating voltage level circuits 



g. Network circuits 



h. Third rail circuits 



i. Conductors carrying in excess of 100 amperes 



3. Wiring operating at potentials differing by 50 volts or more shall be separated by a 
physical barrier as follows: 



a. Wires shall not be cabled together and shall not be placed in the same conduit.  



b. Where possible, wires shall not be placed in the same junction box or enclosure. 
Where a raceway, duct, junction box or enclosure is divided into two or more 
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distinct areas by metallic partitions, each area may be considered separately in the 
application of this rule. 



c. Where it is impossible to avoid having wires at different voltages, the wires shall be 
physically separated, bundled, and secured separately such that contact between 
wiring is not possible.  



4. Wiring connected to transient-generating apparatus, such as unsuppressed contactor 
coils, shall not be run adjacent to wiring carrying signals to, from, or between 
semiconductor circuits, logic circuits, vital no-motion circuits, or communication 
circuits. In cases in which adequate physical separation is impossible, shielded wire shall 
be used for all conductors involved. 



24.21.6.3 Clearance 



Contractor shall comply with the following requirements: 



1. Cable and wire shall be installed such that clearance is provided between any part of the 
carbody or support brackets.  



2. At no time shall the clearance between the cable or wire and carbody or brackets or wire 
trays be less than 0.25-inch. 



3. Cables shall not be closer than 2 inches to any wheel or other moving surface. 



24.21.6.4 Maintainability 



Contractor shall comply with the following requirements: 



1. The Authority desires to have wiring and cabling readily accessible for inspection and 
maintenance. Extensive wiring and cabling in the vehicle interior is contrary to 
accessibility, even though access panels, false floors, and other portals may be provided. 
To control this, the Contractor shall submit a complete wiring plan for approval. 
(CDRL 24-16, Wiring Plan) 



2. Concealed wires, such as within conduits and wire ducts shall be such that wires may be 
replaced or added to without the removal of other than an access panel at each end of 
the wire. It shall not be necessary to disconnect or disassemble conduit to accomplish 
this task. 



3. All circuits and branches shall be separable by means of terminal boards to isolate 
portions from others for troubleshooting and searching for undesired grounds. 



4. Circuits subject to periodic high potential tests shall be so arranged that they can be 
conveniently set up for the tests.  



5. Wires entering a removable box or enclosure shall be harnessed and secured to facilitate 
removal of the box or enclosure. 
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6. Any wiring needed to calibrate and test car functions shall be a part of the permanent 
car wiring to enable the Authority to conveniently maintain the equipment. This wiring 
shall terminate in approved connectors in the respective control groups and cabinets. 



24.21.6.5 Wire Handling 



Contractor shall comply with the following requirements: 



1. Wiring shall be installed by qualified and experienced wiring personnel: 



a. Installers shall use appropriate tools for stripping insulation, cutting, tinning, 
soldering, harness making, attaching terminals, and other wire fabrication tasks.  



b. Wiring tools and equipment shall be used as recommended by the tool and 
equipment manufacturer. 



2. Wires shall be protected from damage during all phases of equipment manufacture. 



a. Wire shall not be walked on, dragged across sharp or abrasive objects, kinked or 
twisted, or otherwise mishandled.  



b. The ends of wire shall not be permitted to lay on wet floors or other damp areas 
where moisture may be absorbed into the conductors.  



c. Wire subjected to the above or similar damage shall be discarded or otherwise 
dispositioned subject to approval. 



3. When removing insulation, wire strands shall not be nicked or broken. 



24.21.6.6 Wiring Location Requirements 



Contractor shall comply with the following restrictions on location: 



1. Wiring shall be located and secured such that normal equipment motion, heat sources, 
maintenance access, and the Project environment do not damage or reduce the life of the 
wiring. 



2. Wiring shall not pass through or over the battery compartment, or over heat-generating 
equipment such as acceleration and braking resistors, even if the wire or cable is in 
conduit. 



24.21.6.7 Wire and Cable Entrance and Exit Points 



Contractor shall comply with the following requirements: 



1. Permanently retained watertight strain relief bushings, with insulated throat liners, of an 
approved design, shall be used at locations where wires, cables, or harnesses enter or 
exit conduit, ducts, apparatus, and equipment enclosures. 



2. Strain relief bushings on equipment enclosures shall include a permanently retained O-
ring type seal. 
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3. Harnesses exposed, short cable runs or harnesses entering or leaving exposed raceways 
shall have approved, fire-resistant flexible dielectric sleeving over the raceway edges 
and grommet-type insulation of any penetration holes. Wiring shall be retained to the 
sleeving with tie-wraps. 



4. A water-tight bushing and drip loop shall be provided on all exposed wire and cable 
entries to prevent fluid runoff into connected equipment. 



24.21.6.8 Wire and Cable Installation in Conduit 



Wire and cable shall be installed in conduit without using power equipment and without 
exceeding the manufacturer's allowed wire or cable pulling tension or sidewall tension: 



1. Clean the conduit just before installation of wire or cable by pulling a brush or swab 
through. 



2. Install all cables to be placed in one duct simultaneously. 



3. Use extreme care in installing wire and cables so as to avoid twisting, kinking, scraping, 
or injuring outer sheath. 



4. Use continuous lengths of wire and cable between power source and equipment.  Splices 
are prohibited. 



5. Wiring within conduit shall not be bundled or secured. 



6. Pulling compound, if used, shall be non-conductive, non-hygroscopic, non-odorous and 
shall not attract vermin. It shall be compatible with wiring insulation used. 



24.21.6.9 Conduit Fill 



Conduit fill shall not exceed the maximum fill permitted by NFPA 70, Chapter 9, Tables, Table 
1, Percent of Cross Section of Conduit and Tubing for Conductors and Cables. 



24.21.6.10 Wire and Cable Installation in Wireway 



The installation of wire and cable in wireway shall comply with the requirements of NFPA 70 
Article 376, Metal Wireways, or Article 378, Nonmetallic Wireways, including but not limited to 
the size of conductors, number of conductors, and ampacity of conductors based on wireway 
fill. 



Contractor shall comply with the following requirements: 



1. Wire and cable shall be laid into wireway.  If pulling is required, a pulling plan shall be 
prepared documenting the wire or cable manufacturer's minimum acceptable bend 
radius and maximum tension during pulling. 



2. To the extent possible, all wire and cable shall be installed in a wireway at the same 
time, unless physical separation barriers are provided. 



3. Wire and cable shall be installed neatly and fastened securely at not greater than 24-inch 
intervals to eliminate movement and chafing, including each entrance and exit point. 
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4. When wire and cable is in its final position, inspect to ensure that it has sufficient bend 
radius, and that there is no sagging, pinching, or possibility of chafing that could cause 
damage over time. 



24.21.6.11 Wire Installed in Harnesses 



Wiring may be pre-fabricated into standard harnesses, wrapped and tied with nylon wire ties. 



1. Harnesses shall be installed with identical arrangement and location in each car having 
similar equipment.  



2. Separate harnesses shall be provided for major circuit groups or types, or as required for 
specified circuit separation.  



3. Harnessed wires shall not be installed in conduit.  



24.21.6.12 Wire and Cable Installation by Cleating 



No. 6 AWG or larger insulated wire may be cleated in place without conduit, duct or open 
wireway. Cable and wiring exiting wireways/wire ducts shall be cleated.  



Cleating shall be as follows: 



1. Cleat Type:  



a. Cleats shall be molded neoprene rubber split-block cleats with clamp stops to 
prevent over-compression of the wire insulation. The Contractor shall minimize the 
quantity of different configuration cable cleats. 



b. The cushioning material shall be fire retardant insulating material with a durometer 
of 50 to 60 meeting the requirements of Section 24.7, Elastomers.  



c. If neoprene rubber split-block cleats are used each cleat shall have a stiffener of at 
least 10 gauge material on the side away from the mounting bracket which shall act 
to spread the bolt clamping force over the entire length of the cleat. Bolts shall have 
lock nuts.  



d. Cleats shall be designed to grip each cable individually and firmly, but without 
causing any damage to cable insulation, including cold flow of the insulation. Each 
cable in the cleat shall have its own cutout sized to the correct wire diameter. 



2. Installation: 



a. Wire and cable runs shall be continuous and unbroken between terminations. 



b. Cleated cables shall be routed and supported such that they cannot, under any 
combination of forces and car movement, touch each other or any other part of the 
car, except the cleat cushioning material. 



c. In areas over the truck, in the wheel wash and not protected by underfloor mounted 
equipment, wire and cable shall be mechanically protected by an open mesh, 
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expanded metal or other type of approved guard. The guard may be attached to the 
bottom of each cleat with the cleat clamping bolts or other approved arrangement. 



d. Wire and cable shall be supported at not greater than 24-inch intervals. The wire 
shall be protected at each support point against mechanical crushing and abrasion.   



24.21.6.13 Wiring Within Enclosures 



Wiring within enclosures shall be attached to wire supports rigidly fastened to the enclosure 
structure.  Contractor shall comply with the following requirements: 



1. Wiring shall be clear from edges, bolt heads, and similar areas, and shall not interfere 
with or contact enclosure covers, regardless of the insulation properties of covers. 



2. Wiring shall be located on the top or sides of the enclosure.  Wiring shall be a minimum 
of 1 inch above the bottom of the enclosure, including wiring that must connect to the 
bottom of apparatus. 



3. Wires entering an enclosure from different raceways shall not be harnessed together or 
with internal wiring. 



4. Wiring shall be secured such that there is no strain on wire terminals, multi-pin 
connector pins, or other wire termination hardware. 



5. Wire dress shall allow for sufficient slack at terminals to provide for shock and vibration 
induced movements, equipment shifting, alignment, cover removal, and component 
replacement. 



6. Provide additional wire length for retermination of wires without excess tension or 
splicing as follows: 



a. No. 10 AWG and smaller:  Four reterminations 



b. No. 8 AWG and larger:  Three reterminations 



24.21.6.14 Spare Wires 



Contractor shall comply with the following requirements: 



1. Provide a minimum of 10% spare wires in each harness or group of wires between 
equipment enclosures, but no fewer than two spares for each wire size. 



2. Unless specifically approved by the Authority, no spare wiring shall be used by the 
Contractor. 



3. Install spares in connectors on terminal boards or other means as approved by the 
Authority. 



24.21.6.15 Identification 



The Contractor shall devise and submit for approval a wire and terminal designation system 
that will coordinate each electrical circuit in the vehicle into a unified system. For cable 
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identification, the contractor shall use a basic identification system in conformance with ASME 
Y14.44 and shall submit the system selected for review: (CDRL 24-17, Wire and Cable 
Identification System) 



1. The system shall identify wiring, including circuit return wiring, and terminals 
according to their respective circuit function(s), and shall accurately correlate with the 
car schematic diagrams. 



2. Each circuit shall be individually designated from point to point. Common designations 
for return circuits are not permitted. 



3. Alternative designations may be used with Owner approval in small standard 
assemblies, such as PA amplifiers. 



Each terminal shall be identified, and each wire shall be identified with both its circuit 
designation, and, if attached to a terminal, its terminal designation. 



1. Wires shall be marked every 6 inches within 12 inches of the end of the wire and every 
12 inches along the entire length of the wire. For pre-manufactured multi-conductor 
cables, wires shall be marked 6 inches from of the end of the wire, every 12 inches within 
10 feet of the end of the wire, and every 24 inches over the remainder of the wire. 



2. Wire markers shall be stamped in two places, approximately 180 degrees apart, around 
the cylindrical portion, and should be consistently oriented for viewing throughout the 
vehicle and equipment to facilitate readability of the marking. 



3. Provide heat-shrink machine-printed sleeve labels that fit snugly around wire or cable 
after heat is applied, or continuous wire marking printed on the wire. Hand printing is 
prohibited. 



a. Material: Heat shrinkable, fire retardant, zero halogen, oil and grease resistant. Shall 
comply with SAE AS 5942 and withstand the worst case combinations of ambient 
and equipment temperatures.  



b. Printing:  By machine with permanent ink that is chemical and abrasion resistant. 



c. Color: White or yellow with black printing. 



4. Wires in multiple-conductor cables shall be color-coded. 



5. Color coded wires are permitted as an alternative in small standard assemblies such as 
PA amplifiers. 



24.21.6.16 Wire Ties, Clamps, and Anchors 



Wire ties shall be nylon formulated for resistance to ozone and ultraviolet light, rated for 
outdoor service. 



1. Wire ties: 



a. Width shall be selected for intended wiring load and minimum insulation 
indentation. 
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b. Shall be installed with tools with automatic tensioning devices, as supplied by the 
wire tie manufacturer. 



c. Shall be installed with sufficient tension to restrain the wiring but without indenting 
the wire insulation. 



d. Shall be installed with cut ends flush with the locking mechanism. 



e. Shall have a controlled installation method to prevent overtightening, if used on 
network wiring. 



2. Wire clamps: 



a. Wire clamps shall be either nylon as specified above for wire ties or stainless steel 
covered with neoprene or silicon rubber, such as Adel clamps as manufactured by 
Adel Wiggins. 



b. Shall be sized for each harness such that minimum 90% of the harness circumference 
is securely clamped. 



c. Clamps shall be fastened with bolts and elastic stop nuts. 



3. Wire tie anchors (if used): 



a. Material:  Shall be nylon, as specified above for wire ties. 



b. Installation:  Shall be fastened to a rigid structure using rivets or screws; adhesive-
based wire tie anchors are not permitted. 



24.21.6.17 Insulation Resistance 



Insulation resistance to ground at 500 or 1000 Vdc, as applicable for each nominal voltage circuit 
group when measured with an insulation resistance tester (megger), shall give no less than the 
following resistances, on a vehicle with all circuit breakers closed, and all circuits complete: 



Nominal Circuit Voltage (DC or AC rms)  Minimum Insulation Resistance 
Below 90 volts 2 megohms at 500 Vdc 
90 volts to 300 volts 4 megohms at 1,000 Vdc 
Above 300 volts 5 megohms at 1,000 Vdc 



 
The Contractor shall ensure that these requirements will be met under the most severe 
conditions of temperature and humidity. 



24.22 WIRE AND CABLE CONNECTIONS 



24.22.1 General 



All equipment enclosures and junction boxes, except primary power circuits, shall be fitted with 
terminal boards or connectors. Primary power circuits shall be fitted with compression 
terminals and knuckle joint connectors as specified. 
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The Contractor shall submit the proposed design and product line for all connections for 
approval. Terminal boards with M4 or Number 6 or smaller screws and quick-disconnect 
terminals, other than those specified, will only be permitted with approval. 



24.22.2 Terminal Boards and Terminal Points 



Contractor shall comply with the following requirements: 



1. Electrical terminal points and terminal boards shall be one of the following types: 



a. Stud type in accordance with A-A-59125. 



b. Binding head screw type in accordance with A-A-59125, only where approved 



c. An approved constant tension spring clamp type, for wire sizes not to exceed No. 12 
AWG. 



2. Stud-type terminal points: 



a. Shall have brass studs and connections, each of which shall be locked using a single 
brass nut with flat brass washer and a plated spring-type lock washer. Studs, nuts, 
and washers may also be made of corrosion-resistant, plated steel, where approved. 



b. Threaded studs shall have a minimum of 2.5 threads exposed beyond the final nuts 
and shall not project more than 2.5 threads plus 0.25 inch beyond the final nuts, 
unless otherwise approved.  



c. Adequate space shall be provided to permit connecting wire terminals with standard 
tools.  



d. All terminals shall be properly torqued and marked to ensure sound connections. 
Spacers shall not be used. 



3. Jumpers between terminal board points shall be brass or plated steel. Wire jumpers 
between adjacent terminals of terminal boards will not be permitted. 



4. A maximum of two terminals shall be connected to any one binding screw. A maximum 
of four terminals shall be connected to any one threaded stud, provided that there is no 
interference between terminal barrels. On terminal boards, the wiring shall be arranged 
so that no more than two terminals are connected to a stud, from each side of the 
terminal boards.  



5. Each board or connector shall have the necessary number of terminations plus a 
minimum of 10% spares, but not fewer than one spare unless approved.  



6. An approved permanent marking strip on each terminal board shall be provided and 
attached adjacent to the wire junction point to identify the attached wires or the wires 
connected to terminal boards shall have the terminal point location printed on the wire. 
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24.22.3 Wire Terminations 



Contractor shall comply with the following requirements: 



1. Type: 



a. Terminals and connections used throughout the car shall be the mechanical, 
solderless, crimp type, AMP brand as manufactured by TE Connectivity, or 
approved equal.  



b. The terminals used on conductors of size No. 10 AWG or smaller shall be of a type 
that securely grips and holds the insulation of the conductor, unless otherwise 
approved. 



c. Terminals shall be ring lugs in accordance with SAE AS 25036; spade and hook-type 
terminals shall not be used. Corrosive protection shall be provided for all base 
materials. 



d. The use of cage-clamp type compression connections will be permitted on No. 16 
AWG or smaller wire. Ferrules shall be used. 



2. Installation: 



a. Terminals and connections shall be attached to the wiring with proper crimping 
tools and dies as recommended by the manufacturer.  



• The Contractor shall minimize the total number of crimping tool types needed 
for all crimp connections.  



• Terminals fitting wire sizes No. 10-22 AWG shall require no more than three tool 
models to provide certified crimp connections.  



• All terminals for the same wire size shall be crimped with the same model tool.  



b. Conductors subject to motion relative to the terminal shall be protected by suitable 
means to prevent breakage of the conductor at or near the terminal.  



c. Sufficient slack shall be provided in all wires and cables to prevent breaking or 
pulling out of bushings and terminals.  



d. A maximum of one wire shall be crimped in any one terminal. 



e. Where several wires are connected to a terminal strip on a device that is removable 
for maintenance, the wires shall be terminated with double ring terminations 
screwed to an insulating fanning strip that keeps the terminations in the correct 
relative locations while removed from the device, unless otherwise approved. 



3. The Contractor shall submit the proposed product lines for approval as well as the 
contractor’s standard training, certification, and testing procedures for crimping. 
Terminals to be approved shall be tested to MIL-T-16366 for temperature rise, voltage 
drop, vibration, current overload, and corrosion. Test results shall be submitted for 
approval on a by-part-number basis. (CDRL 24-18, Wire Termination Documentation) 
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24.22.4 Power Cable Terminations 



Contractor shall comply with the following requirements: 



1. Type:  Power cables shall be terminated with an approved compression terminal (AMP 
only).  



2. Installation: 



a. Sufficient cable slack shall be provided to preclude breaking or pull-out from 
bushings or terminals and to allow two terminal changes. 



b. Cable conductors shall be clean prior to installation of terminals. 



c. Compression terminals shall be applied using tools and procedures recommended 
by the terminal manufacturer for that purpose. Swaging tools shall be of a type that 
ensures complete swaging in every case. 



24.22.5 Motor Lead Terminals 



Contractor shall comply with the following requirements: 



1. Type:   



a. Traction motor terminals shall be of the two-bolt type, with crimped or soldered 
tube-type lug.  



b. The termination shall be covered by an approved insulated sleeve.  



2. Installation: 



a. The sleeve shall be clamped with stainless steel worm screw-tightened hose clamps.  



b. A neoprene bushing shall be used between the cable and sleeve, if required, to make 
a good fit for a water-tight seal between the sleeve and cable at the clamp. 



24.22.6 Cable Connectors 



Contractor shall comply with the following requirements: 



1. Type: 



a. Cable connectors shall conform to SAE AS 50151, or an equivalent standard as 
approved.  



b. They shall employ removable crimp contacts of the correct size for the wire being 
terminated.  



c. The connector contact area shall be plated with a minimum of 0.000030-inch of gold 
over a minimum of 0.000050-inch of low-stress nickel, except in high current 
applications, plating shall be a minimum of 0.00010-inch of silver.  
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d. Where quarter-turn, bayonet-lock connectors are specified they shall conform to all 
provisions in SAE AS 50151, or an approved standard, except for the screw coupling 
requirement.   



e. The cable jacket shall be held by a clamp within the connector body.  



f. Bolts within the connector shall be long enough to ensure that there is sufficient 
room to terminate the cable wires within the connector body.  



2. All cable connector applications shall be approved. 



3. Exterior locations: 



a. Cable connectors used in exterior locations shall be of the environmental watertight 
variety. Cable connectors shall be equipped with sealing gaskets on the front mating 
surface and on the back where the cable enters.  



b. Plastic bodied connectors shall not be used in exterior locations. 



c. Except as provided above, all cable connectors in exterior locations, shall be quarter-
turn, bayonet-lock, quick disconnect ITT VEAM, type CIR connectors, or approved 
equal. All cable connectors shall be from the same manufacturer. 



4. In waterproof interior locations, the use of non-weatherproof connectors will be allowed 
as approved. All other connector requirements specified in this section which do not 
directly apply to weatherproofing shall be met. 



5. In high vibration or high motion areas, such as speed sensors and trainline jumpers 
connectors shall have the wire connections soldered and potted. A watertight jacket 
shall be molded over the cables and connectors to form a unitized assembly. The 
Contractor shall conduct an approved vibration test on these unitized assemblies. 



6. Installation: 



a. Adjacent connectors shall either use different inserts or different insert orientations 
to prevent erroneous connections.  



b. The receptacle half of all cable connectors shall be rigidly mounted. 



c. Unused connector pin/socket positions shall be sealed with either connector contacts 
or plastic sealing plugs designed for that purpose. 



24.22.7 Quick-Disconnect Terminals 



Contractor shall comply with the following requirements: 



1. Approved quick-disconnect terminals shall be used to facilitate maintenance and 
inspection.  



2. They shall provide positive terminal engagement and be shock and vibration proof.  



3. No “push-to-fit” (FASTON) type terminals will be permitted. If “push-to-fit” type 
terminals are allowed they shall be the locking tab type. Application of these type 
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terminals will be on a case-by-case basis and shall be limited to low-voltage, excluding 
undercar application, and non-heat generating resistors (above 10 watts). 



4. Terminals shall be provided with insulation equal to that of the wire.  



5. For Ethernet communication cables, the use of Harting M12 push-pull connectors or 
equivalent is recommended.   



24.22.8 Grounding Return Connections 



24.22.8.1 Grounding 



Contractor shall comply with the following requirements: 



1. Grounding connections to the carbody and equipment shall be made in accordance with 
IEEE Std 16, Section 4.12, Grounding and Bonding. 



2. Ground pads shall be visible and accessible for inspection and troubleshooting.  



3. The ground connections shall be attached by a bolt, washer, and nut designed for the 
purpose.  



• Equipment enclosures and shock-mounted equipment shall be grounded with 
flexible, strap-type, grounding leads bolted between a carbody grounding pad 
and the equipment’s grounding pad.  



• Where there is relative motion between the two items being connected, braided, 
strap-type leads shall be used.  



• The ground strap termination method shall apply uniform pressure to the 
conductive surface. 



• The current density shall not exceed the bonding requirements of Section 
24.22.8.2, Bonding. 



4. The Contractor may propose alternate grounding connection methods with proven 
service history in similar environments. 



5. Refer to Section 17.7, Vehicle Ground, for ground brush and related requirements.  



6. Low-voltage and high-voltage circuits shall not be grounded to the same ground. 



7. The Contractor shall submit, for approval, a complete grounding scheme, which shall 
indicate the means by which it is proposed to prevent currents from passing through 
journal, motor, and truck-center bearings.   



24.22.8.2 Bonding 



Contractor shall comply with the following requirements: 



1. All grounding and bonding jumpers and straps shall be sized to handle fault current 
and lightning discharge current, for which the voltage drop shall not exceed 25 volts.  



2. The bonding method employed shall not produce a DC resistance in excess of 0.0025 
ohms, or more than 0.025 ohms at 150 kHz for any applied AC voltage.  
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3. Grounding and bonding jumpers, and brazed shunt straps shall be “extra-flexible.”  



4. Bonding requirements shall conform to NFPA 70. 



24.22.9 Wire Splicing 



Contractor shall comply with the following requirements: 



1. Splicing of conductors shall be prohibited except with approval, on a case-by-case basis.  
Splicing of conductors in conduit will not be permitted.  



2. In the event a splice is approved, it shall comply with the following requirements: 



a. The splice shall be in a junction box. 



b. The spliced joint shall be mechanically as strong and have the same conductivity as 
the other parts of the conductor.  



c. The splice shall be an insulated, permanent crimp splice in accordance with SAE AS 
7928, Type II, Class I, and shall be insulated with self-sealing, weathertight, seamless 
shrink tubing. 



d. It shall be installed with the crimping tool and die of the splice manufacturer. 



e. The outside diameter of the spliced portion of the cable after the insulation is applied 
shall not exceed the outside diameter of the unspliced portion by more than 40%.  



f. Splices shall be identified in the integrated schematic. 



24.23 ELECTRICAL DEVICES AND HARDWARE 



24.23.1 General 



Electrical devices shall be transit industry-proven.  Where applicable, electrical devices shall 
conform to IEEE Std 16. 



24.23.2 Contactors and Relays 



24.23.2.1 General 



Contactor shall comply with the following general requirements for both contactors and relays: 



1. Unless otherwise approved, contactors and relays shall meet or exceed the requirements 
of MIL-PRF-6106, MIL-DTL-5757 or IEC 60947-4 as applicable, with the following two 
qualifications: 



a. Devices shall be tested for proper functioning in orientations up to 30 degrees from 
the orientation in which they are mounted in the vehicle, in each of the three possible 
rotations: pitch, yaw, and roll. 



b. If adequate documentation exists demonstrating that during functional and 
operational testing of the vehicle the contactors underwent normal duty cycle tests, it 
shall be considered as an acceptable alternative to a burn-in. 
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c. In selected applications, contactors and relays shall comply with the requirements of 
MIL-PRF-6106 (for ratings of 10 amperes or greater) and MIL-DTL-5757 (for ratings 
of less than 10 amperes) but need not be qualified to these documents if all of the 
following requirements are met: 



• The device is service proven in the exact same application. 
• The device is service proven in transit service. 
• All other requirements of this Specification are met. 
• The Authority approves of this application. 



2. Devices shall be of heavy-duty construction suitable for use in railroad service.  The 
Authority reserves the right to review and approve the design and selection of all 
contactors and relays. 



3. Devices shall be constructed and used in a fail-safe manner; that is, all failures shall be in 
a direction so that neither the passengers, the crew, or the equipment are placed in 
jeopardy. 



4. Devices shall be installed so that they are fully accessible for inspection, repair-in-place, 
or removal and replacement.   



5. Contactors and relays shall incorporate means of visually determining whether they are 
picked up or dropped out.  Relays on printed circuit boards or within electronic 
assemblies may be exempted from the requirement for a visual indication, as approved. 



6. Unless specifically approved on a case basis, there shall be a maximum of no more than 
two wire terminations on any one contact of the device. 



7. Under no circumstances shall either the main or auxiliary contact tips of the devices be 
placed in parallel for the purpose of carrying a current load at or above the 
manufacturer’s contact tip rating. 



8. Contact tip ratings shall be stated for the worst condition of reduced surface contact 
which may result from tip misalignment during normal operation of the device. 



9. The coils of all devices shall be suppressed to protect the low-voltage network from 
generated transients. 



10. Equipment boxes that contain relays or contactors shall be ventilated to prevent ozone 
corrosion. 



11. Identification: 



a. All devices shall be readily identifiable by means of a permanent, durable marking 
strip giving the device circuit designation.  



b. No identifications shall be obscured, or partially obscured, by wire routing.  



c. The identification strip shall be mounted adjacent to the mounting of the device. 
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24.23.2.2 Contactors 



Contractor shall comply with the following requirements: 



1. Contactors shall be constructed so that the main contact tips make and break with a 
motion (wipe) that prevents deposits and pitting. 



2. Contactors shall be built with series-fed blowout coils. The Contractor shall demonstrate 
the ability of each contactor type to reliably interrupt current over the full design 
operating range. In cases where there is unidirectional current flow, a permanent 
magnet blow-out device shall be considered. 



3. Bifurcated contacts shall be used in low-voltage applications, whenever necessary due to 
dry contacts or low current switching requirements. 



4. Adequate gap and creepage distances shall be maintained from high-voltage contactor 
tips and low-voltage coil and auxiliary contacts to prevent entry of high-voltage arcs or 
transients into the low-voltage circuits. The same applies to grounded mounting 
surfaces. 



5. Contactor installation shall be such that the arc spray is directed by an arc chute away 
from ground and any other electrical devices proximate to the Contactor. 



6. Contactor terminals shall be fully accessible for trouble shooting purposes. 



7. Contactor tip replacement shall not exceed 10% of the total number of tips at 90-day 
intervals. 



24.23.2.3 Relays 



Contractor shall comply with the following requirements: 



1. Time delay relays shall be of the R-C delay or solid state type. No mechanical or 
pneumatic time delay devices will be permitted. 



2. Where plug-in relays are approved, the relay shall be positively retained by means of a 
retaining clip or bar.  



a. This device shall be captive, of rugged construction and shall be easily positioned for 
relay installation and removal without the need for special tools.  



b. When the relay is removed, the retainer shall itself be retained so that it cannot come 
in contact with devices which may have exposed energized electrical circuits, and it 
shall not interfere with the operation of any other device when in this position. 



3. Relays shall not be affected by the accumulation of airborne dust.  Equipment boxes that 
contain relays or contactors must be ventilated to prevent ozone corrosion. 



4. Solid State Relays shall be rated to meet the worst case environmental requirements of 
their installed location, meet the creepage and clearance requirements of the 
Specifications, and have output stages that conform to the semiconductor requirements 
of Section 24.25, Semiconductor Standards. 
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24.23.2.4 Vital Relays 



Contractor shall comply with the following requirements: 



1. Vital biased neutral relays shall meet the requirements established by AAR C&S 
Manual, Part 6.2.1, Recommended Design Criteria for Tractive-Armature, Direct-Current 
Neutral Relay (Plug-In Type), where the requirements of the AAR Specification do not 
conflict with any requirements specified below. 



2. Vital DC relays, except as specified below, shall be plug-in, biased neutral relays with a 
nominal operating voltage of 28 volts.  



a. They shall be rack mounted and shall be furnished with transparent covers which 
will not support combustion.  



b. The design of the relay covers and of the cabinet in which several relays are mounted 
shall permit viewing the relays without disassembly or other mechanical 
manipulation to determine whether each relay is picked up or dropped out.  



c. These relays shall be capable of operating continuously and successfully without 
resultant damage with a minimum voltage range of 18 volts to 42 volts applied to 
their operating circuits. 



3. Biased neutral relays used for the ATC equipment shall comply with the following 
requirements: 



a. They shall be identical and interchangeable.   



b. All front contacts of each relay shall be silver-to-metalized-carbon which meet the 
requirements of AAR C&S Manual, Part 6.5.1, “Identical Items ‘Boilerplate’ for All 
Relay Manual Parts in Section 6,” Paragraph F, “Contacts,” Items 1-10. 



c. Each relay shall have a minimum of two silver-to-metalized-carbon back contacts 
unless otherwise approved by the Authority.  



• In reviewing any proposed alternate back contact composition, the Authority 
will evaluate the composition, the overall relay characteristics, and the circuit 
applications of the contacts.  



• It shall be the Contractor’s responsibility to perform any tests required by the 
Authority and to provide all data requested by the Authority.  



• In evaluating proposed alternates, should an alternate back contact composition 
be approved and later found to be unacceptable due to relay characteristics or 
circuit application, the Contractor shall supply relays as specified at no 
additional cost to the Authority. 



4. Biased neutral vital relays shall be designed so that their armatures will not pick up with 
the permanent magnet de-magnetized.  



a. These relays shall also be designed so that their armatures will not pick up when no 
current is applied to coils due to an interruption of the normal magnetic circuit.  











Section 24, Materials and Workmanship 



WMATA 8000 Series Railcars 24-88 Technical Specifications 



b. Biased neutral vital relays shall be designed so that up to at least 50 times working 
energization applied for 2 seconds at both normal and reverse polarity will not affect 
their operating characteristics by more than 2%, and will not pick up their armatures 
on reverse polarity. 



5. Arc suppression for vital relay coil(s) shall be built into the relay or into its plugboard. 



6. Decoder output relays shall be identical to other biased neutral relays except they may 
have a different coil resistance, different operating values, and six dependent front-back 
contacts. The front contacts shall be silver-to-metalized-carbon. 



7. When three DC vital or non-vital relays, suppressed as specified, are connected in 
parallel and operated from 24 volts, a vital relay front or back contact that breaks this 
load shall be capable of at least 5 million operations at this load without the contact 
resistance, measured with a 10 mA current, exceeding 5 ohms. 



24.23.3 Switches 



Contractor shall comply with the following requirements: 



1. Switches provided shall be of the highest quality procurable and shall be fully suitable 
for the rigors of the Authority’s service environment. The design and selection of all 
switches shall be subject to review and approval. 



2. Switches and pushbuttons shall meet the following requirements: 



a. Contact resistance shall be less than 0.1 ohm at 3 Vdc and a 10 mA load. 



b. Open circuit resistance shall be 50 meg-ohms minimum. 



c. Resistance to case shall be 1000 meg-ohms minimum at 500 Vdc. 



3. Control switches subject to water splash shall be environmentally sealed. This includes 
switches mounted near windows or doors, or mounted on the Operator’s control 
console.  



4. Toggle and pushbutton switches shall be per MIL-DTL-3950, MIL-PRF-8805, MIL-DTL-
83731, or equal, as approved. 



5. Safety-critical switches, such as those that can cause door openings, shall be designed to 
withstand a high potential test of 1,500 volts for 1 second, in a clean, dry condition, 
without false conduction. 



6. Switches shall be provided with a “keying” feature so that after installation, the body of 
the switch is constrained from mechanical rotation. 



7. Installation: 



a. Under no circumstances shall poles of switches be placed in parallel in order to carry 
currents in excess of the contact pole rating given by the manufacturer. 
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b. More than two wires connected to each terminal of the device shall be subject to 
approval.  



c. Switches shall be individually replaceable without disconnecting or removing 
anything other than the mounting fasteners and electrical connections of the switch 
to be replaced. 



24.23.4 Circuit Breakers 



24.23.4.1 General 



Contractor shall comply with the following general requirements for all circuit breakers: 



1. Circuit breakers shall be rugged, fully suitable for the service intended, and of the 
highest quality procurable. Design and selection of all circuit breakers shall be subject to 
review and approval. 



2. Thermal-magnetic trip circuit breakers shall be low-voltage power circuit breakers 
(LVPCB) conforming to the requirements of IEEE C37.13 and IEEE C37.14. 



3. The On, Off, and Tripped positions shall be permanently marked on the handle or the 
case of the circuit breaker.  



a. When the circuit breaker is tripped by either its overcurrent or shunt trip elements, 
the handle shall assume a distinct position between the On and Off positions to 
indicate that it has been tripped. 



b. The handle position (On, Tripped, Off) shall be illuminated. The color indication 
shall be correlated to the handle position such as green for On, yellow for Tripped 
and red for Off. This shall be finalized by the carbuilder during the design review 
process. 



4. Circuit breaker terminals shall either be threaded to accept machine screws or use a 
threaded stud. 



5. Each circuit breaker pole shall be equipped with adequate means of arc extinction to 
prevent flashover. 



6. Circuit breaker current rating shall be clearly and permanently marked and shall be 
completely visible after installation. 



7. All circuit breakers of the same rating shall be of the same manufacture and model 
throughout the vehicle. 



8. Application: 



a. Each and every input power circuit shall be protected by an individual circuit 
breaker.  



b. Separate circuit breakers shall be provided for major assemblies or functions.  
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c. No circuit breaker shall protect more than one circuit, nor shall any one circuit be 
protected by more than one circuit breaker. 



d. Circuit breakers shall be sized by current rating and tripping time to protect both the 
associated equipment and the minimum size wire used for power distribution 
within the protected circuit without causing nuisance tripping. 



e. The continuous current rating of thermal-magnetic trip circuit breakers shall be 
selected in accordance with IEEE C37.13 for the load and type of service specified. 



9. Installation: 



a. Circuit breakers shall be mounted in the vertical direction with the ON position up. 



b. Circuit breakers shall be individually replaceable without disconnecting or removing 
anything other than a faceplate, the mounting fasteners, and electrical connections of 
the breaker to be replaced. 



c. Wires to circuit breakers shall use ring terminals. 



d. Circuit breaker terminals shall not be used as junction points. 



e. Electrically operated circuit breakers shall be arranged for operation from the low-
voltage DC supply. 



24.23.4.2 High-Voltage Circuit Breakers 



Contractor shall comply with the following requirements for high-voltage circuit breakers: 



1. DC high-voltage circuit breakers shall be three-phase AC medium-voltage devices with 
not less than three poles connected in series. 



2. Distribution-type, high-voltage circuit breakers shall be Eaton’s replacement of 
Westinghouse Series C, FDB frame, or Heinemann type GH, or approved equal. 



3. The trip elements shall be thermal-magnetic, or magnetic, connected in series. 



4. The circuit breaker handle shall protrude from the circuit breaker panel cover 
sufficiently to be operable in all positions. 



5. High-voltage circuit breaker poles may be connected in series if necessary to achieve the 
stated voltage interruption requirements. 



24.23.4.3 Low-Voltage Circuit Breakers 



Contractor shall comply with the following requirements for low-voltage circuit breakers: 



1. Low-voltage circuit breakers shall be either one-pole or two-pole devices depending on 
the intended function.  



2. Trip elements shall be thermal-magnetic, or magnetic, as appropriate for the application. 
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3. Low-voltage circuit breakers shall be provided as follows: 



a. General Use: Eaton Series C, Quicklag C frame (formerly Westinghouse), or 
approved equal, front connection or approved access arrangement, and approved 
labeling 



b. Fast Operation:  Airpax brand as manufactured by Sensata Technologies, Airpax 
type UP, hermetically sealed, magnetic breaker. 



24.23.5 Fuses 



Contractor shall comply with the following requirements: 



1. Application: 



a. Fuses may be used only where specifically called for in the Specifications or where 
the use of circuit breakers is not technically feasible, and only with specific approval.  



b. Fuses may be considered in applications as follows: 



• To protect solid state equipment from catastrophic damage 
• Where current or voltage levels prohibit circuit breakers 



c. Fuses shall be used in car heater circuits only with the approval of the Authority. 



2. Air gap and creepage distances shall be as approved. Fuses used in nominal 750-volt 
circuits shall be rated for no less than 1,000 volts. 



3. Fuses shall be readily accessible. Fuses mounted in exterior equipment boxes shall be 
accessible without going under the vehicle. 



4. High-voltage fuses shall be mounted in totally enclosed, dead front, fuseholders, with 
no exposed high-voltage connections.  



a. The fuse shall be extracted from the circuit when the fuse holder is opened and the 
exposed fuse shall be safely isolated from any circuit connection.  



b. Fuse holders shall contain fuse retention devices at both ends. 



5. Fuses shall be permanently identified adjacent to the fuse. The rating of each fuse shall 
be permanently and clearly marked directly on each fuse. 



6. Unless explicitly noted otherwise in the Specifications, all fuse compartments shall have 
a spare fuse of identical size and rating for each “in-circuit” fuse, and shall be mounted 
next to the respective “in-circuit” fuse with the fuse holder clearly marked SPARE FUSE. 
The spare fuse holder shall not be enclosed and shall not consist of any loose parts. 
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24.23.6 Bus Bars 



Contractor shall comply with the following requirements: 



1. Bus bars shall be fabricated from OFE (Oxygen Free Electronic CDA 10100) or ETP 
(Electrolytic Tough Pitch CDA 10100) copper. The bus bar conductivity shall be 100% 
IACS.  All bus bar joints shall be silver or tin plated. 



2. Current densities, other than at joints, shall not exceed 1,575 amperes per square inch, 
and in any case shall not exceed a value which would cause a bus bar temperature rise 
greater than 30°C. Current densities in joints shall not exceed 600 amperes per square 
inch. 



3. Bus bars shall be properly brazed together at joints unless bolted connections are found 
to be absolutely necessary for maintenance purposes and are approved.  



a. The overlap at busbar joints shall be no less than 10 times the thickness of the bus 
material.  



b. Bus bar connection bolts shall be torqued to obtain a uniform bus bar connection 
pressure of 200 psi.  



c. Bolting hardware shall be plated steel with Belleville washers to maintain connection 
pressure. 



4. Except for connection areas, bus bars shall be safety-insulated, using a high-dielectric, 
powder coating or other approved means. Tape is not acceptable. Bus bars that are 
behind insulating panels, and those cases where there are suitable warning labels and 
maintenance procedures that prohibit opening the equipment case when energized, are 
exempt from this requirement. 



24.23.7 Capacitors 



Contractor shall comply with the following requirements: 



1. Type: 



a. Hermetically sealed, dry tantalum capacitors, in metal cases, shall be used in place of 
aluminum electrolytics, except for very high values which are not commercially 
practical or available, in which case long life grade aluminum electrolytics shall be 
used. When using electrolytic capacitors, the electrolyte shall be non-flammable. 



b. Commutating capacitors shall be a paper or plastic film type, shall incorporate a 
non-toxic impregnant, and shall be chosen to give a service life of at least 20 years. 
Filter capacitors shall have high ripple current rating for long life. 



2. Application: 



a. Capacitors shall be derated 20% for voltage based on the nominal supply voltage 
and maximum case temperature.  
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b. If filter capacitors are exposed to low ripple voltages, lesser values of derating may 
be accepted if it can be shown that reduced operating temperatures can be achieved 
due to lower dissipation; however, the sum of the DC and AC ripple voltages shall 
always be less than the capacitor’s voltage rating at a maximum case temperature of 
85°C. 



24.23.8 Resistors 



Except for braking power resistors, all resistors shall be derated 50% for power dissipation. 
Other power resistor applications may be submitted for approval of lower derating, on a case-
by-case basis. 



24.23.9 Transformers and Inductors 



Contractor shall comply with the following requirements: 



1. Type: 



a. Transformers shall have vacuum-impregnated windings. 



b. Transformers shall be designed to minimize radiated and induced EMI. 



2. Audible noise:  Shall not exceed 60 dB referenced to 20 micropascals at a distance of 2 
feet  while operating at rated voltage and load. 



3. Application 



a. Transformers shall be rated to withstand at least twice the maximum peak-to-peak 
voltage that they shall be subjected to in operation. 



b. Transformers and inductors shall be derated 10% for current. 



c. Transformer and inductor temperature ratings shall be based on ambient 
temperature range as defined in Section 1, Performance Requirements, and the 
device insulation design. 



4. Installation: 



a. The location, orientation, mounting, cable connections and cable routing shall be in 
accordance to the overall EMI/EMC control plan for the vehicle. 



b. Inductors and transformers shall be electrically insulated. If this is not possible or 
practical, insulating sleeving may be used. The sleeving must provide adequate 
voltage protection and be rated for the temperature rise as defined in this Section 
24.23.9, Item 3. c. 
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24.23.10 Switch, Circuit Breaker and Fuse Panels 



Contractor shall comply with the following requirements: 



1. Switch, circuit breaker and fuse panels shall be rail industry proven. 



2. Panelboards shall conform to NFPA 70 Article 408, Switchboards, Switchgear, and 
Panelboards, except as specifically specified otherwise or as approved by the Authority. 



3. Switch, circuit breaker and fuse panels shall be dead front types mounted in the 
specified equipment enclosures. 



a. The dead front panel shall be made of moisture-proof, electrically insulating, 
laminated phenolic or fiberglass, of approved quality suitable for switchboards; or 
grounded metal. 



b. Each switch and circuit breaker panel shall be designed to prevent operating or 
maintenance personnel from coming in contact with live parts when operating the 
switches or circuit breakers.  



c. Live portions of the protected circuitry shall be completely concealed so that no 
danger of electrocution or shock exists from touching the panel or any 
appurtenances or devices. 



4. Power distribution to circuit breakers and switches shall be from a bus bar or bus circuit. 
Distributing power by successive or “daisy-chained” connections between device 
terminals will not be permitted. 



5. A wiring gutter shall be provided along the top, sides and bottom, for the routing of 
high-voltage leads to their designated circuit breakers. 



6. The panel shall be secured by approved, captive fasteners and shall be configured for 
easy removal so that maintenance and repair action is not impeded. 



7. Switches, breakers, fuses, and indicating lights shall be provided with a nameplate of 
raised or recessed lettering on the dead front, clearly identifying the circuit which each 
controls and its circuit designation.   



24.23.11 Battery Backup Circuits 



Where individual electronic circuits require their own battery, the following conditions apply: 



1. Batteries shall be rechargeable nickel-cadmium or nickel metal hydride with a built-in 
charger or non-rechargeable lithium, unless otherwise approved. 



2. Batteries shall be easily replaceable, and must not be soldered in place. 



3. If a nickel-cadmium or nickel metal hydride battery is used, the charge time vs. 
discharge time must be approved for the specific application. In no case shall the battery 
life-span be less than 7 years. 
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4. If a lithium battery is used, the calculated life-span and the assumptions for that 
calculation must be approved for the specific application. In no case shall the life span be 
less than 7 years. 



5. In order to properly assess the impact of distributed battery backup systems, the 
Contractor shall provide a complete list of battery locations, battery type, estimated 
lifespan, discharge time, and the impact of battery discharge failure. Approvals of items 
above may be affected by this total vehicle evaluation. 



24.23.12 Blower and Other Motors 



Contractor shall comply with the following requirements: 



1. Type: 



a. Motors shall be direct driven. 



b. Motors shall have permanently-lubricated insulated bearings. The selection of the 
bearing and the bearing’s lubricant shall provide minimum of 14 years of continuous 
service before scheduled replacement.  



c. Motor insulation shall be totally enclosed transportation-grade Class H rated.  



2. Testing:  One motor from each system or subsystem shall be subject to a motor winding 
temperature rise test, prior to, or during the qualification testing. 



3. Application:  Motors shall be sized so that the running current is 80% or less than the 
nameplate FLA. 



4. Installation: 



a. Motors shall be powered from a three-phase AC power supply. 



b. A flexible, braided, tinned copper ground strap shall provide electrical grounding of 
the motor to the structure of the unit. 



c. Each motor assembly shall be balanced in two correction planes, in-situ, as defined 
in NEMA MG 1 or ANSI/AMCA 204, whichever is more stringent for the 
application. The residual unbalance shall limit the motor-blower assembly vibration 
to not more than 0.001 inch (1 mil) peak-to-peak displacement in any direction at the 
motor end bells when mounted in the unit.  



d. The motor-blower assembly shall be isolated such that motor and fan vibration and 
noise transmitted to the car structure shall be below the limits specified in Section 1, 
Performance Requirements.  
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24.24 ELECTRICAL AND ELECTRONIC DEVICES  



24.24.1 Reliability Standards 



The reliability standards for reliability prediction, Failure Reporting Analysis and Corrective 
Action System (FRACAS) for the systems, subsystems, and equipment are defined within 
Section 7.6.4, Failure Reporting Analysis and Corrective Action System (FRACAS). 



24.24.2 Environmental Stress Screening  



All printed circuit boards or electronic assemblies shall undergo Environmental Stress 
Screening (ESS), as specified in Section 3.9.2, Electrical and Electronic Apparatus Tests. 



24.24.3 Ability to Repair 



All electrical devices including such items as PC boards, relays, contactors, and filters shall be 
capable of being repaired by the Authority in its electronics laboratory. 



1. Units shall not be sealed, potted, or constructed to prohibit repair by the Authority. 
Units that must be potted or sealed by design other than lowest level replaceable units 
(LLRUs) shall have a minimum 10-year warranty. 



2. PC Boards that cannot be tested to the component level and deemed “not repairable” by 
the Authority shall have their replacement source guaranteed for 20 years. This concerns 
fit and function of the respective boards to be replaceable without reconfiguring any 
other part of its parent system hardware or software. 



24.24.4 Hardware 



Refer to Section 24.4, Fasteners, for general hardware requirements. Hardware associated with 
electronic and electrical control systems shall be protected against moisture, oxidation, and 
common airborne contaminants. Hinges and latches shall be of stainless steel. 



24.24.5 Wiring 



Wire selection, routing and securement shall be accomplished with the goal of having the wire 
and cable last the life of the carbody. All movement and chafing of wire and cable shall be 
eliminated. The use of additional wear material(s) to extend life without elimination of the 
movement, wearing or chafing will not be permitted. Refer also to additional wire and wiring 
requirements in this Section. 



24.24.6 Optical Fibers 



Any application of optical fibers shall be approved prior to implementation. This approval is 
not intended to discourage the use of optical fibers. Rather, it is to verify reliability and 
maintainability of the proposed application.  



In no case shall the on-car repair of an optical fiber require sophisticated or complex polishing 
and alignment.  
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The connections between optical fibers and car-replaceable units shall be via approved “quick 
disconnects.” 



24.25 SEMICONDUCTOR STANDARDS 



24.25.1 General 



Contractor shall comply with the following requirements: 



1. Semiconductors shall be selected to withstand all continuous and transient voltage and 
power demands present in the circuit application without damage or reduction in life.  



2. Circuit designs shall provide for the presence of high current switching equipment on 
the vehicle and the resultant induced voltages and currents in electrical equipment. 



3. Semiconductor devices shall be derated to operate within the acceptable region for 
electrical and temperature stress as specified in “Reliability Toolkit: Commercial 
Practices Edition.” If there is a conflict between guidelines given elsewhere in the 
Specification and the “Reliability Toolkit,” the more restrictive condition shall govern. 
Other service-proven devices may be submitted for approval. 



24.25.2 Ratings 



Contractor shall comply with the following requirements: 



1. Discrete semiconductors shall have the following minimum voltage breakdown ratings: 



a. Semiconductors, except diodes (see below), operated from the battery supply, or 
those connected to trainlines, shall have minimum breakdown ratings of four times 
the maximum achievable circuit voltage. Suppression devices shall be provided as 
necessary to protect the devices and limit the circuit voltage. 



b. Diodes operated from the battery supply, used as suppression devices, or connected 
to trainlines shall have a minimum breakdown rating (PIV) of 1,000 volts. Diodes 
with less than 1,000 volt PIV rating may be used if adequate circuit transient 
protection is also provided. 



c. Discrete semiconductors operated from inverters or other isolating devices shall 
have a minimum breakdown rating of two times the maximum circuit voltage, 
except where specifically detailed otherwise. Suppression devices shall be provided 
as necessary to protect the devices and limit the circuit voltage. 



2. Semiconductor junction temperatures shall be limited to maximum 150°C (or to the 
maximum rated temperature for the device, whichever is less) at maximum ambient 
temperature and at maximum rated output power. 



3. Semiconductors shall be operated at less than 50% of the maximum continuous current 
rating or 50% of the maximum continuous power rating, whichever is more restrictive.  



a. High power/current devices may be exempt from this requirement with prior 
approval, on a case-by-case basis.  
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b. The Contractor shall submit complete device information, including all 
manufacturer’s application recommendations, and calculated current and power 
demands with all waiver requests. If approved, such waivers do not reduce other 
requirements, including reliability. 



4. Integrated circuits operated from the battery supply through inverters or other isolating 
devices shall be operated within the voltage and current ratings specified by the 
manufacturer, derated to less than 50% of the maximum stress level at the maximum 
operating temperature of the device as specified by the manufacturer. 



5. Where the supplies to integrated circuits are regulated and surge protected, the voltage 
rating shall be 15% below the manufacturer’s recommended maximum. In addition, the 
maximum power shall be limited to 50% of the manufacturer’s specified maximum at 
the maximum operating temperature. 



6. Silicon semiconductors shall be hermetically sealed and rated for operation over the 
temperature range of -40°C to +85°C. Non-hermetic devices are acceptable to the 
Authority provided comparable reliability documentation is available upon request. 



7. Gallium Arsenide and similar optical semi-conductors shall be rated for operation over 
the temperature range of -40°C to +85°C. 



24.25.3 Availability and JEDEC Registration 



All semiconductors shall be available from at least two manufacturers and available from U.S. 
distributors.  



1. Single source devices, such as high-voltage power devices, microprocessors, ASICs, and 
related support chips may be used only if approved.  



2. Single-source devices must be essential to the proposed equipment, shall meet the 
proven service requirements, and shall be supplied by veteran manufacturers likely to 
support the device. 



Except as approved, all semiconductor devices shall be JEDEC registered and numbered. 



1. JEDEC registered devices with house numbers may be used only if a complete cross-
reference is provided linking each house numbered device with a JEDEC registered 
device.  



2. House labeled devices shall be clearly labeled with the manufacturer’s name or logo. 



24.25.4 Other Prohibitions 



Contractor shall comply with the following requirements: 



1. Electronic equipment shall use stock components and shall function properly with the 
component manufacture’s full range of tolerances such that after-purchase screening or 
testing of components shall not be required. 
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2. Matching of components is permitted only if the components are normally available 
from the manufacturer in matched sets. 



3. Germanium semiconductors shall not be used. 



24.26 PRINTED CIRCUIT BOARD STANDARDS 



24.26.1 General 



Contractor shall comply with the following requirements: 



1. Printed circuit boards (PCBs) shall be designed and constructed to the IPC 2220 Series 
and inspected to the IPC 2220 Series and IPC-A-610, unless more stringent requirements 
are noted here. Traces shall be made as wide as practical, with the minimum width 
being based on a 10°C temperature rise.  



2. PCBs used in electronic control units shall be of the “plug-in” type, with positive 
support against vibration, except where approved otherwise. PCBs used in a stand-alone 
manner shall have positive support against vibration, and be replaceable without 
soldering. 



3. Circuit board material shall be as follows: 



a. Per NEMA LI 1, using Type FR-4 base material for boards with no components, with 
power dissipation greater than 2 watts, and which are not mounted adjacent to 
components dissipating greater than 2 watts. Otherwise, circuit board material shall 
be Type FR-5. 



b. Minimum thickness of 0.0625-inch. 



c. The copper laminate shall be firmly attached to the board and shall be resistant to 
blistering and peeling when heated with a soldering iron. 



4. Circuit boards shall be inherently stiff or shall be reinforced to prevent damage due to 
vibration or handling. Circuit boards larger than 100 in² shall be centrally stiffened 
unless otherwise approved. 



5. Components with pins shall be mounted only on one side. Connections shall be made to 
the other side or internal layers via plated through holes. SMT devices may be mounted 
on both sides if part of an approved existing design. 



6. PCBs shall be mounted in the vertical plane with positive retention by keeper bars 
unless otherwise approved. These retaining mechanisms shall be simple, easily 
applied/removed without tools and shall remain attached to the card rack.  



7. All PCBs with the same function shall be interchangeable between equipment groups 
without additional adjustment. PCBs shall be fully inter-changeable without adjustment 
by the use of digital circuits, stable components, and tight tolerance components as 
applicable.  



8. Potentiometers shall not be permitted.  
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9. All electronic control units, PCBs, major components and assemblies shall be serialized 
and contain a bar code label. 



24.26.2 Marking 



Contractor shall comply with the following requirements: 



1. Circuit boards shall be labeled with a part number, serial number, and descriptive 
nomenclature. 



2. All components on the board shall be labeled with component drawing references and 
such other information as may be required to repair and troubleshoot the board.  



3. The component and wiring sides of the board shall each be marked to indicate capacitor 
and diode polarity, and at least two leads or one lead and a graphic symbol indicating 
orientation of all transistors and thyristors. 



4. Integrated circuits and other multi-terminal devices shall have an index mark on the 
component side of the board, visible with the component inserted, to indicate proper 
keying and insertion; the first pin on all IC packages shall be identified on the wiring 
side of the board. 



5. For boards whose component density is greater than 2.25 components per square inch, 
the Contractor may submit an alternate marking plan for possible approval. Such a plan 
should include board marking, augmented by layout drawings. 



24.26.3 Component Mounting 



Contractor shall comply with the following requirements: 



1. Components shall be fastened to the board in such a manner as to withstand repeated 
exposure to shock and vibration.  



2. Large components shall be supported in addition to the solder connections.  



3. Power resistors shall be mounted on standoffs so that the resistor bodies do not contact 
the board, spaced far enough away from the board so that resistor-produced heat will 
not discolor or damage the board. 



24.26.4 IC and Device Sockets 



Contractor shall comply with the following requirements: 



1. IC and device sockets are prohibited except for components that must be removed for 
reprogramming or initial calibration procedures or devices that are available only in 
mounting in sockets.  



a. All socket applications are subject to Authority approval. 



b. All other components shall be soldered in place. 
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2. Where approved, IC sockets shall comply with MIL-DTL-83502 and MIL-DTL-83734, as 
is applicable for the device, and shall be made of the following materials: 



a. The bodies shall be molded from diallyl phthalate, PTFE Teflon, or approved equal. 



b. The contacts shall be fabricated from beryllium copper and shall be plated with a 
minimum of 0.000030 inch of gold over a minimum of 0.000050 inch of low-stress 
nickel in the area of contact with IC pins. 



24.26.5 Conformal Coating 



Both sides of the assembled printed circuit boards shall be coated with a clear insulating and 
protective coating material conforming to IPC-CC-830, or approved equal. 



1. The coating shall be easily removed with a brush-applied solvent or penetrated by a hot 
soldering iron when a component must be unsoldered. The coating solvent shall not 
adversely affect board mounted components. 



2. IC sockets, connectors, and test points shall be masked when the coating is applied. 



24.26.6 Keying and Interlocks 



Printed-circuit boards shall be “keyed” to prevent insertion into the wrong socket.   



1. Boards that may be used on other Authority fleets must keyed differently to prevent 
interchange.  



2. Circuit boards in safety related control systems, such as propulsion, friction brakes, cab 
signal, ATC, ATS, and systems which can cause damage or unsafe train operation if the 
vehicle is operated with a card removed, shall be interlocked through a safety circuit to 
disable the vehicle if a circuit board is removed. This safety circuit may be implemented 
by hardware or software. 



24.26.7 Circuit Board Connectors 



Contractor shall comply with the following requirements: 



1. Printed circuit board connectors shall be heavy duty, high reliability, two-part type with 
a history of successful service in rail applications and shall be approved by the 
Authority prior to commencing design. 



2. Connectors that comply with MIL-DTL-55302 or DIN 41612 (IEC 60603-2/EN 60603-2), 
Class 1, and that have plated contacts as described below, are considered to comply with 
the requirements of this Section. 



3. The connector contact area shall be plated with a minimum of 0.000030 inch of gold over 
a minimum of 0.000050 inch of low stress nickel. 



4. All connectors within one panel assembly shall be keyed to prevent damage or 
malfunction due to incorrect insertion. 
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24.26.8 Testing 



Contractor shall comply with the following requirements: 



1. Sufficient clearance shall be provided between components to allow testing, removal 
and replacement without difficulty due to lack of space. 



2. Test points shall be provided in appropriate locations on modules and printed circuit 
boards.  



a. A negative return test point shall also be provided.  



b. The test points shall either accept and hold a standard 0.080-inch diameter tip plug, 
or shall be a turret lug similar to Cambion Part number 160-1026-01-05-00, or 
approved equal, with sufficient clearance to permit it to accept a standard 
oscilloscope probe clip, and shall be identified by appropriate markings. 



24.26.9 Plated-Through Holes 



In addition to the general guidelines of the IPC–Association Connecting Electronics Industries®, 
the following requirements shall be met: 



1. Plating Holes: 



a. Copper plate shall be a minimum of 0.001-inch minimum average thickness, and 
0.003-inch maximum average thickness. 



b. Solder plates shall be 0.0003 inch minimum average thickness and 0.0015-inch 
maximum average thickness. 



2. Plated Hole Defects: 



a. No more that than three voids per hole will be acceptable. 



b. Total area of the voids shall not exceed 10% of the total wall area. 



c. The largest void dimension shall not exceed 25% of the core diameter or the board 
thickness, whichever is smaller.  



d. There shall be no pits, voids or cracks at the junction of the hole wall and terminal 
area to a depth of 1.5 times the total copper thickness on the surface. 



24.26.10 Multilayer Boards 



Multilayer PC boards and high-density surface mount components will be permitted. To ensure 
repairability by the Authority, the Contractor shall provide the following minimum 
documentation: 



1. Assembly and detailed layout drawings. 



2. Complete parts listing 



3. Schematics and interconnection diagrams 
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4. Source control for any parts on the parts list that cannot be directly ordered from an 
electronics catalog. 



5. Theory of operation. 



The Contractor may propose, for Authority approval, alternate methods to ensure long term 
maintainability of equipment. 



24.26.11 Enclosures and Racks 



Contractor shall comply with the following requirements: 



1. Enclosures and racks shall provide environmental and EMI shielding as required to 
comply with the Specifications. 



2. Circuit board racks shall mount in an enclosure complying with the Specifications.  



3. The rack, circuit board, and circuit board hardware shall be designed as an integrated 
system. 



4. Circuit boards that are rack mounted shall plug into racks containing the mating half of 
the circuit board connector.  



5. Printed circuit boards shall be positively retained by means of keeper bars or other 
approved method. The enclosure or rack cover shall not be used to retain the circuit 
boards. 



6. Each circuit board shall be fitted with an ejector or hand grip to assist in board removal.  



7. The rack and the edge of each board, or the card ejector, shall be labeled with 
corresponding numbers to identify board location within the enclosure. 



8. Enclosure features shall be presented for approval during preliminary design and prior 
to commencing final design. 



24.26.12 Extenders 



Printed circuit board extenders (six sets of each type) shall be provided by the Contractor for 
test purposes. At least two extenders of each type shall be available for use and evaluation 
throughout the design conformance and acceptance test programs. 



24.27 MICROPROCESSOR-BASED SYSTEM HARDWARE 



24.27.1 Hardware Platform 



Carborne and custom computer hardware shall be designed and constructed in accordance with 
the general electronic design principles of this Section and the following requirements:  



1. The microprocessor based control systems shall be based on an established family of 
microprocessors in wide use in the control system industry.  
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2. They shall be supported by a full range of software development languages and 
diagnostic programs.  



3. Any use of commercially available computer boards must be specifically approved. Such 
approval will be based upon a technical review of the product, product documentation, 
and a commercial assessment of product availability. 



24.27.2 Electrical Isolation and Pre-Processing 



Contractor shall comply with the following requirements: 



1. The control system shall be powered by dedicated transformer-isolated power supplies 
driven from the vehicle battery circuit. 



2. Control system input and output signals shall be through isolation buffers.  



a. High-voltage inputs and outputs shall be isolated external to the microcomputer 
card rack.  



b. Low-voltage (battery and logic voltage level) inputs and outputs shall be isolated via 
buffer cards in or external to the microcomputer card rack. 



3. Isolation buffers shall consist of optical isolators, transformer isolators, and other circuits 
appropriate to the application. Voltage divider circuits will not be allowed. They shall: 



a. Protect and isolate the control system from damage due to over-voltage, under-
voltage, transients, shorts, and opens 



b. Perform necessary voltage translations 



c. Remove noise and undesired signals 



d. Limit, pre-process, discriminate and format those signals that would otherwise 
require excessive processor time 



24.27.3 Program and Data Storage 



Contractor shall comply with the following requirements: 



1. Program code and fixed data shall be stored in non-volatile EEPROMs.  



2. A password shall be necessary for the PTE to download software to the EEPROMS.  



24.27.4 Software 



Contractor shall comply with the following requirements: 



1. Software may be written in a high- or low-level language. The language, and its 
implementation for the selected microprocessor system, shall be commercially available 
in English. 
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2. Software delivered as part of PTUs or Bench test devices shall be Microsoft Windows® 
based.  No proprietary languages or code generating systems shall be used for PTU or 
Bench Test systems. 



3. Software shall perform the following basic functions: 



a. Implement the desired control scheme such that the specified performance is 
achieved. 



b. Monitor all inputs for unsafe, erroneous, or unknown conditions or combinations of 
conditions. 



c. Sample input conditions at rates sufficient to detect and remedy unsafe or damaging 
conditions in the shortest possible time. Sampling rates and program execution times 
shall be such that the control system is not the limiting factor in response to unsafe 
or damaging conditions. 



d. Limit output commands to safe levels regardless of any combination of input 
conditions. 



e. Perform self-diagnostic routines and respond promptly, safely, and predictably to 
detected faults. 



f. Respond safely and predictably when powering up or recovering from power 
interruptions. Power interruptions likely to have corrupted temporary storage shall 
be detected and cause the system to re-initialize affected routines and temporary 
data. Detection of power interruptions may be by hardware. 



g. Permit thorough interrogation of all input, output, and internal conditions by 
external diagnostic equipment. 



4. Software, whether interrupt based or polled, shall always assign the highest priority to 
safety-related tasks. 



5. Software interfaces, reports, graphs, reports, manuals, and similar shall be written and 
displayed in English. 



6. Software shall use UTC date format:  YYYY/MM/DD 



24.27.5 Programming 



Programming of microcomputers shall be divided into two classifications subject to Authority 
approval: 



1. Application independent: Considered an inherent part of the controlled subsystem:  



a. Includes the inverter or chopper controller, safety-related systems such as the 
friction brake and door controls, the multi-processor bus operating system, 
dedicated serial bus controllers, and other functions as approved by the Authority. 



b. They shall be of an existing design meeting the requirements of service-proven 
equipment in Section 1, Performance Requirements.  
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c. These programs shall be documented by the identification and description of all I/O 
functions, functional descriptions of the interfaces with all vehicle systems and 
subsystems, and all information required to ascertain the safe operation of the 
vehicle in response to any failure.  



d. The source code for these programs may be retained by the Contractor. 



2. Application dependent: Includes all programs specifically written for operation and 
control of the vehicle. 



a. Includes the vehicle logic, subsystem integration, and fault and diagnostic routines 
related to application-dependent programs.  



b. These programs are usually tailored to meet the requirements of the Specifications.  



c. The development of these programs shall be subject to the requirements of Section 
6.3.2, Required Documents – Contractor. 



d. The Contractor shall accept that the Authority may at a future date have a need to 
change elements of these programs and shall provide the Authority with sufficient 
information to alter this vehicle software without the Contractor’s assistance. 



e. Unless otherwise specifically approved by the Authority, application-dependent 
programs shall be programmed in a high level language such as C or PL/M.  



f. Compilation of the application dependent programs shall be performed on a 
Windows®/Intel compatible computer. The compiler used shall be commercially 
available. 



g. The source code and all necessary files for the linking, locating, and conversion to 
hexadecimal object code shall be supplied to the Authority on standard CD-ROM or 
DVD format.  



24.27.6 Batteries 



Contractor shall comply with the following: 



1. Other than the main car battery, use of batteries shall require Authority approval. 
Batteries are restricted as follows: 



a. One battery per A-Car for the purpose of maintaining a clock and calendar 



b. One battery per Event Recorder System  



2. Rechargeable batteries shall be sized to retain data for at least six months without 
charging and shall be located such that leakage cannot damage control system 
components.  



3. Battery life shall be no less than five years, regardless of type and shall meet the 
requirements of Section 24.23.11, Battery Backup Circuits. The system shall annunciate 
the need for battery replacement such that the battery continues to perform its function 
until it can be replaced at the next periodic maintenance.  
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4. Batteries shall not be connected by soldering.  



5. Upon detection of the loss of input power to non-battery backed systems, the processor 
system shall store all necessary RAM control data to non-volatile memory. 



24.27.7 Expansion Capacity 



Contractor shall comply with the following: 



1. Hardware shall be designed to allow program expansion without hardware 
modification.  



2. The hardware shall include spare input and output channels, of each type used within 
the system, except for major output drivers, the quantity of which is fixed by the overall 
system design (e.g., traction motor power semi-conductors and sign character drivers). 
The architecture and assembly construction shall allow for the installation of additional 
I/O hardware.   



3. Memory devices or hard drives shall be removable to allow easy replacement and 
upgrade as older technologies become obsolete.  Interfaces to such devices shall not be 
proprietary. 



4. The memory for each device shall be sized so the needs of the installed software shall 
not use more than 70% of the installed memory. This requirement applies individually 
to each type of ROM and each type of RAM that is used.   



5. Processor speeds shall be twice what is needed for the provided software. The 
Contractor may petition for relief from the requirement, based on product maturity and 
the lack of potential for expansion or modification. In no case may more than 75% of the 
processor time be used. 



6. Simple singular functions performed by dedicated embedded processors may use up to 
75% of the available processor time and do not have to provide spare I/O capability.   



7. Memory use and processor use are software requirements that must be tracked and 
easily tested, such as by use of self-test, with display of actual use on the MDS and PTE 
screens. 



24.28 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 24-1, Recommended Cleaning Agents ........................................................................................ 2 
CDRL 24-2, Certification of No Prohibited Materials ........................................................................... 2 
CDRL 24-3, Proposed Materials not Covered by Specification or Standard ..................................... 3 
CDRL 24-4, Fasteners Design Package .................................................................................................... 7 
CDRL 24-5, Stainless Steel Test and Inspection Plan .......................................................................... 17 
CDRL 24-6, HSLA Steel Test and Inspection Plan .............................................................................. 18 
CDRL 24-7, Steel Casting Qualification Test Report ........................................................................... 19 
CDRL 24-8, Steel Castings Radiographic Inspection Sampling Frequency ..................................... 20 
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CDRL 24-9, Structural Forgings Design Qualification Test Report .................................................. 23 
CDRL 24-10, Test Report for Aluminum Sheet, Extrusions, Forgings ............................................. 23 
CDRL 24-11, Full Penetration Welds Random Sampling Plan .......................................................... 29 
CDRL 24-12, Paint Samples and Manufacturer’s Data ....................................................................... 54 
CDRL 24-13, Paint Preparation and Application................................................................................. 55 
CDRL 24-14, Paint Testing on First Car ................................................................................................ 58 
CDRL 24-15, Samples and Documentation for Each Size and Type of Wire and Cable ................ 64 
CDRL 24-16, Wiring Plan ........................................................................................................................ 72 
CDRL 24-17, Wire and Cable Identification System ........................................................................... 77 
CDRL 24-18, Wire Termination Documentation ................................................................................. 80 
 



24.29 REFERENCED STANDARDS 



29 CFR 1910.119 Process safety management of highly hazardous chemicals 



29 CFR 1910.1200 Hazard Communication 



49 CFR 223 Safety Glazing Standards – Locomotives, Passenger Cars 
and Cabooses 



49 CFR 238 Passenger Equipment Safety Standards 



A-A-59125 Commercial Item Description: Terminal Boards, Molded, 
Barrier Screw and Stud Types and Associated Accessories 
(supersedes MIL-T-55164) 



AAR C&S Manual AAR Communications & Signals Manual 



AAR MSRP, Sect E Standard M-601, Hose, Wrapped, Air—Brake, “End Hose” 



AAR MSRP, Sect E Standard M-618, Hose, Air, Wire-Reinforced 



AAR MSRP, Sect E Standard M-620, Hose Air, Fabric-Reinforced 



AAR MSRP, Sect E Standard M-927, Hose Fittings and Hose Assemblies, Air, 
Wire Reinforced 



AAR MSRP, Sect E Standard S-400, Brake Equipment—Installation 
Specifications 



AAR MSRP, Sect G Standard M-101, Axles, Carbon Steel, Heat Treated 



AAR MSRP, Sect G Standard M-107/208, Wheels, Carbon Steel 



AAR MSRP, Sect S Standard M-201, Castings, Steel 



AAR MSRP, Sect S Standard M-202, Truck Bolsters, Cast or Structural—
Design and Testing 



AAR MSRP, Sect S Standard M-203, Truck Side Frames, Cast Steel—Design 
and Testing 
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AAR RP-585 Wire and Cable Specification 



AAR RP-587 Wire and Cable Insulating Material—Silicone Rubber 
Insulated 



AATCC 16.2 Colorfasteness to Light: Carbon-Arc 



Aluminum Association Aluminum Design Manual 



Aluminum Association Aluminum Standards and Data 



ANSI/AMCA 204 Balance Quality and Vibration Levels for Fans 



ANSI B18.1.2 Large Rivets 1/2 Inch Nominal Diameter and Larger 



ANSI C80.1 Electrical Rigid Steel Conduit 



ANSI Z26.1 Safety Glazing Materials for Glazing Motor Vehicles and 
Motor Vehicle Equipment Operating on Land Highways – 
Safety Standard 



APTA PR-CS-S-004-98 Standard for Austenitic Stainless Steel for Railroad 
Passenger Equipment 



APTA PR-E-RP-002-98 Recommended Practice for Wiring of Passenger 
Equipment 



APTA PR-M-S-012-99 Standard for the Manufacture for Wrought Steel Wheels 
for Passenger Cars and Locomotives 



ASHRAE 41.3 Methods For Pressure Measurement 



ASME B4.1 Preferred Limits and Fits for Cylindrical Parts 



ASME B31.1 Power Piping 



ASME B31.5 Refrigeration Piping and Heat Transfer Components 



ASME BPVC, Section VIII-1 Boiler and Pressure Vessel Code, Rules for Construction of 
Pressure Vessels Division 1 



ASME BPVC, Section IX Boiler and Pressure Vessel Code, Welding Brazing, and 
Fusing Qualifications 



ASME Y14.44 Reference Designations for Electrical and Electronics Parts 
and Equipment 



ASTM A6/A6M Standard Specification for General Requirements for 
Rolled Structural Steel Bars, Plates, Shapes, and Sheet 
Piling 
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ASTM A27/A27M Standard Specification for Steel Castings, Carbon, for 
General Application 



ASTM A36/A36M  Standard Specification for Carbon Structural Steel 



ASTM A240/A240M Standard Specification for Chromium and Chromium-
Nickel Stainless Steel Plate, Sheet, and Strip for Pressure 
Vessels and for General Applications 



ASTM A262 Standard Practices for Detecting Susceptibility to 
Intergranular Attack in Austenitic Stainless Steels 



ASTM A269/269M Standard Specification for Seamless and Welded 
Austenitic Stainless Steel Tubing for General Service 



ASTM A449 Standard Specification for Hex Cap Screws, Bolts and 
Studs, Steel, Heat Treated, 120/105/90 ksi Minimum 
Tensile Strength, General Use 



ASTM A480/A480M Standard Specification for General Requirements for Flat-
Rolled Stainless and Heat-Resisting Steel Plate, Sheet, and 
Strip 



ASTM A488/488M Standard Practice for Steel Castings, Welding, 
Qualifications of Procedures and Personnel 



ASTM A502 Standard Specification for Rivets, Steel, Structural 



ASTM A504/A504M Standard Specification for Wrought Carbon Steel Wheels 



ASTM A568/A568M  Standard Specification for Steel, Sheet, Carbon, Structural, 
and High-Strength, Low-Alloy, Hot-Rolled and Cold-
Rolled, General Requirements for 



ASTM A588/A588M  Standard Specification for High-Strength Low-Alloy 
Structural Steel, up to 50 ksi [345 MPa] Minimum Yield 
Point, with Atmospheric Corrosion Resistance 



ASTM A606/A606M Standard Specification for Steel, Sheet and Strip, High-
Strength, Low-Alloy, Hot-Rolled and Cold-Rolled, with 
Improved Atmospheric Corrosion Resistance 



ASTM A666 Standard Specification for Annealed or Cold-Worked 
Austenitic Stainless Steel Sheet, Strip, Plate, and Flat Bar 



ASTM A668/A668M Standard Specification for Steel Forgings, Carbon and 
Alloy, for General Industrial Use 



ASTM A710/A710M Standard Specification for Precipitation–Strengthened 
Low-Carbon Nickel-Copper-Chromium-Molybdenum-
Columbium Alloy Structural Steel Plates 
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ASTM A729/A729M Standard Specification for Carbon and Alloy Steel Axles, 
Heat-Treated, for Mass Transit and Electric Railway 
Service 



ASTM A763 Standard Practices for Detecting Susceptibility to 
Intergranular Attack in Ferritic Stainless Steels 



ASTM B26/B26M Standard Specification for Aluminum-Alloy Sand Castings 



ASTM B33 Standard Specification of Tin-Coated Soft or Annealed 
Copper Wire for Electrical Purposes 



ASTM B85/B85M Standard Specification for Aluminum-Alloy Die Castings 



ASTM B88 Standard Specification for Seamless Copper Water Tube 



ASTM B108/B108M Standard Specification for Aluminum-Alloy Permanent 
Mold Castings 



ASTM B117 Standard Practice for Operating Salt Spray (Fog) 
Apparatus 



ASTM B174 Standard Specification for Bunch-Stranded Copper 
Conductors for Electrical Conductors 



ASTM B221 Standard Specification for Aluminum and Aluminum-
Alloy Extruded Bars, Rods, Wire, Profiles, and Tubes 



ASTM B247 Standard Specification for Aluminum and Aluminum-
Alloy Die Forgings, Hand Forgings, and Rolled Ring 
Forgings 



ASTM B280 Standard Specification for Seamless Copper Tube for Air 
Conditioning and Refrigeration Field Service 



ASTM B298 Standard Specification for Silver-Coated Soft or Annealed 
Copper Wire 



ASTM B355 Standard Specification for Nickel-Coated Soft or Annealed 
Copper Wire 



ASTM B633 Standard Specification for Electrodeposited Coatings of 
Zinc on Iron and Steel 



ASTM C273/C273M Standard Test Method for Shear Properties of Sandwich 
Core Materials 



ASTM C393/ C393M Standard Test Method for Core Shear Properties of 
Sandwich Constructions by Beam Flexure 



ASTM C542 Standard Specification for Lock-Strip Gaskets 
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ASTM D256 Standard Test Methods for Determining the Izod 
Pendulum Impact Resistance of Plastics 



ASTM D618 Standard Practice for Conditioning Plastics for Testing 



ASTM D638 Standard Test Method for Tensile Properties of Plastics 



ASTM D648 Standard Test Method for Deflection Temperature of 
Plastics Under Flexural Load in the Edgewise Position 



ASTM D695 Standard Test Method for Compressive Properties of Rigid 
Plastics 



ASTM D751 Standard Test Methods for Coated Fabrics 



ASTM D785 Standard Test Method for Rockwell Hardness of Plastics 
and Electrical Insulating Materials 



ASTM D790 Standard Test Methods for Flexural Properties of 
Unreinforced and Reinforced Plastics and Electrical 
Insulating Materials 



ASTM D792 Standard Test Methods for Density and Specific Gravity 
(Relative Density) of Plastics by Displacement 



ASTM D952 Standard Test Method for Bond or Cohesive Strength of 
Sheet Plastics and Electrical Insulating Materials 



ASTM D1055 Standard Specification for Flexible Cellular Materials – 
Latex Foam 



ASTM D1117 Standard Guide for Evaluating Nonwoven Fabrics 



ASTM D2261 Standard Test Method for Tearing Strength of  Fabrics by 
the Tongue (Single Rip) Procedure (Constant-Rate-of-
Extension Tensile Testing Machine) 



ASTM D2584 Standard Test Method for Ignition Loss of Cured 
Reinforced Resins 



ASTM D3159 Standard Specification for Modified ETFE Fluoropolymer 
Molding and Extrusion Materials 



ASTM D3363 Standard Test Method for Film Hardness by Pencil Test 



ASTM D3574 Standard Test Methods for Flexible Cellular Materials —
Slab, Bonded, and Molded Urethane Foams 



ASTM D3597 Standard Performance Specification for Woven Upholstery 
Fabrics—Plain, Tufted, or Flocked 
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ASTM D3775 Standard Test Method for Warp (End) and Filling (Pick) 
Count of Woven Fabrics 



ASTM D3776/D3776M Standard Test Methods for Mass Per Unit Area (Weight) of 
Fabric 



ASTM D4034 Test Method for Resistance to Yarn Slippage at the Sewn 
Seam in Woven Upholstery Fabrics 



ASTM D4157 Standard Test Method for Abrasion Resistance of Textile 
Fabrics (Oscillatory Cylinder Method) 



ASTM D4541 Standard Test Method for Pull-Off Strength of Coatings 
Using Portable Adhesion Testers 



ASTM D4966 Standard Test Method for Abrasion Resistance of Textile 
Fabrics (Martindale Abrasion Tester Method) 



ASTM D5034 Standard Test Method for Breaking Strength and 
Elongation of Textile Fabrics (Grab Test) 



ASTM D5402 Standard Practice for Assessing the Solvent Resistance of 
Organic Coatings Using Solvent Rubs 



ASTM D5420 Standard Test Method for Impact Resistance of Flat, Rigid 
Plastic Specimen by Means of a Striker Impacted by a 
Falling Weight 



ASTM D5628 Standard Test Method for Impact Resistance of Flat, Rigid 
Plastic Specimens by Means of a Falling Dart (Tup or 
Falling Mass) 



ASTM E94/E94M Standard Guide for Radiographic Examination 



ASTM E390 Standard Reference Radiographs for Steel Fusion Welds 



ASTM E446 Standard Reference Radiographs for Steel Castings Up to 2 
in. (50.8 mm) in Thickness 



ASTM E662 Standard Test Method for Specific Optical Density of 
Smoke Generated by Solid Materials 



ASTM E709 Standard Guide for Magnetic Particle Testing 



ASTM E1030/E1030M Standard Practice for Radiographic Examination of 
Metallic Castings 



ASTM F519 Standard Test Method for Mechanical Hydrogen 
Embrittlement Evaluation of Plating/Coating Processes 
and Service Environments 
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ASTM F606/F606M Standard Test Methods for Determining the Mechanical 
Properties of Externally and Internally Threaded 
Fasteners, Washers, Direct Tension Indicators, and Rivets 



AWS Welding Handbook 



AWS A2.4 Standard Symbols for Welding, Brazing, and 
Nondestructive Examination 



AWS A3.0M/A3.0 Standard Welding Terms and Definitions Including Terms 
for Adhesive Bonding, Brazing, Soldering, Thermal 
Cutting, and Thermal Spraying 



AWS B2.2/B2.2M Specification for Brazing Procedure and Performance 
Qualification 



AWS C3.4M/C3.4 Specification for Torch Brazing 



AWS C7.4/C7.4M Process Specification and Operator Qualification for Laser 
Beam Welding 



AWS D1.1/D1.1M Structural Welding Code - Steel  



AWS D1.2/D1.2M Structural Welding Code - Aluminum  



AWS D1.3/D1.3M Structural Welding Code - Sheet Steel  



AWS D1.6/D1.6M Structural Welding Code - Stainless Steel 



AWSD15.1/D15.1M Railroad Welding Specification for Cars and Locomotives 



AWS D17.2/D17.2M Specification for Resistance Welding for Aerospace 
Applications 



Bombardier SMP-800C Toxic Gas Generation 



BSS 7239 Boeing Specification Standard: Test method for Toxic Gas 
Generation by Materials on Combustion 



DIN 41612 Two-Part Connectors For Printed Boards 



EN 50343 Railway applications - Rolling stock - Rules for installation 
of cabling 



EN ISO 9606-1 Qualification testing of welders -- Fusion welding -- Part 1: 
Steels 



EN ISO 9606-2 Qualification test of welders -- Fusion welding -- Part 2: 
Aluminum and aluminum alloys 



Fed Spec MMM-A-181 Adhesives, Phenol, Resorcinol or Melamine Base 
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Fed Spec QQ-B-654 Brazing Alloys, Silver 



ICEA S-95-658 Power Cables Rated 2000 V or Less for the Distribution of 
Electrical Energy 



IEC 60947-4 Low-Voltage Switchgear and Control Gear, Part 4: 
Contactors and Motor-Starters 



IEC 60529 Degrees of Protection Provided by Enclosures 



IEC 60603-2/EN 60603-2 Connectors for frequencies below 3 MHz for use with 
printed boards - Part 2: Detail specification for two-part 
connectors with assessed quality, for printed boards, for 
basic grid of 2,54 mm (0,1 in) with common mounting 
features 



IEEE Std 16 Standard for Electrical and Electronic Control Apparatus 
on Rail Vehicles 



IEEE 1202 Standard for Flame-Propagation Testing of Wire & Cable 



IEEE C37.13 Standard for Low-Voltage AC Power Circuit Breakers 
Used in Enclosures 



IEEE C37.14 Standard for DC (3200 V and below) Power Circuit 
Breakers Used in Enclosures 



IFI-543 Test for Evaluating the Torque-Tension Relationship on 
Both External and Internal Metric Threaded Fasteners 



IPC 2220 Series: 



IPC-2221 Generic Standard on Printed Board Design 



IPC-2222 Sectional Design Standard for Rigid Organic Printed 
Boards 



IPC-2223 Sectional Design Standard for Flexible Printed Boards 



IPC-2224 Sectional Standard for Design of PWBs for PC Cards;  



IPC-2225 Sectional Design Standard for Organic Multichip Modules 
(MCM-L) and MCM-L Assemblies 



IPC-2226 Sectional Design Standard for High Density Interconnect 
(HDI) Printed Boards 



IPC-A-610 Acceptability of Electronic Assemblies 



IPC-CC-830 Qualification and Performance of Electrical Insulating 
Compound for Printed Wiring Assemblies 
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ISO 273 Fasteners -- Clearance holes for bolts and screws 



ISO 898-1 Mechanical properties of fasteners made of carbon steel 
and alloy steel -- Part 1: Bolts, screws and studs with 
specified property classes -- Coarse thread and fine pitch 
thread 



ISO 898-2 Mechanical properties of fasteners made of carbon steel 
and alloy steel -- Part 2: Nuts with specified property 
classes -- Coarse thread and fine pitch thread 



ISO 2230 Rubber products -- Guidelines for storage 



ISO 2553 Welding and allied processes – Symbolic representation on 
drawings – Welded joints 



JIS Z 3021 Welding and allied processes - Symbolic representation 



MIL-DTL-3950 Detail Specification: Switches, Toggle, Environmentally 
Sealed, General Specification for 



MIL-DTL-5757 Detail Specification: Relays, Electromagnetic, General 
Specification for 



MIL-DTL-13777 Detail Specification: Cable, Special Purpose, Electrical 



MIL-DTL-55302 Detail Specification: Connectors, Printed Circuit 
Subassembly and Accessories 



MIL-DTL-83502 Detail Specification: Sockets, Plug-In Electronic 
Components, Round Style, General Specification for 



MIL-DTL-83731 Detail Specification: Switches, Toggle, Unsealed and 
Sealed, General Specification For 



MIL-DTL-83734 Detail Specification: Sockets, Plug-In Electronic 
Components, Dual-In-Line Packages (DIPS) and Single-in-
Line Packages (SIPS), General Specification for 



MIL-P-23469 Pin-Rivet, Grooved and Collar, Grooved Pin-Rivet, Swage-
Locked (Lockpin) 



MIL-PRF-6106 Relays, Electromagnetic 



MIL-PRF-8805 Performance Specification: Switches and Switch 
Assemblies, Sensitive, Snap Action (Basic, Limit, Push 
Button and toggle Switches), General Specification for 



MIL-T-16366 Terminals, Electrical Lug and Conductor Splices, Crimp 
Style 
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NAS 410 NAS Certification & Qualification Of Nondestructive Test 
Personnel 



NASM21044 Nut, Self-Locking, Hexagon, Regular Height, 250 Degrees 
F, 125 KSI Ftu and 60 KSI Ftu 



NEMA 250 Enclosures for Electrical Equipment (1000 Voltage 
Maximum) 



NEMA HP 3 Electrical and Electronic Polytetrafluoroethylene (PTFE) 
Insulated High Temperature Hook -up Wire, Types ET 
(250 V), E (600 V) and EE (1000 V) 



NEMA LD 3 High-Pressure Decorative Laminates (HPDL) 



NEMA LI 1 Industrial Laminated Thermosetting Products 



NEMA MG 1 Motors and Generators 



NEMA WC 27500 Standard for Aerospace and Industrial Electrical Cable 



NFPA 70 National Electrical Code 



NFPA 130 Standard for Fixed Guideway Transit and Passenger Rail 
Systems  



NIST PS 1 Structural Plywood 



SAE AMS 5567 Steel, Corrosion Resistant, Seamless or Welded Hydraulic 
Tubing 19Cr - 10Ni (304) Solution Heat Treated 



SAE AMSC 7438 Core Material, Aluminum, for Sandwich Construction 



SAE AMST 6845 Tubing, Steel, Corrosion-Resistant (S30400), Aerospace 
Vehicle Hydraulic System 1/8 Hard Condition 



SAE AS 5942 Marking of Electrical Insulating Materials 



SAE AS 50151 Connectors, Electrical, Circular Threaded, AN Type, 
General Specification For 



SAE AS 7928 Terminals, Lug: Splices, Conductor: Crimp Style, Copper, 
General Specification for 



SAE AS 22759 Wire, Electrical, Fluoropolymer-Insulated, Copper or 
Copper Alloy 



SAE AS 25036 Terminal, Lug, Crimp Style, Copper, Insulated, Ring 
Tongue, Bell-Mouthed, Type II, Class 1 (For 105°C Total 
Conductor Temperature) 
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SAE J343 Test and Test Procedures for SAE 100R Series Hydraulic 
Hose and Hose Assemblies 



SAE J356 Welded Flash-Controlled Low-Carbon Steel Tubing 
Normalized for Bending, Double Flaring, and Beading 



SAE J429 Mechanical and Material Requirements for Externally 
Threaded Fasteners 



SAE J516 Hydraulic Hose Fittings 



SAE J517 Hydraulic Hose 



SAE J524 Seamless Low-Carbon Steel Tubing Annealed for Bending 
and Flaring 



SAE J533 Flares for Tubing 



SAE J673 Automotive Safety Glazing Materials 



SAE J995 Mechanical and Material Requirements for Steel Nuts 



SAE J1273 Recommended Practices for Hydraulic Hose Assemblies 



SAE J1405 Optional Test Procedures for Hydraulic Hose Assemblies 



SAE USCAR 7 De-embrittlement Verification Test 



UL 900 Standard for Air Filter Units 



UL 1685 Standard for Vertical-Tray Fire-Propagation and Smoke-
Release Test for Electrical and Optical-Fiber Cables 
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25.1 SCOPE 



This Section outlines the requirements for submission of data to Washington Area Metropolitan 
Transit Authority (WMATA) for induction into WMATA’s asset management, configuration 
management, maintenance, and procurement systems.  



There are general standards pertaining to all submitted data. There are specific standards 
pertaining to specific types of data. Specific data types are shown in Exhibit 25-1, below. 



Exhibit 25-1, Submitted Data Types 



Part Definition



Configuration - IPC



Configuration - BOM



Software Defitinion



Procurement InformationMaintenance Information



Software Configuration



3D Modeling Definition



2D Drawing Definition



Telemetry
 



25.2 GENERAL STANDARDS AND DEFINITIONS 



These standards are to ensure smooth and efficient data induction into WMATA’s systems. It is 
also intended to ensure that referential integrity between data is established and that no 
integrity is lost during the transition to WMATA. 



25.2.1 Encoding 



All data files shall use UTF-8 encoding unless otherwise specified. All text strings shall be U.S. 
English. 



25.2.2 Metadata File Formats 



All metadata file submissions shall be machine readable. Acceptable formats are comma 
delimited file (CSV) or extensible markup language (XML).  



1. Sufficient supporting information for each data set shall be provided. 



2. For CSV files, the column headers shall be unambiguous and common to the industry. 



3. For XML files, a Document Type Definition (DTD) shall be provided. 
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25.2.3 Metadata File Naming 



Metadata files shall have descriptive and unambiguous names and shall include a version or 
date. Throughout the life of the program, all versions of a file shall have the same file name with 
only the version or date being different. 



25.2.4 Identifying Part Numbers 



All parts shall be identified with a unique Identifying Part Number. 



1. Each unique Identifying Part Number can represent only one part. Each part can be 
represented by only one Identifying Part Number. 



2. All parts shall be referenceable by their Identifying Part Number in all documentation. 



3. Though the part may have different part numbers from the part manufacturer or a 
supplier, any documentation referencing a part shall use the Identifying Part Number. 



4. Once an Identifying Part Number is assigned to a part, that Identifying Part Number 
shall always and forever represent that part and that part only. Similarly, once a part is 
assigned an Identifying Part Number, that part shall always and forever be represented 
by that Identifying Part Number and that Identifying Part Number only. 



25.2.5 Part Descriptions 



A description shall contain sufficient detail as to be unambiguous and shall be as defined in 
FTA Circular 4220.1F. 



25.2.6 Manufacturer References 



Any reference to a manufacturer shall use the Manufacturer Name as shown in the 
Manufacturer Definition information. 



25.2.7 Supplier References 



Any reference to a supplier shall use the Supplier Name as shown in the Supplier Definition 
information. 



25.2.8 Definitions 



These definitions are used only in this Section, and are in addition to the Abbreviations and 
Definitions sections in the Specifications. 



Term Definition 
2D Drawing Two-dimensional representation of a part, assembly, or related 



information 
3D Model Three-dimensional representation of a part, assembly, or related 



information 
API Application Programming Interface is a set of subroutines, protocols, 



and tools used to build software that interacts with an application 
system 
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Term Definition 
BOM Bill of Material is an hierarchical representation of the product structure 



including component parts, sub-assemblies, and assemblies that define 
an end product 



CSV A Comma Separated Value file contains values separated by commas 
such that each column contains the same type of information for each 
row in the file, typically with column headers as the first row indicating 
the type of values in that column 



DTD A Document Type Definition is a set of markup declarations that define 
the format of the data in a markup language file, such as an XML file 



Effectivity Information in a product structure that defines the under-what-
conditions of an assembly that a given component is valid  



Encoding The process of converting human readable characters or images into a 
specific code for computer processing such that the appropriate 
character or image can be redisplayed (decoding) at a later time 



GIF Graphic Interchange Format is an encoding used for storing images 
Identifying Part Number A unique number or character string used to identify a specific part 
IPC Illustrated Part Catalog is a document containing illustrations, parts lists 



and other relevant information useful for servicing a product 
JPG An encoding created by the Joint Photographic Experts Group used for 



storage of images 
LRU Line Replaceable Unit is a component designed to be quickly replaced at 



an operating location 
Metadata Metadata is data providing information about one or more aspects of a 



given item 
PDF Portable Document Format is a widely accepted file format for 



exchanging a wide variety of information 
SCI Software Configuration Item is a unique number or character string used 



to identify a software component 
STEP AP214 A version of the Standard for the Exchange of Product model data that 



supports core data for the mechanical design process 
STEP AP242 A version of the Standard for the Exchange of Product model data that 



supports core data for the mechanical design process plus geometric 
dimensioning and tolerancing, kinematics, and tessellation 



Telemetry Data collected on the railcar and made available to wayside systems 
Unicode A computing industry standard for the consistent encoding, 



representation, and handling of text expressed in most of the world’s 
writing systems 



UTF-8 A variable width character encoding defined by the Unicode standard 
XML The eXtensible Markup Language is a set of rules for encoding 



documents that are both machine and human readable 



25.3 PART DEFINITION 



Information about all parts shall be submitted in the Part Definition Table, including assemblies 
and components of the vehicle; special tools and equipment such as bench test equipment and 
portable test equipment; and wayside equipment required to communicate with the vehicle.  



1. The Part Definition Table defines each part by its Identifying Part Number, which will 
be used across all documentation that refers to that given part. 
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2. Throughout the life of the program, this table may be revised and resubmitted as a 
newer version. 



3. It is imperative that once an entry is made in this table it shall not be removed and its 
Identifying Part Number shall not be changed or reused to represent a different part. 



4. Exhibit 25-2, below, shows the minimum column headings that shall be included in the 
Parts Definition Table. Each part shall be on a single row in the Parts Definition Table. 
(CDRL 25-1, Part Definition Table) 



Exhibit 25-2, Part Definition Table 



Identifying Part Number Once assigned cannot be reassigned to another part 
Part Description   
WMATA Item Number Assigned in coordination with WMATA  



Once assigned cannot be reassigned to another part 
Part Original Equipment 
Manufacturer (OEM) 



Name shall be as it appears in OEM's Definition Table or 
"Commercial" 



Part OEM's Part Number Unique identifier used by the part manufacturer to define this part 
Serialized Boolean, true if each instance of this part is identified by a serial 



number 
Safety Critical Boolean, true if the part or function is critical to overall system 



safety. 
Repairable Boolean, true if this part can be repaired 
Drawing Number Identity of the submitted drawing that defines the part 
CAD Model Number Identity of the submitted CAD model that defines the part 
Primary Supplier Name shall be as it appears in Supplier Definition Table 
Primary Supplier's part number   
Secondary Supplier Name shall be as it appears in Supplier Definition Table 
Secondary Supplier's part number   
Tertiary Supplier Name shall be as it appears in Supplier Definition Table 
Tertiary Supplier's part number   
Supersedes If the part in this row of the table supersedes another part, the 



Identifying Part Number of the part that is being superseded shall be 
included here 



Superseded by If the part in this row is superseded by another part, the Identifying 
Part Number that supersedes this part shall be included here 



Last modified date Date of the most recent modification to this row of this table 
 



25.4 IPC CONFIGURATION TABLE 



This configuration table is a machine readable version of the Illustrated Parts Catalog (IPC). 
Like the IPC, it is built from the top down by vehicle system. 



1. It shall describe the full maintainable structure of the vehicle by system and subsystem 
through a series of parent-child relationships. 



2. All parts in the configuration table shall be defined in the Parts Definition Table. Parts 
may appear in the structure multiple times. 
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3. Throughout the life of the program, this table may be revised and resubmitted as a 
newer version. 



4. It is imperative that once an entry is made in this table it shall not be removed and the 
parent and child Identifying Part Numbers shall not be changed or reused to represent a 
different component relationship. 



5. Exhibit 25-3, below, shows the minimum column headings that shall be included in the 
IPC Configuration Table. Each row from the IPC shall be on a single row in the IPC 
Configuration Table. (CDRL 25-2, IPC Configuration Table) 



6. A file shall be submitted for each illustration identified in the Configuration Table. Each 
illustration should be in a separate file in either Joint Photographic Experts Group (JPG) 
or Graphics Interchange Format (GIF) format. (CDRL 25-3, IPC Illustration Files) 



Exhibit 25-3, IPC Configuration Table 



Illustration(s) The file name of the illustration or illustrations (comma 
separated list) that show the parts in context of the system or 
subsystem of the vehicle.   



Vehicle system   
Vehicle subsystem   
IPC Table Number   
IPC Table Name   
Parent Identifying Part Number Identifying Part Number shall be in the Part Definition Table 
Child Identifying Part Number Identifying Part Number shall be in the Part Definition Table 
Child Description Can come from the Parts Definition Table or the IPC 
Reference or Item Number as 
shown in illustration 



  



Unit of Measure   
Quantity of Child per Parent   
Effectivity Identifies when the child relationship defined on this row of 



the table applies, if not applicable to all versions of the parent  
LRU Boolean, LRU = Line Replaceable Unit 
LLRU Boolean, LLRU = Lowest Level Replaceable Unit 
Last modified date Date of the most recent modification to this row of this table 



 



25.5 BOM CONFIGURATION TABLE 



This configuration table is a machine readable version of the Bills of Material (BOM) of the 
vehicle. Like the BOM, it is built from the top down by assembly. 



1. It shall describe the full maintainable structure of the vehicle by assembly and sub-
assembly through a series of parent-child relationships. 



2. All parts in the configuration table shall be defined in the Parts Definition Table. Parts 
may appear in the structure multiple times. 



3. Any part that is software enabled shall also appear as a parent part in the Software 
Configuration Table. 
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4. Throughout the life of the program, this table may be revised and resubmitted as a 
newer version. 



5. It is imperative that once an entry is made in this table it shall not be removed and the 
parent and child Identifying Part Numbers shall not be changed or reused to represent a 
different component relationship. 



6. Exhibit 25-4, below, shows the minimum column headings that shall be included in the 
BOM Configuration Table. Each row of the bill of material shall be on a single row in the 
BOM Configuration Table. (CDRL 25-4, BOM Configuration Table) 



Exhibit 25-4, BOM Configuration Table 



Parent Identifying Part Number Identifying Part Number shall be in the Part Definition Table 
Child Identifying Part Number Identifying Part Number shall be in the Part Definition Table 
Child Description Can come from the Parts Definition Table 
Line Number From Bill of Material 
Unit of Measure   
Quantity of Child per Parent   
Effectivity Identifies when the child relationship defined on this row of the 



table applies, if not applicable to all versions of the parent  
LRU Boolean, LRU = Line Replaceable Unit 
LLRU Boolean, LLRU = Lowest Level Replaceable Unit 
Last modified date Date of the most recent modification to this row of this table 



 



25.6 MAINTENANCE INFORMATION 



Maintenance information shall be submitted for maintainable parts, including the 
Recommended Spare Parts and Consumables Table, the Special Tools and Equipment Table, 
and the Wayside Equipment Table. 



1. These tables shall include information sufficient for planning, purchasing, and handling 
of parts, consumables, and tools needed for maintaining the vehicles. 



2. All parts in these tables shall be defined in the Part Definition Table. 



3. The Recommended Spare Parts and Consumables Table shall include but not be limited 
to all LRUs, LLRUs, and kits.  



4. The Special Tools and Equipment Table shall include but not be limited to all tools, 
bench test equipment, portable test equipment, and any other diagnostic or wayside 
equipment that interacts or communicates with the vehicle. 



5. Throughout the life of the program, these tables may be revised and resubmitted as a 
newer version. 



6. It is imperative that once an entry is made in this table it shall not be removed and the 
Identifying Part Numbers shall not be changed or reused to represent a different part.  
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7. Exhibit 25-5, below, shows the minimum column headings that shall be included in the 
Spare Parts and Consumables Table. Each spare part shall be on a single row in the 
Spare Parts and Consumables Table. (CDRL 25-5, Recommended Spare Parts and 
Consumables Table) 



8. Exhibit 25-6, below, shows the minimum column headings that shall be included in the 
Special Tools and Equipment Table. Each tool or piece of equipment shall be on a single 
row in the Special Tools and Equipment Table. (CDRL 25-6, Special Tools and 
Equipment Table) 



9. Exhibit 25-7, below, shows the minimum column headings that shall be included in the 
Wayside Equipment Table. Each piece of wayside equipment shall be on a single row in 
the Wayside Equipment Table. (CDRL 25-7, Wayside Equipment Table) 



Exhibit 25-5, Recommended Spare Parts and Consumables Table 



System or subsystem   
Identifying Part Number Identifying Part Number shall be in the Part Definition Table 
Part Description For reference - should be same as the Part Definition Table 
Unit of Measure   
Provisioning Quantity   
Spare Part Category One of: 



• Consumable 
• Replacement 
• Repairable 
• Overhaul 
• Warranty 



Lead Time (weeks)   
Shelf Life (weeks)   
Unit Price ($)   
Total Price ($)   
Special Storage & Handling 
Requirements 



Instructions for care and handling of part (or index into a table 
of storage and handling information)  



Last modified date Date of the most recent modification to this row of this table 
 



Exhibit 25-6, Special Tools and Equipment Table 



Identifying Part Number   
Description   
System / Function   
Type Bench Test, Portable Test, … 
Quantity  
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Exhibit 25-7, Wayside Equipment Table 



Identifying Part Number   
Description   
System / Function  
Quantity  



 



25.7 PROCUREMENT INFORMATION 



Procurement information consists of Manufacturer and Supplier Definition Tables.  



1. The manufacturer and supplier tables shall have discrete information for the original 
equipment manufacturer (OEM) and suppliers of the parts defined in the Parts 
Definition Table. 



2. Each manufacturer and supplier referenced in the Parts Definition Table shall have a 
clear and unambiguous entry in the manufacturer or supplier table. 



3. Throughout the life of the program, these tables may be revised and resubmitted as a 
newer version. 



4. It is imperative that once an entry is made in this table it shall not be removed and the 
manufacturer or supplier name shall not be changed or reused to represent a different 
entity.  



5. Exhibit 25-8, below, shows the minimum column headings that shall be included in the 
Manufacturer Definition Table. Each manufacturer shall be on a single row in the 
Manufacturer Definition Table. (CDRL 25-8, Manufacturer Definition Table) 



6. Exhibit 25-9, below, shows the minimum column headings that shall be included in the 
Supplier Definition Table. Each supplier shall be on a single row in the Supplier 
Definition Table. (CDRL 25-9, Supplier Definition Table) 



Exhibit 25-8, Manufacturer Definition Table 



Manufacturer's Name Unique name that identifies the manufacturer 
Street Address   
City   
State/Province   
Country  
Postal code  
Last modified date Date of the most recent modification to this row of this table 
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Exhibit 25-9, Supplier Definition Table 



Supplier Name Unique name that identifies the supplier 
Street Address   
City   
State/Province   
Country  
Postal code  
Name of Contact Person   
Contact Phone Number   
Contact E-Mail   
Fax Number   
Last modified date Date of the most recent modification to this row of this table 



 



25.8 SOFTWARE DEFINITION 



25.8.1 Software Definition Table 



The Software Definition Table shall include information about all software components of the 
vehicle including operating systems, boot loaders, application software, configuration, 
parameter, and data files. 



1. It shall also include software that interacts or communicates with the vehicles either as 
test equipment or wayside equipment. 



2. This table defines each software component by its Software Configuration Item (SCI) 
number, which shall be used across all documentation that refers to that given software 
component. 



3. Throughout the life of the program, this table may be revised and resubmitted as a 
newer version.  



4. It is imperative that once an entry is made in this table it shall not be removed and its 
Identifying Part Number and Revision shall not be changed or reused to represent a 
different component or revision. 



5. Exhibit 25-10, below, shows the minimum column headings that shall be included in the 
Software Definition Table. Each software component shall be on a single row in the 
Software Definition Table. (CDRL 25-10, Software Definition Table). 



Exhibit 25-10, Software Definition Table 



Identifying SCI Number Once assigned cannot be reassigned to another 
component The combination of Identifying SCI 
Number and Revision shall be used to uniquely 
identify all software components in all 
documentation 



Revision 



Software Description   
WMATA Item Number Assigned in coordination with WMATA 



Once assigned cannot be reassigned to another part 
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Software Manufacturer Name shall be as it appears in Manufacturer's 
Definition Table 



Software Manufacturer's Part 
Number 



  



Serialized Boolean, true if each instance of this part is identified 
by a serial number 



Safety Critical Boolean, true if the part or function is critical to 
overall system safety. 



Software Type Can be operating systems, boot loaders, application 
software, configuration, parameter, and data file 



Supersedes software component If the software component in this row supersedes 
another software component, the Identifying Part 
Number of the component that is being superseded 
shall be included here 



Supersedes software revision If the software component or revision in this row 
supersedes another revision of this or another 
software component, the Revision of the component 
that is being superseded shall be included here 



Superseded by software component If the software component in this row is superseded 
by another software component, the Identifying Part 
Number of the component that supersedes this 
component shall be included here 



Superseded by software revision If the software component or revision in this row is 
superseded by another revision of this or another 
software component, the Revision of the component 
that is being superseded shall be included here 



Last modified date Date of the most recent modification to this row of 
this table 



 



25.8.2 Software Configuration Table 



The Software Configuration Table shall convey both the physical and logical structures of the 
software components through a series of parent-child relationships. 



1. Each hardware part that is software enabled shall be entered into the Software 
Configuration Table as a parent. The software components installed on that hardware 
part shall be entered into as a child. 



2. Additionally, the logical structure shall consist of logical dependencies where the parent 
component is dependent upon the child component. 



3. All software components in a given network shall be shown within that network.  



4. This configuration table is built from the top down by vehicle system, as well as test 
systems and wayside systems. Software components may appear in the structure 
multiple times. 
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5. Exhibit 25-11, below, shows the minimum column headings that shall be included in the 
Software Configuration Table. Each software relationship shall be on a single row in the 
Software Configuration Table. (CDRL 25-11, Software Configuration Table). 



Exhibit 25-11, Software Configuration Table 



System   
Subsystem IPC Table Name 
Network   
Parent Identifying Part Number 
or SCI Number 



Identifying Part Number shall be in the Part Definition Table if a 
hardware part, Software Definition Table if a software 
component, or can be a network name 



Child Identifying SCI Number  
Identifying Part Number shall be 
in the Software Definition Table 



 



Child Description From the Software Definition Table 
 



25.8.3 Escrowed Software Definition Table 



Proprietary software held in escrow shall have additional information such that WMATA 
would be able to maintain the software in cases of bankruptcy or other conditions as defined in 
the Escrow Agreement. 



Exhibit 25-12, below, shows the minimum column headings that shall be included in the 
Escrowed Software Definition Table. Each software component that is put into escrow shall be 
on a single row in the Escrowed Software Definition Table. (CDRL 25-12, Escrowed Software 
Definition Table) 
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Exhibit 25-12, Escrowed Software Definition Table 



Identifying SCI Number The combination of Identifying SCI Number and Revision shall 
be used to uniquely identify all software components in all 
documentation 



Revision 



Software Description   
Software Manufacturer Name shall be as it appears in Manufacturer's Definition Table 
Escrow Agent Escrow Agency Name 
Escrow Account Account used to manage escrowed items 
Escrow item identity Identifier for this escrowed software item 
Build Requirements – Hardware1 List of hardware and characteristics of that hardware required to 



build this version of this software item 
Build Requirements – Software1 List of all software and versions required to build this version of 



this software item, may include operating systems, compilers, 
libraries, and other software essential to building this version of 
this software item 



Build Instructions 1,2 Instructions and settings required to successfully build this 
version of this software item. 



 
Notes to Table: 



1. This may be the name of a document file that is submitted along with the Escrowed 
Software Definition Table. 



2. If information is proprietary, this may be the name of a separate escrowed item that 
would become available to WMATA upon escrow release of the escrowed software. 



25.9 3D-MODEL DEFINITION 



The 3D-Model Definition Table shall include information for the models of assemblies and parts 
required for the inspection and maintenance of the vehicles, systems, and subsystems.  



1. Models shall be included for all maintainable assemblies, LRUs, LLRUs, Recommended 
Spare Parts, and Special Tools and Equipment Lists. 



2. All models shall use a single versioning scheme to identify the model revisions. This 
versioning scheme can be numeric, alphabetic, MIL-SPEC, or an explicitly defined set of 
values agreed upon by WMATA. 



3. All mechanical model files shall be in either SolidWorks 2014 or later or in STEP AP214 
or STEP AP242 format. All electrical models shall be in a format to be agreed upon by 
WMATA. 



4. Throughout the life of the program, these tables may be revised and resubmitted as 
newer versions. 



5. It is imperative that once an entry is made in this table it shall not be removed and its 
Model File Name shall not be changed or reused to represent a different part, assembly, 
or system. 
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6. Exhibit 25-13, below, shows the minimum column headings that shall be included in the 
Model Definition Table. Each 3D model shall be on a single row in the Model Definition 
Table. (CDRL 25-13, Model Definition Table) 



Exhibit 25-13, Model Definition Table 



Model File Name The unique name used by the vehicle manufacturer to identify a given 
model. This Model File Name is unique among all models and is used across 
all documentation to identify a given model. The model may have aliases 
but those aliases will not, in and of themselves, be used to identify the 
model.  



Revision Models shall use a single revision scheme, which can be numeric, alphabetic, 
Mil-Spec, or explicitly defined set of versions 



Identifying Part Number Part that is defined by this model 
Model Supplier Company that authored the model 
Supersedes If the model in this row of the table supersedes another model, the Model 



File Name of the model that is being superseded shall be included here 
Superseded by If the model in this row is superseded by another model, the Model File 



Name that supersedes this model shall be included here 
Last modified date Date of the most recent modification to this row of this table 
 



25.10 2D-DRAWING DEFINITION 



The 2D-Drawing Definition Table shall include information for the drawings of assemblies, 
parts, schematics, and related drawings of the vehicle required for parts inspection and 
maintaining the vehicles, systems, and subsystems.  



1. Drawings shall be included for all LRUs, LLRUs, Recommended Spare Parts, and 
Special Tools and Equipment Lists. 



2. All drawings shall use a single versioning scheme to identify the drawing revisions. This 
versioning scheme can be numeric, alphabetic, MIL-SPEC, or an explicitly defined set of 
values agreed upon by WMATA.  



3. All 2D-drawing files shall be in Portable Document Format (PDF) version 1.4 or later.  



4. Drawing file names shall consist of the drawing number, revision, and the PDF file 
extension. File names of different versions of a drawing shall differ only by the revision. 



5. Throughout the life of the program, these tables may be revised and resubmitted as 
newer versions. 



6. It is imperative that once an entry is made in this table it shall not be removed and its 
Drawing Number shall not be changed or reused to represent a different part, assembly, 
or system. 



7. Exhibit 25-14, below, shows the minimum column headings that shall be included in the 
Drawing Definition Table. Each 2D drawing shall be on a single row in the Drawing 
Definition Table. (CDRL 25-14, Drawing Definition Table) 
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Exhibit 25-14, Drawing Definition Table 



Drawing Number The unique number used by the vehicle manufacturer to identify a given 
drawing. This Drawing Number is unique among all drawings and is 
used across all documentation to identify a given drawing. The drawing 
may have aliases such as manufacturer drawing number, but those aliases 
will not, in and of themselves, be used to identify the drawing.  



Revision All submitted drawings shall use a single revision scheme, which can be 
numeric, alphabetic, Mil-Spec, or explicitly defined set of versions 



Drawing Title   
Number of Sheets   
Identifying Part Number Part that is defined by this drawing 
Drawing Supplier Company that authored the drawing 
Supersedes If the Drawing Number in this row of the table supersedes another 



drawing, the Drawing Number of the drawing that is being superseded 
shall be included here 



Superseded by If the Drawing Number in this row is superseded by another drawing, the 
Drawing Number that supersedes this drawing shall be included here 



Last modified date Date of the most recent modification to this row of this table 
 



25.11 TELEMETRY 



As the capabilities of data analysis are changing rapidly and future regulatory compliance 
requirements are unpredictable, it is imperative that the Authority has full access to the data 
collected by any onboard or related wayside system. Since data of this sort can be transmitted 
and stored in many different ways and formats, there are some basic principles that shall be 
followed. 



25.11.1 Transient Data That Is Not Persisted  



Transient telemetry that is collected onboard and transmitted wayside but never persisted shall 
be identified with the transmission source, destination, format, and encryption such that 
WMATA can, at its discretion, monitor the traffic, decrypt, analyze, and persist as deemed 
necessary. The points of access along with the protocols, formats, and encryption mechanisms, 
if any, shall be disclosed. 



25.11.2 Data Stored in Databases Managed by an Application With API 



Telemetry that is collected and stored in a database managed by an application with an 
application programming interface (API) shall be made accessible by the application through 
the API.  



1. The API documentation shall be available to WMATA. 



2. For the purposes of this Section of the Specifications, the API access may be limited to 
read-only access of the data. 



3. The database definition, schema, and related documentation shall be made available to 
assist WMATA in understanding the breadth and depth of the information available. 
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25.11.3 Data Stored in Databases Not Managed by an Application With API 



Telemetry that is collected and stored in a database that has no API shall be made accessible 
through direct access to the database. 



1. For the purposes of this Section of the Specifications, the access may be limited to read-
only access of the data. 



2. The database definition, schema, and related documentation shall be made available to 
assist WMATA in understanding the breadth and depth of the information available. 



25.11.4 Data That Does Not Meet Any of the Above Criteria 



Other telemetry that is collected but cannot be accessed as described in the previous subsections 
shall be made accessible through a means not yet defined but acceptable to WMATA. 



 



25.12 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 25-1, Part Definition Table ............................................................................................................ 4 
CDRL 25-2, IPC Configuration Table ...................................................................................................... 5 
CDRL 25-3, IPC Illustration Files ............................................................................................................. 5 
CDRL 25-4, BOM Configuration Table ................................................................................................... 6 
CDRL 25-5, Recommended Spare Parts and Consumables Table ...................................................... 7 
CDRL 25-6, Special Tools and Equipment Table ................................................................................... 7 
CDRL 25-7, Wayside Equipment Table .................................................................................................. 7 
CDRL 25-8, Manufacturer Definition Table ........................................................................................... 8 
CDRL 25-9, Supplier Definition Table .................................................................................................... 8 
CDRL 25-10, Software Definition Table .................................................................................................. 9 
CDRL 25-11, Software Configuration Table ......................................................................................... 11 
CDRL 25-12, Escrowed Software Definition Table.............................................................................. 11 
CDRL 25-13, Model Definition Table .................................................................................................... 13 
CDRL 25-14, Drawing Definition Table ................................................................................................ 13 
 



25.13 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



FTA Circular 4220.1F Third Party Contracting Guidance 
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ABBREVIATIONS 
 
 



AALA American Association of 
Laboratory Accreditation 



AAR Association of American Railroads 
AAS Automatic Announcement System 
AC Alternating Current 
ADA Americans with Disabilities Act 
ABMA American Bearing Manufacturers’ 



Association 
Ah Amp Hours 
AISC American Institute of Steel 



Construction 
AISI American Iron and Steel Institute 
ALG Application Layer Gateway 
ANSI American National Standards 



Institute 
AOQL Average Outgoing Quality Level 
APS Auxiliary Power Supply 
APTA American Public Transportation 



Association 
AQL Acceptable Quality Level 
AREMA American Railway Engineering 



and Maintenance-of-Way 
Association  



ARP Address Resolution Protocol 
ASHRAE American Society of Heating, 



Refrigerating and Air 
Conditioning Engineers 



ASME American Society of Mechanical 
Engineers 



ASNT American Society for 
Nondestructive Testing 



ASTM American Society of Testing and 
Materials 



ATC Automatic Train Control 
ATO Automatic Train Operation 
ATP Automatic Train Protection 
ATS Automatic Train Supervision 



AWG American Wire Gauge 
AWS American Welding Society 
BCP Brake Cylinder Pressure 
BHP Brake Horsepower 
BSS Boeing Specification Support 



Standard 
BTU British Thermal Unit 
BTU Bench Test Unit 
C Celsius 
CAMS Communications and Monitoring 



Systems 
CBT Computer Based Training  
CBTC Communications Based Train 



Control 
CCP Communications Control Panel 
CCT Color Correlated Temperature 
CCTV Closed Circuit Television 
CDR Conceptual Design Review 
CDRL Contract Data Requirements List, 



also an item on the list 
CFC Chlorofluorocarbon 
cfm Cubic Feet per Minute 
CFR Code of Federal Regulations 
CGHAZ Coarse Grain Heat Affected Zone 
CGI Computer-Generated Imagery 
CIL Certifiable Items List 
CMMI Capability Maturity Model 



Integration 
C/O Cut-Out 
COTS Commercial off-the-shelf 
CPM Critical Path Method 
CPU Central Processing Unit 
CRC Cyclic Redundancy Check 
CRCS Comprehensive Radio 



Communications System  











Abbreviations  
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CS Consist Switch 
CSI Cab Signal Interference 
cu ft Cubic Foot (or Feet) 
DAM Data Acquisition Module 
DB Dry Bulb 
dB Decibels 
dBA Decibels – “A” scale 
dBC Decibels – “C” scale 
DBTT Ductile-to-Brittle Transition 



Temperature 
DC Direct Current 
DMS Document Management System 
DPRAM Dual-Ported RAM 
DQT Design Qualification Test 
DST Daily Safety Test 
DVR Digital Video Recorder 
ECAIS Electric Coupler Advance Inhibit 



Switch 
ECCB Environmental Control Circuit 



Breaker 
ECN Ethernet Consist Network 
ECP Engineering Change Proposal 
ECU Electronic Control Unit 
ED End Device 
EEPROM Electrically Erasable 



Programmable Read Only 
Memory 



EMC Electromagnetic Compatibility 
EMI Electromagnetic Interference 
EN European Standard 
EPA Environmental Protection Agency 
EPROM Electrically Programmable Read 



Only Memory 
ES End Station 
ESD Electro-Static Discharge 
ETB Ethernet Train Backbone 
ETBN Ethernet Train Backbone Node 



E-TCDN Ethernet Train Communication 
and Diagnostic Network 



E-TCN Ethernet Train Control Network 
ETFE Ethylene tetrafluorethylene 
ETN Ethernet Train Network 
ETP Electrolytic Tough Pitch 
EUN Ethernet Unit Network 
F Fahrenheit 
FAI First Article Inspection 
FAT Factory Acceptance Test 
FCC Federal Communications 



Commission 
FDR Final Design Review 
FEA Finite Element Analysis 
FMECA Failure Modes Effects and 



Criticality Analysis 
FMI Field Modification Instructions 
fpm Feet per Minute 
FPMM Failures per Million Miles 
FRA Federal Railroad Administration 
FRACAS Failure Reporting Analysis and 



Corrective Action 
FRP Fiber-Reinforced Plastic 
ft Foot 
FTA Federal Transit Administration, 



United States Department of 
Transportation 



FTA Fault Tree Analysis 
FTP File Transfer Protocol 
g Gram(s) 
g Gravity 
GW Gateway 
HAZ Heat Affected Zone 
HCFC Hydrochlorofluorocarbon 
HDLC High-Level Data Link Control 
HRI Hazard Risk Index 
HSCB High Speed Circuit Breaker 
HSLA High Strength Low Alloy (steel) 
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HTTP Hypertext Transfer Protocol 
HVAC Heating, Ventilation and Air 



Conditioning 
Hz Hertz 
IACS International Annealed Copper 



Standard 
IC Integrated Circuit 
ICD Interface Control Document 
ICEA Insulated Cable Engineers 



Association 
ICMP Internet Control Message Protocol 
IEC International Electrotechnical 



Commission 
IEEE Institute of Electrical and 



Electronics Engineers 
IETF Internet Engineering Task Force 
IFI Industrial Fasteners Institute 
IGBT Insulated Gate Bipolar Transistor 
IGMP Internet Group Management 



Protocol 
in Inch 
I/O Input/Output 
IP Internet Protocol 
IPC Institute of Printed Circuits 
ISO International Standards 



Organization 
JEDEC Joint Electronic Device 



Engineering Council 
LACP Link Aggregation Control 



Protocols 
LAN Local Area Network 
lb Pound(s) 
lbf Pounds Force 
LCD Liquid Crystal Display 
LCU Logical Control Unit 
LED Light Emitting Diode 
LLDP Link Layer Discovery Protocol 
LLRU Lowest Level Replaceable Unit 



LRU Line Replaceable Unit 
LVPS Low-Voltage Power Supply 
mA Milliampere 
MAC Media Access Control 
MC Master Controller 
MDBD Mean Distance Between Delay 
MDBF Mean Distance Between Failure 
MIL Military Specification (or 



Standard) 
MLCU Master Logical Control Unit 
mm Millimeter 
MP Married pair 
mph Miles per Hour 
mphps Miles per Hour per Second 
mphpsps Miles per Hour per Second per 



Second 
MPS Master Program Schedule 
MRB Material Review Board 
ms Millisecond  
MTC Manual Train Control 
MTTR Mean Time to Repair 
NACE National Association of Corrosion 



Engineers 
NBS National Bureau of Standards 
NDT Nil-Ductility Temperature 
NEMA National Electrical Manufacturers 



Association 
NFPA National Fire Protection 



Association 
NIC Network Interface Card 
NOA Notice of Assignment 
NTF No Trouble Found 
NTP Notice to Proceed 
OCA Operations Characteristic 



Analysis 
OD Outside Diameter 
OEM Original Equipment Manufacturer 
OLED Organic Light Emitting Diode 
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O&SHA Operating & Support Hazard 
Analysis 



OSHA Occupational Safety and Health 
Administration, United States 
Department of Labor; 
Occupational Safety and Health 
Act 



OSI Open System Interconnection 
oz Ounce 
PA Public Address 
PCS Passenger Call Station 
PDR Preliminary Design Review 
PHA Preliminary Hazards Analysis 
PHL Preliminary Hazard List 
PIS Passenger Information System 
PIV Peak Inverse Voltage 
PMP Program Management Plan 
ppm Parts per million 
PROM Programmable Read Only 



Memory 
psi Pounds per Square Inch 
psig Pounds per Square Inch Gauge 
PSS Program Station Stop 
PTFE Polytetrafluoroethylene 
PTU Portable Test Unit 
QA Quality Assurance 
QoS Quality of Service 
RAM Random Access Memory 
RAM Reliability, Availability, 



Maintainability 
RCIL Reliability Critical Items List 
RE Railway Engineering abbreviation 



denoting AREMA-type rail 
RF Radio Frequency 
RFC Request for Comments 
RFI Radio Frequency Interference 
RPM Revolutions per Minute 
rms Root Mean Square 



RRB RAM Review Board 
RTCP Real-Time Control Transport 



Control Protocol 
RTP Real-Time Transport Protocol 
SAE Society of Automotive Engineers 
SCCP Software Configuration Control 



Plan 
SCFM Standard Cubic Feet per Minute 
SCP Safety Certification Plan 
SCR Software Change Request 
SDD Software Design Description 
SFTP Secure File Transfer Protocol, or 



SSH File Transfer Protocol 
SIR Surveillance Inspection Report 
SITPM Systems Integration Testing Plan 



and Matrix 
SMT Surface-Mounted Technology 
S/N Serial Number 
SNMP Simple Network Management 



Protocol 
SNR Signal-to-Noise Ratio 
S-P Severity and Probability 
SPM Safety Program Manager 
SPMP Software Project Management 



Plan 
SQA Software Quality Assurance 
SQAP Software Quality Assurance Plan 
SQC Statistical Quality Control 
SPL Sound Pressure Level 
sq yd Square Yard(s) 
SSH Secure Shell 
SSL Secure Socket Layer 
SSPC The Society for Protective 



Coatings 
SSPP System Safety Program Plan 
SVVR Software Verification and 



Validation Report 
TCD Train Control Display 
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TCP Transmission Control Protocol 
TCR Train Composition Recognition 
TCRP Transit Cooperative Research 



Program 
TELNET Teletype Network 
TFE Tetrafluoroethylene 
TFTP Trivial File Transfer Protocol 
TL Trainline 
TLS Transport Layer Security 
TOR Top of (Running) Rail 
TRDP Train Real Time Data Protocol 
TS Train Switch 
TTDP Train Topology Discovery 



Protocol 
TWC Train-to-Wayside Communication 
TWDT Train-to-Wayside Data Transfer 
UDP User Datagram Protocol 
UIC Union Internationale des Chemins 



de fer (International Union of 
Railways) 



UL Underwriters Laboratories, Inc. 
UMTA Urban Mass Transportation 



Administration 



UNS Unified Numbering System 
U.S. United States 
USP Universal Service Port 
UV Ultraviolet 
Vac Volts Alternating Current 
Vdc Volts Direct Current 
VHF Very High Frequency 
VLAN Virtual Local Area Network 
V/m Volts per meter 
VMDS Vehicle Monitoring and 



Diagnostic System 
VOC Volatile Organic Compound 
VPI Vacuum Pressure Impregnated 
WB Wet Bulb 
WDR Wide Dynamic Range 
WMATA Washington Metropolitan Area 



Transit Authority 
WPS Welding Procedure Specification 
WTB Wire Train Bus 
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APPENDIX A 
CONTRACT DRAWINGS 



 



Contract Drawing Index 



Drawing No. Drawing Title Date Rev 



8000-01 8k Exterior Composite View 12 July 18 0 



8000-02 8k Exterior Side View 12 July 18 0 



8000-03 8k Exterior Barriers Sheet 1 of 2 12 July 18 0 



8000-03 8k Exterior Barriers Sheet 2 of 2 12 July 18 0 



8000-04 8k X-Ray View 12 July 18 0 



8000-05 8k Interior Appearance 12 July 18 0 



8000-06 7k Interior Arrangement - F-End/A-Car 12 July 18 0 



8000-07 7k Interior Arrangement - Center of Car 12 July 18 0 



8000-08 7k Interior Arrangement - R-End 12 July 18 0 



8000-09 7k Interior Arrangement - Full Car 12 July 18 0 



8000-10 7k Interior F-end B-car  Hostler Panel 12 July 18 0 



8000-11 7k Hostler Panel 12 July 18 0 



8000-12 8K Stanchion and Grabrail Concepts 12 July 18 0 



8000-13 Not used   



8000-14 Not used   



8000-15 7k Operators Cab - Console 12 July 18 0 



8000-16 7k Operators Cab - Right Side 12 July 18 0 



8000-17 7k Operators Cab - Left Side (A-car) 12 July 18 0 



8000-18 7k Operators Cab -  Back Wall 12 July 18 0 



8000-19 7k Left Side of Cab 12 July 18 0 



8000-20 7k Left Cab Bulkhead 12 July 18 0 



8000-21 Not Used   



8000-22 Axle Sheet 1 of 2 12 July 18 0 



8000-22 Axle Sheet 2 of 2 12 July 18 0 



8000-23 Wheel Sheet 1 of 4 12 July 18 0 



8000-23 Wheel Sheet 2 of 4 12 July 18 0 



8000-23 Wheel Sheet 3 of 4 12 July 18 0 



8000-23 Wheel Sheet 4 of 4 12 July 18 0 



8000-24 Not used   



8000-25 Dynamic Outline 12 July 18 0 



8000-26 Lateral Offset Requirements 12 July 18 0 



8000-27 Underfloor  Car Clearance 12 July 18 0 



8000-28 Not used   



8000-29 Contact Rail & Protection Cover 12 July 18 0 



8000-30 Contact Rail Fixation - Tangent Track 12 July 18 0 



8000-31 Not used   



8000-32 Not used   



8000-33 ATC Undercar Equipment Layout 12 July 18 0 



8000-34 Typical Marker Arrangements 12 July 18 0 
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DEFINITIONS 



A-CAR - The even-numbered car of a married pair that houses the Automatic Train Control 
apparatus.  



ACCEPTANCE:  The formal written acceptance by the Authority that all work, or a specific 
portion thereof, under the Contract has been satisfactorily completed. 



ACCEPTANCE, CONDITIONAL:  Not fully accepted, but with a defined set of conditions 
identified for achieving acceptance. 



ACTIVE CAB:  The cab in which the control key is switched on, providing control of the train 
consist, normally the cab at the front of the train. 



ADHESION, PERCENT:  During rolling contact, the maximum value of the ratio between the 
longitudinal tangential force and the normal force at the wheel-rail interface. 



ALIGNMENT, HORIZONTAL:  The horizontal location of a track as described by curves and 
tangents. 



ANCHORAGE:  The attachment of the coupler, draft gear, and drawbar to the car underframe. 



APPROVED:  Approved by the Authority, unless otherwise stated.  Approval in no way 
relieves the Contractor of meeting all requirements of the Specifications.  Approval may be 
qualified as pertaining to a particular stage of the procurement. 



APPROVED EQUAL OR EQUIVALENT:  An item, material, or method offered as a substitute 
for that designated herein, for which approval in writing has been obtained from the Authority.  
The burden of proof that a substitute is, in fact, equal shall rest with the Contractor. 



AUTHORITY:  The Washington Metropolitan Area Transit Authority. 



AUTOMATIC TRAIN CONTROL:  The system for automatically controlling train movement, 
enforcing train safety, and directing train operations. 



AUXILIARY EQUIPMENT:  Any mechanism or structure, other than the vehicle body, traction 
motor, or propulsion equipment gearing that performs a function at some time during the 
operation of the transit vehicle:  e.g., heating and cooling subsystem, pumps, vehicle door 
mechanism, air compressor or hydraulic power unit, transit vehicle lighting, etc. 



AVAILABILITY:  The probability that a car will be in operable condition and suitable for 
revenue service.  Availability is defined as the ratio of the total number of cars available for 
revenue service (s) to the total number of cars in the reliability test fleet (f).  



Availability = (s/f) 



B-CAR:  The odd-numbered car of a married pair. 
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BLENDING:  In braking, a simultaneous application of dynamic and friction brakes with the 
effort of friction brake supplementing, as required, the electrical braking to achieve the required 
total brake effort. 



BODY ROLL:  The angle in degrees, from the normal to the top-of-rail height plane to the body 
centerline as the vehicle sways from side to side during normal running at any speed on level 
tangent track. 



BRAKING, DYNAMIC:  Electrical braking in which the power generated by the traction motors, 
when driven as generators, is being dissipated by resistor banks on the vehicle and is providing 
retardation effort. 



BRAKING EFFORT:  Retarding force developed by the propulsion subsystem, braking 
subsystem, or a combination of both subsystems. 



BRAKING, ELECTRICAL:  Braking in which the power generated by the traction motors, when 
driven as generators, is either dynamic or regenerative. 



BRAKING, EMERGENCY:  An irretrievable braking effort to fully stop a transit vehicle at a 
higher retardation rate than is obtained with a full service brake application. 



BRAKING, FULL SERVICE:  The normal maximum braking effort employed to stop a transit 
vehicle in the absence of an emergency stop signal. 



BRAKING, REGENERATIVE:  Electric braking where the power generated by the traction 
motor, when driven as a generator, is conditioned and returned to the DC bus. 



BUSINESS DAY:  8am to 5pm 



CAR:  SEE RAILCAR. 



COAST:  The mode of operation of transit vehicle or consist in which propulsion (positive 
traction) and braking are inactive. 



COMPONENT:  Any individual assembly, plug-in module, or element that is designed to 
perform a particular function relating to the operation of a system such as a traction motor, gear 
box, door control panel, or friction brake control unit. For the purpose of reliability testing, a 
component or subsystem shall be considered as a component of a system which may require 
costly repairs or which, if inoperative, will render the car unusable. 



CONSIST:  The quantity and specific identity of vehicles that make up a train. 



CONSOLE:  The control panel located in the cab directly in front of the Operator's seat. 



CONTACT RAIL:  See Third Rail. 



CONTRACT:  The written agreements executed by the Authority and the Contractor, covering 
the performance of the Work and furnishing of labor, materials, equipment, and tools, including 
work incidental to the procurement.  
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CONTRACT DATA REQUIREMENTS LIST (CDRL):  A matrix listing data (such as drawings, 
catalogs, reports, notices, and samples), services, and equipment that the Contract specifies 
must be provided by the Contractor.  The matrix also indicates when and how often submittals 
and resubmittals are required. 



CONTRACT SPECIFICATIONS BOOK:  A document issued by the Authority that includes the 
Request for Proposals, Proposal Forms, General Provisions, Terms and Conditions, Technical 
Specifications, and other forms and exhibits. 



CONTRACTOR:  The person or persons, firm, partnership, corporation, or any combination 
thereof, which, as an independent Contractor, has entered into a Contract with the Authority.  



COUPLER:  A device for mechanically coupling transit vehicles together.  This term is also 
applied to connectors, as in "electric coupler" and "pneumatic coupler." 



CURRENT COLLECTOR:  A transit vehicle-borne device used to transfer electrical power from 
the stationary contact rail to the transit vehicle. 



DAYS:  Unless otherwise designated, the word "days" means Calendar Days. 



DEADMAN FEATURE:  A device that causes a brake application in the event that inattention or 
disability of a train operator is detected. 



DEFECT:  Malfunction or failure in the manufacture or design of any component or subsystem 
that causes a vehicle to cease operating or operate in a degraded mode. 



DELAY, TRAIN:  An incident causing a revenue train to be offloaded, or a greater than or equal 
to 4 minute delay to service, or a lost trip. 



DESIGN LIFE:  The period of time for which the vehicle is intended to be safely and reliably 
usable for its original purpose.    



DRAFT GEAR:  The energy-absorbing mechanism that attaches the coupler to the anchorage. 



DWELL:  The period of time measured from the instant a train stops at a station until the instant 
it resumes moving. 



EXISTING CAR:  As used throughout the Specifications, "existing cars" serves to identify all of 
the cars now in use on the Authority's property, comprising cars in the following number series: 
1000, 2000, 3000, 4000, 5000, 6000, and 7000. 



F-END:  The cab end of either an A-car or a B-car 



FAIL-SAFE:  Equipment configurations that are implemented in hardware where each 
component has a known set of predictable failure modes that may be individually analyzed for 
their effect on equipment performance and function.  Any failure or set of failures resulting 
from a single causative event must cause the equipment to revert to a safe state that is self-
annunciating. 



FAILURE:  Any malfunction that requires unscheduled equipment maintenance action, repair, 
or replacement. 
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FAILURE, CHARGEABLE:  A chargeable failure of an item is a failure that results in a loss of 
function of that item, which requires maintenance, repair, or replacement of a vehicle 
component, including: 



1. A fault of an item while operating within its design and environmental specification 
limits. 



2. Faults caused by improper operation, maintenance, or testing of the item as a result of 
Contractor-supplied documentation. 



3. Item degradation discovered during the recommended preventive maintenance interval 
that causes the loss of function or near loss of function of that item (excluding 
consumable items). Note:  Due to the subjective nature of classifying such instances, 
upon the Contractor's request, the discrepant item(s) shall be retained for review on the 
Authority's property for a period not to exceed 14 days. 



4. Consumable items requiring replacement for reasons other than normal vehicle 
wear/aging. 



5. Loss of function resulting from the required resetting of circuit breakers, or similar re-
initialization of systems, including the restarting of systems incorporating software. 



6. Failures caused by software.  



7. A failure caused by human actions as a result of inadequate or improper Contractor 
documentation, training, or system indication. 



FAILURE, NON-CHARGEABLE:  A failure or condition of an item due to the following: 



1. A failure caused by a specifically identified failure in other equipment. 



2. A failure caused by human error, except where due to inadequate or improper 
Contractor documentation. 



3. A failure caused by Authority personnel not complying with Contractor's 
documentation that has been accepted and approved by the Authority. 



4. A failure caused by accidents not associated with the normal operation of the item, such 
as collision or striking a foreign object on the right-of-way. 



5. A failure caused by operating the item outside of design or environmental specification 
limits. 



6. Failure of consumable items requiring replacement during specified preventive 
maintenance, or which should have been replaced during a previously scheduled 
preventive maintenance interval, and were not. 



FAILURES PER MILLION MILES (FPMM):  The FPMM of an item is the ratio of the total 
number of chargeable failures to the total mileage, in millions, of the Test Fleet.   
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FAILURE, NO FAULT FOUND (NFF):  In complex systems, the occurrence of repeated 
transient failures is evidence of systems that are not fully integrated. The operational impact of 
transient failures is unacceptable to the Authority. Therefore multiple occurrences of a transient 
failure, one where a failure is reported but no fault is found during investigation, will be 
classified as Chargeable Failures.  Multiple occurrences of "no fault found" on the same vehicle 
and same system shall be tracked. In such a case, only a single failure shall be recorded, where it 
can be demonstrated by the Contractor that the fault is due to a common cause. 



FAILURE, PRIMARY:  A failure that occurs without being related to the failure of associated 
items. 



FAILURE, SECONDARY:  A failure of a component that is a direct result of a primary failure of 
an associated component or system, which can be specifically identified as having been the 
cause of the failure.  Where Secondary Failures occur, it shall be the responsibility of the 
Contractor to prove that protection measures provided integral to the apparatus in which the 
secondary failure occurred were adequate.  In general, it will not be acceptable for Primary 
Failure in a component, subsystem, or system to lead to failure in other components, 
subsystems, or systems unless those items are provided specifically to prevent more serious or 
costly damage.  Secondary Failures shall be counted as chargeable failures until proven 
otherwise to the satisfaction of the Authority.  



FAILURES, SIMULTANEOUS:  Multiple primary failures that independently prevent 
satisfactory equipment performance.  Each shall be counted as a chargeable failure. 



FAILURE RATE:  The frequency of failure, typically expressed as failures per million miles. 



FLEET:  All cars furnished under the terms of this Contract. 



GAP, RAIL:  A physical gap between sections of the energized third rail or a section of the third 
rail isolated from the power source. 



GAUGE, TRACK:  The distance between the inside face of rails , usually measured 0.625 inch 
below the top of the heads of running rails and at a right angle thereto.   



GENERAL TERMS:  Whenever the words "acceptable," "approved," " submitted," "designated," 
"established," "permitted," "required," "satisfactory," or "unsuitable" "unacceptable," 
"unsatisfactory," or "unsuitable" are used they shall be understood to imply "by the Authority" 
or "to the Authority" unless the context clearly indicates a different meaning.  Whenever the 
verbs "submit", "designate", "notify", "bear", "use", "furnish", "install", "comply", and other like 
verbs are used, without being preceded by a subject, it shall be understood that the subject is 
responsibility of the Contractor unless the context clearly indicates a different meaning. 



HIGH VOLTAGE:  SEE PRIMARY POWER. 



HOSTLER PANEL:  Operator control panel located at the F-end of the B-car.   



INDICATED:  As described in the Specifications, as-built drawings or as required by the other 
Contract documents.   
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INTERFACE:  The point at which one system component or subsystem comes into physical or 
functional contact with another. 



INTERLOCK:  An arrangement in which the operation of one function or mechanism 
automatically causes (or prevents) the operation of another. 



IRRETRIEVABLE:  In braking, a condition imposed in which a brake cannot be released until a 
zero-speed indication is attained. 



JERK:  The rate of change of acceleration or deceleration, normally measured in miles per hour 
per second per second. 



LEAD CAB:  See Active Cab. 



LEAD CAR:  In the direction of travel, the forward-most vehicle of the consist. 



LEFT HAND:  Left side of the transit vehicle when one looks toward the F-end from inside the 
vehicle. 



LOAD WEIGHING:  A function that measures transit vehicle weight to permit control of 
tractive effort to achieve a constant effort-to-weight ratio. 



LOW VOLTAGE SYSTEM:  The voltage used for auxiliary systems on the vehicle, nominally 
37.5 Vdc. 



LOWEST LEVEL REPLACEABLE UNIT:  The lowest component or assemblage of components 
to which a malfunction can be isolated, and which normally can be replaced in its field 
application or in the workshop. 



MARRIED PAIR (Two-Car Unit):  The combination of an A-car and a B-car, semi-permanently 
coupled and sharing certain essential apparatus; a married pair is the smallest unit capable of 
independent operation. 



MILEAGE, OPERATING:  The operating mileage of a car is the total distance traveled by the car 
during scheduled and non-scheduled movements over established routes as recorded by the 
Authority. 



MILEAGE, TEST FLEET:  The accumulated mileage of all vehicles accepted for the test fleet.  
The Test Fleet shall be accumulated on a calendar monthly basis.  The Test Fleet's monthly 
mileage shall be derived from actual mileage records as recorded by the Authority for the cars. 



MEAN DISTANCE BETWEEN DELAY (MDBD):  Defined as the ratio of the total operating 
miles accumulated (d) to the total number of train delays (D) attributed to the Contractor.  All 
train delays shall be attributed by the Authority using their normal review process. 



MDBD = 𝑑𝑑
𝐷𝐷



 



MEAN DISTANCE BETWEEN FAILURES (MDBF):   Defined as the ratio of the total operating 
miles accumulated (d) to the total number of chargeable failures (f).  



MDBF = 𝑑𝑑
𝑓𝑓
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MEAN DISTANCE BETWEEN FAILURES - ALL (MDBF-ALL): MDBF considering all 
chargeable failures whether in service, in the yard, or in the shop. 



MEAN DISTANCE BETWEEN FAILURES – IN SERVICE (MDBF-INS): MDBF considering only 
those chargeable failures capturing fleet performance during revenue service. 



MEAN TIME TO REPAIR (MTTR):  Average time required to bring system from a failed state to 
an operational state.  MTTR shall be calculated considering diagnostic, repair (or replacement), 
and retest times only. The MTTR shall not include logistics delay time (the MTTR calculation 
assumes maintenance personnel and spares are available to make repairs). 



1. The MTTR at system and subsystem level shall be used to verify that the system meets 
the maintainability requirements.  The initial maintainability analysis predictions shall 
be confirmed during the Maintainability Demonstration.   



2. The calculation of subsystem MTTR shall use a weighted average taking account of the 
LRU/LLRU failure rates, and the respective average time to repair for those subsystems. 
The system weighted average MTTR shall be calculated using the subsystem failure 
rates and their respective MTTR. The calculation for both subsystem and system is 
shown below: 



𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =



�(𝜆𝜆𝑛𝑛 × 𝑀𝑀𝑛𝑛)
𝑚𝑚



𝑛𝑛=1



�𝜆𝜆𝑛𝑛



𝑚𝑚



𝑛𝑛=1



 



where: 
MTTR is the Mean Time To Repair for the system or subsystem 
m is the number of subsystems or LRU/LLRUs that make up the system or subsystem 
λn  is the subsystem or LRU/LLRU failure rate 
Tn is the average time required to repair (corrective maintenance) the respective 
equipment units following a failure, expressed in hours (subsystem or LRU/LLRU) 



MULTIPLE UNIT:  Two or more married pairs of cars. 



NORMAL SERVICE CONDITIONS:  Environmental conditions and operating parameters to 
which the cars will be exposed and under which the cars must operate in conformance with the 
requirements of the Specification.  



OPERATOR:  The individual on board who occupies the active cab and is responsible for train 
operation in manual modes and overseeing train operation in any automatic mode. 



OVERHAUL:  Disassembly into component parts or subassemblies; replacement of worn and 
defective parts (with new or reconditioned parts as approved by the Authority); and reassembly 
into complete functional assemblies, in accordance with the OEM recommended 
instructions/procedures.  



PERFORMANCE:  The measure of output or results obtained by a component, system, person, 
team, and so forth, as specified. 
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PRIMARY FAILURE:  See FAILURE, PRIMARY. 



PRIMARY POWER:  High-voltage DC power supplied to the transit vehicle via the interface 
between the current collector and the contact rail. 



QUAD:  Two married pairs of cars, coupled by an auto-coupler in "A-B-B-A" configuration.  
"Quad" within the Specifications is synonymous with Quad Unit. 



RAILCAR:  A heavy rail car whose configurations and performance are described by the 
Specifications.   



R-END:  The end of the vehicle which is opposite the cab end. 



REDUNDANCY:  The existence within a system or subsystem of more than one means of 
accomplishing a given function.  



RELAY, VITAL:  A relay whose function is necessary for the safe operation of the train and 
whose mode of failure results in the safe condition.  Such relays must be approved by the AAR 
Committee E, Mainline Block Signals. 



RELIABILITY:  The probability of performing a specified function without failure and within 
design parameters, for the period of operation intended, under actual operating conditions. 



REPAIR:  To restore a failed component or system to an operational state. 



REQUIREMENTS:  The criteria that must be met in designing the transit vehicle. 



REVENUE SERVICE:  Use of railcars to carry fare-paying passengers. 



REWORK:  To reprocess a component or system to as-designed conditioned. 



RIGHT HAND:  Right side of the transit vehicle when one looks toward the F-end from inside 
the vehicle. 



SERVICE LIFE:  The actual time during which a vehicle serves its intended purpose of safely 
and reliably transporting passengers.  The end of service life occurs when degradation of the 
structural integrity of the vehicle, or technical obsolescence of its electrical and mechanical 
systems, requires that it be removed from service. 



SERVICE PROVEN:  A demonstrated history, subject to Authority agreement, of satisfactory 
performance in rapid transit rail service, with a high level of availability under a duty cycle and 
environmental conditions similar to those encountered in the Authority's operations. 



SPECIFICATIONS:  The directions, provisions, and requirements contained or referred to 
herein, together with all written agreements made, or to be made, that pertain to the manner of 
performing the Work, or the quantities of Work and materials, to be provided under the 
Contract.  



SPECIFICATIONS, TECHNICAL:  The specifications, provisions, and requirements that detail 
the work and the materials, products (including the methods of manufacture, construction, 
assembly, and testing), and other requirements relative thereto. 
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STOP, PROGRAMMED:  The stopping of a train at a brake rate, which may be equal to or less 
than the full service brake rate, under automatically programmed conditions at a designated 
point on the transit system. 



SUBCONTRACTOR:  An individual, partnership, firm, or corporation that undertakes 
integrally on the Project the partial or total design, manufacture, or performance of one or more 
items of work under the terms of the Contract.  As used herein, the terms "subcontractor," 
"supplier,"  and "subsupplier" are synonymous. 



SUBSYSTEM:  A subsystem comprises functional elements interconnected within a system to 
perform a specific function, such as door operations, communications, and lighting. 



SUPERELEVATION:  On a curve, the vertical distance that the outer rail is above the inner rail, 
measured in inches. 



SYSTEM:   Any group of functionally-interrelated equipment that performs in concert to 
produce control of a particular function relating to the performance of the car.  The components 
of a system are dependent on the function of the apparatus as it performs on the car, and may 
be furnished by one or more suppliers. 



TEST FLEET:  All cars being monitored by the Reliability Program. 



THIRD RAIL:  The rail alongside the track that carries electrical power for the operation of 
trains and includes supports, insulators, coverboards, and accessories. 



TIME, DEAD:  The time from the occurrence of a step change of the control signal to the 
beginning of change of the controlled variable. 



TIME, REACTION:  Time from the initiation of a step change of the control signal to the first 
attainment of the new steady-state value of the controlled variable, within the designed 
accuracy. 



TIME, RECOVERY:  The time required for a system or condition to return to its original state (or 
some stated percentage of its original value) after being disrupted or de-stabilized.   



TRACTIVE EFFORT:  Propelling or braking force developed by the propulsion system.  



TRAINLINE:  The means of sending a signal to all railcars in a consist via a continuous 
electrical circuit connected through appropriate coupling devices.   



VITAL:  A function or a unit which is critical to overall system safety. 



VITAL FUNCTION:  A function in a safety-critical system that is required to be implemented in 
a fail-safe manner. 



WEIGHTS, ACTUAL:  The measured weights of finished transit vehicles ready to run. 



WEIGHT, ASSIGNED:  The loaded transit vehicle categories assigned as the basis for system, 
design and for subsystem and transit vehicle testing.  
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WEIGHT, READY-TO-RUN:  The weight of a car that is complete in all respects but without 
passengers or Operator; also known as the AW0 weight. 



WHEEL SLIDE:  The condition is which the equivalent linear velocity of the wheel is less than 
the linear velocity of the transit vehicle. 



WHEEL SPIN:  The condition in which the equivalent linear velocity of the wheel is greater 
than the linear velocity of the transit vehicle. 



WHITE LIGHT CONDITION:  A fault condition within the pneumatic braking condition that 
causes either blinking or steady illumination of the R-end white indicator light. (See Section 
16.4.8.3.4, Brake Status Lights and Checks) 



WORK:  The furnishing of all the products, materials, equipment, services and the performance 
of the contractual requirements in the Contract documents, including changes thereto. 



WORK WEEK:  Monday through Friday 



ZERO-SPEED:  Vehicle velocity of less than 0.5 mph for more than 1 second. 
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1.1 SCOPE 



1.1.1 General 



The Specifications set forth requirements for the complete design, manufacture, delivery, and 
testing of 8000 Series railcars for use on the Washington Metropolitan Area Transit Authority 
(“WMATA” or “the Authority”) system. The Specifications also address requirements for the 
following: 



1. Furnishing spare parts 



2. Executing a user education program 



3. Delivering special tools and test equipment 



4. Providing software and other deliverables referred to throughout the Specifications 



5. Executing reliability test programs  



6. Providing adequate information to ensure forward interoperability with any future 
vehicles the Authority may procure 



The current rail system is made up of more than 1100 vehicles that operate over more than a 
118-mile long, double track, rail system with 91 stations. Tunnel and above ground service is 
almost evenly split. The railcars run on track that varies in age, from recently constructed Silver 
Line to track that is 40 years old. A new line toward Dulles International Airport is currently 
being extended with Phase II under construction. 



The design and construction of the cars shall meet the requirements of the Specifications and 
shall comply with the Americans with Disabilities Act (ADA) as defined in 49 CFR 38 Subparts 
A, General, and C, Rapid Rail Vehicles and Systems, and other applicable regulatory 
requirements. The Authority expects and requires the highest standards, engineering, 
workmanship, quality, reliability and vehicle availability. 



The detailed design of the car shall be the responsibility of the Contractor, and it shall be the 
Contractor's responsibility to provide a railcar that will, in all respects, be suitable for the 
intended purpose. If any part, device, software, or assembly is required to make the railcar 
perform as specified, it shall be the Contractor's responsibility to provide that part, device, 
software, or assembly. 



The Contractor shall be responsible for ensuring that all materials, documents, and other 
products supplied to the Contractor by subcontractors or other suppliers meet relevant 
requirements cited for them in the Specifications. 



Designs shall consider the concept of life-cycle cost.  Designs shall not create a maintenance cost 
burden beyond what might be normally expected.  Designs that minimize maintenance costs 
are desired. 
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1.1.2 Railcar Configuration and Compatibility 



The 8000 series railcars shall be configured as semi-permanently coupled married-pairs.  



1. A married pair shall be comprised of an A car and a B car, semi permanently coupled at 
their designated R ends. 



2. The A car shall be equipped with a full-width Operator's Cab at its designated F end. 



3. The B car shall not include an operating cab.  In place of the cab, a secured Hostler Panel 
shall be integrated into the collision post area of the F-end doorway. 



a. The Hostler Panel shall allow an Operator to safely couple/uncouple cars and make 
car moves in the Yard, Shop and, under special circumstances, on revenue track. 



b. Performance requirements for the hostler panel system are detailed in Section 1.6.1, 
Acceleration and Braking Control, and Section 11, Operator’s Cab. 



The 8000 Series shall have three operational modes:  



1. Automatic Mode: The train is completely under the control of the Automatic Train 
Control (ATC) system. 



2. Manual with Automatic Train Protection (ATP) Mode: The train's speed is regulated 
manually using the Master Controller or Hostler controller with the ATP subsystem 
enforcing the speed. 



3. Manual with Automatic Train Protection Cutout Mode: The train's speed is regulated 
manually using the Master Controller or Hostler controller with no speed limit 
enforcement from the ATP subsystem but limited in speed by the car controls. 



Starting with the 7000 series cars, the Authority has adjusted its operation practices to 
accommodate the new married-pair design. 



1. Minimum consist size is four cars, referred to as a quad unit. 



2. The 8000 series shall be designed to operate in revenue consists of up to eight cars. 



3. Married-pair (two-car) moves shall be generally restricted to the yards and shops. 



4. In consideration of recovery, rescue, and maintenance operations, the cars shall be 
designed for operation with consists from one to eight married pairs. The controls shall 
permit operation of the train from any control area. Also see towing requirements in this 
Section. 



1.1.2.1 Compatibility with Existing System and Cars 



The railcars shall be powered from the Authority's 700 Vdc (nominal) third rail system.  The 
cars shall be compatible with the Authority's existing infrastructure, wayside system interfaces, 
and revenue and maintenance infrastructure and operational practices. 
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The 8000 Series railcars will not operate in revenue service while coupled to cars from the 
Authority's existing fleets (2k/3k/5k/6k/7k).  The 8000 series is not required to be 
operationally compatible with those fleets.  However, the railcars shall be designed and 
manufactured in order to allow the cars to be mechanically coupled (including brake pneumatic 
lines) with cars from the Authority's existing fleets for the purpose of moving stranded cars on 
revenue track and to facilitate Yard and Shop moves.  The railcar must distinguish between like 
and dislike fleets. 



Some existing Authority vehicles have brushed aluminum bodies that are cleaned and 
brightened in several of the Authority's car wash facilities using specific cleaning agents. These 
agents may not be compatible with the cleaning agents required for the stainless steel bodies or 
vice versa. It will be the Contractor's sole responsibility to analyze these cleaning and 
brightening agents and to provide an effective solution and processes for cleaning and 
brightening stainless steel bodies that are fully compatible with the existing aluminum brushed 
bodies, or to provide other solution(s) acceptable to and approved by the Authority. 



The designs shall consider that Operators and maintenance personnel work with all WMATA 
fleets of rail cars. The human-machine interfaces for the 8000 Series cars shall be similar to the 
7000 Series cars using the same nomenclature, deviating as approved to accommodate new 
technology and lessons learned. 



1.1.2.2 Interchangeability 



Contractor shall comply with the following requirements: 



1. To provide maximum car availability, all apparatus shall incorporate easily 
interchangeable modules and component boards to the maximum extent possible. 



2. All similar subassemblies, and all replaceable components within subassemblies, shall 
be physically interchangeable between like cars. 



3. The design of equipment and replaceable components shall be such that, after 
calibration by the bench test equipment (Section 9.3, Bench Testers), installation on any 
car shall not cause any car system performance characteristic to change. 



4. Use of local adjustments to compensate for resistance, etc., of components external to the 
equipment being replaced should be avoided wherever possible; however, devices to 
enable local adjustment may be provided subject to approval by the Authority.  
Component boards that have devices to permit such adjustment shall be semi-
permanently attached to the equipment chassis. 



5. All interchangeable modules and component boards shall be mechanically keyed in such 
a manner as to make it impossible to insert any such module and component board into 
other than its correct location on the proper chassis. 



1.1.3 Design Concepts 



The Specifications define the requirements and constraints that must be met by the Contractor. 
Several renderings and reference drawings are included as part of the Specifications. These 
renderings and reference drawings are included to provide the Contractor with additional 
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information on the Authority's intent and expectations. In all cases, it is the Contractor's 
responsibility to develop design details that meet the stated requirements and constraints, and 
that will satisfy the Authority's intent as depicted in the renderings and reference drawings. 



1.1.4 Design Options 



In certain places throughout the Specifications, the requirements are written to afford the 
Contractor some latitude in design or implementation so that the Contractor may make use of 
existing equipment or procedures in order to minimize project costs or schedule. 



In any situation where alternatives are offered to the Contractor, or where the Contractor 
proposes alternatives to those described in the Specifications, the Authority will review each 
alternative  on a case-by-case basis, when the following are demonstrated: 



1. The Contractor shall provide an analysis showing the proposed alternative is equivalent 
to those described in the Specifications. The Authority may require additional items 
before the Authority considers a proposed approach equivalent. 



2. The approach has been accepted by other U.S. transit agencies or railroads for similar 
applications, and a successful history of operation has been established. 



3. The Authority retains the sole right to accept or reject any alternative proposed by the 
Contractor, with no cost impact to the Authority. 



1.1.5 Design Life 



The design life of the car and its components shall be consistent with a useful life of 40 years, 
with the cars undergoing a mid-life overhaul after approximately 20 years. The cars shall be 
designed to simplify future overhaul, refurbishment, and technology transfers, including repair 
and replacement of all systems and their constituent parts. Removal and replacement of system 
equipment shall be possible without causing damage or extensive rework to other systems or to 
the carbody.   



Individual components that are desirable for their technology, but do not meet the 20-year life 
(e.g., video screens) shall be identified in design review for possible approval. 



As a minimum, all relevant carbody and truck borne equipment shall be designed and tested 
according to the IEC 61373. Final equipment survivability assessment shall be made using the 
Contractor's Operational Characteristic's Analysis, as specified in Section 3.2.2.1, Operational 
Characteristics Analysis. 



1.1.6 Overhaul Intervals 



Railcars shall be designed such that subsystem overhaul intervals are not less than seven years. 



1.2 ENVIRONMENTAL CONDITIONS 



The railcar shall be capable of being operated at the specified performance levels and stored 
without equipment degradation under the following environmental conditions: 
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Ambient Temperature:  -30°F to 120°F  
Maximum Design Temperature 
Above Running Rail: 



140°F (60°C) 



Relative Humidity: 20% to 100%, including conditions of condensation 
Maximum Rainfall: 12 inches in 24 hours 
Maximum Snowfall: 24 inches in 24 hours 
Maximum Wind Speed: 80 mph (operational), 120 mph (storage)  
Ice or Freezing Rain: 10 - 12 times per year 



 
Notes to Table: 



1. The temperatures shown represent ambient temperature conditions. 



2. The effect of increased temperatures due to solar radiation on the carbody and heat 
produced during operation of equipment under the environmental extremes specified 
above must not result in degradation of equipment performance or equipment 
reliability. 



3. The cars shall operate in the presence of airborne pollutants, such as dust, acids, and 
oxides, which are characteristic of the operating environment in the Washington 
Metropolitan Area. 



4. With maximum allowable wheel and rail wear, the cars must be able to operate 
successfully under the above conditions with no entry of moisture or other contaminants 
into any compartment, component, or device that could cause equipment on the car to 
malfunction or be damaged; that could increase maintenance requirements; or that 
could cause premature wear or failure. 



5. Individual components that are desirable for their technology, but do not meet the 
temperature requirements (e.g., video screens) shall be identified in design review, 
along with design mitigations, for possible approval. 



1.2.1 General Operating Conditions 



Operating conditions are as follows: 



1. Average annual operating mileage of 100,000 miles per car (minimum). 



2. Cars may be operated in trains of four to eight cars and will be used seven days per 
week, operating in revenue service up to 22 - 24 hours a day. 



3. Cars will be in service a minimum of 300 days per year during the prescribed hours. 



4. Apparatus that is not de-energized when the console control lock is turned off will be 
left on during standby or layover periods. Such apparatus is to be designed for 
continuous operation, which is defined as operation 24 hours per day, 365 days per year. 



5. Maximum speed of 75 mph. 
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1.3 SYSTEM VOLTAGE RANGE AND LINE CURRENT LIMITS 



Contractor shall comply with the following requirements: 



1. Steady-state, third rail DC voltage is defined as follows: 



a. Minimum: 430 volts 



b. Nominal: 700 volts 



c. Maximum: 930 volts 



2. Where the term “nominal third rail voltage” or “line voltage” or “700 Vdc” is used 
throughout the Specifications, it is intended only to describe circuits operating at the 
third rail potential (as opposed to, for example, the battery potential) and shall be 
understood to indicate the full voltage range defined above. 



3. Car equipment shall not be damaged by the continuous application of third rail voltage 
from zero to maximum. 



4. Car equipment shall be protected from damage due to transients and over- and under-
voltage conditions, which may exist in the actual operating environment or as a result of 
the Contractor’s design, or failures. The Contractor and its suppliers shall provide 
transient suppression at source and as required to ensure correct equipment operation. 



5. All equipment shall operate correctly over the entire third-rail voltage range, and 
provide rated output with the exceptions as noted elsewhere in the Specifications. 



a. For voltages above 650 volts, the propulsion system shall provide full performance. 



b. For voltages below 650 volts, the propulsion system may operate at lower 
performance.   



• Between 650 volts and 520 volts, the base speed (maximum speed where full 
tractive effort is maintained in motoring) shall be reduced in direct proportion to 
the ratio of the third rail voltage to 650 volts, so that maximum line current is 
limited to the 650-volt level. 



• Between 520 volts and 430 volts, the base speed shall be further reduced so that 
maximum line current demand at 430 volts does not exceed 25% of the 650-volt 
level. 



c. DC line voltage during dynamic braking, to the extent possible, should be regulated 
to operate at 860 volts in order to better transmit regenerative braking energy to as 
many receptors as possible. 



d. Car equipment functioning in its normal operating condition shall not cause the line 
voltage to rise above 860 V for more than 1 second. 



6. As with all third rail systems, there are periodic third rail gaps that cause a complete loss 
of third rail power (non-bridgeable third rail gap).  On average, the Authority’s traction 
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power system has a non-bridgeable third rail gap every half mile. At an average speed 
of, for example, 28 mph, this yields 56 third rail gaps per hour on average.   



a. The Contractor should review the effects of the rate of third rail gap traversals per 
unit time with the various subsystem suppliers (propulsion, APS/LVPS, HVAC) to 
determine an appropriate design approach.   



b. The Contractor is encouraged to consider the efficacy of the use of onboard electrical 
energy storage devices or internal regenerative braking schemes to minimize the 
impact of continually restarting electrical equipment.  



c. The Contractor shall review the Authority’s drawings and consider impacts upon 
traction and auxiliary equipment. 



7. Where the term “battery voltage” or “37.5 volts” is used throughout the Specifications, it 
is intended only to describe circuits operating at the low DC voltage (as opposed to, for 
example, the third rail voltage) and shall be understood to indicate a voltage range of 23 
to 42.5 volts, in accordance with IEEE Std 1476.  The Contractor may propose an 
alternative battery voltage for approval. 



1.3.1 Line Current Draw 



Total line current draw per car shall not exceed 1,620 amps for more than 1 second at any line 
voltage. 
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1.4 DIMENSIONS, CLEARANCES, AND TRACK STANDARDS  



1.4.1 Dimensions 



The railcars shall be designed to satisfy the following dimensional requirements: 



Car Dimensions 



Length of car from the point midway between the A and B 
cars of a married pair to the front coupler face 



75 feet, 0 inches 



Distance, center-to-center of trucks 52 feet, 0 inches 
Width of car at floor level 10 feet, 0 inches 
Maximum width of carbody 10 feet, 1.75 inches 
Height, top-of-rail (TOR) to top of finished floor, measured at 
the bolsters  (Note 1) 



40 inches 



Maximum height of top of roof or roof-mounted equipment 10 feet, 10 inches 
Minimum vertical clearance inside car at center 6 feet, 9 inches 
Minimum vertical clearance inside car at low ceiling area 6 feet, 4 inches 
Coupler height above TOR  (Note 2) 22.5 inches 
Side door clear opening width  (Note 3) 50 inches 
Minimum height, side door openings, over flooring 6 feet, 4 inches 
Minimum height, end door openings, over flooring 6 feet, 3 inches 
Minimum width of end door opening, clear, per ADA 30 inches 
Minimum hip-to-knee spacing between transverse seats 26 inches 
Wheel diameter - new wheel 28 inches 
Wheel diameter - worn wheel 25 inches 
Wheel gauge (Nominal) 55.6875 inches 
Truck wheelbase, minimum 82 inches 
Truck wheelbase, maximum 92 inches 
Wheelset back-to-back dimension 53.3125 ± 0.0625 inches 
Clearance under truck and truck-mounted equipment to TOR 
(Note 4) 



2.5 inches 



Clearance between carbody and top of truck  (Note 5) 1.5 inches 
 
Notes to Table: 



1. See Section 14.5.3, Leveling/Height Control, for additional information. 



2. The tolerance on coupler height is ± 0.625 inch, which includes the tolerance on the car 
floor height with the air springs inflated. 



3. Clear opening is the width of the widest object that can be passed through an open door. 



4. Except as otherwise allowed in Section 14, Trucks, measured above the horizontal plane 
formed by the tops of the rails under any combination of conditions, including fully-
worn wheels and maximum possible primary and secondary spring deflection. 
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5. Clearance measured between truck parts, including wiring, and carbody parts under the 
most unfavorable conditions of track curvature, wheel wear, lateral and vertical motion 
and roll, and broken and deflated springs. 



The WMATA system trackwork is based on the following dimensional criteria: 



Trackwork Dimensions 
Minimum radius of track curve (Note 1) 225 feet 
Minimum length of tangent between reverse 
curves 



(Note 2) 



Shape of vertical curves Parabolic 
Length of vertical curves (Note 3) 
Third rail gap 58-60 feet, 5 feet minimum 
Maximum grade 5% 
Most restrictive crossover No. 6 with 14-foot track centers 
Maximum superelevation 6 inches, 7-inch exception 



condition 
Gauge, tangent track and curves with radii 
of l,425 feet and greater (Note 4) 



4 feet, 8.25 inches 



 
Notes to Table: 



1. No spirals are used between circular curves and tangent track in Yard and Shop areas. 



2. The most severe reverse-curve situation is that in which two No. 6 turnouts (of the same 
hand) face each other with 13.53 feet of tangent track between the points and 250-foot 
radius curves (in the same direction as the turnout) that continue beyond both frogs. 



3. The minimum length of vertical curve is determined by the formula L = (G1 - G2) 100 
where L = Length in feet and (G1 - G2) = Algebraic difference in grade in percent.  No 
vertical curve will be less than 200 feet long. 



4. The gauge is widened on curves of less than 1,425-foot radius. (See WMATA Track 
Standards Manual, latest revision, available upon request.) 



1.4.2 Clearances 



The carbody, trucks, and attached equipment shall be designed so that the maximum possible 
dynamic outline shown in Contract Drawing 8000-25, Dynamic Outline, will not be exceeded 
under the most extreme combinations of broken and/or deflated springs, lateral and vertical 
motion, and roll permitted by the suspension system.   



Under the most restrictive combination of track conditions, the clearance between adjacent cars 
(except at the anti-climbers and couplers) shall not be less than 3 inches under maximum buff 
conditions, and not less than 0.5 inch after the coupler or drawbar has telescoped and anti-
climbers have engaged.  Car end angles shall be designed to provide this clearance. 
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1.4.3 Track Maintenance Standards  



The railcars shall be designed to operate safely under the following service conditions: 



Track conditions as defined by the WMATA Track Standard Manual, latest revision. 
Maximum Speed:  80 mph 
Rail:  115 RE canted 1:40 
Tangent Track: 4 feet, 8.25 inches on main track 
Radius equal to or greater than 1,425 feet: 4 feet, 8.25 inches on main track 
Radius between 350 feet and 1,425 feet: 4 feet, 8.5 inches on main, Yard, and 



secondary track 
Radius less than 350 feet with restraining 
rail: 



4 feet, 9.25 inches on Yard and secondary 
track 



 
Gauge is maintained within the limits (except where otherwise indicated by the WMATA Track 
Standard Manual, latest revision), as shown in Exhibit 1-1. 



Exhibit 1-1, Gauge of Track Limits 



Maximum 
Allowable 
Speed 
(mph) 



Gauge of Mainline Track 



At Least But No More Than 



75 4 feet, 7.875 inches 4 feet, 9 inches 
60 4 feet, 7.875 inches 4 feet, 9 inches 
40 4 feet, 7.875 inches 4 feet, 9.5 inches 
22 4 feet, 7.875 inches 4 feet, 9.5 inches 
15 4 feet, 7.875 inches 4 feet, 9.75 inches 



 
If deviations greater than normal exist, speed is restricted in accordance with the Exhibit 1-2. 
Speed restriction in the Yard and secondary track is 15 mph. 
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Exhibit 1-2, Speed Restrictions 



Track Surface Maximum Allowable Speed (mph) 
15 22 40 60 75 



Run-off per 31 feet of raise may not 
exceed: 2.5 inches 1.5 inches 1.5 inches 1 inch 1 inch 



Deviation from uniform profile on 
either rail at mid-ordinate of a 31-
foot chord may not exceed: 



2 inches 1.5 inches 1.5 inches 1 inch 1 inch 



Deviations from design super-
elevation on spirals may not 
exceed: 



1.25 
inches 1 inch 0.75 inch 0.5 inch 0.25 inch 



Variations in cross-level on spirals 
in any 31 feet may not exceed: 1.5 inches 1.125 



inches 
 1.125 
inches 0.875 inch 0.875 inch 



Deviation from zero cross-level at 
any point on tangent or from 
designed elevation on curve 
between spirals may not exceed: 



1.875 
inches 



1.25 
inches 



1.25 
inches 



1.125 
inches 



1.125 
inches 



Deviation from track surface (due 
to deflection) on either or both rails 2 inches 1.5 inches 1.5 inches 1 inch 1 inch 



 
Exhibit 1-3, Contact Rail Elevation of Track Limits 



Maximum 
Allowable 



Speed (mph) 



 
At Least But No More Than 



75 -.75 inches 1 inch 
60 -.75 inches 1 inch 
40 n/a 1.25 inches 
22 n/a 1.25 inches 
15 n/a >1.25 inches 



 
Notes to Table: 



1. Standard elevation 4.5 inches from top of closest running rail, to top of contact rail. 
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Exhibit 1-4, Contact Rail Gauge of Track Limits 



Maximum 
Allowable 



Speed (mph) 



 
At Least But No More Than 



75 -.75 inches .75 inches 
60 -.75 inches .75 inches 
40 -1  inch 1  inch 
22 -1  inch 1  inch 
15 <-1 inch >1 inch 



 
Notes to Table: 



1. Standard gauge measured 24 inches from gauge side of closest running rail and gauge 
side of contact rail. 



1.5 WEIGHT 



1.5.1 Weight Requirements and Load Definitions 



The railcars shall be designed to meet the following weight requirements: 



Railcar Maximum Ready-to-Run Weight (AW0) 82,500 lb 
Normal load (AW1), 70 persons at 175 lb each 12,250 lb 
Full load (AW2), 150 persons at 175 lb each 26,250 lb 
Crush load (AW3), 200 persons at 175 lb each 35,000 lb 
Absolute maximum load (AW4), ASME RT-2 ASME RT-2 
Maximum axle load (at AW4 loading) 32,000 lb 



 



1.5.2 Weight Balance Criteria 



Equipment and apparatus on the car shall be arranged so that lateral imbalance does not exceed 
20,000 inch-lb. The difference in weight of the two ends of the car shall not exceed 2% of the 
AW0 weight, measured at the carbody to truck interface points. The difference in AW0 weight 
between the A-car and B car of a married pair shall not exceed 1,500 lb. 



Per FRA Safety Advisory 2013-2, the lightest wheel load at AW0 on straight level track shall 
deviate by no more than 5% from the nominal wheel load on a per-truck basis. 



Adjustments of these balances, if required, shall not be done by adding dead weight to any 
place in the car without WMATA approval. Any shims required to adjust the balance shall be 
permanently fixed to the appropriate point of the truck or carbody and not require removal or 
adjustment over the life of the truck or carbody. 



1.5.3 Weight Reporting 



The Contractor shall create and maintain a car weight report.  The report shall identify car 
weight, a breakdown of the weights of components parts that comprise the car, imbalance, and 
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axle loading.  The car weight report shall be included with each monthly project update, as 
identified in Section 2. 



1.5.4 Weight Reductions 



WMATA desires to minimize car weight, while still maintaining the specified performance 
requirements of the vehicles. WMATA encourages the Contractor to propose weight reduction 
ideas that do not compromise the design of the car. Note that the Terms and Conditions provide 
for both penalties and incentives regarding car weight. Examples of weight reduction ideas that 
could be investigated include the following: 



1. Glazing materials that meet impact requirements and smoke/flame/toxicity/BTU 
requirements 



2. Radiant heat floor panels with appropriate reliability and maintainability characteristics 



3. Review of collision posts on non-exposed car ends, with equivalent structure 



4. SIC hybrid inverter modules for propulsion or auxiliary systems, or both 



1.6 ACCELERATION AND BRAKING CONTROL 



1.6.1 Acceleration and Braking Control  



Acceleration and braking control shall be continuously variable to allow the ATC system and 
the driver, in manual mode, to smoothly control the train. 



1. The rate designations currently used on the Authority’s fleet (i.e., EM through P5) shall 
be retained on the 8000 Series railcars to provide the Operator with a similar functional 
interface. 



2. Master Controller and Hostler Controller detents shall be provided that are consistent 
with the Authority’s 7000 series cars.  The detents are at B5, B4, and Coast on the master 
controller and at Coast on the hostler controller. 



3. Exhibit 1-5 defines how these rate designations apply to the control scheme for the 8000 
Series fleet.  Note that in automatic operation, it will be necessary to control motoring 
effort and braking effort to rates of lower magnitudes than indicated in Exhibit 1.3. 



4. When train movement is controlled using the Hostler Panel, maximum speed on level, 
tangent track shall be automatically restricted by ATP and the propulsion control.  The 
speed limit shall be adjustable and initially set to 15 mph or other value as identified by 
the Authority during design review. As car speed approaches the limit, tractive effort 
shall be reduced using a ramp function. For example, with a 15 mph limit, full positive 
tractive effort is available to at least 9 mph and then is linearly and smoothly reduced to 
zero as speed reaches 14 mph. 



5. Detailed requirements for the Master Controller in the Operator’s cab of the A-car and 
for the Hostler Panel at the F-end of the B-car are provided in Section 11, Operator’s Cab. 
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6. Traction control system cycling by the ATC system under all possible grade conditions 
shall be held to no more than four undesirable changes in tractive effort per minute 
averaged over the duration of test runs between Silver Spring and Dupont Circle  (~10 
miles). By definition, an undesirable change is any demand for a decrease in positive or 
negative tractive effort. 



Exhibit 1-5, Rate Designations/Control Scheme 



 
 



1.6.2 Jerk Limit Requirements 



Jerk limiting shall be provided to limit the rate of change of acceleration and deceleration in all 
normal operating modes except for emergency brake. 



1. Jerk limiting shall act such that the rate of change of acceleration or deceleration of the 
railcar shall be controlled to 2.0 – 2.2 mphpsps.  



2. When emergency brake is commanded, any propulsion effort shall be immediately 
removed without jerk limit, and emergency friction brake effort shall be applied without 
jerk limit. 



1.6.3 Load Weigh Requirements 



The railcar shall include a load weigh system, with load information derived from the 
secondary air spring system. 



1. The load weigh system shall be used to adjust propulsion and braking effort in order to 
achieve level performance requirements for various passenger loads. 
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2. Details pertaining to load weigh requirements are provided in Section 15, Propulsion, 
and Section 16, Friction Braking System. 



1.6.4 Brake Blending 



Two types of braking shall be provided, Dynamic and Friction. 



1. Service braking shall be provided primarily as a dynamic brake feature of the 
propulsion system at a continuously selectable deceleration rate between Minimum and 
Full service brake levels. There shall also be a separate deceleration rate level known as 
Maximum service brake. 



2. Dynamic braking shall have preference over friction braking with priority given to the 
regenerative braking whenever the line is receptive, followed by rheostatic braking.  In 
the event of a malfunction of dynamic braking, the friction brake system shall provide 
the required service brake levels. 



3. Emergency Braking shall be provided solely by the friction brake system at a single 
established nominal load weighed instantaneous deceleration rate. Details pertaining to 
brake blending requirements are provided in Section 15, Propulsion, and Section 16, 
Friction Braking System. 



1.7 ACCELERATION AND BRAKING PERFORMANCE REQUIREMENTS 



The railcar shall be capable of meeting the following acceleration and braking requirements for 
all consists up to an eight-car train, for all third rail voltages between 650 volts and 860 volts, 
with new and fully worn wheels on level tangent track. 



Section 3, Test Program, defines the way in which the Contractor must perform tests to 
demonstrate that the following requirements are met. 



1.7.1 Acceleration Requirements 



Contractor shall comply with the following requirements: 



1. At all loads up to AW2 load, initial acceleration shall be 2.8 mphps +0.2, -0 mphps 



2. At all loads up to AW1 load, the following standards shall be met: 



a. Initial acceleration rate: 2.8 mphps +0.2, -0 mphps 



b. Time to reach 50 mph: 23 seconds or less 



c. Time to reach 75 mph: 75 seconds or less 



d. Distance traveled in 50 seconds from a standing start: 3,400 feet or more 



e. Distance traveled in 70 seconds from a standing start: 5,500 feet or more 



f. Acceleration capability at 75 mph: 0.25 mphps or higher 
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3. In addition to the above minimum performance requirements, an eight-car train at AW1 
load shall have an acceleration vs. speed characteristic as shown in Exhibit 1-6, with a 
tolerance of +0, -10% at speeds above the constant acceleration zone. 



4. With fully worn wheels, the railcar shall be capable of sustaining a speed of at least 
75 mph without causing damage to, or shortening the service life of, the car or any of its 
equipment. 



5. For all loads up to AW4, performance shall meet the maximum speed requirement on 
level tangent track following the curve depicted in Exhibit 1-6, while not exceeding the 
per-car line-draw limit of 1,620 amperes per Section 1.3.1, Line Current Draw, above. 



Exhibit 1-6, Acceleration vs. Speed 
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Emergency braking and wheel slip-slide correction shall be considered abnormal conditions 
and jerk limiting shall be nullified during these times except as required by Section 16.4.8.3.3, 
Wheel Slip-Slide Correction/Protection. A free-running coast position shall be provided. 



1.7.2 Braking Requirements 



Performance levels are specified below for dynamic braking, friction braking and emergency 
braking. 



1. Dynamic braking shall begin to fade-out at a speed between 5 and 10 mph to allow for a 
smooth, transition with friction braking. Lower fade-out speeds may be proposed by the 
Contractor if it is shown that the dynamic/blended brake-to- friction brake only 
transition remains smoothly coordinated. 
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Exhibit 10-1: Acceleration vs. Speed 
for 6-Car Train with 650 Volts at Third 
Rail, New  Wheels, Level Tangent 
Track, and Load of 12,150 lbs. Per Car 



Acceleration vs. Speed for an 8-car train 
with new wheels, level tangent track, and 
load of 12,150 lbs. per car (AW1) 
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2. Both friction and electric braking in levels B2, B3, B4 and B5 shall be speed tapered to 
produce, at 75 mph, 75% of the rate called for with the brake rate increasing linearly to 
100% of the rate called for at 50 mph. 



3. The friction brake speed taper shall be inherently fail-safe in its design, and no common 
mode failure of the system shall result in any reduction of braking beyond that called for 
by the taper. 



4. Braking requirements shall be met regardless of third rail voltage. 



5. Historically, the Authority has used a per-truck brake blending control to compensate 
for a dynamic brake failure during service braking.  For the 8000 Series cars, a train-wide 
braking control shall be provided to allow the compensation for failed dynamic brakes 
to be distributed across the train.   



a. Compensation for dynamic brake failures shall be accomplished by the dynamic 
brakes of other cars, where possible, and then by train-wide friction braking. The 
control characteristics shall be as approved by the Authority.   



b. There shall be no operational speed limitations resulting from the loss of up to two, 
per-truck, dynamic brakes in an eight-car train. 



1.7.2.1 Dynamic Braking Performance 



The propulsion system shall provide regenerative and rheostatic braking capable of producing 
the nominal instantaneous service brake rate levels from minimum service brake to maximum 
service brake, at all passenger loads up to AW4, within the tolerances provided in Exhibit 1-7.  
Braking requirements shall be met regardless of third rail voltage. 



Exhibit 1-7, Dynamic Braking Rate and Tolerances (Net Rates with New Wheels) 



Braking Levels1 Max Instantaneous Rate Tolerance 
All Electrical Brake2 



Minimum Brake -0.45 mphps ± 0.1 mphps 
Full Service Brake3 -2.2 mphps ± 0.1 mphps 
Maximum Brake -3.0 mphps ± 0.2 mphps 



 
Notes to Table: 



1. Brake rate between MIN BRK and MAX BRK shall vary linearly with an intermediate 
“detent” at the FS BRK position. 



2. To electrical brake fadeout point only. 



3. In Full Service Brake, no instantaneous value of deceleration shall exceed the upper limit 
shown in Exhibit 1-8 when blending electrical and friction brakes. 
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Rate Demand Speed Range Tolerance on Instantaneous 
Brake Rate 



MIN < demand </= FULL 75 mph to Brake Fade 
Speed 



+/- 0.1 mphps 



FULL < demand </= MAX 75 mph to Brake Fade 
Speed 



+/- 0.2 mphps 



 



1.7.2.2 Friction Braking  



The friction brake system shall be capable of producing the nominal instantaneous service brake 
rate levels from minimum service brake to maximum service brake, at all passenger loads up to 
AW4, within the tolerance bands shown in Exhibit 1-8. 



For the B1 thru B3 service braking levels, the friction brake system shall be capable of producing 
the associated nominal instantaneous brake rates for Manual Train Control (MTC) between the 
speeds of 30 mph and 75 mph within a tolerance of ± 0.3 mphps. 



Below 30 mph, the instantaneous brake rates achieved shall be representative of the natural 
characteristics of the brake pad material with the associated brake cylinder pressure remaining 
constant. The brake pad characteristics shall be verified during performance qualification 
testing of Minimum, Full, and Maximum service braking. 
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Exhibit 1-8, Friction Brake Rate Tolerance Bands 



0305075 5MPH



Min
Service



0



0305075 5MPH



Full 
Service



0



0305075 5MPH



Max 
Service



0



0305075 5MPH



Emergency



0



Friction Brake Rate Tolerance Bands (MPHPS)



0.3
0.6



0.3



0.8



2.0
2.6



3.7



1.50
1.95



4.8



2.6
3.4



2.55
1.95



3.6
2.5



5.0



2.8
3.6



 
 



1.7.2.3 Emergency Braking 



The friction brake system shall be capable of producing the nominal instantaneous emergency 
brake at all passenger loads within the tolerance bands shown in Exhibit 1-8. 



During emergency braking, the propulsion system shall immediately remove tractive effort and 
shall not provide dynamic braking effort. 



1.7.3 Towing Requirements 



Traction and coupler equipment shall be designed to allow a fully operational eight-car train at 
AW4 load to move a dead (i.e., propulsion and dynamic brake inoperable, friction brakes fully 
operational) eight-car train at AW4 load, starting on a worst-case grade condition and moving 
to the next station. 



Traction equipment shall be designed to allow a fully operational eight-car train at AW1 load to 
move a dead (i.e., propulsion and dynamic brake inoperable, friction brakes fully operational) 
eight-car train at AW1 load, starting on a worst-case grade condition.  



1. The railcars shall be capable of moving this consist along the length (i.e., from one end to 
the other) of any line in the system, in either direction, using full power/full brake 
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commands, making all stops, dwelling for 15 seconds at each station, and obeying all 
speed restrictions. 



2. The railcars shall be capable of operating in this way on the worst case line in the worst 
case direction (i.e., maximum rms current in the traction system), without damaging the 
traction equipment, without exceeding the 1-hour rating published and demonstrated 
by the propulsion supplier, and without shortening the service life of the traction 
equipment. If necessary, electrical braking may be cut out on the operating equipment. 



3. In order to start a train under this condition on the worst-case grade, the propulsion 
equipment supplier shall provide a low-speed “power boost” for starting purposes only.  
Conditions for activating and terminating the power boost shall be approved in design 
review. 



1.7.4 Duty Cycle Requirements 



1.7.4.1 Duty Cycle Definition 



As used in this Section, a round trip shall be defined as operating at normal line speed from one 
end-of-line terminal to the opposite end of the line and back, in Automatic Train Operation 
(ATO), stopping at all stations, with station dwells of 15 seconds.   



1. The Contractor shall confirm close speed regulation of the ATO as this has a direct 
impact on the propulsion supplier’s equipment performance.   



2. The Contractor shall consider the effects of additional speed reductions and stops as a 
result of other traffic operating in the Authority’s system. 



The worst-case duty cycle will be the route (i.e., Largo/ Franconia-Springfield, Shady 
Grove/Glenmont, Vienna-Fairfax/New Carrollton, Greenbelt/ Branch Avenue, and Gallery 
Place/Huntington) that creates the most severe condition for the performance being 
demonstrated. 



1.7.4.2 Propulsion and Dynamic Brake Duty Cycle Requirements 



The propulsion and dynamic brake equipment shall be capable of making any number of 
consecutive, worst-case round trips at AW2 load, with full performance acceleration and 
normal dynamic braking with both a receptive or non-receptive line.  During this operation, the 
propulsion shall be 100% operable (e.g., nothing cut-out, no degraded operating modes). 



1. The route that generates the maximum rms current in the propulsion/dynamic brake 
equipment shall be the worst-case route. 



2. Continuous operation under these conditions shall not result in degradation, damage, or 
reduced reliability from the propulsion system when the maximum undercar ambient 
temperature and worst-case line voltage are used. 



With equipment temperature-rise stabilized following continuous round trip operation, a four-
car train operating under the same conditions shall be capable of maintaining unrestricted 
operation for the remainder of the operating day with the propulsion and dynamic brake 
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systems on one car cut out. During this extended degraded period, the 1-hour rating published 
and demonstrated by the propulsion supplier shall not be exceeded. 



1.7.4.3 Friction Brake Duty Cycle Requirements 



The friction brake system design shall allow unrestricted operation to be maintained under the 
degraded conditions defined in Section 1.7.4.2 (AW2, propulsion/dynamic brake cut out on one 
car in a four-car train, worst case thermal route profile).   



In addition, the friction brake system design shall allow an AW2, four-car consist to complete a 
round trip with unrestricted operation in all friction mode.  



Under both of these degraded conditions it shall be assumed that brake pads are fully worn (no 
more than 0.125 inch of useable friction material remaining before reaching the condemning 
limit), and that the stated operation shall be completed without damage or excessive wear to the 
friction brake system.  



1.7.5 Feasibility Analysis - Un-Powered Axles and Trucks 



The Authority is investigating methods to reduce the lifecycle costs, weight, and energy 
consumption associated with railcars.  To this end, the Contractor shall provide a feasibility 
analysis detailing the design trade-offs, assumptions, propulsion and braking performance 
impact, and operational safety impact of the following railcar configuration scenarios.  A 
qualitative and quantitative analysis is requested.  The Contractor is encouraged to provide 
additional analyses for Authority consideration.  



1. One axle on each railcar shall be un-powered, but shall include friction brake equipment 
for use in emergency stopping applications only.  Minimum railcar consist shall be four 
cars (quad unit). 



2. One truck on one car of a railcar pair shall be un-powered, but shall include friction 
brake equipment for use in emergency stopping applications only.  Minimum railcar 
consist shall be four cars (quad unit). 



3. One truck on one car of a railcar pair shall be un-powered, but shall include friction 
brake equipment for use in emergency stopping applications only.  Minimum railcar 
consist shall be six cars, containing a maximum of two un-powered trucks. 



4. One truck on one car of a railcar pair shall be un-powered, but shall include friction 
brake equipment for use in emergency stopping applications only.  Minimum railcar 
consist shall be eight cars, containing a maximum of four un-powered trucks. 



1.8 ELECTROMAGNETIC INTERFERENCE AND COMPATIBILITY 



1.8.1 General 



All equipment shall operate in the environment of the Authority's existing system and 
operational environment and with the Authority's existing cars without being affected by, or 
causing interference that may adversely affect, the Authority's system operation or safety 
because of conducted, induced, or radiated emissions. 
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1.8.2 EMC/RFI/EMI Design and Control Plan 



The Contractor shall submit an electromagnetic compatibility (EMC), radio frequency 
interference (RFI), and electromagnetic interference (EMI) design and control plan prior to PDR. 
(CDRL 1-1, EMC/RFI/EMI Design and Control Plan)  



1. This plan shall include a description of all criteria that must be met, and shall describe 
the methods to be used by the Contractor to meet the specified EMC/RFI/EMI 
requirements.  



2. The approved versions of these plans shall be incorporated into all Contractor apparatus 
purchase specifications.  



3. Authority approval of these plans does not relieve the Contractor from providing 
apparatus that functions properly on the cars and in the Authority's transit system 
environment. 



The Contractor shall perform the car-level EMC qualification tests described in Section 3, Test 
Program.  All dynamic testing shall be performed on Authority tracks. 



1.8.3 Methods and Apparatus 



Contractor shall comply with the following requirements: 



1. The Contractor shall employ design techniques, construction methods, and whatever 
apparatus is required to prevent the following: 



a. Interference caused by installed equipment from affecting the proper operation of 
any car (including existing Authority cars) and wayside systems. 



b. Interference caused by existing car and wayside systems from affecting the proper 
operation of the installed equipment. 



c. Contractor’s equipment operating in the existing traction power environment from 
adversely affect the wayside signaling system. 



2. In addition to coordinating frequencies, the Contractor shall provide necessary on-board 
balancing, filtering, shielding, modulating techniques, grounding, and isolation to 
provide adequate signal-to-noise ratios and to reduce undesirable effects of interference. 



a. Electrostatic and magnetic shielding methods shall be employed to minimize the 
effect of stray signals and transient voltages on interconnecting cables. 



b. Interconnecting power and signal cables shall be physically separated and shielded, 
where necessary. 



c. Induction into trainline circuits due to propulsion system and converter current 
transients shall be suppressed and/or reduced as required to prevent interference. 
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3. To contain EMI emissions, the suppression of EMI shall, wherever possible, be at the 
source of the EMI. The following design requirements shall be included in the 
EMC/RFI/EMI control plans: 



a. All magnet valves, relay and contactor coils, and other inductive devices shall have 
transient suppression.  Other means of suppression or the omission of suppression, 
for performance reasons, shall have the approval of the Authority prior to use. 



b. The number of suppression device types shall be kept to a minimum. 



c. Apparatus design and enclosures shall shield the apparatus from any effects 
resulting from the operation of an Authority handheld transceiver when the 
transceiver is within 18 inches of the enclosure, and operated and modulated at full 
power output. 



d. Apparatus design and enclosures shall shield the apparatus from any effects 
resulting from the operation of transmitting devices including cellular telephones 
that may be operated within the car and on the passenger platforms. 



1.8.4 Emission Limits 



To limit undesirable effects caused by onboard railcar subsystems upon the external 
environment along the right of way, in no case shall the specified electromagnetic emission 
limits be exceeded.  In addition, the Contractor shall review each railcar's (A-car and B-car) 
impedance to determine that the following desirable characteristics are met: 



1. At 60 Hz, the input impedance shall not be capacitive in nature. 



2. The input impedance resonant frequency shall be below 50 Hz. 



Meeting the requirements specified in the following subparagraphs is the first level of defining 
the interface between installed equipment systems and subsystems and other 
electromagnetically-sensitive systems in the Authority's environment. The Contractor shall be 
responsible for staying within all specified limits.  



1.8.4.1 Radiated Emission Limits 



The table below identifies the car-level radiated emissions: 



Radiated Emission Limits 
Frequency Maximum Permissible Interference Limit 



9 kHz to 150 kHz EN 50121-3-1, Annex C, Emission values for lower frequency 
range 



150 kHz to 1 GHz: EN 50121-3-1 
1 GHz to 6 GHz EN 50121-3-2, Table 3, Emission - Enclosure port 
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These limits shall not be exceeded when measured in accordance with EN 50121-3-1, with the 
following qualifications:. 



1. Extend measurement range up to 6 GHz, with limits in the range 1 GHz to 6 GHz 
measured in accordance with EN 50121-3-2, Table 3, Emission - Enclosure port, at 10 m, 
with limits decreased according to this distance. 



2. Conduct measurements in the range 10 kHz to 150 kHz as cited in EN 50121-3-1 Annex 
C, Emission values for lower frequency range.  In order to minimize impact of near-field 
effects and increase measurement certainty, Contractor may propose to carry out these 
measurements from a greater distance than that prescribed in EN 50121-3-1, with limits 
recalculated accordingly. 



1.8.4.2 Conductive Emission Limits 



The conductive emissions in the third rail shall have a maximum, per car current limit as 
follows: 



Conductive Emission Limits 
Frequency Per-Car Third Rail Max Current Limit  



55 – 65 Hz 1.1 A rms 
2 - 20 kHz 0.030 A rms 



 
Notes to Table: 



1. This condition shall be met by each individual power component as well by as the 
simultaneous operation of all car apparatus on the train.  See Section 3, Test Program, for 
testing requirements. 



2. To verify compliance with the third rail conductive emission limits, single inverter, per 
car and per married-pair measurements shall be made on one car of a married pair, 
using the procedures of UMTA-MA-06-0153-85-6 (NTIS PB88-136932), Method 
RT/CE02A, Conductive Emission Test, Vehicle, or approved equal. 



3. The results of these measurements shall be used to calculate the emissions for a train of 
up to eight cars. 



1.8.4.3 Inductive Emission Limits 



The inductive emissions, as measured following the procedures of UMTA-MA-06-0153-85-8 
(NTIS PB87-194379) Method RT/IE01A, or approved equal, shall be limited to a maximum as 
indicated in the table below: 



Inductive Emission Limits 
Frequency Limit 



55 Hz to 65 Hz 100 mV rms 
All frequencies in band to the signal equipment 
installed or planned on the Authority's property 



10 mV rms rail-to-rail 



2 kHz to 20 kHz 20 mV 
 











Section 1, Performance Requirements 



WMATA 8000 Series Railcars  1-25 Technical Specifications 



Notes to Table: 



1. This condition shall be met by each individual power component as well as during the 
simultaneous operation of all car apparatus.  



2. All induced emissions above 10 mV, between 2 kHz and 20 kHz, must be proven to be 
stable and predictable. 



1.8.5 Conducted Interference 



The Contractor shall develop a set of criteria governing both generation and tolerance of 
electrical interference on conductors between assemblies: 



1. The criteria shall distinguish the basic types of circuits present on the car and shall 
define a suitable, comprehensive classification of disturbances that could be present in 
each type of circuit.  



2. The criteria shall ensure that each connected assembly will be able to tolerate the 
disturbances introduced simultaneously by all of the other assemblies to which it could 
be connected.  



3. The criteria shall include any required reduction of the limits described above on 
conducted interference into the third rail and running rails, with levels selected to 
prevent interference with signal and communications system which use those circuits 
for their means of operation and communication. 



4. These criteria shall be a part of the EMC/RFI/EMI control plans (see CDRL 1-1). 



1.8.6 Inductive Interference 



The Contractor shall develop a set of criteria governing generation and tolerance of 
magnetically-coupled interference on or between assemblies: 



1. The criteria shall identify the basic types of circuits present on the car and shall define a 
suitably comprehensive classification of disturbances that could be present in each type 
of circuit. 



2. The criteria shall ensure that each connected assembly will be able to tolerate the 
disturbances introduced simultaneously by all other assemblies to which it is 
inductively coupled. 



3. The criteria shall include any required reduction of the limits described above on the 
inductive interference into the third rail and running rails, with levels selected to 
prevent interference with signal and communications systems that use these circuits for 
their means of operation and communication. 



4. These criteria shall be a part of the EMC/RFI/EMI control plans (see CDRL 1-1). 
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1.8.7 Cab Signal Interference 



The Contractor shall minimize the amount of CSI that couples into the cab signal receiver coils 
and cables over the range of 4 to 6 kHz. To this end, the level of in-band interference at the two 
cab signal receiver carrier frequencies (4,550 Hz and 5,525 Hz) shall not exceed a level that is 
equivalent to a level of 45 mA (rms) rail equivalent current as measured at the track receiver 
input coils. 



1.8.8 Required EMC/RFI/EMI Testing for Subsystems 



All car subsystems, regardless of power level, shall be subjected to a battery of EMC/RFI/EMI 
tests conducted under laboratory conditions. This testing shall include as a minimum the 
following tests: 



1. Radiated emissions 



2. Conducted emissions 



3. Radiated immunity (20 V/m) 



4. Electrical fast transients immunity 



5. Electrostatic discharge immunity 



6. Surge immunity 



7. Fluctuations, dips and short interruptions of voltage supply 



8. Reverse polarity protection for battery supply input. 



1.9 NOISE, SHOCK, AND VIBRATION 



1.9.1 General 



The Contractor shall ensure that the car and equipment are designed and constructed so that 
the noise, shock, and vibration limits specified in this Section are not exceeded.  



1. Particular attention shall be given in the design of all equipment to ensure minimum 
generation of noise and vibration, and in the design of the vehicle for attenuation of 
airborne noise and structure-borne vibration along the paths from source to passengers. 



2. The design of all equipment shall incorporate the use of damping, gasketing, resilient 
mounts, and other noise-attenuating devices to minimize or eliminate rattling and 
resonance at all speeds up to 10% above maximum operating speed. 
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1.9.2 Measurement 



Unless otherwise stated, noise means sound pressure level and sound (noise) level as defined in 
ANSI S1.4-1.  



1. Noise levels listed are in decibels referenced to 20 micro-newtons per square meter 
(0.0002 microbar) as measured on the "A" scale or the "C" scale of a Type 2 standard 
sound level meter, abbreviated dBA and dBC, respectively, as defined in ANSI S1.4-1.   



2. Except as noted, the noise limits specified are based on measurements taken in 
essentially a free-field environment such as outdoors, away from any reflective surfaces 
other than a ballast-and-tie track bed and the adjacent ground. Interior noise criteria 
apply to measurements taken in a completed AW0 loaded car.  



3. Contractor shall test noise levels in accordance with Section 3, Test Program. 



1.9.3 Sound Transmission 



Sound transmission losses specified for carbody floors, walls, and ceilings refer to sound 
insulation values obtained by measurement procedures outlined in ASTM E90 or ASTM E336, 
except that octave band rather than 1/3-octave band measurements are specified. 



1.10 AUDIBLE NOISE CRITERIA 



1.10.1 Equipment Noise Prior to Installation on Car 



Measurements shall be taken of equipment prior to installation on cars, as described below. 



1.10.1.1 Traction Motors 



The noise produced by each traction motor shall not exceed the following: 



1. 93 dBA when measured as follows: 



a. At a distance of 15 feet in any direction from the center of the motor. 



b. While the motor is operating at all speeds from standstill to the equivalent of 75 mph 
car speed. 



c. At all loads up to the equivalent of maximum dynamic braking in both directions. 



2. The average of eight readings shall not exceed 89 dBA when taken as follows: 



a. In the horizontal plane passing through the output shaft of the motor, 
circumferentially around the motor both parallel and perpendicular to the output 
shaft and diagonally at 45 degrees 



b. At a distance of 15 feet from the geometric center of the motor. 
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1.10.1.2 Propulsion System Gearing 



The noise produced by each propulsion system gear box shall not exceed 85 dBA when 
measured under the following conditions: 



1. At a distance of 15 feet in any direction from the geometric center of each gear box. 



2. With gears rotating in either direction at all speeds from standstill to the equivalent of 
75 mph car speed. 



3. At all loads up to the equivalent of maximum dynamic braking. 



1.10.1.3 Auxiliary Equipment 



The noise produced by the individual operation of each noise-generating pieces of apparatus  
shall not exceed 68 dBA when measured under the following conditions: 



1. At a distance of 15 feet in any direction from the center of the equipment. 



2. While it is operating under normal conditions.  



Equipment includes, but is not limited to, air conditioning compressors, condenser fans, and 
evaporators; static converters, inverters, air compressors, and air-exhausting valves; brake discs 
and blowers; but excludes traction motors and gear boxes. 



All duct work, baffles, or appurtenances that form a part of the installed assembly shall be 
included as part of the equipment for noise tests. 



1.10.1.4 Equipment Noise After Installation on Car 



Measurements shall be taken of equipment after installation on cars, as described below. 



1.10.1.5 Effect of Pure Tones 



Noise-level limits set forth in the Specifications shall be reduced by 3 dBA if pure tones in the 
range from 300 Hz to 4,000 Hz are present in the noise. Pure-tone noise shall be considered 
significant in this context if any 1/3-octave band sound pressure level exceeds by 5 dB or more 
the average of the two adjacent 1/3 octaves containing no pure tone or "tonal" noise. 



1.10.2 Car Interior Noise Levels 



Measurements shall be made of car interior noise levels, as described below. 



1.10.2.1 Auxiliary Equipment Noise with Car Stopped 



Sound pressure levels shall not exceed the limits tabulated below with all auxiliary equipment 
operating simultaneously at maximum capacity, including propulsion system cooling blowers if 
installed, when measured 4.5 feet above the floor, at all points along the car centerline: 
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Condition Measurement Location Sound Pressure 
Level 



All auxiliary 
equipment operating 
simultaneously 



Low ceiling area, not less than 2 feet from end walls  69 dBA 
High ceiling area, not less than 2 feet from the low 
ceiling areas 66 dBA 



Each auxiliary system 
or unit operating on its 
own 



Low ceiling area, not less than 2 feet from end walls  67 dBA 
High ceiling area, not less than 2 feet from the low 
ceiling areas 64 dBA 



 



1.10.2.2 Car Moving on At-Grade Ballasted Track 



The noise level in the car interior shall not exceed 72 dBA when measured at any point along 
the centerline of the car, 4.5 feet above the floor and not less than 2 feet from the end walls of the 
car under the following conditions: 



1. The completely assembled and operating railcar at AW0 load is moving at all speeds up 
to 70 mph on tangent, at-grade, ballast-and-tie track with clean, smooth rail. 



2. All vehicle systems are operating simultaneously at normal conditions. 



3. The vehicle is operating without passenger load in any specified mode of acceleration, 
deceleration, or coasting. 



In areas immediately above trucks, the maximum noise level shall not exceed 75 dBA when 
measured 4.5 feet above the floor and 2 feet from the side doors. 



1.10.2.3 Car Moving in Subway 



The noise level in the car interior shall not exceed 80 dBA when measured at any point along 
the car centerline 4.5 feet above the floor, and not less than 2 feet from the end walls of the car 
under the following conditions: 



1. The completely assembled and operating vehicle is moving at speeds up to 60 mph in 
box-section subway without sound absorption and with clean, smooth rail. 



2. All vehicle systems are operating simultaneously at normal conditions. 



3. The vehicle is operating without passenger load in any specified mode of acceleration, 
deceleration, or coasting. 



The maximum noise level shall not exceed 82.5 dBA in areas immediately above the trucks, 
4.5 feet above the floor and 2 feet from the side doors. 



1.10.2.4 Door Operation Noise 



Noise produced by the operation of all side doors on one side of a car shall not exceed 75 dBA, 
on the fast meter scale, when measured at any point in the car 1 foot or more from the doors or 
door pockets and between 3 feet and 6 feet above the floor.   
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1.10.2.5 Carbody Sound Insulation 



The sound transmission loss of the car floor, wall, and ceiling assemblies in completed form 
shall be adequate to achieve the interior noise level limits specified in Section 1.10.2, Car Interior 
Noise Levels. 



1. It shall be the Contractor's responsibility to perform, during the design and 
development of the car, the calculations and preliminary tests required to determine that 
the sound insulation of the completed car will meet the specified requirements.  



2. The design must include provisions for controlling sound energy transmitted into the 
car through all weak areas such as apertures, door seals, air ducts, openings for wiring, 
and air ducts and grilles. 



3. The average sound transmission loss of each characteristic section of the carbody shall 
not be less than that specified in the following. 



Sound Transmission Losses by Octave Bands 
Octave Band 



Center 
Frequency 



Entire Floor Ceiling and 
Roof 



Walls 
Including 
Windows 



But 
Excluding 



Doors 



Door Areas With 
Doors and 



Weatherstripping 
Installed 



Door Panel 
Including 
Window 



250 Hz 27 dB 23 dB 23 dB 15 dB 19 dB 
500 Hz 35 dB 31 dB 31 dB 23 dB 27 dB 



1,000 Hz 38 dB 35 dB 34 dB 26 dB 30 dB 
2,000 Hz 40 dB 35 dB 34 dB 26 dB 30 dB 



 



1.10.3 Car Exterior Noise Levels 



Measurements shall be made of car exterior noise levels, as described below.   



1.10.3.1 Car Stopped on At-Grade Ballasted Track 



When a four-car train is stopped and all vehicle systems are operating simultaneously at normal 
conditions, the noise level shall not exceed 61 dBA when measured as follows: 



1. 50 feet horizontally from the centerline of the track on the horizontal plane passing 
through the axles. 



2. At any point along the length of the train on either side.  



This requirement supplements Section 1.10.2.1, Auxiliary Equipment Noise with Car Stopped, 
to discourage concentrations of noise-producing apparatus. 
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1.10.3.2 Car Stopped in Subway Station 



When a four-car train is stopped at a subway station platform and all vehicle auxiliary systems 
are operating simultaneously at normal conditions, the noise level shall not exceed 68 dBA 
when measured as follows: 



1. At any point along the platform, parallel to the cars. 



2. 6 feet from the edge of the platform and 5.25 feet above the platform surface. 



1.10.3.3 Car Moving on At-Grade Ballasted Track 



The noise level for a four-car train shall not exceed 86 dBA when measured on either side of the 
train, 50 feet from track centerline on the horizontal plane passing through the axles, under the 
following conditions: 



1. The train is moving at any speed up to 75 mph on tangent, at-grade, ballast-and-tie track 
with clean, smooth rail. 



2. All vehicle systems are operating simultaneously at normal conditions. 



3. The train is operating in any specified mode of acceleration, deceleration, or coasting. 



1.10.3.4 Auxiliary Equipment 



The noise produced by the individual operation of all equipment and operating systems, except 
traction motors and gearing, shall not exceed 68 dBA under the following conditions: 



1. Measured at 15 feet from the car centerline on either side, and on the horizontal plane 
passing through the shaft or equipment centerline. 



2. The equipment is operating at normal conditions with the car at standstill.  



3. The equipment is complete and installed on the car, and all components of each system 
are operating. 



1.10.3.5 Friction Brake 



The noise produced by full or partial application of friction brakes at car speeds between 0 mph 
to 15 mph, shall not exceed 75 dBA at a distance of 15 feet from the car centerline on the 
horizontal plane passing through the axles. 



1.10.4 Shock Criteria 



All car equipment shall be designed to operate without damage or degradation of performance 
when subjected to vibration and shocks encountered during normal service. 



1. Equipment design and mounting arrangements shall be based on the specific location of 
the equipment on the car and shall take into account the influence of adjacent 
components, as well as the effect of normal car operation.  
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2. The Contractor shall ensure that equipment will withstand all normally occurring 
random shock and vibration magnitudes transmitted through the axles and suspension, 
and present at the support points for each piece of equipment. 



3. As part of the early design effort, the Contractor shall instrument an existing pair of cars 
to assess the operating environment at WMATA.  See Section 3.2.2.1, Operational 
Characteristics Analysis. 



4. In cases where components are mounted in a partially sprung environment, the 
Contractor shall be responsible for defining the shock environment to avoid failure of 
the components.  



1.10.5 Vibration Criteria 



With the car stationary and with all auxiliary units operating simultaneously at rated capacity, 
the vibrations of the car floor, walls, ceiling panels, stanchions, handholds, seat frames or any 
surfaces that passengers or the Operator can come in contact with shall not exceed the following 
values: 



1. Below 1.4 Hz: Maximum deflection (zero to peak) of 0.10 inch 



2. 1.4 Hz to 20 Hz: Peak acceleration of 0.01g   



3. Above 20 Hz: Peak velocity of 0.03 inch/second 



It shall be the Contractor’s responsibility to perform the necessary calculations and preliminary 
tests during the design and development of the car as required to substantiate that the vibration 
isolating mountings for the equipment are appropriate to achieve vibration levels on the 
completed cars in accordance with the defined limits. 



1.11 HVAC PERFORMANCE 



The HVAC system shall maintain the average interior car temperatures as stated in 
Section 18.6.5, Interior Car Temperatures.  



1.12 SOFTWARE SYSTEM ADJUSTIBILITY 



All software-controlled systems shall include the ability to adjust key parameters by providing 
each system with a “Parameter File”.  The parameter file shall allow the Authority to adjust 
system operation without recompiling software and without the support of the supplier or 
Contractor.  Key parameters shall be as approved by the Authority in design review.  The 
Contractor shall provide utility software for creating, reading, and modifying parameter files.  
The system software shall ensure that parameter values are valid and within an agreed 
adjustment range.  The utility software shall enforce the same limits of adjustability.  Parameter 
files shall be version-controlled and treated as software.  The portable test equipment for each 
system shall be used to upload new parameters files. 
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1.13 FORWARD INTEROPERABILITY 



The Contractor shall provide a train interoperability document (CDRL 1-2, Forward 
Interoperability Interface Data):  



1. This document shall provide complete details that would be necessary for the future 
production of cars that would be interoperable with the 8000 Series cars.  



2. Information shall include, but is not limited to, coupler mechanical and electrical 
interface, anticlimber interface, air system operation and response, and trainline signal 
definition, including complete network interface information. 



1.14 SUBSYSTEM INTERFACE DETAIL 



The Contractor, as part of its responsibility for system design of the entire car and its 
equipment, shall be responsible for the proper interrelation and interdependence of all car 
subsystems and their proper interfacing.  



For each system/subsystem, the interface details shall be completely documented, such that 
future equipment purchases from alternate sources shall be possible. (CDRL 1-3, Subsystem 
Interface Documentation) 



1. The interface documentation shall be maintained and updated throughout the design, 
manufacturing, test, and until the design ceases to change, so that the document always 
reflects the best information regarding the interface.   



2. A summary drawing defining the relationship between subsystems shall be presented 
by the Contractor at each PDR.  



3. The interface documentation shall include as a minimum the following items: 



a. Mechanical: Outline, attachment, shock, vibration. 



b. Power: Type and quality, load (starting and steady-state), power factor where 
applicable. 



c. Pneumatics: Control definitions, measurement definitions, air consumption. 



d. Electrical Control: Local, trainlined, signal definition, response characteristics. 



e. Software Interface: Data definition, protocols, response characteristics. 



f. Weather Environment: Temperature, humidity. 



g. EMC: Emissions, susceptibility. 



h. Diagnostic Interface: Data storage, data retrieval, test procedures.  



i. Networks: Car control and diagnostics. 



4. Interface characteristics appropriate to specific systems/subsystems shall be added to 
the above list as necessary to provide a full interface definition. 
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1.15 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 1-1, EMC/RFI/EMI Design and Control Plan ......................................................................... 22 
CDRL 1-2, Forward Interoperability Interface Data ........................................................................... 33 
CDRL 1-3, Subsystem Interface Documentation ................................................................................. 33 
  



1.16 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



49 CFR 38 Americans with Disabilities Act (ADA) Accessibility 
Specifications for Transportation Vehicles 



ANSI S1.4-1 Electroacoustics - Sound Level Meters - Part 1: 
Specifications 



ASME RT-2 Safety Standard for Structural Requirements for Heavy 
Rail Transit Vehicles 



ASTM E90 Standard Test Method for Laboratory Measurement of 
Airborne Sound Transmission Loss of Building Partitions 
and Elements 



ASTM E336 Standard Test Method for Measurement of Airborne 
Sound Attenuation between Rooms in Buildings 



EN 50121-3-1 Railway applications - Electromagnetic compatibility – 
Part 3-1: Rolling stock - Train and complete vehicle 



EN 50121-3-2 Railway applications - Electromagnetic compatibility – 
Part 3-2: Rolling stock - Apparatus 



FRA Safety Advisory 2013-2 Low-Speed, Wheel-Climb Derailments of Passenger 
Equipment with “Stiff” Suspension Systems 



IEC 61373 Railway applications - Rolling stock equipment - Shock 
and vibration tests 



IEEE Std 1476 Standard for Passenger Train Auxiliary Power Systems 
Interfaces 



UMTA-MA-06-0153-85-6 Conductive Interference in Rapid Transit Signaling 
Systems, Vol. II, Suggested Test Procedures 



UMTA-MA-06-0153-85-8 Inductive Interference in Rapid Transit Signaling Systems, 
Vol. II, Suggested Test Procedures. 
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2.1 GENERAL 



This Section specifies the requirements for management systems. The management systems 
shall be sufficiently comprehensive to enable the Contractor to meet the requirements of the 
Specifications and to enable the Authority to monitor the progress of the contractual effort. 



2.1.1 Contractor's Program Manager 



The Contractor shall designate a Program Manager and establish an organization to provide 
effective management of this railcar procurement program. 



1. The Program Manager shall have responsibility for all aspects of the program during all 
phases.  



2. All supporting departments shall report to the Program Manager for functional 
management of the project, including engineering, production, warranty, site support, 
quality, contracts, shipping, field support, and materials control personnel. 



2.1.2 Subcontractor Management 



The Contractor is wholly responsible for the performance of all subcontractors and equipment 
suppliers used during the execution of this project. 



1. All Specification requirements of the Contractor shall also be requirements of any 
subcontractor engaged by the Contractor, including the contract requirements for 
correction of deficiencies. 



2. The Contractor shall ensure that all subcontractors and any major equipment suppliers 
receive a complete copy of the Specifications, including any modifications that are 
created during the execution of this Contract.  A copy of the Contractor's transmittal 
letter to each supplier shall be provided to the Authority to demonstrate compliance 
with this requirement. 



3. The Contractor shall obtain written certification from each major equipment supplier 
that the Contractor's proposed method of integrating the supplier's equipment is 
satisfactory.  The Contractor shall provide a copy of this certification letter(s) to the 
Authority. 



2.2 COMMUNICATIONS PROTOCOL 



Contractor shall comply with the following requirements: 



1. All official correspondence shall be a signed letter, on 8.5 x 11-inch standard size paper, 
addressed to the Authority's Program Manager, and submitted electronically as defined 
in Section 2.2.2. E-mails, memos, and faxes are not considered official correspondence. 



2. All oral and written communications shall be in English. 



3. All deliverables, including software products, shall be delivered in English. 
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4. Details of the communications protocol shall be documented in the Program 
Management Plan, as required in Section 2.3. 



2.2.1 Document Management System 



The Contractor and the Authority shall use an internet-based document management system 
(DMS) for creating, distributing, and storing project correspondence and project submittals. 



1. The Authority will select the DMS and will provide the Contractor with the necessary 
access rights, letter templates, and training. 



2. The DMS will be password protected. Neither the Authority nor the Contractor will 
have access to the other organization's in-process correspondence. 



3. Specific DMS protocols shall be determined jointly during the project kick-off meeting, 
and modified as needed during the course of the Contract. 



2.2.2 Soft Copy Correspondence 



The Contractor shall deliver complete copies of every letter, attachment, drawing, design 
review package, or other project submittal to the Authority's project office for the official record 
file.  These documents shall be electronic and shall include the original source computer files, 
searchable PDFs, and PDF scans of signature pages.  



1. Letters must be on letterhead and signed.  



2. The Authority will deliver its letters to the Contractor in a similar fashion to that 
described above.  Drawings and other attachments might only be provided as PDF. 



2.2.3 Meetings 



Contractor shall comply with the following requirements: 



1. Official program meetings shall include an agenda and an attendance sheet.  



2. Meeting minutes and action items resulting from any meeting will be created by the 
Contractor during each meeting.  They will be reviewed and agreed to by both (all) 
parties at the conclusion of each meeting. Meeting minutes are defined as conclusions, 
statements, or agreements resulting from the meeting. Meeting minutes are not 
transcriptions of conversations.  



3. A responsible party and a due date will be established for all action items.  



4. The meeting minutes and action items will be submitted by project letter, for tracking 
and reference purposes, within seven days following the meeting. 



5. When the Authority agrees that a meeting can be designated as a “working session”, 
minutes and action items are not required.  The Authority will provide its formal 
comments against any subsequent design submittal. 
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2.2.4 Video Conferencing 



Whenever practical, as determined by the Authority, meetings shall be conducted through the 
use of video conferencing. Conferencing shall be through the use of Skype or similar internet-
based software.  



2.2.5 Software 



The Authority uses the Microsoft Office suite of software tools.  All electronic computer files 
shall be submitted in Microsoft Office-compatible file formats, or as individually approved. 



2.3 PROGRAM MANAGEMENT PLAN 



The Contractor shall develop and maintain a program management plan (PMP). (CDRL 2-1, 
Program Management Plan (PMP)) 



1. The PMP shall be updated every six months during the life cycle of the program, 
Award through close-out. 



2. If, in the Authority's sole judgment, one or more changes have occurred that are 
significant enough to warrant updating the PMP in advance of the six-month cycle, the 
Contractor shall submit an updated PMP within 21 days of receipt of a request for an 
update.  



3. The PMP shall be responsive to all Contract and Federal Transit Administration 
requirements, and shall include the following elements, as a minimum: 



a. Master Program Schedule (MPS): A critical path method (CPM) schedule (see 
Section 2.5.1, Master Program Schedule). 



b. Organization Chart: Depicting the functional and project reporting paths for all key 
personnel engaged with this project, including primary sub-suppliers. 



c. Staffing Plan: Defining the responsibilities and required qualifications of all key 
personnel, including experience and duration associated with the proposed position. 
Staffing requirements for on-site support (commissioning and warranty) from key 
subcontractors shall be included. 



d. Management Approach: Describing methods, procedures, and communication 
protocols used to control program schedule, technical performance (including 
testing), program changes, subcontracts or purchase orders, material procurement, 
field service support, manuals, training and the overall quality management plan, 
including sub-supplier quality management for the program. 



e. Supply Chain Management Plan: Detailed plan describing how the Contractor will 
manage materials throughout the program phases to ensure that production, 
commissioning, warranty, and Authority spares activities will always have a 
sufficient supply of parts. 



f. Facilities Plan: A description of the facilities resources needed to complete the 
project, including engineering, fabrication, assembly, test, storage, and 
transportation resources. A discussion of the management plan established to ensure 











Section 2, Program Management and Commissioning 



WMATA 8000 Series Railcars  2-4 Technical Specifications 



availability of required facility resources throughout the program life-cycle shall be 
provided. 



g. Risk Mitigation Plan: Covering technical, schedule, facilities, and financial aspects of 
the program. 



2.4 STAFFING REQUIREMENTS 



The following program team members working in support of this project shall be subject to 
prior approval. The Contract shall provide detailed position descriptions for each of the 
program team members, defining their roles and reporting structure. These descriptions, and all 
resumes for program team members, shall be submitted as part of the Contractor's Program 
Management Plan for approval. Contractor personnel changes in program team members shall 
be subject to approval. 



1. Key Personnel 100%-dedicated to this program: 



a. Program Manager 



b. Lead Engineer 



c. Systems Engineer (and/or subcontractor) 



d. Systems Integrator 



2. Personnel 100%-dedicated to this program: 



a. Warranty and Reliability Engineer(s) 



b. Safety Program Manager 



c. Materials Manager 



d. Quality Engineer 



e. Industrial Design Engineer (and/or subcontractor) 



f. Resident Engineer 



3. Personnel who are phased in per master program schedule and 100%-dedicated to this 
program: 



a. Production Manager (final assembly) 



b. Field Service Manager 



c. Commissioning and Deliverables Manager 



d. Three Warranty Engineers (Lead, Mechanical, and Electrical) 



e. Five QC Inspectors (Warranty/field modifications) 



4. Personnel supporting this program: 



a. Test Engineer (plant and field) 
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b. Training and Manuals Manager 



c. Contracts Department Manager 



The Program Manager, Lead Engineer, and Systems Engineer shall be considered as key 
personnel, as referenced in the Terms and Conditions. 



2.5 SCHEDULES AND PROJECT CONTROL 



2.5.1 Master Program Schedule 



The Contractor shall create and maintain a Master Program Schedule (MPS) based on the 
Critical Path Method. (CDRL 2-2, Master Program Schedule) A structured format shall be used. 



1. A preliminary version of the MPS shall be included as part of the Contractor’s 
Technical Proposal. The Contractor shall update the preliminary MPS submittal for 
review at the project kick-off meeting. 



a. This submittal shall be subject to approval, and shall become the baseline schedule 
for the program, once approved. 



b. The Contractor shall not adjust the baseline dates of any task following the 
Authority’s formal approval of the MPS submittal. 



c. Revisions to the schedule shall be submitted in advance of the regular monthly 
program review meetings. 



d. The MPS shall be updated to reflect actual completion dates and revised completion 
dates, corrections, and task additions. 



2. The schedule shall be prepared using Oracle Primavera software, shall be submitted in 
its native (editable) format, and shall comply with the requirements of Terms and 
Conditions. 



3. The program schedule shall identify all Contractual milestones including the following: 



a. All deliverables per CDRL and railcar deliveries 



b. The earliest possible and latest possible dates for accomplishing each milestone 



c. The shortest and longest permissible time span between each dependent milestone 



d. Critical and minor paths that are essential for accomplishment of program objectives 



4. The schedule shall indicate interaction with project activities of suppliers providing 
railcar components and subsystems. 



5. The schedule shall include clear milestones that reflect the completion of program 
phases (see Exhibit 2-1). 



6. The MPS shall include all significant subsystem development milestones and shall 
address subsystem development including the following: 



a. Conceptual and detail design reviews. 
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b. Appropriate qualification testing through First Article Inspection (FAI).  



c. Delivery of major and critical materials and components for assembly of the Pilot 
Cars. 



d. Final assembly, factory test, delivery, and final acceptance of the Pilot Cars.   



7. The schedule shall include development and delivery details regarding Special Tools, 
Training, Manuals, and Spare Parts. 



8. The Contractor shall include a detailed production schedule within the MPS. This 
detailed schedule shall identify the following for each subsystem, as a minimum: 



a. Receipt of necessary materials  



b. Production 



c. Design qualification test (DQT) by car or married-pair number 



d. Pre-shipment factory acceptance test by car or married-pair number 



e. Pre-delivery inspection  



f. Delivery of the cars  



g. Each production and on-site acceptance testing stage  



h. Acceptance schedules by car or married-pair number 



9. The MPS shall be cost loaded per payment milestone line items of Special Provision 
Section 5, Payment Milestones. 



10. The MPS shall be designed to also present summary-level schedules that illustrate 
actual progress apart from low-level details. 



Exhibit 2-1, Program Phases 



1 Pre-Award/NTP 
2 Kick Off 
3 Conceptual Design 
4 Preliminary Design 
5 Final Design 
6 First Article Inspections 
7 Pilot Car Production 
8 Pilot Car Qualification Testing 
9 25% delivery 



10 50% delivery 
11 75% delivery 
12 100% delivery 
13 Post-Delivery 
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2.5.2 Project Kick-off Meeting 



A project kick-off meeting shall take place no later than 20 days after Notice to Proceed.  The 
objective of the meeting is  to develop a joint understanding of the project plan, schedule, and 
risks. The meeting is anticipated to require several days, and shall accomplish the following:  



1. Introduce Authority and Contractor key personnel and stakeholders 



2. Establish formal channels of, and procedures for, communication; define drawing tree 
and car production numbering schemes, etc. 



3. Identify technical and schedule risks 



4. Complete a detailed review of the Master Program Schedule 



5. Complete a detailed review of commercial and technical provisions of the contract to 
enable the Authority to more completely understand how the Contractor will comply 
with the requirements. 



The project kick-off meeting shall be in addition to (or held in conjunction with) the Post-Award 
Conference and Subcontracting Program Review as required by Terms and Conditions. 



2.5.3 Progress Reviews and Reports 



2.5.3.1 Monthly Progress Review Meetings 



Program progress reviews shall be held on a monthly basis. The reviews shall be held at either 
the Contractor’s facility, the Authority’s facilities, or via video conference as directed by the 
Authority. In addition to any other pertinent discussion topics, the Contractor’s monthly 
progress update report shall be reviewed at each meeting. 



2.5.3.2 Monthly Progress Update Reports 



The Contractor shall submit monthly progress update reports. (CDRL 2-3, Monthly Progress 
Update Reports)  



The monthly progress reports shall contain detailed information on the following subjects in 
narrative form: 



1. Work completed as of the reporting date 



2. Work in progress as of the reporting date 



3. Major problems/risks (e.g., delays incurred or anticipated) and remedial action plans 



4. Status of outstanding action items 



5. Progress against the approved MPS and summary progress towards phase completion 



6. Engineering Change Proposal (ECP) status 



7. Organizational changes 
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8. Subcontractor program progress. 



9. Updated Buy America status. 



10. Updated Staffing Plan (see Section 2.3, Program Management Plan, Paragraph 3 c) 



11. Updated Management Approach (see Section 2.3, Paragraph 3 d) 



12. Updated Supply Chain Management Plan (see Section 2.3, Paragraph 3 e) 



13. Updated Facilities Plan (see Section 2.3, Paragraph 3 f) 



14. Updated weight report showing actual and estimated values for all major assemblies.  
The report shall include breakdowns, car total, imbalances, and axle loading. 



Contractor shall comply with the following requirements for Monthly Progress Update Reports: 



1. Information in the report shall be shown in CDRL and MPS sequence, to the extent 
possible. For the list of submittals in CDRL number sequence, the Contractor shall 
show the transmittal date, transmittal number, and status.   



2. The progress assessment shall clearly show the state of the program relative to 
approved schedules and shall identify the critical path(s) to project completion.  



3. A printout of the schedules shall show progress to date (in Gantt chart format) showing 
all activities, activity durations, remaining durations, early starts, early finishes, late 
starts, late finishes, predecessors, and successors.  



4. The progress report shall detail the status of all configuration changes made to each car 
following Pilot Car FAI. 



a. Existing and proposed ECPs, Production Modification Instructions (PMI), and Field 
Modification Instructions (FMI) shall be identified, described and an implementation 
status provided. 



b. This information shall clearly describe the schedule for implementation, the 
effectiveness of each change, and the schedule for incorporation into the normal 
production process using process traveler and drawing revision documents. 



5. Whenever the work progress falls behind the approved MPS, the Contractor shall 
submit a detailed explanation of the work-around or recovery plan to be followed to 
regain acceptable progress. The work-around or recovery plan shall be included in the 
monthly progress update report. 



6. The progress report shall be submitted at least two business days before the meeting. 
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2.5.4 Phase Completion Meetings 



Periodic phase completion meetings will be scheduled to measure progress towards completing 
each program phase: 



1. These meetings shall be separate and distinct from the regular monthly progress 
review, and may include additional internal and external program stakeholders 
associated with the Authority and the Contractor. 



2. Program progress will be measured against the completion of items in the MPS.  
Successful completion of all scheduled activities shall be required before the program 
moves to the next phase of the life cycle. 



3. Payment milestones shall be associated with each of the phase reviews. The Authority 
will make the final determination as to the satisfactory completion of all program 
phases.  The Authority may approve partial payments related to design reviews, where 
systems have disparate approved schedules. (See Payment Milestones in the Terms and 
Conditions.) 



4. Failure to meet goals can result in delays in the program, withholding of payments, and 
suspension of deliveries. 



5. If a phase review meeting is not successful, the Contractor and the Authority shall 
create a joint focus team to expedite any remedial action required to move the program 
to phase completion. 



2.6 SYSTEMS ENGINEERING 



2.6.1 General 



The Contractor shall treat the railcar, in its design and manufacture, as a single system rather 
than as an assembly of independently engineered and manufactured elements. 



1. The Systems Engineering function shall be responsible for the successful integration 
and testing of all railcar systems. 



2. The Systems Engineer shall review and approve with signature all specifications, 
drawings, test procedures, and reports. 



3. Systems Engineering shall participate in every design review and FAI. 



4. Systems Engineering shall be responsible for completing the Operation Characteristics 
Analysis (see Section 3, Test Program). 



2.6.2  Staffing Requirements 



The Contractor shall provide a full-time staff person for systems engineering who is separate 
and distinct from the general engineering staff. 



1. The Contractor shall employ a specialist with documented experience with systems 
engineering and integration of complex computer networks to develop requirements, 
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manage integration, conduct testing, and prepare all deliverables associated with the 
computer networks on the railcar. 



2. This resource shall have demonstrable experience with this task in the rail, defense, or 
aerospace fields. 



3. All staff are subject to pre-approval by the Authority. If the Contractor cannot hire 
properly trained and experienced staff, the Contractor shall hire an outside firm to 
manage systems engineering for the duration of the program. 



4. The Contractor must obtain written approval from the Authority prior to engaging this 
resource in Contract work. 



2.6.3 Systems Engineering Plan 



The Contractor shall prepare, and shall submit to the Authority for approval, CDRL 2-4, 
Systems Engineering Plan.  



It shall describe the organization and process by which the Contractor proposes to: 



1. Transform Specification requirements into a description of system and subsystem 
configuration and performance parameters through the use of an iterative process of 
definition analysis, design, test, and evaluation. 



2. Integrate related technical parameters and ensure compatibility of physical, functional, 
and program interfaces in a manner that optimizes the railcar design. 



3. Incorporate reliability, maintainability, safety, quality assurance testing and human 
factors into the total engineering effort. 



As part of the Systems Engineering Plan, the Contractor shall prepare CDRL 2-5, Systems 
Integration Testing Plan and Matrix (SITPM). 



1. The SITPM shall clearly identify and describe all of the testing required to thoroughly 
test each interface within the railcar. 



2. A reporting matrix shall graphically depict the interfaces between subsystems and 
identify the test(s) required to confirm interface integrity. 



3. Successful integration testing of all railcar systems may require testing that is not 
specifically delineated in the Specifications. It is the Contractor’s responsibility to 
complete all interface testing to demonstrate a thorough integration of all systems. 



4. A preliminary version of the SITPM shall be delivered as part of the Contractor’s 
Technical Proposal package. This preliminary submittal shall describe the primary and 
secondary system interfaces within the railcar system. 



5. The SITPM shall be updated and expanded to include specific test references prior to 
CDR, PDR, FDR, and Pilot Car FAI meetings. 











Section 2, Program Management and Commissioning 



WMATA 8000 Series Railcars  2-11 Technical Specifications 



6. A final revision shall be submitted and approved prior to the Authority’s acceptance of 
the Pilot Cars following on-site qualification testing. At that time, the lead Systems 
Engineer shall certify the successful completion of the integration and testing plan. 



2.6.4 Overall System Description 



The Contractor shall provide CDRL 2-6, Overall System Functional Description (SFD). 



1. It shall describe and graphically depict the overall system.   



2. It shall show all component systems, with the internal and external interfaces and 
networks.  



3. All terminology shall be consistent with the Technical Specifications and with the 
System Functional Descriptions (SFDs) for all systems.   



4. It shall identify by title and document number all system SFDs, all network description 
documents, and all interface definition documents.   



5. It shall describe the partitioning of requirements between systems and shall describe 
the allocation of any derived requirements to the individual systems. 



2.6.5 Supplier System Descriptions 



The System Suppliers shall provide a System Functional Description (SFD) for each System 
(CDRL 2-7, Suppliers System Functional Description).   



1. Each SFD shall include a context diagram showing the specific system in relation to 
other systems and all external interfaces shall be identified and described. All names 
and other terminology used must match that in the Technical Specifications, the Overall 
SFD, and all software documentation.  



2. A decomposition diagram is required showing the components of the system including 
hardware, software, and networks. This diagram shall also use terminology consistent 
with other documentation and shall show all internal interfaces between components 
and external interfaces to other systems.   



3. Each Software Configuration Item (SCI) including Commercially Available (CA) items 
shall be described in a separately numbered section giving the name of the Software 
Item, the general functions it will provide, the hardware it is associated with, and the 
internal interfaces within the subsystem.  



4. A Software Summary Table (SST) shall be included with a row for each software item 
in the system. Columns shall give the software item name and ID, SRS name and ID, 
SDD name and ID, and the section number within the SFD where it is described.  



5. For programmable logic components such as FPGA’s, CPLD’s, and other similar 
devices, all specific hardware and programmed functions and the interfaces shall be 
defined in a separately numbered section of the SFD and each item shall be included in 
the SST or a separate similar table.  
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6. The detailed design shall then be documented in the schematics or in an appropriate 
output of the software tool used to program the device. 



7. Each hardware item including printed circuit boards and enclosures shall be described 
individually. 



2.6.6 Requirements Allocation and Management 



The Contractor shall develop a Requirements Allocation and Management Plan to allocate the 
requirements of the Specifications to each system, subcontractor, and item of equipment or 
component. The Authority shall have access to the Plan and Plan status information upon 
request.  



The Contractor or each subcontractor shall in-turn decompose the allocated requirements to 
specific hardware or software functional or performance requirements for the equipment and 
components in its scope of supply.  



The Contractor and each subcontractor shall develop and employ a Requirements Management 
Plan that allows tracing each specific hardware or software functional requirement to this 
specification and identifies where compliance to each specific requirement is documented or 
demonstrated, and where demonstrated by test, shall identify the test results. 



2.7 CONFIGURATION MANAGEMENT 



2.7.1 General 



The Contractor shall prepare configuration records to acceptable commercial standards for each 
railcar produced, as specified or approved by the Authority, and shall maintain accurate and 
current configuration records. 



1. The configuration records shall be contained in a controlled release document, which 
shall be available to the Authority throughout the period of warranty. 



2. The Contractor shall ensure that sub-suppliers’ equipment incorporated in the railcar 
design complies with all requirements specified in this Section. 



3. The Authority’s car numbers shall be used as the primary equipment reference on all 
documents and deliverables. 



2.7.2 Configuration Management Plan 



The Contractor shall prepare and submit CDRL 2-8, Configuration Management Plan.  This 
plan shall identify how the Contractor intends to meet the configuration management 
requirements. 
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2.7.3 Change Control 



The Specifications identify the procurement baseline for the railcars. Changes to the 
procurement baseline shall be controlled by the processing of ECPs.  



1. ECPs created prior to the acceptance of the Pilot Cars, or ECPs that are cut into 
production and do not impact accepted railcars shall be submitted for approval. 
(CDRL 2-9, Engineering Change Proposals – Pre-Pilot Car Acceptance)  



2. Any ECP that impacts accepted railcars (e.g., FMIs), shall be submitted for approval. 
(CDRL 2-10, Engineering Change Proposals – Post-Pilot Car Acceptance) 



Contractor shall comply with the following requirements: 



1. ECPs shall be reviewed by the Contractor’s organization responsible for configuration 
control for total impact evaluation prior to recommendation and submittal to the 
Authority for review and approval. 



a. ECPs shall be reviewed and approved by the Contractor’s Systems Engineering 
department. 



b. Engineering changes shall affect all cars, unless specifically approved otherwise by 
the Authority. 



2. Any configuration change made to any system or subsystem after approval of an FAI 
shall be submitted to the Authority for approval. 



a. ECPs shall be submitted with complete documentation, sufficient for a thorough 
review of the impact of the change on the configuration and performance of the 
railcar.  



b. The Contractor must receive written approval from the Authority prior to 
implementation of any such change.  Any work completed prior to official approval 
will be considered non-compliant and will be re-worked at Contractor’s expense. 



2.7.4 Configuration Records 



The Contractor’s configuration records shall be prepared to acceptable commercial standards, 
as specified or approved by the Authority. 



1. They shall define the approved configuration of equipment under development, test or 
production, or in operational use, and shall include supporting engineering data (e.g., 
test procedures, wiring diagrams, etc.). Such items shall be identified to the lowest level 
required to ensure repeatable performance, quality, and reliability.  



2. The configuration records shall portray the relationship between all items. Hardware 
configurations not used on this Contract, and manufacturing status, shall not be 
included in the configuration records. 
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3. The Contractor’s configuration records and documentation shall indicate: 



a. The composition of any part number at any level in terms of subordinate part 
numbers 



b. All next higher assembly part numbers for any part 



c. The specification document, specification control drawings, or source control 
drawing numbers associated with any supplier, vendor, or Contractor part numbers. 



4. The Contractor’s configuration records and documentation shall identify engineering 
changes and retain the record of superseded configuration requirements affecting items 
that have been formally released for test or production. 



5. The Contractor shall employ a system of identifying numbers for specifications, 
drawings, software, test procedures, test reports, and associated documents that shall 
ensure that differing parts, assemblies, and installations are uniquely identifiable. 



a. The part number used by the Contractor and its subcontractors shall identify a 
specific item having a specific configuration. 



b. All items down to the lowest level of repair or replacement that are identified by the 
same part number shall have the same physical and functional characteristics, shall 
be equivalent in performance and durability, and shall be interchangeable without 
alteration to themselves or associated items, other than normal field adjustments. An 
item shall not be considered interchangeable if it requires selection for fit or 
performance. 



c. Old and new configuration items that require segregation shall be identified either 
by a new drawing number or a dash number added to the original drawing. 



6. The Contractor shall permanently mark all hardware components to the lowest level of 
repair and replacement with part number identification. 



a. The hardware identification marking shall at all times coincide with the officially-
released engineering data. 



b. Nameplates on major equipment items shall provide space for Authority numbers to 
be added by the Contractor, at its expense, at the direction of the Authority. 



c. Serialization is required on each item of equipment delivered unless otherwise 
directed by the Authority. Individual serial numbers shall be assigned in a numerical 
sequence established for the type or model series of the equipment being supplied. 



7. The Contractor shall maintain a serialization and configuration record for each railcar. 
Two copies shall be submitted as part of the Car History Book. 



2.7.4.1 Serial Numbers 



Serial numbers of equipment shall be provided in the relevant Car History Books. 



1. Serial numbers shall not exceed 10 digits. 
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2. Duplicate serial numbers shall not be used within a type or model series. 



3. Serial numbers are required for: 



a. Wheels 



b. Axles 



c. Truck frames and truck bolsters 



d. Journal bearings 



e. Air conditioning condensers, evaporators, compressors and motors 



f. Couplers 



g. Destination signs 



h. Door operators and controls 



i. Traction motors, including rotors 



j. Gear units 



k. Batteries 



l. Converters 



m. Inverters 



n. Propulsion control units and brake resistors 



o. Brake calipers and actuators 



p. Air compressors 



q. Communication control panels, radios, VMDS units, passenger information displays, 
destination signage (all). 



r. ATC control units 



s. Motors in any of the above-listed apparatus and equipment 



t. Any other items of equipment that are customarily numbered serially. 



A description of the serial numbers for each of the items listed above shall be submitted as part 
of the Configuration Management Plan. 



1. The description may identify a block of numbers from which the serial numbers will be 
drawn, or as a minimum, the number of characters in the serial number and whether 
numerals, letters, or a combination thereof will be used. 



2. Existing serialization programs of the Contractor or subcontractors will be considered 
acceptable, subject to approval. 
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3. Serial numbers used by the Contractor and subcontractors shall not duplicate serial 
numbers assigned to like products, equipment, or parts delivered to the Authority 
under separate, ongoing or previously completed contracts or subcontracts. 



2.7.4.2 Bar Codes and RFID Tags 



Standard Code 39 bar codes identifying each part number and serial number shall be 
permanently affixed to each serially numbered component below the stamped or engraved 
serial number. 



1. The location of bar codes shall be chosen to provide ease of reading without requiring 
the removal the component from the car. 



2. The medium used for the bar code shall be subject to approval. 



3. As a minimum, the bar code itself shall contain the manufacturer’s part number, serial 
number, and a 9-digit allocation for the Authority’s stock number. 



4. All equipment assemblies and spare parts shall be bar-coded to facilitate electronic scan 
recording of maintenance actions. 



At its option, and prior to FDR, the Authority may decide to use Radio Frequency Identification 
(RFID) tags in place of bar codes. 



1. The Contractor shall develop a document comparing and contrasting the use of bar 
codes and RFID tags for the 8000 series railcar for presentation at PDR. 



2. If RFID tags are selected, the Contractor shall supply the tags (installed on all required 
equipment), eight tag burners, and eight tag readers.  All equipment shall be directly 
compatible with the Authority’s MMS – Maximo. 



2.7.4.3 Materials Management System 



The Authority’s Materials Management System is Maximo. 



1. The Contractor shall submit all part numbers, serial numbers, configuration data, etc. in 
a format that can be directly imported into the Maximo system. 



2. The Authority will provide a detailed description of the Maximo tool and interface 
protocol upon request. 



2.7.5 As-Built Specification 



The Contractor shall provide an as-built vehicle specification upon completion of the warranty 
period of all vehicles:   



1. The specification shall incorporate numbered annotated additions, deletions and 
revisions to the Contract Vehicle Specifications, subject to the Authority’s approval, to 
reflect all agreed in-process and post-delivery modifications to the original technical 
provisions.   
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2. An index shall be provided with the as-built specification listing all annotated changes 
by number with a document reference or short description of reason for the change. 



2.8 DEVIATIONS AND WAIVERS 



2.8.1 Requests for Deviations to the Technical Specification 



Under the terms detailed in the Terms and Conditions, the Contractor must specifically identify 
any deviations or departures from the Contract requirements by submitting a formal request for 
Contract modification. 



All such requests shall be submitted individually, and shall be subject to approval prior to 
implementation. (CDRL 2-11, Requests for Deviations to the Technical Specifications)  



2.8.2 Waiver for Proven Equipment 



If the component or subsystem in question is identical in design to equipment extensively and 
recently deployed in other transit applications, it may not be necessary to conduct design 
qualification tests on that equipment. 



In the event that the Contractor believes the conducting of design qualification tests on a 
specific item is not necessary, a formal waiver request must be submitted to for approval. The 
waiver request shall contain the following data: 



1. Identification of the equipment, including model number and revision level 



2. Methodology used by the equipment supplier to identify and maintain the equipment’s 
configuration 



3. Identification of current locations of equipment applications, quantities of equipment at 
each location and date of installation 



4. Equipment owner’s contact name, address and telephone number 



5. Description of all differences between the other application and the requirements of the 
Specifications 



6. Certified test results for the relevant design qualification tests that have previously 
been conducted on the equipment 



Based on the data submitted, the Authority will determine if the testing requirements will be 
waived. Specific requirements for each set of equipment will be considered individually. 



2.9 SAFETY CERTIFICATION 



The Contractor shall provide all resources and specialized staffing necessary to complete the 
system safety certification activities as detailed in the WMATA Safety and Security Certification 
Plan (latest revision), and in Section 4, System Safety. 



1. The Contractor shall be an active member of the Safety Committee for this 
procurement, and shall be responsible for providing all data necessary to obtain the 
Authority’s safety certification. 
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2. The Authority’s safety certification process will start immediately following NTP and 
must be completed prior to Pilot Car acceptance. 



2.10 PILOT CAR PRODUCTION 



2.10.1 Pilot Cars 



The Pilot Cars shall be the first Quad unit completed, and shall be the first cars delivered to the 
Authority’s site for acceptance testing. 



1. The Authority reserves the right to examine and approve each assembled and 
completed part of the work before similar work is undertaken on the remaining cars of 
that type. 



2. The remaining cars are considered production cars and shall be constructed and 
assembled in accordance with the Pilot Cars, and no changes shall be made unless 
authorized in writing in accordance with the configuration control requirements of the 
Specifications. 



3. The intent of this section is that all cars shall be of the same configuration.  This 
provision is not intended to discourage the incorporation of design improvements 
during the construction of the cars, as “effective point” changes, with the Authority’s 
concurrence. 



2.10.2 Pilot Car Production Reviews 



During the production of the Pilot Cars, the Contractor shall hold regular (e.g., weekly) Pilot 
Car Production meetings. 



1. The purpose of these meetings will be to review each installation during the production 
of each Pilot Car with all internal stakeholders and Authority representatives to 
confirm the installation meets the Contractor’s production standards and the 
Authority’s Specifications. 



2. In addition, these meetings will enable the revision of the Authority’s book of quality 
standards to establish specific quality inspection criteria for all production cars where 
the criteria are not expressly stated in the Specifications. 



3. Meetings shall be conducted on the cars such that each installation can be reviewed in 
situ.  



4. Attendees shall include: 



a. Contractor: 



• Production Line Manager 
• Production Line Station Manager 
• Production technicians 
• Quality Control Manager and Lead Inspector 
• Quality Assurance Engineer 
• Systems Engineer 
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• Supplier Quality 
• Supplier representatives, as required 
• Design Engineering 
• Industrial Engineering 
• Materials/Sourcing representative 



b. The Authority: 



• Commissioning Engineer 
• On-Site Quality Assurance representatives 
• On-Site Program Engineer 
• Selected Authority representatives from car maintenance, safety, or other 



departments. 



5. The Contractor shall empower its design engineer to create red-lines to drawings, as 
required, based on the outcomes of these meetings. 



6. These meetings will be considered formal program meetings. All meeting minutes and 
action items shall be recorded. 



7. The Authority may validate the incorporation of any changes resulting from Pilot Car 
production reviews by performing additional reviews on later cars. The Contractor 
shall support these validation reviews in the same manner as the Pilot Car production 
reviews. 



2.10.3 Maintainability and Safety Review 



Following the production of the first set of Pilot Cars, and prior to the Pilot Car FAI, the 
Contractor shall host a Maintainability and Safety Review meeting to allow a thorough review 
of the completed cars by the Authority’s maintenance, safety, and training personnel. 



1. This review will concentrate on the physical integration of the various subsystems into 
a completed car. 



2. The Contractor shall execute the Maintainability Demonstration Plan (see Section 7.7.2, 
Maintainability Demonstration) as part of this Maintainability and Safety review. 



3. The Contractor shall be prepared to make necessary configuration changes and 
adjustments to installations based on the outcomes of this review. 



4. Successful completion of this review and associated action items shall be required prior 
to scheduling the Pilot Car FAI (see Section 5.1.3.7.2, Pilot Car FAI). 



2.11 SHIPPING AUTHORIZATION 



The Contractor must receive written authorization from the Authority prior to shipping car 
shells from their point of manufacture to the final assembly site, and prior to shipping 
completed railcars to the Authority. 



1. Prior to authorizing shipment, the Authority will review all documentation, including 
all open items lists, non-conformance reports, and history books. 
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2. Payments will be withheld for any car shell or completed car shipped without specific 
approval. 



2.12 RAILCAR COMMISSIONING PROCESS 



The process of commissioning includes qualification and routine testing, inspections serial 
production car delivery, testing, inspection, and acceptance, and fleet warranty support. 



1. The Contractor shall assign a Commissioning Manager to lead all related activities. 



2. The Commissioning Manager shall report directly to the Program Manager and shall 
have full responsibility for all Contractor and sub-supplier activities in the 
commissioning phase of the program. 



2.12.1 Inspections and Testing 



Contractor shall comply with the following requirements: 



1. Inspection: The Contractor shall provide the Commissioning Manager with the 
necessary authority and resources to ensure that railcars, systems, and subsystem 
equipment are presented to the Authority for inspection, including FAIs, in accordance 
with Section 5.1.3.7.1, First Article Inspections, and agreed protocols. 



2. Testing: 



a. Testing shall be performed in compliance with Section 3, Test Program, and the 
approved Test Plan. 



b. The Contractor’s Commissioning Manager shall be responsible for the scheduling of 
all tests and for ensuring that all necessary test documentation is submitted to the 
Authority at the required time. 



c. The Authority reserves the right to perform, at its own expense, operating tests of 
each railcar married pair, and in trains of up to eight cars. The Contractor shall 
assign a competent representative to witness such operating tests. 



3. Defects: 



a. Any defects disclosed by such tests in apparatus, materials, or workmanship shall be 
corrected at the Contractor's expense. 



b. The Contractor shall bear all expenses and costs incurred in the removal of railcars 
from the designated delivery point for correction of defects. 



c. If any railcar is delivered to the Authority that has previously been rejected, the 
Contractor shall bear all expenses for acceptance testing that must be repeated. 
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2.12.2 Warranty Support 



The Contractor’s Commissioning Manager shall be available at the Authority site throughout 
the warranty period and shall make available within 3 hours sufficient technical resources for 
warranty actions necessary to return railcars to revenue service without unreasonable delay. 



1. The Contractor’s responsibilities during the warranty period are defined in the Terms 
and Conditions. 



2. A warranty plan shall be submitted for review and approval.  The plan shall identify 
the proposed approach to providing warranty support, addressing such issues as 
personnel, locations, response time, inspections, warranty spares, and how warranty 
days out of service will be captured and applied to the end of the warranty period (see 
Terms and Conditions. (CDRL 2-12, Warranty Plan) 



2.13 SPARE PARTS MANAGEMENT 



The Contractor shall be responsible for the delivery of all spare parts under this Contract. 



1. The Contractor shall be responsible for assuring that all spare parts delivered to the 
Authority are maintained to the latest configuration at all times throughout the 
warranty period. 



2. All data received from the Contractor shall be in a format that can be directly imported 
into the Authority’s Materials Management system (Maximo). 



3. Detailed spare parts requirements are addressed in the Terms and Conditions. 



4. The Contractor shall submit the following CDRLs for spare parts: 



a. CDRL 2-13, Spare Parts Provisioning Plan 



b. CDRL 2-14, Recommended Spare Parts List 



c. CDRL 2-15, Spare Parts Control Numbering System 



2.14 DESIGN DOCUMENTATION AND OTHER DELIVERABLES 



2.14.1 Contract Overview 



The Technical Specifications and Contract Drawings describe the overall dimensions, shape, 
appearance, and functions of the car, and the environment in which it will operate. 



1. In certain areas, design details are given where it is necessary to ensure compatibility 
with the Authority’s existing system and cars, or where the Authority’s experience has 
dictated the need to limit the Contractor’s choice of materials or methods. 



2. If necessary to ensure the necessary level of compatibility between existing cars and 
cars furnished under this contract, the Contractor will be provided with additional 
information regarding the design of the existing cars, to the extent that such 
documentation exists and is readily available. 
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2.14.2 Design Specifications and Standards 



Whenever reference is made to a specification or standard, it shall be understood that the 
reference is to the latest issue on the date of the solicitation for offers, unless specified 
otherwise. The Contractor may propose the use of later revisions, subject to approval. 



2.14.3 Contract Data Requirements 



Contractor shall comply with the following requirements: 



1. Submission requirements defined in this Section are applicable to schedules, reports, 
plans, certificates, drawings, manuals, training curriculum, software, parts lists and 
other data. 



2. The Contract Data Requirements List (CDRL) delineates the due dates, number of 
copies required, and frequency requirements. 



3. Specific requirements for each deliverable are contained in the referenced Specification 
section and are noted by the use of “(CDRL)” after the requirement. Exhibit 2-2 contains 
a consolidated listing of the CDRLs identified at the end of each section. 



4. Each item of data submitted shall be identified on the first page of the document by the 
applicable CDRL number. In addition, the Contractor shall include the relevant CDRL 
number or Technical Specification section number in the subject line of the transmittal 
letter. 



5. Where a CDRL is applicable to multiple parties (e.g., suppliers), a sub-number shall be 
used for tracking purposes, and each shall be shown in the tracking report. 



6. When data contained in a CDRL item has changed, the Contractor shall provide a new 
CDRL submission to the Authority. 



7. Whenever the estimated completion date of a CDRL shown on a schedule has passed, a 
revised completion date shall be provided to the Authority. 



2.14.4 Drawings 



2.14.4.1 General Requirements 



The Contractor shall submit a Drawing List in an Authority-approved electronic format that 
identifies all drawings used in the assembly of the railcar, from the completed railcar down to 
the lowest level replaceable unit, in a logical manner by subsystem and level of assembly. 
(CDRL 2-16, Drawing List) 



1. The drawing list shall indicate those drawings to be submitted for approval and those 
to be submitted for information or reference only. 



2. The list shall also identify the number of sheets per drawing, the current revision 
number of the drawing, the Contractor’s transmittal number, transmittal date, and the 
current approval status for each drawing. 
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3. As part of the initial drawing list submittal, the Contractor shall describe the primary 
drawing numbering system including the significance of characters. 



The Contractor shall submit for approval, detailed drawings of all assemblies, subassemblies, 
equipment, apparatus, and the vehicle, including mechanical and electrical details. 



1. Sufficient drawings shall be submitted to convey concept, design, dimensions, 
maintenance access, operation, overall assembly aspects, and interfaces. 



2. Detailed parts drawings need not be furnished unless required by the Authority to 
enable its review of another drawing. 



3. Arrangements and details of all apparatus, including apparatus within equipment 
boxes, shall be submitted for review; outline drawings are not sufficient. 



4. Electrical drawings include schematics, wire lists, device tables, train-wide circuits, and 
device locators.  Complete schematics drawings are required for every circuit board 
used in the railcar, in a Special Tool, or in a PTU/BTE assembly. 



5. Each drawing shall include the following: 



a. A complete Bill of Materials, vendor name, and vendor part number on the field of 
the drawing or on a separate sheet of the same drawing, describing all parts and 
subassemblies, including subcontractor-furnished items that form a part of the 
assembly, subassembly, or piece depicted. 



b. Every assembly drawing shall include the weight of the assembly. 



c. All drawings shall reference the drawing number of the next higher subassembly or 
assembly. This requirement does not apply to standard hardware, electrical, or 
electronic components. 



d. Whenever a material or process is identified on a drawing by the Contractor’s own 
specification number, the drawing shall also provide the commercial equivalent. If 
there is no commercial equivalent, the Contractor shall provide copies of its 
specification. 



6. Contractor shall comply with the following requirements for drawings: 



a. Drawings shall be submitted in an Authority-approved file format.  Where solid 
models (3D) are approved for formal submittal, they shall be in their native format 
and in a fully query-capable format such as Adobe PDF 3D, with other model viewer 
formats only if a freely licensed viewer is available.  The Authority anticipates that 
the top-level car assembly drawings will be in a 3D format, with 3D parts drawings.  
Where 3D drawings are provided, corresponding 2D drawings shall also be 
provided, as generated in an approved CAD format from the 3D model. 



b. Information on drawings shall be provided in black on a white background. 



c. Dimensions on drawings shall be expressed in the English system; all drawing file 
names, titles and wording on drawings shall be in English. English translations shall 
appear adjacent to, and dominate, the original wording/units. 
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d. Terminology used in drawings and correspondence shall be conventional to the 
transit and railroad industries within the United States. 



e. A drawing key shall be provided to permit rapid identification of elements 
portrayed. 



f. Electrical drawings shall include the state of the circuitry. 



g. Drawings containing weldments shall provide a clear reference to the Welding 
Procedure Specification (WPS) used to make the welds.  The WPS references shall be 
included adjacent to each weld symbol on the drawing. Welding symbols shall be 
per AWS, or as otherwise approved by the Authority. 



h. The selected projection for drawings shall be consistent for all drawings. 



i. No more than five sizes of drawings shall be used, with 36-inches by 72 inches being 
the largest drawing size permissible. 



7. Approval of a drawing does not relieve the Contractor of the obligation to meet the 
requirements of the Contract. Approval of a drawing that contains a deviation from, or 
violation of, the Specifications does not constitute authority for that deviation or 
violation. Such deviations must be specifically requested and granted. 



2.14.4.2 Drawing Revisions 



Revisions to drawings and drawing change orders affecting submitted drawings shall be 
submitted for approval as they are issued. 



1. No more than five drawing change orders shall remain unincorporated on any drawing 
at any time. 



2. Drawings on which changes have been made, even though fewer than five in number, 
shall be revised to incorporate those changes at no less than 2-month intervals. 



3. The revision block shall give details of the changes made by that revision, or the 
numbers of drawing change orders may be used instead of detailed descriptions. In the 
latter case, the drawing change orders shall have been submitted no later than at the 
time of submittal of the revised drawing. 



2.14.4.3 Arrangement Drawings 



Prior to beginning the detailed design of the railcars, the Contractor shall submit for approval 
complete and comprehensive arrangement drawings of the car. (CDRL 2-17, Arrangement 
Drawings) 



1. Arrangement drawings shall include: 



a. Floor plan 



b. Reflected ceiling plan 



c. Underfloor equipment arrangement 
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d. Inside longitudinal sections of both sides of the car 



e. Exterior side elevations of both sides of the car 



f. Elevation views of both ends of the car 



g. Sufficient transverse half-sections or full-sections through the car to show all 
variations in cross-section such as at windows, doors, and door pockets. The cross-
sections shall also show underfloor equipment. 



2. Arrangement drawings shall be dimensioned, and all key points shall be located by 
dimensions from the longitudinal centerline, the pulling face of the F-end coupler, and 
the top of rail. 



3. Arrangement drawings shall be to a scale of 1:25 or larger, except for cross-sections, 
which shall be to a scale of 1:10 or larger. 



4. Arrangement drawings shall be included on the Drawing List. After approval, 
arrangement drawings shall be revised upon Authority request. 



2.14.4.4 Dynamic Outline Drawing 



The Contractor shall submit, prior to beginning the detailed design of the cars, a complete 
dynamic outline of the proposed car, including the following: (CDRL 2-18, Dynamic Outline 
Drawing) 



1. All projecting appurtenances.  



2. All possible motions that fall within the limiting dynamic outline given in Contract 
Drawing 8000-25, Dynamic Outline. 



3. Supporting calculations. 



These drawings shall be included on the Drawing List. 



2.14.4.5  “As-Built” Drawings 



Prior to the acceptance of the last married pair, the Contractor shall submit an updated drawing 
list and a complete set of “as-built” drawings for the fleet in an Authority-approved format. 
(CDRL 2-19, As-Built Drawings). 



1. Every engineering change, deviation, Material Review Board (MRB) repair, or similar 
variance affecting form, fit, or function shall be incorporated into the affected drawing 
whenever such variance applies to five or more cars, and the drawing shall be clearly 
labeled with the Authority’s car numbers to which each configuration applies. 



2. Those variances applying to fewer than five cars may either be incorporated in the 
affected drawings or, as an alternative, be supplied separately, with a list of applicable 
variances included in each relevant Car History Book, cross-referenced to the affected 
drawings. 
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2.14.4.6 Use of Terminology of Existing Cars 



To facilitate understanding and maintenance of the cars, each component or device that 
corresponds closely in function to a counterpart on the Authority’s existing cars shall be 
designated by the same name and symbol used for that counterpart in the drawings, 
schematics, and manuals that describe the Authority’s existing cars. 



Upon request by the Contractor, the Authority will provide sample documentation (e.g., 
manuals, schematics, and other drawings) demonstrating names and symbols used for 
components and devices on the existing cars. 



2.15 DESIGN REVIEWS 



Three phases of formal design review meetings shall be held, at an approved location, to assess 
and summarize progress of design. These periodic in-progress reviews shall be conducted to 
evaluate the progress and technical adequacy of the design and compatibility with the 
performance requirements of the Contract. 



1. The Contractor shall develop an outline for a complete design review submittal 
package based on the specified requirements for all design reviews, and as approved by 
the Authority.   



a. For each design review phase, the complete outlined document shall be provided, 
with the Table of Contents showing which sections of the submittal are required for 
that phase of design review. 



b. Subsequent design reviews shall update prior submittals while adding to the overall 
content.  Updates shall be indicated using the “track-changes” features of the office 
software. 



c. The Final Design Review Package shall be independent, in that it documents all 
elements of the design reviews, without need to refer to other prior submittals. 



2. Review meetings shall include the review of the design and functionality of bench test 
equipment and portable test devices including any related custom software. Design 
review document package submittals shall include adequate information to support the 
review of the bench test equipment and portable test devices. 



3. Systems engineering, safety certification, and reliability shall be reviewed in detail at 
each meeting. Failure to provide such information may result in a delay of the 
applicable design review meeting until such information is provided. 



4. Prior to each review, a review package shall be submitted that includes the drawings, 
technical data, analyses, CDRLs and other items required for the review. These review 
packages shall be received no later than 30 days before the scheduled design review. 
Failure to provide the package for the allotted review time shall cause a postponement 
of both the design review and any milestone payment. 



5. After each review, the design review package shall be updated to address prior written 
comments and comments from the design review meeting itself.  This package will be 
the basis of approval of the design review. 
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2.15.1 Conceptual Design Review  



The purpose of the Conceptual Design Review (CDR) is for the Contractor to seek the 
Authority’s early agreement on the approach to the design of the railcar and its systems. 



1. The CDR shall be based on, and consistent with the Specifications and the Contractor’s 
Final Proposal Revision, and shall provide such additional details as necessary to fully 
present the design approach, to eliminate ambiguities, and to narrow alternatives as 
system vendors are selected. 



2. The CDR may be accomplished progressively on a system-by-system basis, and 
separate CDR sessions may be scheduled. 



3. The Contractor shall schedule vendor participation as necessary to support the 
Contractor’s presentation of the design concepts. 



4. The CDR process shall be completed no later than 120 days after Contract award. 



The CDR package (or packages) shall address the following topics as a minimum: (CDRL 2-20, 
CDR Package(s)) 



1. A narrative description of each major subsystem as proposed by the Contractor and 
subsupplier(s). This may be an elaboration, confirmation, or clarification of information 
submitted during pre-award discussions or as part of the Best and Final Offer. 



2. A dynamic outline and calculations for the railcar, including worst-case conditions of 
wear and failure.  



3. Updated car arrangement drawings.  



4. Identification of all interfaces between the major systems and subsystems.  



5. A narrative description of each bench test unit and portable test device. Where portable 
test devices consist of laptops with custom software, a description of the various 
custom software applications shall be provided including minimum system 
requirements to operate the software, and comparison of the functionality with regard 
to the VMDS capability. 



6. Status review of all CDRLs scheduled for delivery during this phase as detailed on the 
MPS. 



2.15.2 Preliminary Design Review  



A formal Preliminary Design Review (PDR) shall be conducted to summarize progress made 
with the selected design approach, evaluate its adequacy, and access its compliance with the 
Specifications. 



The PDR shall represent approximately 60% completion of the total engineering effort required 
for the railcars to be supplied and shall be held at a location determined by the Authority.  
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The PDR package (or packages) shall address the following topics as a minimum: (CDRL 2-21, 
PDR Package(s)) 



1. Interior layout 



2. Underfloor layout 



3. Detailed functional descriptions of car subsystems and major components and the 
Overall SFD and SFD for each system. 



4. Detailed interface descriptions and drawings, including mounting arrangements, 
installation methods, and definitions of all electrical connections with voltage, current, 
waveform, and impedance levels. 



5. Software plans and documentation required in Section 6, Software Quality Assurance. 



6. List of trainlines and proposed coupler pin arrangement. 



7. Heat load calculations for the heating, ventilating, and cooling (HVAC) subsystem, 
including psychometric charts for each control condition. 



8. Data verifying that the propulsion equipment and friction brake equipment meet the 
specified performance and thermal duty cycle. 



9. Propulsion motor characteristics showing speed, voltage, and tractive effort versus 
motor current. 



10. Preliminary Hazard Analysis (PHA) (Section 4.1.5, Preliminary Hazard 
Analysis/Hazard Tracking Log). 



11. List of special tools required for each subsystem. 



12. Detailed functional descriptions of the bench testers and portable test devices, 
including detailed descriptions of the software design and configuration control 
methods, and compliance with VMDS capability. 



13. List of all person/machine interfaces in the Operator’s cab area. 



14. Roll center location (height) and list of carbody motion limits in relation to the track as 
follows: vertical, lateral, longitudinal, and roll (degrees). 



15. Suspension characteristics including damping constant of each shock absorber, natural 
frequency, and spring rate of primary and secondary suspension. 



16. Details of the passenger door system. 



17. Specifications for seating. 



18. Side window and windshield specifications. 



19. Status review of all CDRLs scheduled for delivery during this phase as detailed on the 
MPS. 











Section 2, Program Management and Commissioning 



WMATA 8000 Series Railcars  2-29 Technical Specifications 



20. List of all repairable LRUs and LLRUs. 



2.15.3 Final Design Review  



The Final Design Review (FDR) shall be conducted incrementally as the detailed design of each 
subsystem is completed and the production drawings are ready for release. 



1. The FDR shall confirm that the design of the system/subsystem under review satisfies 
the Contract requirements, including compatibility of railcar interfaces with other 
systems on the railcar, other railcars in the Authority’s fleet, and the Authority’s 
wayside systems. 



2. During the review, the Contractor shall demonstrate that all design-related safety 
hazards have been mitigated. All FMECA and Fault Tree data shall be submitted and 
approved prior to FDR. 



The FDR package (or packages) shall address the following topics as a minimum (CDRL 2-22, 
FDR Package(s)): 



1. Latest revisions of the drawings and documentation submitted for the PDR, including 
the Overall SFD and the SFDs for each system. 



2. Assembly drawings down to the lowest level replaceable unit 



3. Software documentation as required by Section 6, Software Quality Assurance. 



4. Electrical schematic drawings, down to the individual signal or wire level, for each 
electrical circuit 



5. Pneumatic schematics or flow schematics for each fluid circuit, showing control and 
check valves, test point orifices, and other circuit details 



6. Final brake failure mode analysis 



7. Component data sheets upon request by the Authority 



8. Assembly drawings for all bench testers and portable test devices, other than laptops or 
other commercially-available portable test devices.  



9. Status review of all CDRLs scheduled for delivery during this phase as detailed on the 
MPS. 



10. List of all repairable LRUs and LLRUs.  



2.15.4 Design Verification Review  



The Contractor shall conduct a series of Design Verification Reviews (DVR) to serve as a 
tangible baseline to demonstrate the evolution of the 8000 Series design. These reviews shall be 
conducted in conjunction with the mock-ups identified in Section 2.16, Engineering Mock-ups, 
Models, and Materials.   
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The DVR process will begin at or before the Preliminary Design Review and carry forward 
through the project’s design review and initial manufacturing phases. The DVRs shall be used 
to validate Authority approval of the design and design progress, including, for example, the 
following items: 



1. Mock-up car design features for concept visualization and stakeholder buy-in; 



2. Demonstrate the form-fit-finish of aesthetic design elements; 



3. Demonstrate proposed equipment locations and configurations; 



4. Verify that the overall equipment location scheme meets accessibility and 
maintainability requirements; 



5. Provide a mechanism for the carbuilder to translate 3D CAD concepts into physical 
reality to evaluate design decisions and assess manufacturability considerations; 



6. Serve as a practical laboratory to evaluate alternate design options for integrating car 
structural elements and carborne equipment with the routing of power, control, and 
pneumatic lines; and 



7. Provide an overall tool for the Authority and the Contractor to come to agreement on 
design, configuration, and appearance matters. 



2.16 ENGINEERING MOCK-UPS, MODELS, AND MATERIALS 



2.16.1 Cab, Interior, and Hostler Panel Soft Mock-up 



At or before the PDR, the Contractor shall construct a full-scale mock-up of the operator’s cab, 
half of the car interior, and the Hostler Panel.  The mock-up shall be fabricated using wood or 
similar approved durable, but easily modified material, to provide dimensional stability 
throughout the initial design development and review iterations. (CDRL 2-23, Cab Mock-up) 



1. The mock-up shall indicate proposed locations and arrangements of all controls, panels, 
windows, cab seating, and equipment.  



2. The mock-up shall be used to convey the layout of the cab in the detail illustrated in 
drawings, and as such, shall show the current status of the design.  



3. As part of the mock-up review, it shall be possible to easily relocate controls and 
equipment representations to assess alternative layouts and ergonomic arrangements.  



4. Samples of pushbuttons, switch gear, and other operator interfaces shall be presented 
for inspection during mock-up review.   



5. The passenger portion of the mock-up shall include seats, screens, signage, 
windscreens, stanchions, etc., to convey the interior arrangement plans. 



6. After Authority approval, the soft mock-up shall remain intact, and shall be kept up-to-
date to reflect approved design and configuration changes, until the full scale A-car 
mock-up is completed. 
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2.16.2 Full Scale A-Car Design Mock-Up and Training Car 



The Contractor shall construct a pre-production detailed mock-up of the A-car. The purpose of 
this car will be to facilitate the ongoing design review process, to provide a potential test 
platform to facilitate developmental system integration testing, and to serve as a training aid 
following design finalization. (CDRL 2-24, A-car/Underfloor Equipment Mock-up). 



1. The full scale mock-up/training vehicle shall be constructed using actual production 
methods and materials to the extent practicable to replicate accurately the complete 
8000 Series A-car, unless otherwise noted.  Exceptions to using actual production 
materials and construction methods will be considered but must be submitted with 
justification to the Authority for approval. 



2. The mock up shall be finished and complete on both the exterior (including underfloor 
equipment installation) and interior to represent the final car configuration. 



3. During the design phase of the program the underfloor equipment arrangement shall 
be configured to demonstrate differences in the A and B car equipment arrangement in 
an approved manner. 



4. The Contractor shall also incorporate selected modifications to the base A car 
configuration to demonstrate unique B car features such as the B end Hostler panel. The 
selected B car modifications shall be subject to Authority review and approval. 



5. The mock-up may initially use temporary items to demonstrate proposed design 
evolution concepts, such as special shop trucks or stands to facilitate underfloor review, 
but the final mock-up configuration shall be populated with the exact equipment and 
components employed on the 8000 Series except as otherwise approved or defined in 
this Section. 



6. At an agreed time during pilot car production, the mock-up car shall be shipped to 
WMATA for use in public relations events and staff orientation events. 



7. Following conditional acceptance of the first production vehicle, the approved mock-up 
and training vehicle shall be upgraded to incorporate all approved components and 
systems for training use in non-revenue service. This mock-up shall be suitable for all 
sorts of training ranging from, for example, maintenance to operations to re-railing. 



2.16.3 Railcar Models 



The Contractor shall construct and submit to the Authority, scale models of the exterior of a 
married pair of 8000 Series railcars. 



1. The exterior shall display the styling, the current representation of decorative 
treatments for, and application of the Authority’s identification. 



2. The interior layout and the trucks are not required to be fully detailed. 



3. The Contractor shall deliver one 10 foot long model and four 4 foot long models.  All 
models shall be delivered with approved carrying, shipping, and display cases. 
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2.16.4 Prototype Seating 



Seats shall be provided in accordance with Section 10.14, Seats, and the Contract Drawings. 



1. Because of the difficulty of depicting the shape and comfort of a seat in drawings, the 
Contractor shall provide for inspection (prior to production), a production prototype of 
each seat type to supplement the seat drawings and convey all aspects of the seat 
design. (CDRL 2-25, Seat Production Prototypes [by seat type]) 



2. Drawings and prototype seat assemblies shall be submitted for approval prior to 
production of the seats. 



3. Seat drawings shall be shown on the drawing list, and included as part of the drawing 
submittal requirements. Prototype seats shall be delivered to the attention of the 8000 
Series Program Manager, at the Authority. 



4. Upon approval, and if in good condition, the prototype assemblies may be 
subsequently installed on a car. 



2.16.5  Decorative Material Samples 



Twelve samples of each decorative material shall be provided for approval during the design 
development process. (CDRL 2-26, Decorative Material Samples) 



1. Materials include plastics, upholstery, paint chips, floor coverings, and other decorative 
materials. 



2. In addition, two complete sets of all such materials shall be delivered with the first 
married pair. 



a. These sets shall include source information for purchase of replacement materials by 
the Authority. 



b. The information shall include stock numbers, paint manufacturer’s color mixture 
identification numbers, and the like for all decorative material items. 



2.16.6 Car History Books 



The Contractor shall provide a Car History Book for each car (CDRL 2-27, Car History Books).  



1. The books shall be delivered in an approved electronic format.  



2. The Car History Books shall be kept up-to-date by the Contractor and shall record all 
changes, retrofits, and additions made to each car until conditional acceptance of the 
car (see Terms and Conditions).   



3. Each Car History Book shall travel with the applicable car shell or completed car when 
shipped.  



4. Car History Books shall be readily available for inspection by the Authority’s 
representatives upon request. 
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The following information shall be included for each car of the pair: 



1. Car numbers (Contractor’s number and Authority’s number), type, and class. 



2. Completed shipping authorization forms for carshell and completed railcar. 



3. Carshell information: 



a. All inspection records 



b. All non-conformance reports 



c. List of open issues 



d. Mill reports or other material certifications for any material in the carshell. These 
data may be submitted on a “per lot” basis, if a cross-reference is included in the Car 
History Book. 



4. Truck information: 



a. The Contractor shall retain copies of all truck and truck equipment manufacturing 
and test records.  



b. Material certifications and test records for all trucks and truck-mounted equipment 
shall be included in the Car History Books, including: 



• Wheel, journal bearing, and gearbox quill mounting records, which includes heat 
numbers, manufacturer name, and manufacturing dates for wheels, axles, and 
journal bearings, and results of all inspections and tests. 



• Copies of the manufacturer’s test reports certifying that the materials used in the 
manufacture of all wheels and axles have been sampled, tested and inspected in 
accordance with AAR M-101 and M-107. These data may be submitted on a “per 
lot” basis if a cross-reference is included in the Car History Book. 



5. Factory Acceptance Test reports, including car weight report. 



6. All non-conformance reports created as part of the final assembly process. 



7. Serial numbers of all serially-numbered apparatus fitted on the cars.  



8. Configuration records including the revision number and revision date of all 
assemblies/subassemblies and major components, and a list of accepted deviations and 
unincorporated changes. This includes all FMIs, PMIs, etc., as applicable at the time of 
shipment from the Contractor’s final assembly site. List all adjustment points and initial 
setting. 



9. List of workmanship defects noted and the disposition of each, including MRB repairs. 



10. Other equipment or material certifications, as specified in the Technical Specifications. 
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2.17 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 2-1, Program Management Plan (PMP) ...................................................................................... 3 
CDRL 2-2, Master Program Schedule ..................................................................................................... 5 
CDRL 2-3, Monthly Progress Update Reports ....................................................................................... 7 
CDRL 2-4, Systems Engineering Plan ................................................................................................... 10 
CDRL 2-5, Systems Integration Testing Plan and Matrix (SITPM) ................................................... 10 
CDRL 2-6, Overall System Functional Description (SFD) .................................................................. 11 
CDRL 2-7, Suppliers System Functional Description ......................................................................... 11 
CDRL 2-8, Configuration Management Plan ....................................................................................... 12 
CDRL 2-9, Engineering Change Proposals – Pre-Pilot Car Acceptance ........................................... 13 
CDRL 2-10, Engineering Change Proposals – Post-Pilot Car Acceptance ....................................... 13 
CDRL 2-11, Requests for Deviations to the Technical Specifications ............................................... 17 
CDRL 2-12, Warranty Plan ..................................................................................................................... 21 
CDRL 2-13, Spare Parts Provisioning Plan ........................................................................................... 21 
CDRL 2-14, Recommended Spare Parts List ........................................................................................ 21 
CDRL 2-15, Spare Parts Control Numbering System ......................................................................... 21 
CDRL 2-16, Drawing List ........................................................................................................................ 22 
CDRL 2-17, Arrangement Drawings ..................................................................................................... 24 
CDRL 2-18, Dynamic Outline Drawing ................................................................................................ 25 
CDRL 2-19, As-Built Drawings .............................................................................................................. 25 
CDRL 2-20, CDR Package(s) ................................................................................................................... 27 
CDRL 2-21, PDR Package(s) ................................................................................................................... 28 
CDRL 2-22, FDR Package(s) ................................................................................................................... 29 
CDRL 2-23, Cab Mock-up ....................................................................................................................... 30 
CDRL 2-24, A-car/Underfloor Equipment Mock-up ......................................................................... 31 
CDRL 2-25, Seat Production Prototypes [by seat type] ...................................................................... 32 
CDRL 2-26, Decorative Material Samples ............................................................................................ 32 
CDRL 2-27, Car History Books ............................................................................................................... 32 
 



2.18 REFERENCED STANDARDS 



No standards are referenced in this Section. 



Exhibit 2-2, Contract Data Requirements List (CDRL) 



CDRL 
No. Title Due Date Quantity 



(Sets) 



Frequency 
(Initial/ 



Subsequent 
Submittal) 



SECTION 1 - SYSTEMS REQUIREMENTS 
1-1 EMC/RFI/EMI Design and Control Plan PDR-60 e 1 
1-2 Forward Interoperability Interface Data PDR e 1 
1-3 Subsystem Interface Documentation PDR e 1 



SECTION 2 - PROGRAM MANAGEMENT AND COMMISSIONING 
2-1 Program Management Plan (PMP) Kick Off  e 6 months 
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CDRL 
No. Title Due Date Quantity 



(Sets) 



Frequency 
(Initial/ 



Subsequent 
Submittal) 



2-2 Master Program Schedule Kick Off e Revisions in advance 
of monthly program 



review meeting 
2-3 Monthly Progress Update Reports NTP+60 e Monthly 
2-4 Systems Engineering Plan  CDR e 1 
2-5 Systems Integration Testing Plan and Matrix 



(SITPM) 
CDR e CDR, PDR, FDR and 



Pilot Car FAI 
2-6 Overall System Functional Description (SFD) PDR e 1 
2-7 Suppliers System Functional Description PDR e 1 
2-8 Configuration Management Plan CDR e 1 
2-9 Engineering Change Proposals – Pre-Pilot 



Car Acceptance 
Before installation of change e Every ECP 



2-10 Engineering Change Proposals – Post-Pilot 
Car Acceptance 



Before installation of change e Every ECP 



2-11 Requests for Deviations to the Technical 
Specifications 



A/R e A/R 



2-12 Warranty Plan Pilot Car Production e 1 
2-13 Spare Parts Provisioning Plan CDR e 1 
2-14 Recommended Spare Parts List FDR e 1 
2-15 Spare Parts Control Numbering System FDR-60 e 1 
2-16 Drawing List CDR e 1 
2-17 Arrangement Drawings CDR e 1 
2-18 Dynamic Outline Drawing CDR e 1 
2-19 As-Built Drawings Acceptance of last married 



pair 
e Final acceptance 



2-20 CDR Package(s) NTP+120 e 1 
2-21 PDR Package(s) PDR e 1 
2-22 FDR Package(s) FDR e 1 
2-23 Cab Mock-up PDR 1 Keep up-to-date until 



full-car mock-up 
2-24 A-car/Underfloor Equipment Mock-up FDR/FAI 1 Keep up-to-date until 



Pilot Car acceptance 
2-25 Seat Production Prototypes [by seat type] Prior to seat production 1 1 
2-26 Decorative Material Samples 12 Samples prior to 



production / 2 sets with first 
MP 



12 samples 
of each 



material/ 
2 complete 



sets   



1 



2-27 Car History Books Preliminary acceptance 1 CD per 
MP 



Final acceptance 



SECTION 3 - TESTING 
3-1 Master Test Plan FDR-60 e 1 



SECTION 4 - SYSTEM SAFETY 
4-1 Safety and Security Management Plan NTP+60/CDR e 1/CDR 
4-2 Preliminary Hazard List NTP+60/CDR e 1/CDR 
4-3 Preliminary Hazard Analysis PDR/FDR e PDR/FDR 
4-4 Hazard Tracking Log PDR e Bi-Weekly 
4-5 Open Items Log Pilot Car Production e Bi-Weekly 
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CDRL 
No. Title Due Date Quantity 



(Sets) 



Frequency 
(Initial/ 



Subsequent 
Submittal) 



4-6 Failure Modes, Effects, and Criticality 
Analyses 



PDR/FDR e PDR/FDR/Monthly 



4-7 Fault Tree Analyses FDR e 1 
4-8 Certified Items List (CIL) FDR e Monthly 
4-9 Fire Hazard Analysis PDR/Pilot Car FAI e 1 



4-10 Flammability, Smoke Emission, and Toxicity 
Test Matrix 



FDR/Pilot Car FAI e 1 



SECTION 5 - QUALITY ASSURANCE 
5-1 Quality Assurance Program Plan CDR e 1 
5-2 Inspection and Test Plan PDR e A/R 
5-3 Quality Assurance Manuals CDR e 1 
5-4 Verification and Validation Records  As Necessary e  A/R  
5-5 Subcontractor/ Supplier List CDR e  1  
5-6 MRB Documentation As Necessary e A/R 
5-7 Sampling Plan FDR e A/R 
5-8 Statistical Quality Control Inspection List FDR e 1 
5-9 FAI Packages FAI e A/R 



5-10 Audit Checklists and Reports FAI e A/R 
SECTION 6 - SOFTWARE QUALITY ASSURANCE 



6-1 Software Capabilities 
Evaluation/Management Plan 



CDR e 1 for Contractor/ 1 for 
each Supplier 



6-2 Documents for Conceptual Design Review CDR e 1 
6-3 Documents for Preliminary Design Review PDR e 1 
6-4 Documents for Final Design Review FDR e 1 
6-5 Qualification Testing Documents Pilot Car Qualification 



Testing  
e 1 



6-6 Software Configuration Control Plan FDR e 1 
6-7 Software Quality Metrics Collection Plan FDR e 1 
6-8 Software Quality Metrics Report Pilot Car Production/ Each 



Software Delivery 
e Monthly 



6-9 As-Built Software Documents Pilot Car +10 e 1 
SECTION 7 - MAINTAINABILITY AND RELIABILITY 



7-1 RAM Program Plan PDR e 1 
7-2 Reliability Prediction Report CDR e PDR, FDR and 



monthly during 
Reliability Test 



7-3 Availability Prediction Report PDR e 1 
7-4 Maintainability Analysis PDR e Every 90 days 
7-5 RAM Demonstration Plan Following approval of CDRL 



7-1 
e 1 



7-6 RAM Progress Report Pilot Car Production e Monthly 
7-7 FRACAS Report Pilot Car Production e Weekly 
7-8 Pilot Car Maintainability Demonstration Plan Pilot Car Production e 1 



SECTION 8 - MANUALS AND TRAINING 
8-1 Manuals Program Plan NTP+60 e 1 
8-2 Manuals Style Guide First Car Delivery -720 e 1 for each manual 
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CDRL 
No. Title Due Date Quantity 



(Sets) 



Frequency 
(Initial/ 



Subsequent 
Submittal) 



8-3 Manuals and Parts Catalogs Table of 
Contents and Samples 



PDR e 1 for each manual 



8-4 Draft Manuals and Parts Catalogs See Exhibit 8-1 Exh 8-1 1 
8-5 Final Draft Manuals and Parts Catalogs See Exhibit 8-1 Exh 8-1 1 
8-6 Final Published Manuals and Parts Catalogs See Exhibit 8-1 Exh 8-1 1 
8-7 Updates to Manuals and Parts Catalogs A/R See Specs A/R 
8-8 Training Plan and Summary Level Schedule NTP+120 e 1 
8-9 Training Course Outlines Training Course-9 Months e 1 for each course 



8-10 Training Lesson Plans Training Course-6 Months e 1 for each course 
8-11 Training Detailed Schedule First Married Pair-90 e 1/AR 
8-12 Instructor Resume and Qualifications Training Course-90 e 1 for each instructor 
8-13 Instructor and Student Guides Training Course-60 A/R 1 for each course 
8-14 Training Aids Training Course A/R 1 for each course 
8-15 Student Test and Evaluation Results After each course A/R A/R 



SECTION 9 - SPECIAL TOOLS AND TEST EQUIPMENT 
9-1 Portable Test Devices and Required 



Documentation 
Acceptance of first MP/ 
acceptance of 10th MP 



10/90 1 



9-2 PTU Demonstration Acceptance of first MP A/R Each system 
9-3 List of Bench Testers CDR e 90 days 
9-4 Bench Testers and Required Documentation Before end of Warranty 



Period for the Base Contract 
Vehicles 



A/R Each system 



9-5 Bench Tester Demonstration Acceptance of Pilot Cars A/R Each bench tester 
9-6 Bench Tester Installation Schedule FDR+120 e 1 
9-7 List of Special Tools PDR e 60 days 
9-8 Special Tools and Required Documentation Pilot Cars/ Pilot Cars+180 1 set / 



11 sets 
1 



SECTION 10 - CARBODY 
10-1 Material Specifications CDR/PDR/FDR e 1/1/1 
10-2 Exterior Finish, Corrugation Details, and 



Samples 
CDR/PDR 3 Conceptual / 



10-3 Weld Procedures – Stainless Steel to HSLA PDR e 1 
10-4 Jacking Stress Analysis PDR e 1 
10-5 Strain Measurement Test-Fatigue Life 



Assessment 
PDR e 1 



10-6 Preliminary Stress Analysis of Carbody, 
Underframe, and Equipment Supports 



PDR e Preliminary 



10-7 Final Stress Analysis of Carbody Underframe 
and Equipment Supports 



FDR e Final 



10-8 Finite Element Analysis Model Report PDR e 1 
10-9 Finite Element Analysis Report PDR e 1 



10-10 Preliminary and Final Crashworthiness 
Analysis 



PDR/FDR e 1/1 



10-11 Crashworthiness Design Verification FDR e 1 
10-12 Cab End Contour Details FDR e 1 
10-13 Plan for Bolts in Tension (Underframe) PDR e 1 
10-14 Insulation Design Demonstration PDR e 1 
10-15 Cab End Window Design PDR/FDR e 1/1 
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CDRL 
No. Title Due Date Quantity 



(Sets) 



Frequency 
(Initial/ 



Subsequent 
Submittal) 



10-16 Seat Dimensions Seat FAI-90 e 1 
10-17 Interior Materials Data and Samples PDR/FDR 3 Preliminary/Final 
10-18 Compliance with Stanchion and Handrail 



Requirements 
FDR e 1 



10-19 Repair Procedure for Lining Materials FDR e 1 
10-20 Keys PDR 3 1 



SECTION 11 - OPERATOR'S CAB 
11-1 Layout CDR e 1 
11-2 Cab Door PDR e 1 
11-3 Operator’s and Auxiliary Seat Design and 



Material Samples 
PDR 3 1 



11-4 Design, Arrangement and Interfaces PDR e 1 
11-5 Human Engineering Demonstration PDR A/R FDR, Cab FAI 
11-6 Control and Indication Design FDR e 1 
11-7 Master Controller Design PDR e Cab FAI 
11-8 Hostler Controller Design PDR e Hostler FAI 



SECTION 12 - COUPLER AND DRAWBAR 
12-1 Finite Element Structural Analysis of Coupler 



Hook, Drawbar, and Anchor Assembly 
PDR/FDR e 1/1 



12-2 Trainline Connection Arrangement PDR e 1 
SECTION 13 - DOORS 



13-1 Door Trainline Network Operation PDR e 1 
13-2 Documentation on Door Diagnostic System FDR e 1 



SECTION 14 - TRUCKS 
14-1 Corrosion Protection Plan for Truck Frame FDR e 1 
14-2 Vehicle Dynamic Analysis PDR/FDR e 1/1 
14-3 Vehicle Dynamic Analysis Plan PDR e 1 
14-4 Track Force Calculations and Test 



Procedure 
PDR e A/R 



14-5 Truck Analysis Plan PDR e 1 
14-6 Stress Analysis PDR/FDR e Preliminary/Final 
14-7 Finite Element Model PDR e 1 
14-8 List of Critical Areas and Welds FDR e 1 
14-9 Truck Inspection and Acceptance Plan FDR e 1 



14-10 List of Truck Construction Procedures FDR e 1 
SECTION 15 - PROPULSION 



15-1 Electrical Protection System Design Details PDR e 1 
15-2 Programmable Propulsion Parameters PDR e 1 
15-3 Duty Cycle Calculations PDR e 1 
15-4 Dynamic Performance Characteristics Report PDR e 1 
15-5 Traction Motor Mechanical Design PDR e 1 
15-6 Information on Vacuum Pressure 



Impregnation Process for Motor Stator Coils 
PDR e 1 



15-7 Bearing Currents PDR e 1 
15-8 Information on Motor and Rotor Balancing 



Methods 
PDR e 1 



15-9 Third Rail Gap Detection PDR e 1 











Section 2, Program Management and Commissioning 



WMATA 8000 Series Railcars  2-39 Technical Specifications 



CDRL 
No. Title Due Date Quantity 



(Sets) 



Frequency 
(Initial/ 



Subsequent 
Submittal) 



SECTION 16 - FRICTION BRAKING SYSTEM 



16-1 Friction Brake and Propulsion Integration 
Plan 



CDR  e  1 



16-2 
Friction Brake Supplier Approval of 
Contractor’s Friction Brake Design and 
Installation 



FDR e 1 



16-3 Performance Calculations PDR e 1 
16-4 Air Consumption Analysis PDR e 1 
16-5 VMDS Interface PDR e 1 



16-6 Low and High Malfunctioning Air Spring 
Reference Pressures 



FDR e 1 



16-7 Design of Holding Brake PDR e 1 
SECTION 17 - AUXILIARY POWER 



17-1 Electrical Auxiliary and Propulsion Circuits 
Overall Block Schematic Diagram 



CDR e 1 



17-2 Initial Analysis of Auxiliary Inverter Loads CDR e 1 
17-3 Final Analysis of Auxiliary Inverter Loads FDR e 1 
17-4 Self-Tests of APS PDR e 1 
17-5 Details of Load Management System PDR e  1 
17-6 List of Faults and Functional Description of 



Fault Logic 
PDR e 1 



17-7 List of Triggering Faults and Functional 
Description of Trace Recording System 



PDR e 1 



17-8 Plan for Battery System Electrical 
Compatibility 



CDR e 1 



17-9 Load Analysis of LVPS and Description of 
Operating Characteristics 



PDR e 1 



17-10 Final Battery Load Analysis FDR e 1/Acceptance of first 
MP 



17-11 Grounding and Bonding Design Plan PDR e 1 
17-12 VMDS Data Interface Description PDR e 1 



SECTION 18 - HEATING, VENTILATION, AND AIR CONDITIONING (HVAC) SYSTEM 
18-1 Air Grille Details FDR e 1 
18-2 CFD Model and Analysis PDR e 1 
18-3 No Fresh Air Intake CDR e 1 
18-4 Smoke Detector PDR e 1 
18-5 Refrigerant Sampling PDR e 1 
18-6 HVAC System Fault Indications PDR e 1 
18-7 Potential Failures Affecting Both HVAC 



Systems Concurrently 
CDR e 1 



18-8 Functional Block Diagram of the VMDS FDR e 1 
SECTION 19 - LIGHTING 



 No CDRLs    
SECTION 20 - AUTOMATIC TRAIN CONTROL 



20-1 Safety Analysis of ATC PDR e Every revision 
20-2 ATC Operational Characteristics Analysis 



Test Setup 
PDR e 1 
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CDRL 
No. Title Due Date Quantity 



(Sets) 



Frequency 
(Initial/ 



Subsequent 
Submittal) 



20-3 ATC Operational Characteristics Analysis 
Test Report 



ATC Operational e 1 



20-4 Vital Speed Measurement PDR e 1 
20-5 ATC Daily Safety Test Design CDR e 1 
20-6 System Vital Software Validation Report FDR e Every revision 
20-7 Interface Control Document for 



Communications Based Train Control 
PDR/FDR e 1/1 



SECTION 21 - NETWORK AND TRAINLINE CONTROL 
21-1 Control Specification and Performance 



Analysis 
CDR e 1 



21-2 Network Design Document CDR e FDR 
21-3 Data Network Electro-Magnetic Compatibility 



(EMC) Plan 
CDR e PDR, FDR 



21-4 Hazard Analysis PDR e FDR 
21-5 Vehicle Communication and Control System 



Vulnerability Assessment 
PDR e FDR 



21-6 Control-Level Specification CDR e 1 
21-7 Network Interface Card (NIC) Specification CDR e PDR, FDR 
21-8 Interface Control Documents (ICD) CDR e PDR, FDR 
21-9 Network Troubleshooting Plan FDR e 1 



SECTION 22 - COMMUNICATION - PA, INTERCOMS, SCREEN, VIDEO SURVEILLANCE 
22-1 Communications and Monitoring System 



Design Integration Package 
CDR e PDR, FDR 



22-2 Passenger Information System Design 
Package 



CDR e PDR, FDR 



22-3 Interior Audio Audibility Analysis FDR e 1 
22-4 Video System Architecture and Design 



Package 
PDR e 1 



SECTION 23 - MONITORING AND DIAGNOSTICS 
23-1 VMDS List of Faults, Fault Hierarchy, and 



Fault Logic 
PDR e 1 



23-2 Event Recorder Design, Operation, and 
Functionality 



FDR e 1 



23-3 Train-to-Wayside Data Transfer (TWDT) 
Design Package 



PDR e 1 



SECTION 24 - MATERIALS AND WORKMANSHIP 
24-1 Recommended Cleaning Agents PDR/FDR e 1/1 
24-2 Certification of No Prohibited Materials FDR/Pilot-90 e 1/1 
24-3 Proposed Materials not Covered by 



Specification or Standard 
CDR/PDR/FDR e 1/1/1 



24-4 Fasteners Design Package CDR/PDR e 1/1 
24-5 Stainless Steel Test and Inspection Plan PDR e 1 
24-6 HSLA Steel Test and Inspection Plan PDR e 1 
24-7 Steel Casting Qualification Test Report A/R e A/R 
24-8 Steel Castings Radiographic Inspection 



Sampling Frequency 
FDR e 1 



24-9 Structural Forgings Design Qualification Test 
Report 



FAI e 1 











Section 2, Program Management and Commissioning 



WMATA 8000 Series Railcars  2-41 Technical Specifications 



CDRL 
No. Title Due Date Quantity 



(Sets) 



Frequency 
(Initial/ 



Subsequent 
Submittal) 



24-10 Test Report for Aluminum Sheet, Extrusions, 
Forgings 



FAI e 1 



24-11 Full Penetration Welds Random Sampling 
Plan 



FDR e 1 



24-12 Paint Samples and Manufacturer’s Data FDR e 1 
24-13 Paint Preparation and Application FDR e 1 
24-14 Paint Testing on First Car FAI A/R 1 
24-15 Samples and Documentation for Each Size 



and Type of Wire and Cable 
PDR/AR 3 1/AR 



24-16 Wiring Plan FDR e 1 
24-17 Wire and Cable Identification System PDR e 1 
24-18 Wire Termination Documentation PDR/FDR e 1/1 



SECTION 25 - DATA COMMUNICATIONS INTERFACE WITH WMATA 
25-1 Part Definition Table CDR/Ongoing e 1/AR 
25-2 IPC Configuration Table PDR e 1 
25-3 IPC Illustration Files PDR/Ongoing e 1/AR 
25-4 BOM Configuration Table CDR/Ongoing e 1/AR 
25-5 Recommended Spare Parts and 



Consumables Table 
PDR/Ongoing e 1/AR 



25-6 Special Tools and Equipment Table PDR/Ongoing e 1/AR 
25-7 Wayside Equipment Table PDR/Ongoing e 1/AR 
25-8 Manufacturer Definition Table CDR/Ongoing e 1/AR 
25-9 Supplier Definition Table CDR/Ongoing e 1/AR 



25-10 Software Definition Table PDR/Ongoing e 1/AR 
25-11 Software Configuration Table PDR/Ongoing e 1/AR 
25-12 Escrowed Software Definition Table PDR/Ongoing e 1/AR 
25-13 Model Definition Table PDR/Ongoing e 1/AR 
25-14 Drawing Definition Table PDR/Ongoing e 1/AR 



 
Notes to Table: 



1. Quantity “e” indicates electronic submittal. 
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3.1 INTRODUCTION 



This Section defines the requirements for development and delivery of the Test Program. Test 
requirements are divided into Design Qualification, Factory Acceptance, On-Site Qualification, 
and Routine Acceptance tests, which are performed on components, systems, cars, married 
pairs, quad units, and trainsets. 



The Contractor shall establish and maintain an effective test program that details the methods 
and test procedures to ensure that all design, materials, performance, and completed work 
conform to the Specifications and other reliability and maintainability requirements, whether 
such items are manufactured by the Contractor, or procured from its subcontractors or vendors. 



3.2 SCOPE AND RESPONSIBILITIES 



3.2.1 General Requirements 



The Contractor shall implement a comprehensive test program to perform inspection and 
testing of all items of work required by the Specifications, including those performed by its 
subcontractors or vendors. 



The Contractor shall perform comprehensive testing, as necessary, on all equipment, systems, 
and cars forming a complete married pair, quad unit, and trainset to meet the performance 
requirements set forth in the Specifications.  In some cases, testing shall be repeated separately 
for trainsets of up to two quad units for normal operation and four quad units for towing 
operation. 



The Contractor shall submit test procedures (Section 3.3.2.2) and corresponding test reports 
(Section 3.3.2.3) that are both technically correct and legible. All test procedures and test reports 
shall be subject to review and approval by the Authority. 



The specified tests are considered to be an absolute minimum. The Contractor shall generate 
test procedures in such a way that all necessary functions are tested and evaluated and that the 
Specification requirements are met. In lieu of performing certain design qualification tests, the 
Contractor may request a waiver for pre-qualified equipment. See Section 2.8.2, Waiver for 
Proven Equipment. 



The Contractor shall be responsible for ensuring that each design and performance requirement 
of the Specifications is assigned to a specific test or other validation effort. 



3.2.2 Contractor Responsibilities 



3.2.2.1 Operational Characteristics Analysis 



Prior to Conceptual Design Review (CDR), the Contractor shall acquaint itself with all aspects 
of the existing fleet and system interfaces, including maintenance practices, by conducting an 
Operational Characteristics Analysis (OCA). 



1. The Authority will support this activity by providing one married pair of each unique 
configuration in the fleet for testing in the Yard, and access to any of the five mainlines, 
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upon request. However, no more than one eight-car train will be taken out of service at 
any one time. 



2. These cars include the following: 



a. BREDA 2000/3000 Series cars rehabilitated with IGBT AC propulsion 



b. CAF cars with IGBT AC propulsion (5000 Series) 



c. ALSTOM cars with IGBT AC propulsion (6000 Series). 



d. Kawasaki cars with IGBT AC propulsion (7000 Series) 



3. Some testing will be allowed during peak periods between revenue service trains to 
ensure that the data collected is fully representative of system operation. 



a. This will provide the Contractor experience with effects such as a receptive line and 
ATC System operation with close headways. 



b. Since doors will not be operated on the platform side on a test train and are therefore 
not subjected to passenger interaction, the Contractor shall observe such operation 
and devise a similar scheme for testing operational scenarios, if necessary. 



4. The majority of testing will be restricted to off-peak hours or evenings to avoid 
disrupting revenue service operations unnecessarily. Therefore, it is essential that the 
Contractor identify in advance those tests to be conducted during peak hours. 



5. As part of the OCA, the Contractor shall evaluate the existing WMATA system with 
particular interest for track condition on the main line and in the Yard.  



a. The Contractor shall instrument at least one of the Authority’s railcar pairs to collect 
data to quantify the service environment.  



b. At minimum the acceleration spectral density (ASD) of track borne equipment, 
including axles and carbody accelerations shall be measured and recorded.  



c. Other data necessary to improve the vehicle design, curving capabilities, ride quality 
and safety shall be collected as deemed necessary.  



d. It is the sole responsibility of the Contractor to ensure that all equipment provided 
under this Contract will operate as intended and will meet or exceed Specifications 
requirements.  The Contractor shall collect data to determine the most severe shock 
and vibration for use in detailed design of the equipment. 



6. The Contractor will be granted access to all the Authority’s railcar maintenance facilities.  
The Contractor shall develop plans to study the maintenance practices, equipment, track 
condition, and other aspects of the Authority’s maintenance. 



7. The CDR, and each incremental subsystem design review meeting between the 
Authority and the Contractor, shall include the relevant items identified in the 
Operational Characteristics Analyses, as well as the Contractor’s action item or progress. 
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3.2.2.2 Test Logistics 



The Contractor shall conduct comprehensive testing on all raw materials, components, 
subsystems, cars, married pairs, quad units and trains to validate the design and performance 
requirements, and to ensure conformance to the Specifications, inclusive of reliability and 
maintainability requirements. 



1. Unless otherwise indicated and agreed upon by the Authority, all costs associated with 
testing shall be borne by the Contractor, including tests that have failed, requiring 
retesting. 



2. The Contractor shall provide all instruments, personnel, and apparatus required for 
testing.  The Authority will be responsible for providing the ATC test equipment as 
defined in Section 20, Automatic Train Control, required to validate carborne ATC 
installation and functionality. The Contractor is responsible for testing and verifying the 
functionality of all train interfaces to the carborne ATC system.  



3. The Contractor shall perform a complete retest of the subject item to demonstrate 
compliance to the Specifications if the design of an item is changed after a test is 
conducted. 



4. Before shipment and after delivery of each quad unit to the Authority, the Contractor 
shall perform static and dynamic tests on each quad unit. The dynamic tests shall be 
conducted while operating under power over a test track to demonstrate that the car 
systems operate in compliance with the Specifications. 



3.2.2.3 Witnessing and Notification 



All specified tests shall be arranged to facilitate witnessing and verification of specified 
parameters by representatives of the Authority, unless the Authority directs the Contractor to 
proceed without them. 



1. The Contractor shall give at least 45 days written notice to prior to the start of any 
specified test. 



2. The Contractor shall provide a weekly schedule of the Contractor's work, inspection, 
and testing activities at the Contractor's facilities and on  property. If there are changes 
to the weekly schedule, the Contractor shall give at least 24 hour notice to the Authority. 



3.2.2.4 Staffing 



The Contractor shall ensure appropriate staffing levels are provided to support all the test 
activities under this Contract. 



1. The Contractor shall provide a resource labor profile showing proposed completion 
dates for tests and inspections in the timeframe allocated in the schedule. The staff 
scheduling and coordination of all inspections and testing shall match the type of test 
and pace of work activities. 
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2. The Contractor shall supply test personnel that are adequately trained and experienced 
to safely conduct and witness all tests and task activities under this Contract. 



3. The Contractor shall ensure that staff are trained for tasks including, but not limited to 
instrumentation setup, data acquisition, and analysis. 



4. The Contractor shall ensure that all personnel have completed the safety training 
appropriate for the work they will do.  



5. Contractor and supplier personnel working on the Authority's property shall be "Right 
of Way Trained." 



a. These personnel will be issued an official photo identification card by the Authority 
with an established expiration date (valid for a maximum of one year).  



b. The Authority may temporarily disallow or restrict access of any one of these 
persons to Authority property without advanced notice and with the temporary 
surrender of the individual's official photo identification card. 



6. The Contractor shall become familiar with the Authority's operating rules and 
procedures concerning the operational testing in revenue and non-revenue service and 
overall process for approval of test procedures and reports. The Contractor shall be 
present during all design qualification, factory acceptance, on-site qualification, and 
routine acceptance tests. 



7. Representatives of the manufacturers of equipment such as motors, traction control, 
friction brakes, door operating equipment, and other equipment specialties shall be 
available at the site of each test of such equipment as the Contractor and the Authority 
may require. 



3.2.3 Authority Responsibilities 



The Authority will arrange access to the designated shops, test tracks, yards and mainline tracks 
as required. The Authority will arrange for the necessary crew to conduct the required 
preparation for static and dynamic tests under the conditions specified in the Contract. 



The Authority has limited time and track availability on its system, and therefore, both the time 
and location for testing are subject to change at any time, without penalty to the Authority. 



3.2.4 Third Party Test Facilities 



In cases where the Contractor intends to use third party test facilities to perform static or 
dynamic tests that may require the equipment or car to be moved to a specialized test center, 
those activities shall be declared in the Master Test Plan (MTP - see Section 3.3.2.1), where 
information about the third party, its test facilities and accreditation shall be provided. 



1. This requirement shall apply to all tests necessitating the equipment or car to be moved 
to a specialized test center not belonging to either the Contractor or to the Authority. 



2. Third party test facilities shall be accredited to ISO/IEC 17025, or Authority-approved 
equivalent. 
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3.3 TESTING PROGRAM 



3.3.1 Classification of Tests 



3.3.1.1 General 



The required tests are categorized as follows: 



1. Design Qualification Tests (DQT). DQTs shall be performed once, if successfully 
completed.  DQTs shall be performed on individual components, systems, and vehicles, 
primarily before vehicle delivery. 



2. Factory Acceptance Tests (FAT). FATs shall be performed on all vehicle equipment 
during its manufacture, installation, and performance verification before vehicle 
delivery as specified. 



3. On-Site Qualification Tests (OST). OSTs are performed on the first quad unit, or multiple 
quad units upon delivery to the Authority’s acceptance facility.  OSTs shall consist 
primarily of integrated vehicle design qualification tests reliant upon the real world 
environment/structures. 



4. Routine Acceptance Tests (RAT). RATs are performed on every car as part of the on-site 
commissioning process. 



All tests listed shall be included in the Master Test Plan. See Section 3.3.2.1, Master Test Plan, for 
specific requirements. 



3.3.1.2 Design Qualification Tests 



Design Qualification Tests are typically one-time tests conducted to demonstrate compliance 
with Specification design requirements at operating and environmental extremes. 



1. The required Design Qualification Tests are detailed in the following sections: 



a. Section 3.4: Component Design Qualification Tests  



b. Section 3.5: Carbody Design Qualification Tests 



c. Section 3.6: System Design Qualification Tests  



d. Section 3.7: Car Design Qualification Tests  



3.3.1.3 Factory Acceptance Tests 



Factory Acceptance Tests shall demonstrate that each equipment or item to be delivered 
operates within specified limits and is in compliance with its applicable design requirements. 



1. Pre-Shipment Factory Acceptance Tests shall demonstrate that each car, married pair, 
and quad unit has been fully assembled and is functional in accordance with the 
Specifications prior to shipment to the Authority. 



2. The required Factory Acceptance Tests are detailed in Section 3.9, Factory Acceptance 
Tests, and Section 3.10, Pre-Shipment Factory Acceptance Tests. 
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3.3.1.4 On-Site Qualification Tests 



The On-Site Qualification Tests are performed on the first quad unit or on the first two quad 
units to demonstrate that the car design complies with the requirements of the Specifications, 
and is suitable for service on the system  



1. The required On-Site Qualification Tests are detailed in Section 3.8, On-Site Qualification 
Tests. 



2. The On-Site Qualification Tests shall be performed only on the Authority’s property. 



3.3.1.5 Routine Acceptance Tests 



Routine Acceptance Tests shall validate that each quad unit has been fully assembled and is 
functional in accordance with the Specifications to demonstrate its use for revenue service. 



1. Routine Acceptance Tests shall be performed only on the Authority’s property. 



2. The required Routine Acceptance Tests are detailed in Section 3.11, Routine Acceptance 
Tests. 



3.3.2 Test Documentation 



3.3.2.1 Master Test Plan 



Prior to Final Design Review (FDR), the Contractor shall submit for approval CDRL 3-1, Master 
Test Plan, covering all tests and adjustments required by the Specifications. 



1. The Test Plan shall identify tests by reference to the appropriate section of the 
Specifications. 



2. The Test Plan shall include procedure numbers and report numbers for all tests. 



3. The Test Plan shall contain a detailed schedule showing the sequence, place/location, 
and vehicle weight, if applicable, of each test to be performed. 



4. The Test Plan shall cover all subcontractor tests to be completed at the subcontractor 
facilities, Contractor tests to be completed at its facilities prior to delivery, and testing to 
be conducted by the Contractor on the Authority's property prior to acceptance and 
commissioning. 



5. Where individual tests are best performed in combination with other tests, the 
Contractor shall clearly detail the combined tests and shall limit the number of tests to 
be combined to keep the approval process/cycle manageable. 



6. The Test Plan shall be regularly updated to show submittal letter numbers and approval 
status of all procedures and reports. 



7. The Master Test plan CDRL will be approved in stages, as follows: 



a. All tests identified 
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b. DQT procedures approved 



c. DQT reports approved 



d. FAT Procedures approved 



e. Initial FAT reports approved 



f. OST procedures approved 



g. OST reports approved 



h. RAT procedures approved 



i. Initial RAT reports approved. 



j. Complete approval 



3.3.2.2 Test Procedures 



The Contractor shall prepare a detailed procedure for each test described in the Specifications. 



1. The Contractor shall submit each test procedure to the Authority for review and 
approval no less than 60 days prior to the beginning of testing. 



2. The Authority’s acceptance of test procedures does not free the Contractor of the 
responsibility of testing and complying with all the requirements of the applicable 
Drawings and Specifications. 



3. Each test procedure shall include the following, at a minimum: 



a. Criteria, objectives, assumptions, and constraints. 



b. Test setup, including calibration of test equipment. 



c. Initialization requirements. 



d. Input data. 



e. Test instrumentation. 



f. Expected intermediate test results, where applicable. 



g. Requirements for recording output data. 



h. Expected output data. 



i. Minimum/maximum requirements for valid data to consider the test successful. 



j. Pass/fail criteria for evaluating results. 



k. Safety considerations and hazardous conditions. 



l. Forms used to record data accumulated during the test. 



4. Forms shall also contain a step-by-step format for data reduction, formulae used in 
deriving the data criteria for acceptability, and justification for the criteria set forth. 
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5. The test objectives, testing criteria, and pass/fail criteria shall be stated clearly in the test 
procedure and shall be stated in relation to design or operations specifications. The test 
procedure shall explain all steps with sufficient detail as to not create confusion during 
the test execution. 



6. Traceability shall be provided from the Specifications or requirements to the test 
procedure. Where practical, the individual procedural step that satisfies the requirement 
shall be identified. 



7. Except as otherwise specified, all specified tests shall be performed by the Contractor 
and its subcontractors. 



8. All tests shall be conducted using approved test procedures. 



9. Errors in the test procedure found during the execution of the corresponding test shall 
be noted, verified, and corrected by the Contractor within 15 days. The Contractor shall 
submit the revised test procedure to the Authority for review and approval. 



3.3.2.3 Test Reports 



The Contractor shall prepare and submit to the Authority three copies of the report for each 
test, including copies of all test data, within 30 days of completion of testing for review and 
approval.  



1. Test reports are not required for component factory acceptance tests conducted at the 
supplier’s facility. 



2. Each test report shall include the following, at a minimum: 



a. Description of the test. 



b. Test equipment, including calibration dates. 



c. All raw data collected in the test. 



d. All data reduction forms. 



e. Color photographs or any additional data necessary to support the test results. 



f. A summary of the results in a manner that can be directly compared to the 
corresponding specification(s) without further calculations. The values 
corresponding to the pass/fail criteria shall be indicated in tabular form in the test 
reports. 



3. Pertinent test data shall be maintained in a quantitative form to permit the evaluation of 
performance under the various specified test conditions. Test data shall be presented in 
the format approved by the Authority. 



4. All Design Qualification Test reports shall be submitted to the Authority for review and 
approval. 
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5. Subcontractor produced test reports shall be approved by the Contractor before 
submittal to the Authority. 



6. When design qualification by similarity is proposed for the identical equipment 
supplied on other contracts, the Contractor may submit a waiver, including all 
supporting data and design qualification reports, in accordance with Section 2.8.2, 
Waiver for Proven Equipment. If the waiver is approved by the Authority, the design 
qualification test does not need to be performed. Items that directly affect system safety 
shall not be submitted for a waiver.  



7. Test reports for tests classified as commercial (Quality Assurance) tests shall not be 
submitted for approval but shall be made available to the Authority upon request. 



8. The Contractor and supplier shall maintain test documentation and reports for a period 
of 12 years after the test was performed, except for truck factory acceptance tests which 
shall be included in the Car History Book. All test documentation and reports shall be 
available to the Authority, upon request, at any time during this 12-year period. 



9. For pre-shipment FATs and routine acceptance tests, the corresponding test reports shall 
be included in the Car History Book. 



3.3.3 Test Components 



Contractor shall comply with the following requirements: 



1. Items to be used for testing shall be Authority-approved production items. Intelligent 
and microprocessor based equipment shall be loaded with Authority-approved 
production software. Deviation from these requirements shall be subject to Authority 
approval. 



2. The items used for testing shall be manufactured according to the latest revision of 
manufacturing documentation and shall have been subjected to all prescribed quality 
control procedures. 



3. Components used for design qualification testing shall be clearly identified as test 
components, and disposed of in accordance with the directions of the Authority at the 
completion of testing. 



3.3.4 Test Failure and Discrepancy Analysis 



Anomalies, discrepancies, and failures occurring during test activities shall be documented and 
dispositioned as specified in the Contractor's approved Quality Assurance Program Plan 
(QAPP) (Section 5.1.2.2). 



1. A test failure has occurred when the test unit(s) does not conform within the specified 
limits of the QAPP or Specification requirements, or it is observed that physical damage 
or deformation has occurred as a result of testing or other pre-test activities. 



2. The Authority reserves the right of final determination as to the occurrence of a test 
failure. 
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3. In the event of a test failure, a Failure Analysis Report (FAR) shall be submitted to the 
Authority, except for the component factory acceptance tests at the manufacturer's 
facility.  



a. The corresponding test shall be suspended until the Authority approves the 
corrective action in the FAR. 



b. The FAR shall identify the unit being tested, identify equipment and cause(s) of 
failure, indicate what corrective action is necessary, and the extent of such action. 



c. The FAR shall be submitted within 30 days of the reported failure. 



4. Where the Contractor recommends that no change be made, justification for the 
recommendation shall be submitted to the Authority for review and approval. 



5. The Contractor shall continue tests that are not included in the suspension and shall 
continue such ancillary activities that are not suspended. 



6. The Failure Reporting Analysis and Corrective Action System (FRACAS) described in 
Section 7.6.4 shall be updated to include the failure. 



3.3.5 Test Instrument Calibration 



Except as noted, the Contractor shall be responsible for the maintenance and calibration of all 
inspection and test equipment necessary to ensure that testing conforms to the corresponding 
test requirements. 



1. Calibration information for all test equipment used shall be traceable from each test 
report. It is understood that some equipment does not require calibration such as power 
supplies used strictly to provide source power for other equipment. 



2. A copy of the calibration procedure used, particularly if the test equipment was 
calibrated in-house or according to the manufacturer's recommended calibration 
procedure, shall be available for review upon request by  for each piece of test 
equipment used to obtain test data. 



3. If the Contractor uses its in-house lab to calibrate test equipment, it shall have on file a 
list of all calibration standards, including copies of calibration certificates and 
traceability to the National Institute of Standards and Technology (NIST) standard and 
they shall be available for review upon request by the Authority. 



4. If an outside lab performed any of the calibration on the test equipment used, a copy of 
the lab's NIST certification shall be provided to the Authority. 



5. A copy of the calibration certificates and traceability to the NIST standard shall be on file 
at the outside lab and available for review upon request by the Authority for each piece 
of test equipment used to obtain test data 



6. All test equipment shall have calibration stickers and calibration seals, where required, 
that are intact and in place. 
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3.4 COMPONENT DESIGN QUALIFICATION TESTS 



3.4.1 General 



The component design qualification tests listed in Exhibit 3-1 shall be performed by the 
Contractor, or under its direction. 



Exhibit 3-1: Component Design Qualification Tests 



Test Frequency TS 
Reference 



Equipment Noise Tests First supply of each equipment type 3.4.2 
Equipment Shock and Vibration 
Susceptibility 



First supply of each equipment type 3.4.3 



Coupler Draft Gear and Link Bar First supply of each equipment type 3.4.4 
Electric Motors (auxiliary) First motor and then one other, as selected 



by the Authority 
3.4.5 



Auxiliary Power Supply First quad unit and then one other, as 
selected by the Authority 



3.4.6 



Low-Voltage Power Supply First quad unit and then one other, as 
selected by the Authority 



3.4.7 



Traction Motors First motor, one at random, and then one 
of every 100 motors as selected by the 
Authority 



3.4.8 



Gear Unit Two, as selected by the Authority 3.4.9 
Truck  One of the first three produced 3.4.10 
Materials Design Qualification All materials 3.4.11 
Flammability, Smoke Emission and 
Toxicity 



All materials  3.4.12 



Floor Assembly Fire Resistance One assembly of each unique construction 3.4.13 
Electrical and Electronic 
Components  



First production equipment 3.4.14 



 



3.4.2 Equipment Noise Tests 



The Contractor shall perform noise design qualification tests on all noise generating car 
equipment early in the production phase, prior to installation on cars, to demonstrate 
compliance with Section 1.10, Audible Noise Criteria. 



Test conditions shall be those applicable to pre-installed equipment.  



1. Conformance with the Specifications shall be based on measurements taken in 
essentially a free-field environment, away from any reflecting surfaces other than the 
surface on which the equipment is resting. 



2. Measurements shall be made at locations where reflected sound, such as from nearby 
walls, floor, or other equipment, will not influence the directly radiated sound from the 
equipment measured by more than 2 dB. 
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3. Measurements shall be made with an ambient sound level in the vicinity of the test 
measurement locations of 10 dB or more below the noise produced by the equipment 
being measured, when evaluated using the same weighting or octave band. 



4. Where auxiliary methods of driving or loading equipment such as motors or 
dynamometers are required, these devices shall be temporarily enclosed or baffled to 
eliminate their effect on the equipment noise being measured. 



3.4.3 Equipment Shock and Vibration Susceptibility Tests 



The Contractor shall perform shock and vibration design qualification tests on all carbody 
mounted equipment early in the production phase, prior to installation on cars, to demonstrate 
compliance with Section 1.10.4, Shock Criteria, and 1.10.5, Vibration Criteria. 



Test conditions applied shall be the more stringent of levels determined either from running 
tests or levels based on IEC 61373. 



3.4.4 Coupler Draft Gear and Link Bar 



3.4.4.1 Coupler Strength Tests 



The following tests shall be conducted to verify compliance with the coupler strength 
requirements specified in  Section 12, Coupler and Drawbar. 



1. Structural Strength in Buff  



2. Structural Strength in Draft  



3. Step Strength  



3.4.4.2 Coupler Centering Ability Test 



Tests shall be conducted to confirm the ability of the coupler, drawbar, and draft gear to remain 
properly centered.  



3.4.4.3 Coupler Gathering Range Test 



Tests shall be conducted to confirm the gathering range.  



3.4.4.4 Shear Pin Device Release Strength 



Tests shall be made to confirm that the pins shear under the proper load.  



3.4.4.5 Coupler Compatibility 



Tests shall be made of an 8000 Series car coupled to a car of each of the other series to confirm 
that the mechanical coupler heads are fully compatible, and there is no interference between the 
electric coupler heads.  



3.4.4.6 Electric Coupler Watertightness 



Tests shall be made to ensure that a watertight seal is maintained under all conditions. 
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3.4.4.7  Cycling Test 



The equipment supplier shall provide evidence of a successful life cycle test, demonstrating 
10,000 cycles for the same electrical head design including all pins (train line and network). Each 
cycle shall include advancing, coupling, uncoupling, and retracting of electrical heads. Alternate 
methods to demonstrate life cycle requirements may be proposed for approval.  



1. During the test, all pins shall be energized to simulate, to the extent possible, electrical 
loads and operation of the electrical heads in service.  



a. Appropriate inductive loads or capacitive loads shall apply.  



b. At the end of each forward and reverse movement, a control check shall be made to 
ensure that the mechanism is in the correct condition.  



c. Selected contacts representing the worst cases shall be examined periodically during 
the test and at the conclusion of the test to confirm the contact resistance remains 
within specification.  



d. Network pins shall be tested for the specified bandwidth and bit error rate, at the 
beginning and the conclusion of the test. 



2. The test shall simulate the environmental conditions of the Authority’s property, 
including tunnel dust, moisture, temperature, and contaminates. 



3. The retracting mechanism shall be disassembled after the test to verify and record 
equipment condition and wear. There shall be no deformations, cracks, crack indications, 
signs of material fatigue, or evidence of overstress. 



3.4.5 Electric Motor Design Qualification Tests 



The first production AC auxiliary motor of each type, and an additional motor of each type as 
selected at random by the Authority, shall be given an IEC 60349-2 type test, IEEE Std 11 type 
test, or equivalent. The test procedure shall be submitted for Authority approval.  



1. Each AC auxiliary motor shall be tested at its respective continuous rating. 



2. The first low-voltage DC motor of each type, and one additional motor of each type as 
selected at random by the Authority, shall be load tested at maximum application load 
and maximum ambient temperature conditions. 



3. The DC motor external temperature shall be within the manufacturer's recommended 
limits for a 30-year motor life. 



4. The above noted tests shall be performed by the respective motor manufacturer. 



3.4.6 Auxiliary Power Supply (APS) Tests 



The Contractor shall perform design qualification tests on the first production auxiliary power 
supply: 



1. Actual car equipment loads shall be used for the APS design qualification testing. 











Section 3, Test Program 



WMATA 8000 Series Railcars  3-14 Technical Specifications 



2. This laboratory test shall confirm APS performance to all requirements in the 
Specifications including regulation and control, transient response due to rail gaps, and 
system performance at elevated temperature and load conditions. 



3. APS fault tolerance, self-test features, and self-diagnostic features shall be thoroughly 
demonstrated. 



3.4.7 Low-Voltage Power Supply 



The Contractor shall perform design qualification tests on the first production low-voltage 
power supply: 



1. The LVPS shall be tested in accordance with IEC 61287-1, including the optional type 
test in Section 4.5.3.16, Sudden variations of load; and IEC 61133. 



2. This laboratory test shall confirm LVPS performance to all requirements in the 
Specifications, including regulation and control, transient response due to rail gaps, and 
system performance at elevated temperature and load conditions. 



3. LVPS fault tolerance, self-test features, and self-diagnostic features shall be thoroughly 
demonstrated. 



3.4.8 Traction Motors 



3.4.8.1 Traction Motor Design Qualification Tests 



An AC traction motor test shall be performed as follows: 



1. An IEC 60349-2 "type" test shall be performed by the manufacturer on the first motor, 
one additional motor, and then one for every 100 motors, selected at random by the 
Authority. 



2. The type testing, as specified in IEC 60349-2, shall be made with sinusoidal power, per 
IEC 60349-2, Section 7.1.2.2, Type tests on converter supply. 



3. Locked rotor testing of IEC 60349-2, Section 9.3.1, Asynchronous motors, shall be 
performed on the first 10 production motors, at which point if acceptable results have 
been demonstrated, Section 9.3.1 testing may be discontinued for the balance of 
production. 



4. Alternative testing per IEEE Std 11 may be used in lieu of IEC 60349-2 tests; however, all 
aspects of both the type and production testing specified in IEC 60349-2 must be 
acceptably covered. 



5. The traction motor testing shall demonstrate compliance with the related requirements 
of Section 1, Performance Requirements, and Section 15, Propulsion. 



6. The Contactor shall demonstrate the running performance of the traction motor for at 
least 30 minutes while submerged under water. 



a. This demonstration test shall be scheduled to coincide with the traction motor FAI.   
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b. The motor shall run at the equivalent speed of 10 mph, and be supplied from a 700 
Vdc inverter. 



c. Once the test is complete, the traction motor used shall not be delivered to the 
Authority, but with the bearing lubricant replaced, run on Combined Test for the 
duration of the test period. 



3.4.8.2 Vibration Test 



The first traction motor, and one traction motor out of each lot of up to 100 motors selected at 
random, shall receive a vibration test.  



1. Vibration of each traction motor shall be measured and verified as complying with the 
requirements of Section 1 



2. The motor, detached and supported on resilient mounting providing at least 0.25-inch 
static deflection, shall not exceed 0.0015-inch peak-to-peak displacement anywhere on 
the motor while the motor is rotating at any and all speeds between 50% and 100% of 
maximum normal operating speed.  



3.4.8.3 Insulation Verification Tests 



The Contractor shall perform an insulation verification test as follows:  



1. Two simulated sections of the stator and winding assemblies shall be manufactured to 
verify the VPI process. These simulated stator assemblies shall undergo the VPI process 
simultaneously with production stators.  



2. The Contractor shall section these assemblies to verify that there are no insulation voids 
and to verify that there is good bonding.  



3. This VPI verification test shall be conducted with the first two stators and one additional 
stator selected at random by the Authority. If voids are found, then the sample size shall 
increase as directed on a case-by-case basis by the Authority.  



3.4.9 Gear Unit 



A gear unit test shall be performed as follows:  



1. The traction gear unit proof-of-design test shall be a 100-hour test on two gear units, 
selected at random by the Authority, and shall be mounted with torque load simulation.  



2. The test shall subject the unit to conditions that are in general 20% more severe than 
would occur under the most extreme operating conditions, i.e., torque increased by 20%.  



3. The test shall be started with the unit at room temperature 60°F to 90°F. 



a. In-service airflow conditions may be simulated. 



b. The temperature rise measured in the oil sump shall not exceed the gear oil 
supplier’s recommendations for maximum temperature consistent with the life 
between oil changes, as called out in the Contractor’s maintenance manuals. 
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4. The direction of rotation shall be reversed every 8 hours until the 100-hour test is 
completed. 



5. During the test, the gear units shall display no signs of excessive heat, noise, or 
vibration. 



6. After completion of the test, the gear units shall be disassembled and all parts examined. 



a. Gear tooth mesh shall be checked and recorded before and after the test. 



b. Any sign of deterioration of any part, including leaks, shall be investigated jointly 
with the Authority. 



c. The test report shall include test records of running time, oil temperatures, vibration 
and sound level readings taken at such intervals as required to verify compliance 
with the Specifications. 



d. Oil viscosity and metal content tests shall be conducted comparing new oil samples 
at the start and completion of the gear unit test. 



3.4.10 Truck 



3.4.10.1 General 



Design qualification tests shall be performed on a representative specimen, one of the first three 
produced, to demonstrate conformance to Specification requirements. 



At a minimum, the Authority will witness the static load and overload tests, and will witness 
the magnetic particle and dye penetrant inspection required by the fatigue test. 



3.4.10.2 Static, Overload, and Fatigue Tests 



No fewer than 150 strain gauges shall be applied to the truck for static load, overload, and 
fatigue tests at maximum stress points as approved by the Authority. 



1. Location of maximum stress points shall be determined by a finite element analysis. 



2. In these truck tests, the term “empty car weight” means the weight of an empty carbody, 
less trucks. 



3. The Contractor is responsible for selecting loads that will develop a high level of 
confidence in the adequacy of the truck design. 



3.4.10.2.1 Static Load Test 



A truck static load test shall be performed.  



1. The purpose of the static load test is to verify that the maximum allowable stresses 
specified in Section 14, Trucks, are not exceeded. 



2. The test shall be repeated two additional times for a total of three tests, with a complete 
release between applications. 
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3. The truck shall be tested either by individual, load-bearing components or as an 
assembly, as the Contractor elects. If the load-bearing components of the truck, rather 
than the complete assembly, are tested, provision must be made to apply all input loads 
described in this Section and for the member under test to react to these input loads in a 
manner that is identical to the reactions that would occur when included as part of the 
assembly. 



4. Forces shall enter the parts or truck at the normal application points, and shall be so 
combined in each case as to produce the maximum unit stresses at the critical points for 
which the stress estimates were furnished. Maximum unit stresses shall be determined 
by summation of the maximum stresses developed by the worst-case combination of all 
possible loads. 



5. The stress readings for the final two applications shall be averaged for comparison with 
the estimated stresses. 



a. The vertical load component shall be 55% of the empty car weight plus 20,800 lb, the 
latter representing 55% of the absolute maximum load. 



b. The lateral component shall be 15% of the vertical component developed from the 
carbody center of gravity. 



c. The longitudinal component shall be 15% of the vertical component developed from 
the carbody center of gravity. 



6. Accessory loads, such as brake units and traction motors, shall represent maximum 
steady-state conditions; for example, maximum air spring pressure, maximum motor 
torque and brake unit weight, and maximum brake unit reaction and motor weight. If 
the anticipated harmonic dynamic reaction (as at the motor nose suspension point) 
exceeds this steady-state value, the greater reaction shall be applied. 



7. At no point shall the averaged stress under the worst-case combination of all possible 
loads exceed the allowable stress specified in Section 14, Trucks. 



a. If this stress level is exceeded, the Authority shall have the right to require that the 
design be corrected to bring the test stresses within the allowable stresses. 



b. The trucks shall be retested at the expense of the Contractor, and all trucks installed 
in the cars shall be in accordance with the corrected design. 



3.4.10.2.2 Overload Test 



A truck overload test shall be performed.  



1. The test shall demonstrate that the truck has adequate strength to sustain a maximum 
load in the presence of a combination of minor manufacturing defects. 



2. The truck shall be overloaded statically once as follows: 



a. The vertical component shall be equal to half the total empty car weight plus 
50,000 lb. 
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b. The lateral component shall be equal to 15% of the vertical component developed 
from the carbody center of gravity. 



c. The longitudinal component shall equal 15% of the vertical component developed 
from the carbody center of gravity. 



d. Accessory loads shall be applied equal to twice their estimated maximum loads 
(except for gear unit support reaction, which shall be taken at the flashover value). 



3. Unit stresses at critical locations and dimensional measurements shall be taken before 
and after the test between representative points on the truck as approved by the 
Authority.  



4. There shall be no permanent deformation as determined from strain gauge readings. 



a. If such deformation appears, the design shall be corrected to bring the stress under 
the test condition within the elastic limit of the material involved. 



b. The truck shall be retested at the expense of the Contractor and all trucks installed in 
the cars shall be in accordance with the corrected design. 



3.4.10.2.3 Fatigue Test 



A truck fatigue test shall be performed.  



1. Prior to the test, the truck shall be dye penetrant and magnetic particle inspected in the 
presence of the Authority, and all defects clearly identified. 



a. The Contractor shall provide a drawing showing any defects that existed in the truck 
elements as produced, and the repairs made to the parts containing those defects. 



b. The Authority reserves the right to select other trucks for testing. 



2. The test shall demonstrate that the truck has adequate fatigue strength under dynamic 
loading. The frequency of the load cycling shall be approximately equal to the natural 
vertical frequency of the truck assembly or as otherwise agreed. 



a. The truck shall be subjected to the number of cycles equivalent to the endurance 
limit of combined loading within the limits specified below. 



b. The truck shall be tested as a unit and may contain its internal elastomeric 
cushioning and springs, if any, or an approved substitute, but not hydraulic 
damping devices. 



c. Loading shall be as follows: 



• The vertical component shall vary between 50% of the empty car weight plus 
5,000 lb and 85% of the empty car weight plus 10,000 lb. 



• The lateral component shall be 15% of the mean vertical load developed from the 
carbody center of gravity and shall vary to the right and left as the vertical load 
varies. 
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• The longitudinal component shall vary with the vertical component and be 15% 
of the average vertical load developed from the carbody center of gravity, with 
reversal about the zero load point. 



• Accessory loads shall vary between +100% and -100% of their maximum steady-
state or harmonic dynamic conditions:  motor under full motor current and brake 
unit under full cylinder pressure with 14% adhesion. Air spring air pressure may 
be omitted if shown to be insignificant per Section 14.4, Design Criteria for 
Strength. 



• Loads applied to the truck bolster shall include those resulting from the vertical 
transfer of the applied lateral force from the height of loaded carbody center of 
gravity to the lateral bumper height. 



d. The phasing of loads shall be selected by the Contractor and approved by the 
Authority, and shall be such as to produce the worst-case stresses at critical 
locations. 



e. All tests shall result in maximum combined stresses at the critical locations that do 
not exceed those required by Section 14, Trucks. Critical locations shall be approved.  



3. During the fatigue tests, all loads and stresses shall be recorded periodically to check 
whether the load has changed, and the truck shall be visually inspected periodically to 
detect possible crack initiation and progression. 



a. The frequency of the periodic recordings and inspections shall be approved by the 
Authority. 



b. If evidence of progressive cracking or failure is found, the Authority and the 
Contractor shall assess the cause, an appropriate correction shall be established and 
approved, and the test shall be repeated at the Contractor’s expense. 



4. At the conclusion of the test, a magnetic particle and dye penetrant inspection for cracks 
shall be made in the presence of the Authority. If any crack is found, the design shall be 
corrected, the truck shall be retested at the expense of the Contractor, and all trucks 
installed under the cars shall be modified in accordance with the corrected design. 



3.4.10.3 Primary Suspension Test 



A load deflection test and accelerated aging tests shall be performed.  



1. The test shall demonstrate that the spring rate of the primary suspension system and the 
creep rate for the materials used are within the design limits. 



2. Tests shall include but not be limited to applicable sections of EN 13913. 



3. These tests shall verify that the primary suspension system behaves as predicted and 
will not result in excessive deflection or a decrease in truck clearance above top of rail to 
less than the minimums prescribed in Section 14, Trucks. 
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3.4.11 Materials Design Qualification Tests 



3.4.11.1 Elastomer Tests 



The Contractor shall provide recent test data for all elastomers used on the rail car to confirm 
performance to the standards of Section 24.7, Elastomers.  



Testing Standards: 



1. All tests shall be conducted according to the specified ASTM test procedures, unless 
otherwise specified. 



2. Resilient, natural rubber mounts and elastomeric truck suspension components shall be 
tested in accordance with the procedures outlined for elastomers in NFPA 130, as 
specified in Section 4.2.6, Flammability and Smoke Emission Test Procedures and 
Performance Criteria; the results of the testing shall be submitted to the Authority. 



Testing: 



1. The test specimens shall be cut out from the extruded material, and at least one tensile 
strength and elongation test and one accelerated aging test shall be made on the material 
used for each order. 



2. If the compound or cure, or both, are changed during the production of material for one 
order, at least one test of each type shall be made for each different batch. 



3. When testing the 6-inch by 0.5-inch ASTM "dumb bell" type test specimen (or smaller 
size if the size of the part necessitates) by the methods specified in ASTM D3182, D3183, 
D3190, and D412, the tensile strength shall not be less than 1,500 psi and elongation shall 
be a minimum 250%. 



4. The tensile strength of the elastomer shall not be reduced more than 25% when subjected 
to accelerated aging by the methods specified in ASTM D573, for a period of 96 hours in 
an air oven at 70°C (158°F). 



5. The ozone resistance of the elastomer shall be tested in accordance with ASTM D1149 
using an ozone concentration of 1 ppm, an exposure time of 100 hours at 100°F, and a 
specimen elongation of 20%. The elastomer shall not exhibit any cracks during the test 
period. 



6. Elastomers used in the truck primary or secondary suspension shall be tested per 
EN 13913. The Contractor shall recommend specific test parameters based upon the 8000 
Series car application for review and approval by the Authority. 



7. The air spring diaphragm shall be per EN 13597. The Contractor shall recommend 
specific test parameters based upon the 8000 Series car application for review and 
approval by the Authority. 
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3.4.11.2 Fiberglass-Reinforced Plastic Strength Requirements 



Independent laboratory test certificates shall be provided stating that the reinforced plastic 
material complies with the requirements of the following standards.  



Test specimens shall be conditioned in accordance with ASTM D618. 



Mechanical Properties ASTM Test Open Moldings Match Die Molding 
Tensile Strength ASTM D638 10,000 lbf/in² 12,000 lbf/in² 
Compressive Strength ASTM D695 18,000 lbf/in² 22,000 lbf/in² 
Flexural Strength ASTM D790 15,000 lbf/in² 22,000 lbf/in² 
Impact Strength ASTM D256 6 ft-lb per inch of 



notch 
8 ft-lb per inch of 
notch 



Hardness ASTM D2583 45 Barcol 45 Barcol 
 



3.4.12 Flammability, Smoke Emission, and Toxicity 



Materials used in passenger vehicles shall be tested to demonstrate compliance with the 
requirements set forth in Section 24.19, Flammability, Smoke Emission, and Toxicity 
Requirement.  



3.4.12.1 Flammability and Smoke Emission 



1. The procedures and performance criteria for flammability and smoke emission testing 
are given in NFPA 130. 



2. The following information shall be supplied for all materials tested: 



a. Test Description 



b. Test Facility 



c. Test Results. 



3.4.12.2 Toxicity 



Those materials and products generally recognized to have highly toxic products of combustion 
shall not be used. See Section 4.2, Flammability, Smoke Emission, and Toxicity Testing 
Requirements, for specific test requirements and pass/fail criteria. 



3.4.13 Floor Assembly Fire Resistance Test 



The Contractor shall test the floor assembly in accordance with ASTM E119 and NFPA 130 
Section 8.5, Fire Performance, to demonstrate a minimum 30-minute endurance rating.  



1. Upon meeting the 30-minute endurance requirement, the test shall continue to run until 
failure as determined by the testing laboratory. 



2. Approval of the test procedure, test facility, and test results shall be attained prior to the 
Contractor's procurement of any flooring material necessary for vehicle production. 
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The following test criteria shall be met: 



1. The test specimen shall be a full car-width section including side sills or that portion of 
the wall that extends below the floor. 



2. The specimen shall have a minimum exposed area of 172 square feet. If approved, the 
exposed area may be reduced to meet a length limitation imposed by the size of the test 
furnace, but the length shall not be less than 11 feet. 



3. No fewer than two typical penetrations, spaced at a distance from each other no greater 
than that which will exist in actual construction, shall be included in the test specimen. 
The specimen shall include typical floor splice configurations. 



4. The test specimen shall be loaded to simulate "crush" passenger loading conditions.  
Concentrated loads shall be applied to simulate underfloor equipment. 



5. The test specimen shall include at least three typical transverse supports. 



6. The test specimen shall represent the actual construction used in production. This 
includes the floor covering, floor boards, floor structure, thermal and acoustical 
insulation, and floor pans. 



7. Conditions of acceptance for this test shall be those required for unrestrained assembly. 



3.4.14 Electrical and Electronic Components 



All electrical and electronic equipment shall be design qualification tested, including all type 
tests identified in IEEE Std 16.  During design qualification testing, all equipment diagnostic 
functions shall be monitored and the diagnostic functions shall be tested. 



3.5 CARBODY DESIGN QUALIFICATION TESTS 



3.5.1 General 



The carbody design qualification tests listed in Exhibit 3-2 shall be performed by the Contractor, 
or under its direction. 



Exhibit 3-2: Carbody Design Qualification Tests 



Test Frequency TS Reference 
Body Compression and Vertical Load 
Tests 



First carbody 3.5.2 



Vibration Mode Excitation Test First carbody 3.5.3 
Suspension Resonance Test First carbody 3.5.4 
Seat Strength Test First carbody 3.5.5 
Weight Balance Test Pilot quad unit 3.5.6 
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3.5.2 Body Compression and Vertical Load Tests 



3.5.2.1 General 



The first carbody structure shall be tested to prove compliance of the structure with the strength 
requirements of Section 10, Carbody. 



1. The carbody shall be structurally complete, and shall exclude such items as exterior and 
interior trim, windows, doors, seats, lights, insulation, and interior linings.  Underfloor 
apparatus, however, may be installed. 



2. The test report content shall be agreed between the Authority and the Contractor before 
any test is begun. At a minimum, the following shall be included: 



a. All load cases and all test steps, clearly presented 



b. Individual loads on each actuator, defined if applicable 



c. Correction factors 



d. Comparison with calculated data for major structural members 



3.5.2.2 Instrumentation 



Contractor shall comply with the following requirements: 



1. The following minimum quantities of strain gauges shall be applied, at points agreed 
upon in advance with the Authority: 



a. Compression Test: 200 to 300 gauges 



b. Coupler Anchor Test: 200 to 300 gauges 



c. Vertical Load Test: 200 to 300 gauges 



d. Diagonal Jacking Test: 200 to 300 gauges 



2. For material for which the manufacturer publishes a yield strength: 



a. First-time loadings of members:  Strain gauge readings corresponding to a directly 
proportional reading for the yield strength plus 0.002-inch-per- inch shall be used to 
determine whether yield has occurred. 



b. Second and subsequent loadings of materials: Yielding shall be determined by 
multiplying the measured strain by the manufacturer’s published modulus of 
elasticity and comparing the result with the manufacturer’s published yield stress. 



c. In all cases, for the calculation of strain at the published yield point or yield strength 
values, the modulus of elasticity shall be taken as the manufacturer’s published 
value. 











Section 3, Test Program 



WMATA 8000 Series Railcars  3-24 Technical Specifications 



3. If a reading indicating attainment of the yield point or yield strength is found on any 
strain gauge, the Contractor may request a retest prior to redesign. 



a. The Authority may grant this request, provided that up to four additional strain 
gauges will be required in the same general area to determine the effects on 
surrounding materials of the plastic deformation that has presumably occurred, and 
to determine whether stress values as great as the published yield point or yield 
strength are reached in the retest. 



b. If the high reading has been accompanied by visible evidence of distress in the 
member, a design correction will be required regardless of strain gauge values 
indicated in any retest. 



4. The zero point for strain gauge readings may be the readings found after relaxation of 
total buff loads up to the 200,000 lb maximum, provided that no reading at intermediate 
load levels shall have indicated attainment of the yield point or yield strength. If such a 
reading has occurred at a lower level, the additional strain gauges required in Paragraph 
3 a, above, may be required prior to imposition of the 200,000-lb load. 



3.5.2.3 Carbody Compression Test 



The carbody shall be subjected to a compression test.  



1. During the compression test, the carbody shall be supported on trucks, or a simulation 
thereof, to allow longitudinal movement. 



2. The carbody shall be loaded with sufficient dead weight to bring the total body weight 
up to that of a ready-to-run car. This loading shall be distributed in proportion to the 
distribution of weight in the finished car. 



3. The pressure of the testing machine shall be applied by hydraulic power and the force 
measured by a means independent of those producing the force, to eliminate errors due 
to friction. Recent calibration of the measuring device shall be available to ensure 
accuracy to within ± 1%. 



4. A test load of 200,000 lb shall be applied to the anti-climber, at its center, by means of a 
ram no more than 24 inches in width. The ram shall be supported, but shall remain free 
to move longitudinally with respect to the car end.  Cushioning means, such as lead 
sheets, shall be provided to ensure uniform bearing on the anti-climber. 



a. The load shall be applied in the following steps: 



• 50,000 lb 
• 100,000 lb 
• 150,000 lb 
• 175,000 lb 
• 200,000 lb 



b. The load shall be reduced to no more than 4,000 lb after each step. 
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c.  Strain gauge readings shall be taken at each load increment and at each relaxation of 
load. 



d. If energy absorbing elements of the anti-climber would prevent testing in the way 
described in this Section, provisions may be used to bypass these energy absorbing 
elements during the test. The provisions shall be submitted for approval. 



5. During the compression test, vertical deflections shall be measured in the region of the 
side sill by means of a wire stretched between the car corner posts. 



a. This wire shall be fastened at one end and kept tight at the other end by means of a 
weight, with the wire passing over a pulley. 



b. Deflections shall be measured to the nearest 0.01 inch, using scales with mirrors 
located at the body corner posts, at bolsters, and at the center of the car. 



c. Equivalent methods for measuring deflection, equally accurate, may be substituted 
for the foregoing. 



d. Deflections shall be considered as the average of the readings taken on both sides. 
The deflection measured at any preliminary load application may be disregarded to 
eliminate the influence of whatever friction may be present. 



e. Deflection between bolsters and center of car shall be determined by plotting the 
data determined above. 



3.5.2.4 Coupler Anchor Test 



The coupler anchor shall be subjected to a compression test.  



1. In a manner similar to the carbody compression test, a test load of 135,000 lb shall be 
applied to the coupler anchor. 



2. For the purpose of determining compliance with the Specifications, a member shall be 
considered as having developed permanent deformation if the yield point or yield 
strength in the appropriate direction, tension or compression, is reached or exceeded as 
published or otherwise issued by the material manufacturer. 



3. For material for which the manufacturer publishes a yield point, strain gauge readings 
taken as directly proportional to the claimed yield point stress shall be used to 
determine whether or not the point has been reached. 



3.5.2.5 Vertical Load Test 



The same carbody used for the carbody compression test shall also be subjected to a vertical 
load test.  



1. During this test, strain gauge readings shall be zeroed with the empty carbody shell at 
no load. 



a. The zero point for the strain gauges may be established after relaxation of a preload 
equivalent to 1g (carbody ready-to-run weight) plus absolute maximum passenger 
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load (37,800 lb) providing that no loadings encountered at intermediate load levels 
shall have indicated attainment of the yield point or yield strength. 



b. If such a reading has occurred at a lower level, additional strain gauges may be 
required prior to imposition of the maximum loads. 



2. A test load equal to the ready-to-run weight of the carbody (1g) plus the absolute 
maximum passenger load shall be applied to the empty carbody shell, the test load 
being applied in five increments. 



3. Test loads may be applied by means of weights or jacks, and shall be distributed in 
proportion to the distribution of weight in the finished car. 



4. During the vertical load test, a measurement of carbody camber is also to be made, with 
the empty shell loaded to the ready-to-run weight, and with the carbody at absolute 
maximum passenger load. 



5. All side doors on one side of the car shall be installed, complete with operators, 
thresholds, and all sealing and weather stripping. 



a. At each increment of test load the doors shall be opened and closed electrically by 
means of the operators. 



b. Any failure to operate at the prescribed speed, or any indication of binding, shall 
require corrective action to be taken, by the Contractor, to the car structure, to the 
door arrangement, or both. 



6. During this same test, changes in transverse width of the car at the belt rail and top of 
the door caused by door post bending, and changes in the dimensions of the door 
opening caused by carbody shear loads, shall be measured and recorded. 



7. The car will be considered to have met the Specifications requirements with respect to 
vertical load if: 



a. Plotted vertical deflections (measured on both sides of the car midway between 
bolsters and taken as the average thereof) did not deviate, at any load increment, 
from a straight line, drawn from the origin to the deflection at the absolute 
maximum passenger load, by more than 5% of the deflection at the absolute 
maximum passenger load. 



b. Maximum recorded stresses in principal structural elements did not exceed the 
corresponding allowable stress values selected by the Contractor and approved by 
the Authority prior to the start of the test program. 



c. Recorded residual vertical deflection between bolsters, following removal of the 
maximum vertical test loading, does not exceed 0.03-inch. 



d. Indicated residual strain at strain gauges on principal structural elements, following 
removal of the maximum vertical loading, does not exceed the maximum error 
resulting from the accuracy of the instrumentation. 
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e. The carbody camber does not measure less than zero inches when loaded to absolute 
maximum load (AW4). 



f. Side doors operated at the prescribed speeds without binding at all test load 
increments. 



3.5.2.6 Jacking Test 



The instrumented carbody shall be subjected to a diagonal jacking test.  



1. The carbody, loaded to equal its ready-to-run weight with trucks attached, shall be lifted 
at diagonally-opposite corners, using inboard jacking pads until clear of all other 
support except at one other corner, to determine compliance with strength requirements. 



a. Twist shall be measured. 



b. Under this condition, there shall be no permanent deformation in the carbody 
structure or jacking pads. 



2. With the same strain gauges in place, the carbody, loaded to equal its ready-to-run 
weight, shall be lifted at one corner jack pad with truck attached, for re-railing purposes, 
with the other end resting on its truck, without causing permanent deformation of any 
structural member. 



3.5.2.7 Truck Safety Mechanism Test 



The truck safety mechanism required as part of Section 10.4.3, Truck Connections, shall be 
tested using a simulated truck load. Performance must equal or exceed the requirements of 
Section 10.4.3.  



3.5.3 Vibration Mode Excitation Test 



A vibration mode excitation test shall be performed.  



1. The test shall involve manual excitation of five carbody rigid modes: bounce, pitch, yaw, 
upper center roll, and lower center roll. 



2. The test shall be conducted under the unloaded condition with the married pair 
uncoupled, and dampers removed. 



3. These results shall be consistent with results obtained by Eigen value calculations from 
the vehicle dynamics model. 



3.5.4 Suspension Resonance Test 



A suspension resonance test shall be performed.  



1. The test involves manual excitation of six rigid modes of vibration using an 
instrumented hammer:  lateral, yaw, bounce, pitch, roll, and longitudinal motions. 



2. The input force and output acceleration shall be measured. 
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3. The corresponding resonant frequencies of the rigid body modes of the trucks shall be 
obtained by performing Fast Fourier Transform analysis on the acceleration data 
measured. 



4. If the Fast Fourier Transform analysis does not show clear resonant frequency results, 
the test shall be performed with the dampers removed. Results shall be consistent with 
the vehicle dynamics model frequencies. 



3.5.5 Seat Strength Test 



All passenger seat types and their corresponding attachments to the carbody shall be tested.  



Testing shall verify compliance with sections of APTA PR-CS-S-016-99: 



Section 5.0  Seat Testing 
Section 5.1 Static Strength Testing 
Section 5.2 Dynamic Sled Testing (except 5g crash pulse shall be used instead of 8g) 
Section 5.3.2 Lateral Seat Attachment Test 
Section 5.3.3 Vertical Seat Attachment Test 



 
The maximum passenger seat deflection under vertical load shall not exceed 0.5 inch.  No 
permanent deflection. 



3.5.6 Weight Balance Test 



The first two pairs (Pilot quad unit) of completed cars shall be tested to verify compliance with 
the weight and balance criteria of Section 1.5.2, Weight Balance Criteria. 



1. These railcars shall be completely assembled. 



2. This test shall be repeated at intervals of 100 cars, or as mid-production design changes 
warrant. The Authority may request up to four additional tests at any time during serial 
production. 



3.6 SYSTEM DESIGN QUALIFICATION TESTS 



3.6.1 General 



The system design qualification tests listed in Exhibit 3-3 shall be performed by the Contractor, 
or under its direction, at its assembly facility, to demonstrate conformance to the requirements 
of the Specifications. 
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Exhibit 3-3: System Design Qualification Tests 
Test Frequency TS Reference  



Door System One set of each type (one system) 3.6.2 
HVAC System One system 3.6.3 
Propulsion System One car set 3.6.4 
Friction Brake System One car set 3.6.5 
ATC System One system 3.6.6 
APS, LVPS, and Battery One car set 3.6.7 
Communications System One train set 3.6.8 
VMDS One train set 3.6.9 
Network System One train set 3.6.10 
EMC Lab Tests One car set 3.6.11 
Train Radio System Design 
Qualification 



On train set 3.6.12 



Combined Systems Test One system 3.6.13 
 



3.6.2 Door System 



The production door system shall undergo a 1.5-million life-cycle test.  



Test Setup: 



1. The test shall be performed per an approved test procedure, where a cycle is defined as 
one complete open and close movement. 



2. The operators and door panels shall be assembled onto a test frame that is representative 
of the installation on the car, including the actual door panels (no simulated weights) 
with nose rubbers, weather seals, interior brush seals, threshold, door guides, crew 
switches, emergency releases, etc. 



3. The test apparatus shall be transportable and designed so that the assembly may be 
moved into a variety of positions to test operation under conditions of worst case cross-
level and grade. 



4. Prior to the start of the test, the Contractor shall demonstrate that the test setup allows 
doors to fully open on an open command and close and lock on a close command by 
introducing obstacles or otherwise jamming the doors. With each failure simulated, the 
contents of the DAM shall be read to ensure the diagnostics are reporting the correct 
symptom before the test commences. 



5. An electro-mechanical counter shall be included to indicate the total number of cycles 
accumulated and shall be used as a reference point for all failure reports during the test. 



6. The effects of temperature extremes including hot/cold soaking shall be included to 
evaluate the thermal expansion rates of dissimilar materials, grease selection and 
elastomer effects on obstacle sizes. 



7. The cycling shall be arranged to simulate the trainline commands emanating from the 
cab and shall include all controls used on the individual car. Relays and other controls 
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shall be loaded to simulate the maximum switching load, if this is not provided by one 
pair of doors. 



Testing: 



1. Cycle times shall be arranged to provide a duty-cycle that can be sustained by the 
equipment and may include supplemental air movement if required. 



2. One-half of all cycles shall be completed with the door assembly angled to simulate a 7% 
grade condition. 



3. A portion of the test shall include human interaction and simulate passenger abuses 
such as obstructions, leading edge impacts, and stalling of the door operator. The 
requirements for the test to include human interaction and passenger abuse may be 
satisfied by placing the test rig in a location where Authority employees will need to 
pass through the door opening on a routine basis, or by simulating them at time 
intervals as specified in the approved test procedure. 



4. All operational components shall be exercised as part of the test including, but not 
limited to, emergency release devices, crew switches, and cut-outs. 



5. Cleaning and re-greasing of the spindle shall not be required more often than twice 
during the conduct of the test. 



Documentation During Test:  



1. Wear and performance parameters shall be recorded initially and then recorded, at a 
minimum, every 100,000 cycles throughout the test. 



2. All adjustments, maintenance and failures shall be logged and made available for 
Authority review throughout the test period. 



Failures: 



1. The test rig shall be automatically stopped from further cycling if either door panel fails 
to reach the fully open position after an open request or if either door panel fails to reach 
the closed and locked position after a close request. 



3.6.3 HVAC System 



3.6.3.1 Laboratory Proof of Design Tests 



The Contractor shall perform proof-of-design testing of heating and air conditioning equipment 
under simulated load conditions, in a suitable laboratory.  



Test Purpose: 



1. Tests shall be designed to demonstrate system performance compliance with all aspects 
of Section 18, Heating, Ventilation, and Air Conditioning (HVAC) System.  



a. Tests shall be designed to measure performance of all portions of the system under 
the full range of conditions.  
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b. Tests shall be made of the condensate drain design to ensure proper function under 
all conditions, including worst-case grade (7%) and cross-level.  



Test Setup: 



1. The testing shall be performed according to ASHRAE Standard 37 and AHRI Standard 
210/240 except where specifically noted otherwise in this Section.  



a. If the test requirements of these standards conflict with those indicated under this 
Section, the more restrictive requirements shall govern.  



b. The secondary applicable required capacity test method shall be by measuring 
refrigeration flow and change in refrigerant enthalpy across the evaporator coil.  



c. The instrumentation and required test data shall meet the requirements of the 
standard. The test conditions specified in this Section pertain to a split HVAC system 
configuration. Unitized system test conditions shall follow similar requirements as 
for the HVAC split system. 



2. The HVAC unit used for this test must resemble a production configuration. 



a. All equipment normally mounted to or around the unit that could impact the unit 
performance shall be present, including the return air grille, unit supply air duct 
connections, underfloor protective covers, and all electrical connections, at a 
minimum.  



b. If carbody items are not available for this test the mixed fresh and return air thermal 
conditions and the mass flow rate shall be the same as determined by the system 
psychrometric analysis. 



3. The system shall be installed in a suitable fixture to separate exterior and car interior 
conditions using appropriate equipment.  



4. Temperature and humidity controls shall be used to maintain the specified conditions in 
the exterior and interior sections of the air conditioning module for the duration of the 
test period.  



5. A refrigerant flow meter and temperature sensor shall be located in the liquid line of the 
condensing units for this test and measurements recorded. 



Testing: 



1. The unit airflow shall be initially balanced using the wet evaporator coil condition 
coupled with the required fresh airflow (1400 cfm) and the design evaporator mass flow 
(SCFM or lb/hr). 



2.  The air pressure entering the fresh air grilles shall be 0.15 inches of water less than the 
air pressure entering the return air grille to simulate car pressurization.   



3. Once the design airflow rate is achieved, no further adjustments to the airflow rate may 
be performed during testing.  
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4. A second test shall be run to determine how the fresh air (cfm) and evaporator mass 
flow vary when the evaporator is dry and the ambient temperature is near room 
temperature.  



5. At a minimum, the following tests shall be performed and their specific procedures 
approved by the Authority. 



a. Refrigerant charge determination 



b. Cooling capacity test at the design cooling conditions as specified in Section 18 



c. Temperature control scan 



d. Control stability at design cooling and heating conditions as specified in Section 18 
at the nominal and minimum supply high- and low-voltage as specified in Section 1, 
Performance Requirements. 



e. Condensate carry-over test and 7% grade test 



f. Low-temperature operation test 



g. Maximum operating conditions test 



h. High-temperature operation test 



i. Heating capacity test at the design heating conditions as specified in Section 18 



j. Abnormal heating condition with restricted air 



k. Abnormal heating condition with no airflow 



l. Abnormal heating condition – back-up protection 



m. Airflow sensing device test 



n. Controls functional test and software logic verification 



Documentation During Test: 



1. Static pressure drop across the evaporator coil shall be measured in both tests to assist in 
verifying that evaporator mass flow is duplicated after assembly in the car. 



2. Measurements shall be recorded from the refrigerant flow meter and temperature sensor 
located in the liquid line of the condensing units. This data will be compared to similar 
data taken in Section 3.7.7, Car Climate Room Cooling Tests. 



3.6.3.2 Ventilation and Duct Sealing Test 



The Contractor shall perform a test to verify compliance with all aspects of Section 18.4, 
Ventilation. 



The test shall include provisions to measure the sealing effectiveness of the fresh air intake 
system. 
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3.6.3.3 Air Diffuser Tests 



Compliance of the diffusers with the requirements of Section 18.4.3, Air Diffusers shall be tested 
in a laboratory prior to finalizing of the design of the diffuser and, subsequently, in the air 
conditioning design qualification test, to confirm compliance in the actual car.  



3.6.3.4 Floor Heat Design Test 



The Contractor shall perform a design qualification test on the floor heating system to confirm 
that performance conforms to Section 18.3.3, Floor Heat.   



1. This test shall be conducted well in advance of the climate room design qualification 
tests to allow for any design changes necessary to meet Specifications requirements.  



2. The Contractor shall use sections of the actual car shell and other production-quality 
equipment to develop a test specimen that closely models the in-car application. 



3.6.4 Propulsion 



The propulsion system shall be tested in a propulsion lab with a brake rack using a complete 
car’s worth of traction equipment. 



In addition, the first two motors shall be thermal tested on inverter power during the testing. 



3.6.5 Friction Brake System 



The friction brake system shall be tested in a lab using a complete car’s worth of traction 
equipment. 



3.6.5.1 System Pressure Test 



The Contractor shall perform a system pressure test.  



1. Prior to installation, the first production system shall be completely assembled, and 
cleaned using production techniques. 



2. The system shall be pressure tested for leaks to verify the strength and quality of all 
pressure parts with pneumatic test pressure of 225 psig. 



3.6.5.2 Friction Brake Rate Characteristics Test 



Dynamometer tests shall be performed at the facilities of the Contractor or its supplier to 
evaluate the characteristics of the friction brake materials proposed for use on the cars.  



1. These tests shall demonstrate that the friction materials are capable of developing the 
friction brake rate characteristics under all operating conditions. 



2. Tests shall include but not be limited to combinations of new, seated, and fully worn 
brake pads, new and worn-in discs, hot and cold disc tests, and tests under wet and dry 
conditions. Brake pads are considered fully worn if they have no more than 0.125-inch of 
useable friction material remaining before reaching the condemning limit. 
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3. Evaluation of the materials, discs, and pads shall be based on attaining consistent results 
under all of the tested conditions and demonstrating that the materials selected will 
provide or exceed the service life required under these conditions. 



4. Smoke, smell, squeal, and other similar criteria shall be evaluated and included in the 
test reports. 



5. Dynamometer tests shall also confirm that the maximum allowable disc temperature 
will not be exceeded during simulated operation under the following conditions: 



a. Passenger loadings as described in Section 1.7.4.3, Friction Brake Duty Cycle 
Requirements. 



b. On the Glenmont to Shady Grove portion of the Red Line. 



c. When making the test using “friction only” B4 brake rates for all braking. 



3.6.5.3 Brake Unit Fatigue Test 



The Contractor shall perform a brake unit fatigue test.  



1. This test shall be performed prior to installation on the car. 



2. A test set-up shall be arranged such that a brake unit (one disc and caliper assembly) is 
exposed as nearly as possible to the same conditions it would encounter in service, 
particularly with regard to shoe force and force developed by braking torque in each 
direction. 



3. It shall be subjected to one million cycles of the working loads predicted, which shall 
have the approval of the Authority.  



3.6.5.4 Brake System Capacity Test 



The Contractor shall perform a brake system capacity test.  



1. The first production brake disc and caliper assembly shall be dynamometer or flywheel 
tested to verify that the design can perform the specified operation over the Authority 
profile. 



2. Production brake shoe material shall be used and temperature limits shall not be 
exceeded. 



3.6.5.5 Brake System Endurance Test 



The Contractor shall subject the friction brake system to an endurance test.  



1. Prior to FAI, a complete production friction brake system shall be assembled before 
mounting on the car. 



2. The test shall consist of 500,000 cycles of normal applications and releases to 
demonstrate that the control apparatus has the endurance required for rail transit 
service. 
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3. Control of cycling shall be via the Electronic Control Unit, held at a temperature of 130°F 
and 90% humidity. 



4. The test will pass only when no component failures are encountered. 



5. Testing will not be required on components that can be shown to have had satisfactory 
service experience of comparable severity and duration. 



3.6.5.6 Holding Brake Test 



On the first car, the Contractor shall test the adequacy of the holding brake design.  



1. The test shall be performed using first new, and then fully worn brake pads. Brake pads 
are considered fully worn if they have no more than 0.125-inch of useable friction 
material remaining before reaching the condemning limit. 



2. The test shall be made by measuring with a load cell the force needed to move the car 
with the holding brake applied, per the requirements of Section 16.4.12, Holding Brake 
Function.  



3.6.6 Automatic Train Control 



3.6.6.1 Design Plan and Test Procedures 



The Contractor shall submit, for approval, a detailed plan for conducting design tests no later 
than 90 days after award of the Contract.   



1. Detailed test procedures for conducting these tests shall be submitted for approval no 
later than 90 days after approval of the plan.  



2. Test reports shall be submitted for approval a minimum of 30 days prior to the 
scheduled commencement of manufacturing of the equipment. 



3.6.6.2 Development Tests 



Development tests shall be conducted during the design phase to ensure proper interface with 
the Authority’s existing ATC system.   



1. Prototype models of the ATP reception and decoding equipment, the TWC transmitting 
and receiving equipment, and the marker reception and validation equipment shall be 
thoroughly tested to demonstrate proper operation. 



2. Prototype models shall then be installed on a pair of the Authority’s existing cars and 
tested against the wayside system. 



3.6.6.3 Compatibility Tests 



The speed regulation and station stopping equipment shall be tested with the propulsion 
supplier’s system.   



1. The equipment shall be tested in a dynamic test configuration in a laboratory 
environment to ensure compatibility of the two systems. 
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2. This test may be performed as part of the Combined Systems Test, Section 3.6.13. 



3.6.6.4 Design Qualification Tests 



The ATC system and all major components shall be subjected to design qualification tests to 
verify that they comply with specified requirements.   



1. At a minimum, these tests shall include complete functional tests while the equipment is 
subjected to the specified environmental and input variations.  



2. The tested equipment shall conform to the manufacturing drawings. 



3.6.6.5 Design Qualification Demonstration 



Dynamic tests shall be carried out on existing operating sections of mainline track, which will be 
designated by the Authority for these purposes.  



Test Purpose: To determine the acceptability of the system design by test runs covering an 
Authority-determined terminal-to-terminal run under typical revenue operating conditions 
(Performance Level 2).  



Testing: 



1. One pair of cars to be selected by the Authority shall be subjected to these design 
qualification demonstrations. 



2. The tests shall be conducted in both the normal and reverse direction of traffic. 
Diagrams depicting track routing and profiles will be made available upon Contractor 
request. 



3. Test Conditions: 



a. Train Length: One quad unit (four cars) 



b. Routing: All routes, except automatically initiated routes, appropriately cleared and 
fleeted for normal traffic 



c. Destinations: Southbound - Dupont Circle; Northbound - Silver Spring 



d. Performance Level: Maximum 



e. Dwell Time: Fixed at 15 seconds for intermediate stations, 30 seconds at Dupont 
Circle, and 60 seconds at Silver Spring 



f. Station stop alignment: All set for centerline-to-centerline stops except for Takoma 
Park, which is short-stop outbound and long-stop inbound 



g. Wayside condition: All required circuits functioning within normal limits and no 
temporary speed restrictions set 



h. Mode of Train Operation: Automatic Train Operation 



i. Mode of Door Control: Automatic Open and Close. 
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4. Test Sequence: 



a. Start at inbound platform at Silver Spring 



b. Run to outbound platform at Dupont Circle 



c. Make turnback move Dupont Circle crossover, with crossover move made during 
outbound travel 



d. Run from inbound platform at Dupont Circle to inbound platform at Silver Spring 



e. Repeat a. through d. until three round trips have been accomplished. 



Documentation During Testing: 



1. The test charts shall be changed during the inbound dwell time at each terminal.  



2. Each test chart shall be labeled with the date, time, trip number, elapsed time from 
departure at previous terminal to arrival at platform where chart was changed, and 
identity of test engineer. 



3. Each test chart shall contain the following: 



a. Car Number 



b. Destination 



c. Train Number 



d. Speed Command 



e. Train Speed 



f. Program Stop Status 



g. Overspeed Protection Status 



h. Rate Request 



4. All test charts for the test sequence shall be analyzed to determine the following: 



a. Test conditions were correct 



b. Speed regulation accuracy. 



Test Results: 



1. The system will be considered to have passed if all the following are true: 



a. Speed regulation accuracy does not exceed +0, -4 mph 



b. Total elapsed time of the specified run is within 1,325 seconds, ± 30 seconds 



c. Station stopping accuracy is ± 3.5 feet, per Section 20.3.2.5, Rate Control. 
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2. If the demonstration results in failure and subsequent design change and retrofit, the cars 
that failed the demonstration and one additional retrofitted pair shall again be subjected 
to the design qualification demonstration. 



3.6.7 APS, LVPS, and Battery 



The APS, LVPS, and battery system shall be laboratory tested using a complete car’s worth of 
equipment. 



3.6.8 Communications Systems 



Before shipping the first vehicle's communication equipment, the Contractor shall perform a 
functional laboratory test to verify compliance with the Specifications and design 



3.6.9 Vehicle Monitoring and Diagnostic System (VMDS) 



3.6.9.1 Event Recorder Crashworthiness 



The Contractor shall demonstrate via test, that the event recorder meets the requirements of 
Section 23.4, Event Recorder.  



3.6.9.2 VMDS Design Qualification Tests 



The Contractor shall perform design qualification testing of the VMDS in three stages: 



1. During Combined Systems Test (laboratory) 



2. After installation on the first married pair at the site of final assembly 



3. On-site at WMATA using a consist of eight 8000 Series railcars. 



These tests shall demonstrate full performance of the VMDS with all subsystems and full 
functionality of the Train Control Display. The Contractor may need to simulate fault conditions 
to complete this test requirement. Fault simulation procedures shall be included in the 
Contractor’s test procedure.  



3.6.10 Network System 



The Contractor, in coordination with the System’s Integrator, shall conduct the following tests 
of the network systems: 



1. Test of each subsystem’s network interface card. The tests shall ensure compliance with 
the requirements established in the NIC specification prior to their implementation into 
the Authority’s 8000 vehicle network. 



2.  Progressive laboratory network integration testing of all the train subsystems, following 
completion of the NIC specification validation. 



a. Train subsystems include the electrical coupler, network switches, and remote I/O 
stations. 
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b. The testing shall resolve conflicts, establish the susceptibility limits of the network-
to-noise, and pre-qualify the proposed architecture of networks before its 
implementation into the pilot cars. 



c. The laboratory test facility shall be located in North America, or in an approved 
location determined to be suitable for performing the testing, and shall be made 
available to the Authority at all stages of the design. 



d. The test equipment shall become the property of the Authority after Contract 
completion. 



3. Penetration testing on the integrated network and all network subsystems to reveal and 
report potential network vulnerabilities to the Authority. Penetration testing must be 
performed at the Systems Integrator’s laboratory prior to the implementation of the 
network into the Authority’s 8000 vehicle. 



3.6.11 Electromagnetic Compatibility Lab Tests 



3.6.11.1 General 



The Contractor shall perform the following EMI/EMC tests to demonstrate compliance with 
Section 1.8, Electromagnetic Interference and Compatibility: 



1. Lab Conducted EMI. 



2. Lab Inductive EMI. 



The test report shall identify the source of all narrow band emissions from 14 kHz to 6000 MHZ 
and incorporate results of the measurements at 6 feet distance from the centerline. 



3.6.11.2 Electromagnetic Emission Tests and Limits 



The tests shall demonstrate compliance with Section 1.8.4, Emission Limits. 



3.6.11.3 Lab Conducted EMI Test 



The Contractor shall perform the Lab Conducted EMI Tests. 



In addition to separate power unit tests, a combined test of the Propulsion System and the 
auxiliary inverter(s) shall be performed to ensure Electromagnetic Compatibility (EMC).  



1. The Contractor shall submit a Lab Test Procedure for each power unit and the combined 
test for approval.  



2. The draft test procedure shall be available at the Preliminary Design Review. 



3. The Contractor shall submit test reports for each power unit and the combined test for 
the Authority’s approval. 



4. The reports shall relate lab test results to anticipated results of the planned field test. 
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3.6.11.4 Lab Inductive EMI Tests 



The Contractor shall perform Lab Inductive EMI Tests. 



In addition to separate power unit tests, a combined test of the propulsion system and the 
auxiliary inverter(s) shall be performed to ensure EMC. 



1. The Contractor shall submit a Lab Test Procedure and Test Report for each power unit 
and the combined test for approval.  



2. The draft procedure shall be available at the Preliminary Design Review. 



3.6.12 Train Radio System Design Qualification 



The Contractor shall develop train radio system design qualification tests  



Test Purpose: 



1. To demonstrate the functional performance of the train radio within the Authority’s 
system, including tunnels. 



2. To verify compliance with Section 22, Communication. 



3.6.13 Combined Systems Test 



The Contractor shall perform testing of combined systems under controlled conditions to 
validate the proper function and integration of all the primary systems on the car.  These tests 
are in addition to thorough tests on the individual systems. 



1. The Contractor shall propose a set of combined tests that are appropriate for the 
equipment that the Contractor will be providing. Included in this test shall be the 
following systems combinations, at a minimum: 



a. Propulsion/Brake:  Performed in the propulsion lab with a brake rack. 



b. Propulsion / Brake / ATC: Performed in the propulsion lab with a brake rack. 



c. EMI:  Performed in the propulsion lab with the APS, LVPS, and any other high 
power loads. 



d. Networks:  Includes all network devices and end units on a married pair, plus 
simulated equipment for a complete train. 



e. VMDS:  Includes all equipment communicating to the VMDS from a married pair, 
plus simulated equipment for a complete train.  This test may be performed on the 
car mock-up. 



2. As part of the test procedure, the Contractor shall propose a suitable sequence of partial 
tests to ensure timely testing and validation, as well as complete coverage of all related 
systems parameters and interfaces before a final test of the combined systems. 
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3. The test facilities shall be capable of the following: 



a. Providing power and input signals covering the extremes of ranges, so as to simulate 
the full operational ranges as would be encountered in service, including abnormal 
situations (e.g. emergency braking, loss of signal, slip-slide and spin, etc.).  



b. Measuring and recording all data necessary to demonstrate that Contract 
requirements have been met, including EMI. 



3.7 CAR DESIGN QUALIFICATION TESTS 



3.7.1 General 



The car design qualification tests listed in Exhibit 3-4 shall be performed by the Contractor on 
selected cars at the Contractor's facility. The selection of cars to be tested shall be approved by 
the Authority. 



Exhibit 3-4: Car Design Qualification Tests 
Test Frequency TS Reference 



Watertightness  First car of each type  3.7.2 
Carbody Air Leakage First car of each type 3.7.3 
Side Door Operation First two cars of each type  3.7.4 
Climate Room  One of first three A Cars 3.7.5, 3.7.6, 3.7.7. 
Heated Windshield One of first three A Cars 3.7.8 
Lighting First car of each type 3.7.9 
Weight Balance First car of each type 3.7.10 
Trucks First car or first pair of cars 3.7.11 
Coupled Car Clearance First two cars of each type 3.7.12 
Parking Brake First two cars of each type 3.7.13 
Noise and Vibration First car of each type 3.7.14 
Horn First A Car 3.7.15 
Car Networks First car of each type 3.7.16 



 



3.7.2 Watertightness Test 



The watertightness test shall be performed on each of the first car types as part of the car design 
qualification test, following the procedure defined in Section 3.10.2, Watertightness Test. 



1. The fresh air and electric equipment ventilation intake ducts in all the car type roofs 
shall be water tested with the ventilating fans running at full speed, to determine the 
effectiveness of the water excluding features of the duct work.  



2. At the conclusion of the test, there shall be no evidence of moisture in the ducts 
downstream of the water excluding features or evidence of water in any equipment. 



Exterior equipment enclosures or interior equipment enclosures that have access to the outside 
are required to be watertight.  



1. Enclosures shall receive a water test at the point of manufacture. During test of the 
enclosures, the required spray is to be directed at the exposed sides and ends of the 
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enclosures simulating car washing operations, water spray from the wheels or wind 
driven rain on exposed elevated trackage.  



2. At the conclusion of the test, there shall be no evidence of moisture in the enclosures. 



3.7.3 Carbody Air Leakage Test 



The first car of each type shall undergo an air leakage smoke bomb test with the interior 
positively pressurized. 



1. All exterior openings related to normal ventilation shall be sealed during the test. 



2. Any leaks shall be corrected by the Contractor and the drawings and work instructions 
revised to prevent similar leaks on production cars. 



3.7.4 Side Door Operation Tests 



Contractor shall comply with the following requirements: 



1. The Contractor shall perform tests to demonstrate the side door operation with the 
requirements of the Specifications as defined in Section 13.1, Side Door Operation. 



2. Cycle Test: 



a. The first two cars of each type and two other cars of each type, selected at random by 
the Authority, shall have all doors operated for 1,000 continuous trouble free cycles. 
For this test, one of the four cars of each type shall be loaded to AW4. 



b. The opening and closing time of all doors on one side of a car shall be measured and 
recorded electrically under loading to 105% AW4. Failure to operate at the 
prescribed speed specified in Section 13, Door Operation and Control, or any 
indication of binding shall require corrective action to be taken by the Contractor. 



c. Any door or door control failure occurring prior to completion of the test on each car 
shall nullify the test, and the test shall be completely rerun after the fault has been 
corrected. 



3.7.5 Climate Room Testing Requirements 



3.7.5.1 General 



Climate room test shall be performed on one of the first three A Cars agreed upon between the 
Authority and the Contractor. Measurement of air volumes shall be performed on the first B 
Car.   



1. The climate room test shall demonstrate the HVAC system's ability to comply with the 
temperature control and operational requirements of Section 18.6, Heating and Cooling 
Control System.  



2. Subject to  approval, the results of the A Car testing shall, by extrapolation and analysis, 
confirm that the B cars will also meet the same temperature control and operational 
requirements.  
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3. Testing shall include, but not be limited to, a functional check of all HVAC apparatus 
including temperature sensors and controls, air balance and air distribution verification, 
a car pressurization test, and a temperature and relative humidity check to show 
compliance with the specified cooling requirements with all apparatus operating at 
nominal voltage except when specified otherwise. 



4. The HVAC system shall be powered by the car auxiliary and low-voltage power 
systems, i.e., only nominal primary power shall be supplied to the car. 



5. During the air cooling tests, the temperature of the most sensitive temperature critical 
components of the HVAC unit inverters shall be monitored, recorded, and incorporated 
into the test report. The following shall be monitored: 



a. Input power. 



b. Output voltage each phase. 



c. Output current each phase. 



d. Temperature of the most sensitive temperature critical component(s) of the inverter, 
if used. 



3.7.5.2 Climate Room Test Prerequisites 



Contractor shall comply with the following requirements: 



1. Prior to being shipped to the climate room test facility, the test car shall successfully pass 
all production conformance systems testing including the HVAC System Car Level 
Testing described in Section 3.10.9, HVAC System. 



2. An air balance and air distribution adjustment and test shall be conducted to 
demonstrate compliance with the nominal design fresh air and return air volumes and 
the car pressurization requirements given in Section 18.4.2, Ventilation System 
Description. 



3. The volumes of the variable cab air supply shall be noted. 



4. The combined return and fresh air volumes of each HVAC unit shall be within ±10% of 
the design supply air volume. 



5. The delivered air distribution and diffuser outlet velocities required by Section 18.4, 
Ventilation, shall be demonstrated. 



6. On the climate room test car, the linear slot diffusers shall be adjustable and adjusted 
from inside the passenger compartment without the need to open panels or dismantle 
the diffusers.  



7. The HVAC system shall be water tested as specified in Section 3.7.2, Watertightness 
Test. Testing shall be conducted with and without the evaporator blowers energized. 
Fresh air intake water eliminator performance shall conform to the requirements of 
Section 18, Heating, Ventilation, and Air Conditioning (HVAC) System. At the 
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conclusion of the test, there shall be no evidence of moisture in the ducts downstream 
from the water excluding apparatus or evidence of water in any of the HVAC 
equipment. 



8. The approved temperature control switch points shall be verified before the car climate 
room testing begins. If, during testing, those switch points need to be revised to 
accomplish acceptable system performance, the Contractor shall make all the necessary 
modifications to the controls so that all cars conform to the final control configuration 
determined during the climate room test. 



9. It shall be demonstrated to the Authority's satisfaction that the refrigerant compressor 
capacity reduction method and associated system and control design permits the HVAC 
unit to operate continuously at any inside or outside temperature within the specified 
control range and without damage or detriment to the HVAC unit or its components. 



3.7.5.3 Climate Room Requirements 



The climate room for the car level HVAC system tests shall meet the following requirements: 



1. The climate room shall be capable of providing and maintaining suitable test 
temperatures that meet the requirements of all tests in the Specifications. 



2. Temperatures in the facility shall be uniform throughout. Fans may be used to circulate 
the air in the facility. There shall be no more than 5°F variation from 24 inches above the 
running rail to 24 inches above the vehicle roof and from end to end of the car.  



3. Passenger load shall be simulated by means of heaters and humidity generating 
equipment.  



a. Solar and equipment loads shall be simulated by means of electric heaters inside the 
cars.  



b. Humidity introduced into the car to simulate the latent heat loads shall be carefully 
metered to ensure the accurate proportioning of sensible and latent design loads. 



4. Load simulating equipment shall be evenly distributed throughout the car as closely as 
possible to represent the actual operating conditions. 



3.7.5.4 Instrumentation 



The test car and the climate room instruments shall meet the following: 



1. A proof of the calibration of all instruments, traceable to a master at the national 
standards organization of the applicable country, shall be submitted to the Authority for 
approval, prior to testing. See Section 3.3.5, Test Instrument Calibration, for details. 



2. The relative humidity of the fresh air and the car interior shall be measured at each 
return air grille and fresh air inlet using an approved sampling device in accordance 
with ASHRAE Standard 41.1. 
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3. A minimum of 28 car and cab interior temperature measurement locations, determined 
during the air balance and distribution testing, shall be provided in locations in the 
passenger and cab areas as agreed to between the Contractor and the Authority. 



4. An additional three temperature sensors shall be located on the high ceiling panels. One 
sensor shall be at the transverse center on the car longitudinal centerline and the other 
two between 16 and 30 inches from each low ceiling transition. 



5. All data (temperatures, pressures, voltages, currents, motor speeds, and events) shall be 
continuously recorded by an Authority-approved data acquisition system using 
appropriate and approved transducers. The data acquisition system shall be capable of 
providing graphical representation of selected channels while testing is in progress. 



6. To demonstrate the temperature variations as the HVAC equipment cycles, data shall be 
recorded every minute for 30 consecutive minutes at each stabilization point. 



7. Refrigerant pressure measurements shall be taken with Bourdon tube gauge or 
Electronic pressure transducers. 



8. The accuracy of the refrigerant pressure measuring instruments shall permit 
measurements within ± 2.0% of value being measured.  In no case shall the smallest 
scale division of pressure measuring instrument exceed 2.5 times the specified accuracy. 



9. Air pressure measurements shall be made with manometers, or approved equal, having 
an accuracy of ± 0.01 inches of water. 



10. Electrical instruments used for measuring the electrical input to heaters shall be accurate 
to ± 1.0% of the quantity measured.  Instruments used for measuring the electrical input 
to fan motors, compressor motors, or other equipment accessories shall be accurate to 
± 2.0% of the quantity measured. 



11. Rotational speed measurements shall be made with either a revolution counter, 
tachometer, or stroboscope having an accuracy of ± 1.0%. 



12. The air flow measurements shall be made with a "Flow Hood 8410", as manufactured by 
Shortridge Instrument Company, or approved equal. Adapter ducts may be used when 
required. 



13. An event recorder shall be used to monitor operation of relays and contactors.  



3.7.5.5 Data Collection 



The following data shall be available during testing. However, only the data pertinent to the 
test being performed shall be recorded. 



1. Temperatures: 



a. Return air (9-point grid).  



b. Fresh air (9-point grid). 



c. Mixed Air (9-point grid). 
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d. Air exiting evaporator (9-point grid). 



e. Supply air to the evaporator/heater. 



f. Supply air (9-point grid). 



g. Condenser inlet (9-point grid). 



h. Condenser outlet (9-point grid). 



i. Floor heater grille: At two of the hottest spots determined in initial testing. If radiant 
floor heating is supplied, the Contractor shall propose a measurement methodology. 



j. Climate Room: 6 places. 



k. Car interior: 28 thermocouples, minimum. 



2. Refrigerant System Temperatures: 



a. Refrigerant compressor discharge line 12 inches from the refrigerant compressor. 



b. Refrigerant compressor suction line 12 inches from the refrigerant compressor. 



c. Liquid line leaving the condenser coil. 



d. Liquid line at the thermal expansion valve(s) or capillary header as applicable. 



e. Suction line at the evaporator header(s). 



f. Refrigerant compressor crankcase. 



3. Refrigerant Pressures (psig): 



a. Discharge at the refrigerant compressor. 



b. Suction at the refrigerant compressor. 



c. Liquid leaving condenser. 



d. Liquid at thermal expansion valve(s) (if applicable).  



e. Suction at evaporator(s). 



4. Air Pressures (w.g.): 



a. Evaporator blower (fan) total or static pressure. 



b. Evaporator coil pressure drop. 



c. Condenser coil pressure drop. 



d. Air supply plenum. 



e. Car pressurization. 



f. Cab pressurization. 
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5. Electrical Data: 



a. Evaporator blower motor voltage: Each phase. 



b. Evaporator blower motor current: Each phase. 



c. Evaporator blower motor watts: each phase. 



d. Evaporator blower motor power factor. 



e. Evaporator blower motor speed. 



f. Condenser fan motor voltage: Each  phase. 



g. Condenser fan motor current: Each phase.  



h. Condenser fan motor watts: Each phase. 



i. Condenser fan motor power factor. 



j. Condenser fan motor speed. 



k. Refrigerant compressor motor voltage: Each phase. 



l. Refrigerant compressor motor current: Each phase.  



m. Refrigerant compressor motor watts: Each phase. 



n. Refrigerant compressor motor power factor. 



o. Refrigerant compressor speed. 



p. Overhead heater watts. 



q. Floor heater watts, (each stage if applicable). 



r. Radiant floor heater watts (if applicable). 



6. Event Data: 



a. Compressor Operation. 



b. Contactor operation (if applicable). 



c. Liquid line solenoid valve(s). 



d. Overhead heat over temperature thermostats. 



e. High limit switch. 



f. High and low pressure cutout switches. 



g. Back-up protection activating devices. 
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3.7.6 Car Climate Room Heating Tests  



Heating tests shall be performed to measure the carbody insulation value and demonstrate that 
the heating equipment meets the criteria specified in Section 18, Heating, Ventilation, and Air 
Conditioning (HVAC) System. 



1. In addition to testing the heating system at normal design conditions, restricted 
evaporator/heater air flow and overhead heater over temperature conditions shall be 
simulated to show compliance with the over-temperature protection system 
requirements.  



2. Relevant data shall be continuously recorded during all testing. 



3.7.6.1 Pull Up From Dead Cold Condition 



This test shall be performed as follows: 



1. The Climate room shall be maintained at a temperature of 11°F with no internal loads, at 
the nominal supply voltage. The car shall be “soaked” in the climate room for at least 
eight hours at this condition with all doors open, lights and electrical circuits OFF, and 
with no passenger or solar load.  



2. At the end of the soak period, the heating system shall be energized. All other electrical 
circuits including car lights shall be de-energized. All car doors and windows shall be 
closed and fresh air intakes shall be open.  



3. The time required for the average interior temperature to reach the minimum specified 
design dry bulb temperature in Section 18, Heating, Ventilation, and Air Conditioning 
(HVAC) System, shall be measured and recorded. 



4. At the end of this test, the climate laboratory ambient condition temperature shall be 
lowered to 11°F, the heating system shall be de-energized, and the car shall be soaked 
for a minimum of 1 hour at the same conditions as specified for the previous Pull-up 
test. 



5. At the end of the soak period, the heating system shall be energized. All other electrical 
circuits including car lights shall be de-energized. All car doors and windows shall be 
closed and fresh air intakes shall be open.  



6. The car interior temperature and the time required for the average interior temperature 
to stabilize shall be measured and recorded.  



7. The system shall not shut down at any time throughout this test and no faults of any 
type shall occur. 



3.7.6.2 Pull Up and Steady State without Passengers Test 



The test shall be performed as follows: 



1. The climate room shall be maintained at 5°F. With the side and end doors opened, the 
car shall be “soaked” until the interior temperature reaches stabilization at 11°F. 
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Stabilization is defined as temperature swings of less than 1°F for a minimum of 30 
minutes. Soaking shall continue for an additional 30 minutes. 



2. At the end of the soak period, all doors shall be closed and the HVAC system shall be 
placed in the layover mode. Once the layover temperature defined in Section 18 has 
been reached, the HVAC system shall be placed in the automatic mode, but with 
overhead heat disabled.   



3. The time required for the internal temperature to reach 62°F shall be noted. The pull up 
time (defined as the time to reach the required temperature from achieving the layover 
temperature) shall not be greater than that specified. The mass capacitance of the car 
shall be determined during this test. 



4. The overhead heating shall then be enabled, and the car interior shall be permitted to 
stabilize under automatic control. 



5. The temperature in the car shall be maintained within the limits specified in Section 
18.6.5, Interior Car Temperatures. 



6. The temperature throughout the car shall be uniform within the tolerances specified in 
Section 18.6.5. 



7. If the requirements of Section 18.6.5 are not met, air balance and diffuser setting 
corrections shall be made. At the discretion of the Authority, and based on the severity 
of the readjustments, the test sequence shall be repeated starting from the air balance 
and distribution testing and include a full soak. 



3.7.6.3 Side Door Cycling Test 



With the interior temperature at stabilization, a side door cycling test shall be run to show 
conformance to the requirements of Section 18.6.5. 



3.7.6.4 Layover Heat Test 



Car controls shall be placed in the layover mode and interior temperature allowed to stabilize. 



1. The test shall be performed at the climate laboratory ambient temperature of 5°F with no 
internal loads, at the nominal supply voltage, for a period 30 minutes after temperature 
stabilization. 



2. Car controls shall be then returned to the automatic mode and the interior temperature 
allowed to stabilize. 



3. The time required for the internal temperature to reach 62°F shall be noted. 



4. The climate room temperature shall be slowly raised to 45°F at a rate not to exceed 2°F 
per minute. 



5. The interior temperature shall remain in the range shown in Section 18.6.5, Interior Car 
Temperatures, for an ambient temperature range of 11°F to 40°F. 
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6. As the climate room temperature changes, interior temperature and equipment cycling 
shall not exhibit instability. 



3.7.6.5 Restricted Air Backup Protection Test 



With the evaporator blower running and the air flow device bypassed, the overhead heater 
shall be set to operate at full power at the higher limit of the input voltage. 



1. The test shall be conducted by slowly restricting the air flow to the evaporator/heater 
such that the temperature of the air from the heater output rises at a rate of 
approximately 2°F per minute (1.1°C per minute) until the high limit thermostat actuates 
and causes the power to the heater to be removed. 



2. The condition shall be maintained until the high limit switch recloses, the heater re-
energizes, and the cycle repeats. 



3. Cycling shall be permitted to continue for 60 minutes with the temperatures recorded 
every 5 minutes. 



4. The test shall be considered successful when the following criteria are met: 



a. At no time during the test does the backup thermostat activate. 



b. The elevated temperatures did not cause visible damage to the HVAC unit or the 
car. 



c. There was a total absence of smoke and odors. 



5. At the end of the 60 minutes cycling period, the high limit thermostat shall be bypassed 
and the temperature from the heater allowed to rise until the backup thermostat actuates 
and causes the overhead heat shunt trip circuit breaker to open.  



6. The temperatures shall be recorded every minute and recording shall continue for 10 
minutes after the overhead heat circuit breaker trips. 



7. The test shall be considered successful when the following criteria are met: 



a. Elevated temperatures do not cause visible damage to the HVAC unit or the car. 



b. Total absence of smoke and odors. 



3.7.6.6 Nuisance Tripping Test 



With the evaporator blower running, the overhead heat shall be operated at full power for 1 
hour.  



1. At the end of the hour, the evaporator blower and overhead heat shall be 
simultaneously shut down. 



2. The temperature overshoot from the overhead heater shall not cause the backup 
thermostat to actuate and trip the overhead heater circuit breaker. 
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3.7.6.7 Carbody Heat Transfer Test 



A carbody heat transfer (U-Factor) test shall be conducted to verify that the carbody insulation 
system is in conformance with Section 10.12.1, Thermal Insulation. 



1. The test shall be performed at an ambient temperature between 10°F and 25°F with the 
evaporator blowers shut down and all external grilles blocked. Internal heating may be 
provided by the car floor heaters or by auxiliary heaters evenly distributed in the 
interior. 



2. For U-Factor calculations, the heat generated by the auxiliary blowers used to minimize 
temperature stratification shall be considered part of the internal heat load. 



3.7.6.8 Cab Heater Test 



Test Purpose: To demonstrate proper operation of the cab heater and its associated protective 
devices.  



Test Setup: 



1. The cab heater shall be instrumented to measure the data as required below.  



2. The car shall be soaked for at least 4 hours at the design ambient heating condition. 



Testing: 



1. The cab heaters shall be energized on High Heat at the minimum, nominal, and 
maximum supply voltage. 



2. After documenting results of the first test, repeat the test with no airflow through the 
unit in order to test the operation of the high limit thermostat and back-up protection 
device. 



Documentation During Testing: 



1. The time necessary for the cab interior temperature to reach the specified design 
temperature in accordance with Section 18, Heating, Ventilation, and Air Conditioning 
(HVAC) System, shall be measured and recorded, at the minimum, nominal, and 
maximum supply voltage. 



2. The cab heater supply and return air temperatures shall be measured as the average of 
nine-point thermocouple UL-type grid for each.  



3. The temperature measurements shall be taken at the cab heater’s air inlet and outlet, as 
close as possible to the unit but with no thermocouple in contact with the housing.  



4. The following measurements shall be recorded: 



a. Blower motor voltage, current, and power 



b. Blower motor speed 
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c. Heater element voltage, current, and power 



d. Airflow with and without heater element energized 



e. Inlet and outlet air temperature 



f. Surface temperature of exposed side of heater housing 



g. Temperature at high limit switch 



h. Temperature at fusible link 



i. Temperature at blower motor 



j. Climate laboratory ambient temperature 



5. During the test, the temperature of the cab heater enclosure shall be measured at various 
locations to determine the maximum temperature. The temperature shall not exceed 
125°F in any location accessible to the Operator.  



3.7.7 Car Climate Room Cooling Tests 



3.7.7.1 General 



The cooling tests listed below shall be conducted in sequence and without prolonged 
interruptions or temperature changes between tests, except for car interior temperature changes 
due to the application of heat loads. 



3.7.7.2 Refrigerant Charge Determination 



Test Purpose: This test shall be a verification of the HVAC unit refrigerant charge determined 
by the HVAC supplier at the proof-of-design testing.  



Testing: During this test, the correct refrigerant charge shall be verified by comparing system 
pressures, sub-cooling, and superheat at operating conditions equivalent to those of the proof-
of-design test. 



3.7.7.3 Pull Down and Steady State at Design Conditions  



The climate room shall be held at 95°F dry bulb (DB) and 78°F wet bulb (WB). With the HVAC 
units shut down, the simulated solar, lighting, internal equipment loads energized, and the side 
and end doors opened, the car shall be “soaked” until the interior temperature reaches 
stabilization.  NOTE: Soak time should be sufficient to allow the average interior temperature to 
achieve stabilization. The temperature will rise significantly higher than the exterior ambient 
temperature due to the internal (solar and electrical) heat loads.  



1. At the end of the soak period, all doors shall be closed and the HVAC system shall be 
placed in the automatic mode. 



2. The time required for the internal temperature to reach 80°F shall be noted. 



3. The car interior shall be permitted to stabilize under automatic control. 











Section 3, Test Program 



WMATA 8000 Series Railcars  3-53 Technical Specifications 



4. The temperature in the car shall be maintained within the limits specified in Section 
18.6.5, Interior Car Temperatures. 



5. The temperature throughout the car shall be uniform within the tolerances specified in 
Section 18.6.5. 



6. If the requirements of Section 18.6.5 are not met, the air balance and diffuser setting shall 
be adjusted to correct the deficiencies. At the discretion of the Authority, and based on 
the severity of the adjustments, the test sequence shall be repeated. 



7. After Section 18.6.5 temperature compliance is verified under stabilized conditions 
without passenger load, introduce the simulated 175 passenger load. 



8. Evaluate car interior temperature compliance based on previous Items 3, 4 and 5.  



9. The system shall operate under stabilized design conditions for 4 hours without 
malfunction or condensate carryover. 



10. During the test, no condensate shall drip, run, or be entrained in the airflow beyond the 
HVAC cooling coil. All condensate from the evaporator coil shall flow into and drain 
freely from the drain pan without spillage or overflow.   



3.7.7.4 Side Door Cycling Test 



With the interior temperature at stabilization, a side door cycling test shall be run until steady-
state temperatures are achieved to show conformance to the requirements of Section 18.6.5, 
Interior Car Temperatures. 



3.7.7.5 Steady State at Elevated Design Conditions and 175 Passengers  



With doors closed and the interior temperature re-stabilized following completion of Section 
3.7.7.4, raise the climate room temperature to 105°F (DB) and 80.5°F (WB), while maintaining 
the simulated 175-passenger heat load and again allow the interior to achieve stabilization. 



1. The system shall maintain full cool operation; the average interior temperature shall not 
be less than 20°F below exterior ambient temperature. 



2. The temperature in the car shall be maintained within the temperature uniformity limits 
specified in Section 18.6.5, Interior Car Temperatures. 



3. The system shall operate for 4 hours without malfunction or condensate carryover. 



4. During the test, no condensate shall drip, run, or be entrained in the airflow beyond the 
HVAC cooling coil. All condensate from the evaporator coil shall flow into and drain 
freely from the drain pan without spillage or overflow. 



3.7.7.6 Steady State at Maximum Operating Conditions  



Maintaining the final conditions achieved in Section 3.7.7.5, raise the climate room temperature 
to 115°F (DB), 82.7°F (WB) and again allow the interior to achieve stabilization. Items 1 thru 4 of 
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Section 3.7.7.5 shall apply, except that the average interior temperature shall not be less than 
15°F below ambient.  



3.7.7.7 Extreme Temperature Test 



Maintaining the final conditions achieved in Section 3.7.7.6, the climate room temperature shall 
be slowly raised to 125°F at a rate not to exceed 2°F per minute. 



1. During the climate room temperature rise from 115°F to 125°F, the HVAC unit shall not 
shut down due to high pressure or refrigerant compressor motor overload. The interior 
temperature shall be whatever the HVAC units can provide. 



2. The HVAC units shall continue to provide cooling for a minimum of 1 hour with no 
malfunction. 



3. The system shall maintain stable operation and shall not exceed any limits 
recommended by the HVAC supplier.  



3.7.7.8 Low Temperature Test 



The climate room temperature shall be slowly lowered to a temperature just above the cooling 
lock out temperature at a rate not to exceed 2°F per minute and maintained at stabilization for 4 
hours. 



1. During the climate room temperature transition, the refrigeration system shall not be 
permitted to be locked-out and the internal heat loads shall be energized as needed to 
maintain continuous refrigerant compressor operation at minimum capacity. 



2. During the high ambient temperature test transition, the interior temperatures shall 
remain in the ranges shown in Section 18.6.5, Interior Car Temperatures. 



3. During the test period, the HVAC equipment shall operate without damage to itself and 
without the formation of ice or frost on the evaporator coil or refrigerant piping. Oil 
return volumes acceptable for compressor operation shall be verified. 



4. The system shall maintain stable operation and shall not exceed any limits 
recommended by the HVAC supplier. 



3.7.7.9 Condensate Carry Over Test 



Test Purpose: To demonstrate that no water (condensate) is carried from the evaporator coil into 
the blower plenum of the unit and the supply-air discharge plenum.  



Testing: 



1. This test shall be performed for a period of 4 hours with the climate laboratory ambient 
air temperature at 80°F DB/75°F WB. 



2. The design passenger load shall be as specified in Section 18, Heating, Ventilation, and 
Air Conditioning (HVAC) System.  



3. The system shall not enter ventilation mode during the test period.  
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Test Results: 



1. At the end of the test, all heater coils, evaporator blower compartments, supply-air 
discharge plenums, air ducts, and diffusers shall be examined for the presence of 
condensed water.  



2. No condensed water shall be blown from the evaporator coil or from the condensate 
drain pan during this test or any other cooling test. 



3.7.7.10 Partial Cooling Test 



Test Purpose: To verify that the HVAC system and control can maintain the car interior 
temperatures and car interior relative humidity in accordance with Section 18, Heating, 
Ventilation, and Cooling, at a reduced ambient at partial load conditions.  



Testing: 



1. This test shall be performed at 65°F DB/60°F WB and at 80°F DB/75°F WB with and 
without the design passenger and solar loads specified in Section 18.  



2. Perform test for 30 minutes each after stabilization is attained. 



3.7.7.11 Summer/Winter Switchover Test 



Test Purpose: To demonstrate the function of the summer/winter temperature switchover. 



Testing: The climate room temperature shall be varied slowly from just under to just over the 
control range of the control and the effect on inside temperature shall be observed. 



3.7.8 Heated Windshield Test 



The heated windshield shall be tested to illustrate compliance with the requirements of Section 
18.3.6, Heated Windshield.  



1. The Cab End Door and Cab Door shall be closed for the duration of the humidification 
period and the demisting period. 



2. A simulated "one person heat load" with a minimum of 75 W sensible and 59 W latent 
shall be used to allow fog on 100% of the internal surface of the windshield. 



3. The Windshield Defroster is then activated while the cab heater is turned on (Auto 
Mode with the air diffuser oriented toward the windshield). 



4. Heated Windshield controls are detailed in Section 18.3.6, Heated Windshield. 



3.7.9 Lighting Test 



3.7.9.1 Intensity Readings 



Light intensity readings shall be taken (without light from other sources) on the first car of each 
type to verify conformance with the requirements in Section 19.1.4, Intensity. 
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3.7.9.2 Emergency Lighting 



Each emergency light system layout shall be tested in accordance with APTA PR-E-S-013-99, 
Section 6, Evaluation measurements and tests, and Annex C, Data collection guidance. 



3.7.10 Weight Balance Test 



Weight balancing tests shall be performed on one completed car of each type to verify 
compliance with the requirements of Section 1.5.2, Weight Balance. 



3.7.11 Truck Tests 



The first car or pair of cars shall be used in performance of truck equalization, rollover 
resistance, rotation resistance stability, and clearance tests. 



3.7.11.1 Equalization Tests 



Truck equalization tests shall be performed.  



1. Truck equalization shall be met with an empty car (AW0) on level tangent track with 
leveling valves disconnected.  Tests 2a and 2b shall also be conducted at AW3.  APTA 
PR-M-S-014-06 shall be followed for test method, data reduction and calculation. 



2. The following tests shall be conducted to verify equalization provided by the truck 
design: 



a. The test car on level track, with air springs deflated, shall have one wheel on one 
truck jacked up 2.5 inches while contact between any other wheel tread and the rails 
is verified.  Hysteresis effect in the suspension shall be estimated by jacking the 
wheel to 3 inches and noting the difference in the wheel rail force at 2.5 inches on 
raising and lowering. Alternatively, one wheel may be run up on a wedge to obtain 
the 2.5-inch elevation, the other wheels remaining on level track. 



b. The test car, on level track with air springs inflated and with the brakes on both 
trucks released, shall have one wheel jacked up 2.5 inches. At 2.5 inches of vertical 
wheel displacement, the wheel unloading shall not exceed 55% of the nominal wheel 
load. Hysteresis effect in the suspension shall be estimated by jacking the wheel to 
3 inches and noting the difference in the wheel rail force at 2.5 inches on raising and 
lowering. A second car may be used to prevent longitudinal motion of the test car. 



c. The test car, on level track with air springs inflated and with the brakes on both 
trucks released, shall have two wheels jacked or lowered 2.5 inches vertically on the 
same side of a truck. At 2.5 inches of vertical truck side displacement, the wheel 
unloading shall not exceed 35% of the nominal wheel load on any wheel of the car. 



3. If the results of these tests indicate that the required equalization is not attained, the 
truck design shall be corrected and retested until compliant results are attained, and all 
trucks shall be modified in accordance with the corrected design. 
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3.7.11.2 Rollover Resistance Test 



A test shall be performed to verify the rollover resistance provided by the truck design.  



1. The test shall be performed on the first car, with simulated AW4 load. Test shall be 
conducted with the leveling system disabled. 



2. The car shall be run up on a rail or blocking on one side to simulate 6 inches of 
superelevation. 



3. Lateral displacement and roll angle of the carbody shall be measured. 



4. If the test indicates that the degree of motion restriction required by Section 14, Trucks, 
is not attained, the truck design shall be altered, the truck retested at the expense of the 
Contractor, and all trucks shall be modified in accordance with the corrected design. 



3.7.11.3 Truck Rotational Resistance Test  



The Contractor shall conduct tests in accordance with Section 14.3.4.6, Truck Rotation and 
Stability, per Rail Safety and Standards Board, GM/RC2641 Section 2.5 and meet GM/RT2141 
Appendix B performance. 



1. Tests shall be conducted at AW0 and AW3 load, and performed at a minimum of two 
rotation speeds with 0.5 degrees/second and 1.8 degrees/second suggested.  Other 
rotation speeds will be considered by the Authority if proposed by the Contractor and 
justified by the 8000 Series operating environment.  



2. If test results do not agree with the predicted values, the vehicle dynamic model shall be 
updated using the test results to confirm that Specification-compliant dynamic 
performance is achieved, or the truck design shall be modified and retested for 
compliance. 



3.7.11.4 Truck Weight 



The Contractor shall separately weigh all trucks of the Pilot quad unit, and of another car 
approximately three-fourths through the production, using an approved weighing device.  



3.7.12 Coupled Car Clearance Test 



The first completed car of each type shall be coupled to the appropriate adjacent cars and 
checked for proper truck, drawbar, coupler, cable, and hose clearance under the worst case 
geometric requirements for these elements. 



1. The car ends shall be checked for proper intercar clearance. 



2. The couplers and drawbar shall be checked for proper vertical and horizontal swing and 
for clearance from the truck, undercar components, anti-climber and ground (top of 
rail). 



3. All truck, trainline, and coupler cables and hoses shall be checked for clearance and the 
absence of stretching and chafing. 
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4. The trucks shall be checked for proper vertical and horizontal swing and for clearance 
from undercar components. 



5. The intercar barriers shall be checked for proper function at entry to, and exit from, 
curves and in reverse curves. 



3.7.13 Parking Brake Test 



The Contractor shall perform a parking brake system test on the first quad unit or on each 
individual car type (A and B) of a quad unit to demonstrate that brake design complies with 
Section 16, Friction Braking System, by measuring the force required to move the quad unit 
with the parking brake applied. 



1. The test shall be performed with bedded shoes with a minimum of 85% contact area.  



2. The Contractor shall perform a test to demonstrate the brake response times, and shoe 
force vs. pressure concurrent with the parking brake testing.  



3.7.14 Noise and Vibration Tests 



After equipment installation, noise and vibration tests shall be performed on the first car of each 
type to confirm compliance with the static car condition requirements of Section 1.10.2.1, 
Auxiliary Equipment Noise with Car Stopped. 



1. Compliance with the Specifications shall be based on measurements taken in a field 
environment such as outdoors, away from any reflecting surfaces other than the ground, 
ties, and ballast, on-track with newly ground, welded rail. 



2. Reflected sound shall be such as to not influence the directly radiated sound from the 
equipment measured by more than 2 dB. 



3. All measurements shall be made with an ambient sound level in the vicinity of the test 
measurement locations of not less than 10 dB below the noise produced by the 
equipment being measured, when evaluated using the same scale or octave band. 



4. For these tests, the following shall be recorded: 



a. Description of noise or vibration source being measured, including pertinent 
performance data. 



b. Description of the environment where the noise or vibration source is measured, 
including a sketch showing source and measurement positions. 



c. Operating conditions of noise or vibration source during measurements. 



d. Pertinent meteorological data. 



e. Locations and orientations of microphones with respect to noise source. 



f. Equipment used for making measurements. 



g. Description and measurements of ambient noises. 
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h. Data obtained, including range of variation. 



i. Instrument settings, corrections, and calibration records. 



5. The results shall be evaluated and any corrective action required shall be approved by 
the Authority. After corrective action is taken, the applicable tests shall be rerun. If the 
corrective action is successful, it shall be applied to all cars. If not successful, these steps 
shall be repeated until compliance is successfully attained. 



3.7.15 Horn Test 



The horn, as mounted on the first completed A Car, shall be tested for compliance to the 
requirements of Section 11.18, Warning Devices. 



3.7.16 Car Networks Test 



The Contractor shall test the car network systems on the first car of each type. A simulator may 
be used to generate trainline signals. Testing shall include wayside data transmission if 
applicable. See Section 23.5, Train/Wayside Data Transfer. 



The test shall include, but not be limited to, the following: 



1. Test the ability to communicate with all network nodes. 



2. Measure data rates and error rates. 



3. Verify proper transmission and reception of signals by nodes and their connected 
systems. 



4. Exercise all network commands. 



5. Verify proper response to faults. 



6. Perform penetration testing on the integrated network and all network subsystems to 
reveal and report potential network vulnerabilities to the Authority. 



3.8 ON-SITE QUALIFICATION TESTS 



3.8.1 General  



The quad unit and train on-site qualification tests listed in Exhibit 3-5 shall be performed on the 
Authority’s property by the Contractor to demonstrate that the car design complies with the 
requirements of the Specifications, and is suitable for service on the system. 



Prior to on-site qualification testing, the Pilot Cars shall have successfully completed all car 
design qualification tests in Section 3.7, Car Design Qualification Tests. 



For the Pilot Cars, the Contractor shall perform the following inspections and testing prior to 
design qualification testing: 



1. Unpacking inspection. 



2. Incoming inspection. 
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3. Miscellaneous body tests and adjustments (see Section 3.11.2). 



4. Pneumatic system leakage test (see Section 3.11.3). 



5. Functional tests (see Section 3.11.4). 



If at any time during the project, it is determined that the design qualification test procedures 
are not sufficient, or fail to cover any of their intended functions, or significant modification 
were made to any major subsystem(s), the Contractor shall rewrite the affected procedure and 
retest as necessary. 



Exhibit 3-5: On-Site Qualification Tests 
Test Frequency TS Reference 



Train Networks First two quad units (tested for 
eight-car trains) 



3.8.2 



Trainlines First two quad units (tested for 
eight-car trains)  



3.8.3 



Clearance First or second unit, any type 3.8.4 
Truck Stress Validation Testing First two quad units 3.8.5 
Truck Stability Testing First two quad units 3.8.6 
Ride Quality Test First two quad units 3.8.7 
Performance First two quad units (tested for 



eight-car trains)  
3.8.8 



Spin Simulation First or second pair 3.8.9 
Noise and Vibration First or second quad unit 3.8.10 
EMC Field Test First two quad units 3.8.11 
Battery Capacity First or second quad unit  3.8.12 
Thermal Mapping First or second quad unit 3.8.13 
FMECA Validation First or second quad unit 3.8.14 
Communication and Video 
Surveillance 



First two quad units (tested for 
eight-car trains) 



3.8.15 



Parking Brake First or second quad unit  3.8.16 
Passenger Emergency Door 
Operation 



First two quad units (tested for 
eight-car trains) 



3.8.17 



30 Day Operations in Service First two quad units, any type 3.8.18 
 



3.8.2 Train Networks 



The Contractor shall perform the train network test to validate the operation of the complete 
system on two-quad-unit configurations. 



1. To validate functionality with possible increased train size configuration, the Contractor 
shall conduct a train network test with a configuration consisting of quad units. 



2. Tests shall include verification of all coupling configurations before or after the "30-Day 
Operations Passenger Service Test". 
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3. Tests shall contain all elements tested in lower-level network design qualification tests, 
including the ATC network traffic, in compliance with Sections 20, Automatic Train 
Control and Section 21, Network and Trainline Control. 



3.8.3 Trainlines 



The first two quad units shall be tested, in both static and dynamic modes, to demonstrate that 
all trainline functions between operating quad units perform satisfactorily when coupled 
together. 



1. The two quad units shall be coupled in all possible combinations. 



2. Trainline validation tests shall include all trainline and network signals that are routed 
through the coupler electrical heads and intercar cables as necessary. 



3. All operating conditions and including faults, and functional operations of all digital 
data networks shall be verified. 



4. Car end configuration shall be tested following the successful completion of the "30-Day 
Operation Passenger Service Test". 



5. Propagation time of the emergency brake application shall be verified. 



3.8.4 Clearance Test 



One quad unit shall be operated at low speeds on the Authority’s tracks to verify clearances 
both on the Car and on the wayside. 



1. The test shall include all track configurations such as crossovers.  



2. The exterior of the car shall be checked for proper carbody, truck, inter-car, and 
undercar equipment clearance. 



3. Clearances shall be confirmed to meet the dynamic clearance envelope. The trucks shall 
be checked for proper vertical and horizontal swing and for clearance from undercar 
components. 



4. All truck, trainline, and coupler cables and hoses shall be checked for clearance and the 
absence of stretching and chafing. 



5. The couplers shall be checked for proper vertical and horizontal swing and for clearance 
from the truck, undercar components, anti-climber and top of rail. 



6. The vertical and horizontal gaps at each doorway on the train shall be checked against a 
nominal platform. 



7. All inter-car barriers shall be checked for operation and clearances. 



8. The following areas shall be slowly traversed and carefully monitored: 



a. Tightest crossovers and turnouts. 
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b. Tightest horizontal and vertical curves. 



c. Greatest unbalanced super elevation. 



d. Speed restrictions due to track irregularities. 



e. Worst case combinations of all of the above.  



3.8.5 Truck Stress Validation Testing 



The pilot car truck with the highest loads shall be instrumented during the ride quality test 
(Section 3.8.7, Ride Quality Test) and performance testing (Section 3.8.8, Performance Tests) 
with sufficient strain gauges and accelerometers to validate the loads selected and used by the 
Contractor per Section 14.4, Design Criteria for Strength. The test must demonstrate that the 
selected loads produce higher static stress and higher fatigue damage than seen in the Pilot car 
tests when the AWS D1.1/D1.1M S-N curves are extended beyond FTH using m+2 slope. 



3.8.6 Truck Stability Testing 



The pilot car and the pilot car truck with the lightest loads shall be instrumented during the ride 
quality test (Section 3.8.7, Ride Quality Test) and performance testing (Section 3.8.8, 
Performance Tests) with sufficient accelerometers to verify that the 49 CFR 213.333 vehicle-track 
interaction safety limits for carbody accelerations and truck lateral acceleration are not 
exceeded. 



3.8.7 Ride Quality Test 



To verify conformance to the ride quality requirements of Sections 14.2.4, Ride Quality, the first 
quad unit shall be subjected to road tests on the Authority's tracks.  



1. The tests shall be conducted in accordance with ISO 2631-1.  



2. The quad unit shall equal or exceed the vertical, lateral, and longitudinal ride quality of 
the 6000 series, and shall not exceed the following absolute limits for any time interval at 
any location in any test condition.  For the purpose of this section, each time interval 
shall be between 230 and 240 seconds, exclusive of stops.  A shorter time interval of 
between 115 and 120 seconds, exclusive of stops, shall be used as required below. 



3. With inflated air bags and the car loaded to AW0 and AW2, at each measurement 
location, during each time interval, results must be as follows: 



a. The rms acceleration values for each of the three orthogonal measurement directions 
aligned with the carbody axes shall not exceed 0.315 m/sec² for seated and standing 
passengers.  



b. The vibration total value (root sum of squares summation for all measurement 
directions) for each location shall be calculated, and shall not exceed 0.5 m/sec² for 
the time interval.   



c. The carbody acceleration limits of 49 CFR 213.345 shall not be exceeded. 
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4. With inflated air bags and the car loaded to AW0 and AW2, results must be as follows: 



a. The average rms acceleration at each location for each measurement direction over 
all time intervals on a line shall not exceed 0.20 m/sec² for seated and standing 
passengers.  



b. The vibration total value (root sum of squares summation for all measurement 
directions) for each location averaged over all time intervals shall be calculated, and 
shall not exceed 0.33 m/sec² 



5. For individual locations that exceed 0.28 m/sec² in any measurement direction for any 
time interval, the data of that particular time interval shall be reanalyzed using a 115- to 
120-second interval, and the limits in 3., above, shall be applied to the most active 
section of the original interval, with a lower frequency response limit of 1.0 Hz. 



6. The cars shall also be tested with deflated air springs to confirm safe train operation 
without a speed restriction with the car loaded to AW0 and AW2.  



a. Safe train operation shall include meeting all of the vehicle/track interaction safety 
limits in 49 CFR 213.333, including carbody accelerations.  



b. Ride quality shall not exceed 0.62 m/sec for each measurement direction for each 
seated and standing passenger measurement point, and the total value (root sum of 
squares summation) for each measurement point shall not exceed 1.0 m/sec². 



7. Where appropriate, frequency weighting Wb shall be used instead of Wk. Acceleration 
data shall be evaluated over the range of 0.5 Hz to 80 Hz for the 230 to 240 second time 
intervals and over the range of 1.0 to 80 Hz for the 115 to 120 second time intervals.  



a. For seated passengers, the evaluation shall be made over three translational axes on 
the seat pan, seat back, and floor.  



b. For standing passengers, the acceleration data shall be evaluated in the three 
translational axes of the floor.   



c. All measurement axes shall be aligned with the principal car body axes. 



8. Ride quality tests shall consist of operating cars, at a minimum, at speeds of 25 mph, 50 
mph, and 75 mph over track selected by the Authority, under two load conditions: 



a. Empty 



b. With simulated full load (AW2) 



9. The Contractor shall provide instrumentation capable of measuring and charting the 
magnitude and frequency of the expected vertical, longitudinal, and lateral vibrations 
and shocks, up to 1.0g and  80 Hz.   



a. Sensing units shall be located and applied directly to the car floor (with floor 
coverings removed) above the intersection of the car's longitudinal centerline and 
the transverse centerline of both trucks, and also at the center of the car.  
Appropriate sensing units shall be applied to representative passenger seats. 
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b. Provision shall be made for recording the following: 



• Vertical, lateral, and longitudinal shocks (vibrations) concurrently 
• Speed 
• Distance in 100-foot increments 



c. The entry of event markers on recorded data for these tests shall be possible. 



10. The Contractor shall provide the weights used for the tests. 



11. After each group of runs, the instrumentation shall be relocated to one of the Authority's 
existing cars in the 6000 Series, the specific car to be chosen by the Authority. 



a. A series of runs at the same speeds, at the same loads, and on the same track shall be 
made with the 6000 Series car for comparison. 



b. Comparison runs shall be conducted within 48 hours after the start of tests on the 
new cars, unless weather conditions or other events severely alter the test 
environment (e.g., track conditions, heavy weather, strong winds, etc.), in which case 
the comparisons shall be run with minimum elapsed time. 



c. In any event, the maximum elapsed time between the two series of comparison tests 
shall not exceed two weeks. Tests shall be rerun on the new cars if necessary to meet 
this requirement. 



12. Acceptability of the ride quality will be determined by a comparison of the root mean 
square (rms) accelerations in the vertical, lateral, and longitudinal directions recorded 
during the test runs of the new and existing cars. 



a. In each case, the rms value of the accelerations will be determined by preparing a 
power spectral density (PSD) plot for the entire test run and measuring the area 
under the curve in the frequency range of 0.2 Hz through 15 Hz. 



b. The comparison will be made by adding (square root of the sum of squares) the rms 
accelerations in all three directions and at all three speeds for each car. 



c. If the total for the new car does not exceed the total for the existing car, the new car 
will be judged to have complied with the ride quality specification. 



13. Concurrent with the ride quality testing, the Contractor shall instrument sufficient 
wayside locations to show that the 8000 Series cars comply with Section 14.3.3, Design 
Demonstration Using Dynamic Analysis Model, showing that the ground vibrations are 
less than or equal to the 6000 Series cars with newly profiled wheels and renewed 
suspension components. Locations must include operation over ballasted track, direct 
fixation track, and open structure track. The Authority reserves the right to add 
additional measurement locations, not exceeding ten, in any areas deemed appropriate. 



14. If the dynamic behavior of the car is inferior in any respect to the Specification 
requirements, the Contractor shall submit to the Authority, within 60 calendar days, a 
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program containing a mathematical analysis of the problem and a course of action for its 
correction. 



a. If the Authority approves the analysis and corrective measures, the latter shall be 
made effective on the test car within 90 calendar days at the expense of the 
Contractor, the car shall be retested, and, if the measures are successful, they shall be 
applied to all the cars. 



b. If not, the analysis and correction steps shall be repeated, resubmitted, and retested 
until compliance is attained, except that, after unsuccessful tests of two sets of 
corrective measures, the Authority may, in accordance with the General Provisions, 
require delivery of the cars at a reduction in price. 



3.8.8 Performance Tests 



3.8.8.1 General 



The Contractor shall perform a series of performance tests to demonstrate the proper 
functioning of propulsion and braking systems according to these Specifications, and to verify 
compliance with Section 1, Performance Requirements. 



The tests listed in Exhibit 3-6 shall be performed on the complete first and second quad units 
under noted loading conditions.  AW4 loading shall be limited in duration to prevent 
deformities in chevrons. 



Exhibit 3-6: Performance Tests 



Test No of Units Load level Type TS Reference  
Propulsion 
Performance 



Two quad units  AW0, AW2, 
AW3, AW4 



Motoring, Braking 3.8.8.3 



Braking 
Performance 



Two quad units  AW0, AW2, 
AW3, AW4 



Braking 3.8.8.4 



Duty Cycle 
Confirmation  



One quad unit AW0, AW4 Motoring, Braking 3.8.8.5 



Wheel Slip-Slide  One quad unit AW0 Braking 3.8.8.6 
Auxiliary AC 
Power Supply 



Two quad units  N/A Normal,  Shedding 3.8.8.7 



Power and 
Energy 
Consumption 



One quad unit AW2 Motoring 3.8.8.8 
One quad unit AW2 Regenerative Braking 3.8.8.8 
One quad unit AW2 Auxiliary System 3.8.8.8 
One quad unit AW2 Climate System 3.8.8.8 



Transient Power Two quad units AW2 Power Up 3.8.8.9 
Ambient 
Temperature 



Two quad Units AW4 Motoring and 
Braking, Dyn active, 
regen inactive 



3.8.8.10 



Gap Performance One quad unit  Various 3.8.8.11 
ATC 
Compatibility 



Two quad units  AW0, AW2, 
AW3, AW4 



Motoring, Braking 3.8.8.12 
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Contractor shall comply with the following requirements: 



1. At a minimum, two round trips at the Authority-designated test site shall be performed 
for each test. For the Power and Energy Consumption test, a minimum of three round 
trips shall be performed. 



2. The Contractor shall schedule tests to not interfere with passenger service operations or 
system maintenance. Test schedules shall be submitted to the Authority for approval at 
least 30 days prior to the projected test start date. 



3. The test shall contain steps to determine the optimum settings of the propulsion and 
braking equipment. The results of those tests shall be used as a reference for the 
remaining quad units and the Car Acceptance Program. 



4. The tests shall contain steps to determine the relationships of motor torque vs. car 
loading and the brake cylinder pressure vs. car loading, for a continuous range of loads 
from AW0 to AW4 as measured by air spring pressure. Those relationships shall be used 
as a reference to validate the performance of all other quad units, which may then be 
tested without load during Quad Unit Pre-Shipment FAT Dynamic Tests and Quad Unit 
Routine Acceptance Tests. 



5. Test reports shall be submitted to, and become the property of the Authority. Records of 
all parameter settings for acceleration and deceleration shall be furnished for each car. 



6. Test reports will be submitted with all recorded data corrected for voltage and grades as 
part of the Contractor's test report, if necessary. 



7. If any quad unit, quad units, or car, under any load condition or train configuration, or 
any apparatus fails to satisfy the specified performance and design criteria, the quad 
unit, quad units, or cars, with the necessary adjustments, shall be retested at the 
Contractor's expense. 



8. If modifications are necessary, they shall be verified by appropriate retest, as determined 
by the Authority, and implemented on a fleet-wide basis at the Contractor's expense. 



3.8.8.2 Instrumentation 



The Contractor shall instrument each test quad unit with a multiple-channel digital data 
acquisition system and produce a permanent test record. 



1. The data acquisition system shall be capable of real time viewing and processing of raw 
data signals. Collected data shall be processed immediately following a test, or 
concurrently during the test, and be presented for preliminary review in an approved 
format.  



2. All data acquisition equipment shall be calibrated prior to any test. Calibration records 
shall be included with each test report. 



3. Each test run shall be labeled with the date, time, trip number, elapsed time from 
departure, and identity of the test engineer. 
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4. A high accuracy independent speed sensor shall be provided for speed and distance 
measurements. The supplied hardware shall be verified against the devices that are 
already approved or used by the Authority. 



5. The Contractor shall supply all equipment needed to power and operate this 
instrumentation. 



6. Instrumentation shall use the car battery low-voltage power system supply. The 
equipment shall function over the battery low-voltage range described in Section 1.3, 
System Voltage Range and Line Current Limits, and otherwise not be damaged by the 
conditions specified in Section 1, Performance Requirements. 



7. Internal combustion engines driving a generator or use of the vehicle auxiliary inverter 
to power the instrumentation will not be permitted. 



8. Isolation amplifiers shall be provided as part of the instrumentation package to isolate 
the inside car instrumentation wiring and equipment from high voltages. 



9. Exposed terminals with potential differences greater than 50 volts shall not be permitted.  



10. The test wiring termination panels shall include test jacks and switching for each 
channel to permit calibration signals to be injected into each recorder channel, without 
requiring wiring or connectors to be disconnected, and shall be arranged so that 
calibration signals cannot be fed back into the monitored equipment. 



11. The accuracy and response of the instrumentation shall be sufficient to determine the 
degree of compliance with the Specifications and design data. 



12. For each performance test, the following channel assignments shall be permanently 
recorded simultaneously, in addition to other channels deemed necessary by the 
Contractor: 



a. Acceleration (positive and negative). 



b. Traction motor torque (each truck). 



c. Spin slide control system active (each truck - magnitude of spin or slide as required 
for validation). 



d. Brake cylinder pressure (each truck). 



e. Air spring pressures (particularly during emergency braking) 



f. Braked wheel temperature on one axle.  



g. Contact rail voltage. 



h. Line current for all car types. 



i. Brake signal current for all trucks. 



j. Speed (quad unit and individual axles). 
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k. Rate signals 



l. Auxiliary current. 



m. Propulsion and braking trainline signals (may be multiplexed to a single analog 
channel). 



n. An independent time base with one second time intervals. 



o. Distance intervals using digital odometer to record 10-, 100-, and 1,000-foot  
increments. 



p. Such channels as the Contractor feels necessary to record voltage transients.  



q. A voice narration or comment channel. 



r. Two spare event channels for additional tests which may be requested by the 
Authority. 



s. Two spare analog channels for additional tests which may be requested by the 
Authority. 



3.8.8.3 Propulsion Performance Tests 



The Contractor shall perform, on two quad units, a series of propulsion performance tests at 
simulated AW0, AW2, AW3 and AW4 loads, and at normal operating temperature. 



1. The tests shall demonstrate compliance with the performance requirements in Section 
1.7, Acceleration and Braking Performance Requirements.  



2. Braking effort shall be monitored during the tests. 



3.8.8.4 Braking Performance Tests 



The Contractor shall perform a series of All Friction Brake Stop Tests on two quad units. 



1. The tests shall demonstrate compliance with the performance requirements of Sections 
1.7.2.2, Friction Braking, and 1.7.2.3, Emergency Braking.  



2. These tests shall be performed at AW0, AW2, AW3, and AW4 loads.  



3. For the tests, brake elements shall be cooled to a maximum of 125°F (52°C) as measured 
by thermocouples before initiation of any test.  



4. Brake shoes used in stop tests shall be bedded in to a minimum 85% contact area. 



5. The emergency brake system shall be tested to verify compliance with the emergency 
brake reaction time requirements. 



3.8.8.5 Duty Cycle Confirmation Test 



The Contractor shall perform a Duty-Cycle Confirmation Test.  
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The Authority may waive this test for some or all parts depending upon the following: 



1. The design margin shown by simulation/type test is wide and has been approved by 
the Authority 



2. Compared to existing equipment with known ratings and no history of high failure 
rates, the new design is at least equal. 



Test Purpose: To verify compliance with the requirements specified in Section 1.7.4, Duty Cycle 
Requirements.  



Test Setup: 



1. An eight-car consist of 8000 Series cars that have had their performance successfully 
qualified according to this Section, shall be loaded with weight equivalent to an AW1 
passenger load.  



2. The cars shall be instrumented and shall have 12.5% of the brake pads equipped with 
fully worn brake pads distributed equally throughout the consist. 



a. Brake pads are considered fully worn if they have no more than 0.125-inch of 
useable friction material remaining before reaching the condemning limit.  



b. The brake pad thicknesses shall be measured before the test and documented with 
pictures. 



3. The engineers from the Authority, the Contractor, the Train Control supplier, and the 
Friction Brake supplier shall be present during the performance of the tests and shall 
monitor the performance of their respective systems.  



Testing: 



1. The eight-car consist shall be operated in Auto Mode according to the duty cycle 
specified in Section 1.7.4, Duty Cycle Requirements. 



2. As described in Section 15.2.4, Duty Cycle Rating, the Contractor shall confirm by 
loaded vehicle tests, the validity of the rms and peak currents or temperatures extracted 
from the duty-cycle simulations and subsequently used in the “type” test of the critical 
propulsion components.  



Documentation During Test: 



1. Each station stop shall be documented regarding the variance in longitudinal stop 
location relative to the expected location for the platform length. If any part of the train 
consist stops beyond the end of a station platform, this is considered a station overrun 
that is not compliant with the requirements of Section 1.7.4, Duty Cycle Requirements. 



2. Ambient temperature shall be continuously recorded at two different heights above the 
Top-of-Rail on each side of the consist to allow compensation for radiated energy effects 
on the sensors.  
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a. Thermocouples shall be used on a representative sample of both new and fully worn 
brake pads and disc faces to continuously record the temperatures encountered 
throughout the entire run, including dwell and turnaround intervals. 



b.  The measured temperatures shall be adjusted where necessary to allow a one-to-one 
comparison with the data generated by the brake capacity test. 



3. Subjective observations shall be made of brake pad smoke, smell, and noise during each 
station stop, which usually serve as good indicators of disc temperatures during a brake 
application and the likely effect on performance. 



4. Preliminary test data shall be reduced to prove compliance with these requirements 
before the equipment is removed from the cars and copies of the test data shall be 
immediately provided to the Authority. 



Test Results: 



1. Brake pad thicknesses shall be measured and recorded following the test to establish a 
wear rate that may be used to verify the service life requirement of Section 16.4.11, 
Friction Disc and Pad Service Lives. Condition of the brake pad friction material shall 
also be documented with pictures following the test to establish possible damage or 
unexpected wear characteristics. 



2. A final report that includes all data, observations, pictures, data reduction, and analyses 
of results shall be prepared by the Contractor for approval by the Authority.  



3. The report shall include a single graph, preferably using Microsoft Excel, that 
communicates the following, at a minimum, in a well-organized and appropriately 
scaled manner. Varying colors, line styles, background shading, and notations shall be 
used so that the eye may easily find and follow specific information. 



a. Disc Face Temperature vs. Time 



b. Consist Speed vs. Time 



c. Ambient Temperature vs. Time 



d. Markers indicating stations that experienced either extended stops or overruns 



e. Labels of key stations along the route (both outbound and inbound legs), if any, 
experiencing overruns or that have experienced higher than desired disc face 
temperatures. 



4. A comparison of the results with the data generated by the brake capacity test shall be 
included to establish confidence in the capability of the laboratory and computer 
analytical software to accurately simulate and predict real world performance. In this 
way, performance during the warmest environmental temperature conditions specified 
by Section 1, Performance Requirements, may be predicted and accepted with 
confidence as fulfilling the relevant Specifications requirements. 
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3.8.8.6 Wheel Slip-Slide Test  



A test shall be performed to demonstrate that the slip-slide system functions in accordance with 
the requirements of Section 16.4.8.3.3, Wheel Slip-Slide Correction/Protection.  



Test Purpose: These tests shall be sufficient to demonstrate that the slip-slide system 
effectiveness is attained. 



Test Setup: 



1. The test shall be performed using a married pair of railcars. 



2. The test shall use a wetting agent, as follows: 



a. When sprayed on the rails during tests, it shall result in a reasonably accurate 
simulation of conditions that would be produced by damp rail resulting in the 
necessary adhesion (approximately 8%) to achieve a 1.65 mphps deceleration rate 
(B2).  



b. A controlled spray shall be introduced on the rail immediately in front of the lead 
wheels on each truck in the direction of travel.  



c. The spray shall be regulated in a manner that permits flow rate to be controlled and 
turned on or off to individual trucks from within the car.  



3. The Contractor shall also include a means to verify the time-out feature performance in 
accordance with Sections 16.4.8.3.3, Wheel Slip-Slide Correction/Protection. 



4. The engineers from the Authority, the Contractor, the Propulsion supplier, and the 
Friction Brake supplier shall be present during the performance of the tests and shall be 
prepared to make the necessary adjustments to ensure the system meets the performance 
requirements.  



Testing on Dry Track: 



1. Tests shall be performed initially on a designated dry section of track that is reasonably 
straight and within ±1% of level.  



2. The married pair shall make six stops each from 30, 50, and 70 mph (three with blended 
brake and three with friction only braking) at a B4 brake rate request with dry rail 
conditions.  



3. A single Emergency brake stop shall be made from 50 and 70 mph using the Master 
Controller Handle Emergency brake command.  



4. Time, speed, stop distance, and instantaneous deceleration rate shall be measured for 
each stop. From this information, average deceleration rates and typical jerk rates may 
be calculated while distances may be verified. Data from the stops at each rate shall be 
averaged. These averages will define the baseline stop performance at each of the three 
speeds. 
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Testing on Wet Track: 



1. The tests described above shall then be repeated at the specified low-adhesion 
conditions.  



2. The sprayers shall use a mixture of water, concentrated windshield washer solution, and 
dish wash soap (if necessary). The mixture shall be varied until the test pair experiences 
virtually continuous and significant wheel slippage at any given time on at least 75% of 
the axles throughout 50 mph stops at a B4 brake request.  



3. This mixture shall become the test mixture that may be adjusted periodically to 
accommodate the effects of changing environmental conditions such as ambient 
temperature and humidity on the mixture. The Authority will determine the 
acceptability of wheel slippage throughout each test run. 



4. The test mixture shall be used for slippery rail stops from 30, 50, and 70 mph using a B4 
brake rate. Six runs (i.e., three blended and three friction only) at each speed will be 
made.  



5. All B4 slippery rail stops must be no more than 115% of the baseline stop distance 
performances at the three speeds of 30, 50, and 70 mph.  



6. Following successful testing at the B4 Service Brake level, a single slippery rail stop from 
50 and 70 mph shall be made using a Master Controller Handle Emergency brake 
command. Each Emergency slippery rail stop must be no more than 115% of the baseline 
stop distance performances from speeds of 50 and 70 mph. 



Documentation During Testing: 



1. Preliminary test data shall be reduced to prove compliance with these requirements 
before the equipment is removed from the cars and copies of the test data shall be 
immediately provided to the Authority. 



Test Results: 



1. The slip-slide equipment must effectively protect against wheel flats during the above 
test without creating objectionable or disconcerting jerking of the railcars throughout the 
majority of the stop.  



a. While “objectionable” and “disconcerting” are qualitative terms, a general consensus 
is that predominate jerk rates of 10 mphpsps for a duration of 0.10 second are neither 
objectionable nor disconcerting. The same is true for occasional jerk rates of 25 
mphpsps for a duration of 0.05 second.  



b. The Authority will determine the acceptability of the “jerking” experienced during 
slip-slide correction. 



2. Effectiveness shall be tested both for electrical (where applicable) and for friction brake. 
Available adhesion shall be estimated respectively from motor current or brake cylinder 
pressure just prior to the beginning of each slip. 
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3. A final report that includes all data, data reduction, and analysis of results is to be 
prepared by the Contractor for approval by the Authority. 



3.8.8.7 Auxiliary AC Power Supply 



The Contractor shall perform tests to demonstrate performance of auxiliary AC power supply 
and verify compliance with requirements of Section 17, Auxiliary Power. The auxiliary AC 
power supply shall be instrumented throughout performance tests to sample and record the 
auxiliary AC power supply operating characteristics. The test records of auxiliary AC power 
supply conformance test and quad unit performance test shall be included in auxiliary AC 
power supply test report. 



3.8.8.8 Power and Energy Consumption 



The Contractor shall perform a power and energy consumption test on one complete quad unit 
to validate the energy consumption estimates used in the design calculation.  



1. The test shall be performed while operating under simulated AW2 load over a typical 
route and schedule as directed by the Authority. 



2. Propulsion System: The data collected shall be presented in the test report showing 
motoring, regenerative braking, and net power and energy consumption. 



3. Auxiliary AC Power Supply: The data collected shall be presented in the report showing 
combined power and energy consumption. 



4. Climate Control System (HVAC and floor heaters, simulating summer and winter 
conditions): The data collected shall be presented in the report showing combined 
power and energy consumption. 



5. The test report shall include a histogram of overall quad unit power consumption level 
over the duration of test. 



6. The test report shall also include data of stationary energy consumption of auxiliary 
systems during typical extended Yard layover conditions. 



3.8.8.9 Transient Power 



Two quad units shall be tested separately and together to demonstrate that transient power 
consumption levels associated with capacitive filter charging operation are compatible with the 
Authority's power distribution system and meet the requirements of Section 17, Auxiliary 
Power. 



The quad units and the substation in the area shall be instrumented to measure actual currents 
under all the Yard and line filter charging scenarios. 



3.8.8.10 Ambient Temperature Test 



The Contractor shall perform an Ambient Temperature Test.  
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Test Purpose: To determine the maximum temperature rise in equipment boxes, conduits, air 
piping, and wireways near heat-producing equipment.  



Test Setup: 



1. The Contractor shall design the instrumentation for this test to measure temperatures in 
all critical areas of the car.  



2. The test procedure shall include a schematic detailing the location and type of all 
instruments and the temperature design limits (with appropriate safety factors) of all 
equipment and components located under the car.  



3. The test shall be made with an eight-car train loaded to AW4.  



Testing: The train shall complete one round trip on the Red line (Shady Grove – Glenmont), 
operated in ATO mode, with dynamic braking active and regenerative braking inactive. 



Test Results: 



1. The Contractor shall propose the pass/fail criteria for the test. 



2. The test report shall compare collected data to the design limits of the equipment and 
components including safety factors. 



3.8.8.11 Gap Performance Tests 



The Contractor shall perform a test to demonstrate sub-system performance while negotiating 
non-bridgeable third rail (700 Vdc) gaps.   



1. This test shall be comprised of two parts.  



a. A series of tests shall be performed at selected gap locations to measure the 
performance of the system under a variety of load and speed conditions.  



• Load conditions shall include train in regeneration when entering the gap, all 
auxiliary loads running when entering the gap, and full auxiliary load call when 
exiting the rail gap.  



• Railcar speeds shall be varied to test the system when the time between third rail 
power removal and reapplication is at a maximum, a minimum, and a point in 
between.  



b. A general test of system performance shall be performed on all revenue track 
segments (lines) while running a simulated revenue service profile, following 
successful completion of the first test, and approval of the test report.  



2. Gap testing may be combined with other testing. 



Additional Testing: 



1. The Contractor shall be responsible for performing additional testing, as requested by the 
Authority, at any point in the program in order to confirm performance of production 
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vehicles or to validate performance-related statements made by the Contractor or 
suppliers.  



2. At its option, the Contractor may perform similar tests on Authority-owned cars as part 
of the Operational Characteristics Analysis procedure to gain an understanding of the 
existing third rail environment. 



Documentation During Test: 



1. The Contractor shall measure and record input and output voltage/current and other 
characteristics of the Propulsion and APS systems in all modes of operation.  



Test Results: 



1. Test results shall be compared to design documents and laboratory design qualification 
tests to ensure that all systems function as intended.  



2. The Contractor and sub-suppliers shall certify that performance of these systems is 
consistent with established requirements and that any anomalies discovered will have 
no impact on in-service system performance or reliability.   



3.8.8.12 ATC Compatibility Test 



3. The Contractor shall perform tests to demonstrate that the response times and stopping 
distances are consistent with the Specification requirements and with the wayside signal system.  
These tests shall be conducted at AW0, AW2, AW3, and AW4 car weights.  Tests shall be 
conducted with blended braking and friction-only braking.  This test may be performed 
in conjunction with the propulsion and braking tests.  Tests shall be conducted with all 
equipment operating normally and with 25% of brakes being inoperative. 



3.8.9 Spin Simulation Test 



The Contractor shall perform a spin simulation test to verify that the propulsion system controls 
tractive effort as required to correct wheel spin (see Section 15.2.9, Wheel Spin Correction).   



1. The Contractor shall perform the test with a single, empty (AW0) pair of railcars  



2. The cars shall start to move from a standstill on a minimum 3% grade and continue to 
climb the grade in a smooth manner when motoring with at least 75% of the wheels 
spinning. 



3. The test shall be performed using a wetting agent which, when sprayed on the rails 
during the test, will result in wheel spin, as follows: 



a. When sprayed on the rails during tests, it shall result in a reasonably accurate 
simulation of conditions that would be produced by damp rail resulting in the 
necessary adhesion (approximately 8%) to achieve a 1.65 mphps deceleration rate 
(B2). 



b. A controlled spray shall be introduced on the rail immediately in front of the lead 
wheels on each truck in the direction of travel. 
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c. The spray shall be regulated in a manner that permits flow rate to be controlled and 
turned on or off to individual trucks from within the car. 



4. The Authority will determine the acceptability of wheel spin throughout each test run. 



3.8.10 Noise and Vibration Tests 



The Contractor shall perform the noise and vibration tests on one complete quad unit to 
validate compliance with the requirements of Section 1.9, Noise, Shock, and Vibration. 



1. The Contractor shall submit reports in support of the noise testing including car interior 
and exterior level testing.  



2. All static noise test measurements shall be made in an outdoor free-field type 
environment, with the test quad unit stationary on the track at location where reflected 
sound will not directly influence the measurements by more than 2 dB.  



3. The ambient background sound level in the vicinity of the test measurement locations 
shall be 10 dB or more, below the noise produced by the equipment being measured, 
when evaluated using the same scale or octave band. 



4. The noise level measurements shall be taken with a meter complying with the 
requirements of Type 2 Sound Level meter of ANSI/ASA S1.4 Part 3. 



5. Where octave band or 1/3-octave band measurements are specified, the Contractor shall 
use an analyzer that meets the requirements for Class II Filters as given in ANSI/ASA 
S1.11 Part 1. 



6. Car interior and exterior noise level tests with the car moving shall be done at a section 
of clean, smooth rail both on a ballast-and-tie at-grade track with no sound barriers or 
third rail protection board on the measurement side, and in a box section subway 
without sound absorption on the walls. 



7. For noise and vibration tests, the following shall be recorded: 



a. Description of noise or vibration source being measured, including pertinent 
performance data. 



b. Description of the environment where the noise or vibration source is measured, 
including a sketch showing source and measurement positions. 



c. Operating conditions of noise or vibration source during measurements. 



d. Pertinent meteorological data. 



e. Locations and orientations of microphones with respect to noise source. 



f. Equipment used for making measurements. 



g. Description and measurements of ambient noises. 



h. Data obtained, including range of variation. 
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i. Instrument settings, corrections, and calibration records. 



8. The results shall be evaluated and any corrective action required shall be approved by 
the Authority. After corrective action is taken, the applicable tests shall be rerun. If the 
corrective action is successful, it shall be applied to all cars. If not successful, these steps 
shall be repeated until Specification-compliance is attained. 



9. All noise measurements should be taken with windows closed. 



10. No noise measurements should be undertaken during periods of mist, fog, snow, or rain 
as these have a detrimental effect upon the measurement equipment and the measured 
results. 



3.8.11 Electromagnetic Compatibility Field Tests 



3.8.11.1 General 



The Contractor shall perform the following EMI/EMC tests to demonstrate compliance with 
Section 1.8, Electromagnetic Interference and Compatibility: 



1. Field Conducted EMI. 



2. Field Inductive EMI. 



3. Field Radiated EMI. 



The Contractor shall retain an independent subcontractor experienced with rail car EMI testing 
to perform all EMI/EMC tests.  



1. The subcontractor shall be accredited by either the National Institute of Standards and 
Technology or The American Association for Laboratory Accreditation, and shall be 
subject to  approval. 



2. The Authority shall be notified a minimum of 30 days prior to the start of any test. 



3. The subcontractor shall prepare all EMI/EMC test reports and directly deliver them to 
the Authority. The test reports shall not be edited or changed by the Contractor.  



4. The test report shall identify the source of all narrow band emissions from 14 kHz to 
6000 MHZ and incorporate results of the measurements at 72 inches from the centerline. 



5. The electromagnetic compatibility tests shall be performed on two completely 
assembled quad units, as approved by the Authority. 



6. The electromagnetic test shall be conducted on Authority-designated tracks by methods 
referenced in Section 1.8.4, Emission Limits, to ensure compliance with specified 
requirements and compatibility with the Authority’s traction power distribution and 
communications systems. 



7. Confirmation of appropriate emissions limits as previously developed shall be 
conducted by monitoring the traction power distribution, railway signal, and 
communication systems functions. 
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3.8.11.2 Electromagnetic Emission Tests and Limits 



Worst case emissions testing shall be as defined in Section 1.8.4, Emission Limits. 



For the field tests, the third rail voltage settings shall be varied as allowed by the substation 
output adjustment capability at the test site. 



3.8.11.3 Field Conducted EMI Test 



The Contractor shall develop a Contractor Conducted EMI Test Procedure. The following tests 
shall be performed on the carbuilder’s test track and the Authority’s tracks: 



Preliminary Testing on Carbuilder's Tracks: 



1. To the extent possible, preliminary EMI testing shall be performed on the first 
completed married pair at the carbuilder's test track (per Section 1.8, Electromagnetic 
Interference and Compatibility). 



2. This will be considered a pre-qualification check to determine the EMI acceptability at 
the car level. 



3. The goal of this pre-qualification check is to address any undiscovered EMI problems as 
early as possible such that adequate design/manufacturing adjustments can be made 
prior to the start of vehicle production. 



Testing on the Authority's Tracks: 



1. One pair of cars shall be tested by the methods referenced in Section 1.8 for compliance 
with specified requirements and for compatibility with the Authority's power 
distribution and train control, signal, and communication systems. 



2. The test shall be conducted on the Authority's tracks. 



3.8.12 Battery Capacity 



All battery packs on one quad unit shall be tested for compliance with requirements of 
Section 17.2.2.5, Battery Capacity, to verify that essential loads and duty cycles can be 
maintained for the required time. 



Quad unit batteries shall be discharged so that the remaining capacity corresponds to the worst 
case design conditions. 



3.8.13 Thermal Mapping 



The Contractor shall perform a Thermal Mapping test to validate the temperature simulation 
model(s) and condition assumptions used in design of car equipment. 



1. The Contractor shall instrument one operating quad unit to measure the actual thermal 
profile of all temperature-sensitive components during the most severe operating 
conditions permissible within the requirements and design parameters of the 
Specifications. 
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2. The collected data and test results shall be compared against the design assumptions to 
determine validity of those assumptions, and whether design changes are necessary to 
ensure Specification compliance, including reliability requirements. 



3. The testing shall be performed over the same line as specified in the temperature 
simulation model(s). 



3.8.14 Failure Mode, Effects and Criticality Analysis (FMECA) Validation 



One quad unit shall be used to verify compliant performance with the System Safety Program 
requirements of Section 4.1, Systems Safety Program. Specifically, Category I and II hazards, 
identified as required within Section 4.1.7.1, Failure Modes, Effects and Criticality Analyses, 
shall be validated to not create an unsafe condition.  



Subsystem(s) differing from those installed on the selected quad unit must be validated on a 
subsystem by subsystem basis. 



3.8.15 Communications and Video Surveillance System Tests 



The Contractor shall perform communication system and Video Surveillance System tests to 
validate conformance with Section 22, Communication.  



3.8.16 Parking Brake Test 



The Contractor shall perform a parking brake system test on one quad unit. 



3.8.17 Passenger Emergency Door Operation Test 



The Contractor shall perform a design qualification test to validate the requirements of Section 
13.3.4, Emergency Door Operation.  



The test shall be performed on the first two quad units, on randomly selected emergency 
operating levers on A and B Cars, totaling four levers per train. 



3.8.18 30 Day Operations Passenger Service Test 



The first two quad units shall be subject to a 30-day revenue service test with passengers on a 
designated line(s). 



1. The test shall begin only after having completed all other quad unit design qualification 
tests and the issuance of safety certification. See Section 2.9, Safety Certification. 



2. The Authority will provide train crews, test engineering, and inspection support. 



3. Prior to being placed in service, the test quad units shall be subject to operations, safety, 
and reliability tests, as approved by the Authority, to verify compliant operation of the 
doors, brakes, and coupler controls, at a minimum. 
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3.9 FACTORY ACCEPTANCE TESTS 



3.9.1 General 



The performance of all car equipment listed in Exhibit 3-7 shall be verified through a series of 
functional and factory acceptance tests at the corresponding manufacturer's facilities prior to 
shipment to the Contractor's assembly plant. 



1. The Contractor shall confirm that all tests performed by its suppliers are in compliance 
with the Specifications and in accordance with the approved QAPP. 



2. The Contractor shall ensure that electrical and electronic apparatus tests and insulation 
and hi-pot testing are performed on the car equipment listed in Exhibit 3-7, where 
applicable. 



Exhibit 3-7: Factory Acceptance Tests 
Test Description Reference 



Electrical and Electronic Apparatus 3.9.2 
Insulation and Hi-Potential 3.9.3 
Traction Power Control 3.9.4 
Brake Equipment 3.9.5 
Communications and Network System 3.9.6 
Trucks 3.9.7 
Couplers 3.9.8 
Electric Motors (auxiliary) 3.9.9  
HVAC System 3.9.10 
Auxiliary AC Power Supply 3.9.11 
Low-Voltage Power Supply 3.9.12 
Battery 3.9.13 
Propulsion 3.9.14 
Gear Units 3.9.15 
ATC Interface 3.9.16 
Head End Circuits 3.9.17 



 



3.9.2 Electrical and Electronic Apparatus Tests 



Contractor shall comply with the following requirements: 



1. Each system that is separately assembled, housed, and wired into a packaged unit prior 
to installation in a car or quad unit, shall be tested at its point of manufacture. 



2. Electronic assemblies shall undergo Environmental Stress Screening (ESS): 



a. The electronic assemblies shall be subjected to temperature cycling in accordance 
with the Reliability Analysis Center, Reliability Design Toolkit: Commercial 
Practices Edition, Table 7.6.1-2, Baseline Temperature Cycling Regimen for 
Organizations Lacking ESS Experience. 



• The temperature limits of the thermal cycling may be limited to -30°F to +158°F.  
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• A minimum of 12 complete temperature cycles shall be conducted. The number 
of cycles can be reduced, with the Authority's approval, when a failure rate of 
less than 0.1% can be routinely met. 



• All ESS shall be performed with the equipment operational, powered, and 
oriented as per its application in the vehicle.  



• The loading of the equipment shall simulate maximum normal anticipated 
power dissipation. 



• The equipment shall be subject to a full functional test prior to commencing the 
ESS and following completion of all ESS thermal cycles. 



b. If the equipment fails, the repaired equipment shall re-enter the ESS process. 



• The equipment shall undergo a full functional test followed by a minimum of 3 
complete thermal cycles or sufficient cycles to ensure that the assembly has been 
subjected to 12 thermal cycles, whichever is the larger. 



• Equipment shall be repaired and shall re-enter the ESS process a maximum of 
two times. 



• On the third failure, the equipment shall be set aside for further investigation by 
the Contractor's quality organization. The item shall be held separate from the 
production quantities and shall not be reinstated into the production deliveries 
without express approval by the Authority. 



c. The Authority may grant waivers for this testing on an individual basis. 



• The Contractor shall submit requests for waiver as per the procedures detailed in 
Section 2.8.2, Waiver for Proven Equipment. 



• The supplier must demonstrate a record of high initial reliability with a given 
component and a stable manufacturing and quality control process. 



3. Equipment and enclosures that are subject to exterior installation shall be water tested, 
see Section 3.7.2, Watertightness Test. 



4. The manufacturer of the equipment shall provide a certified test report, signed by the 
responsible Quality Assurance representative. 



3.9.3 Insulation and High-Potential Testing 



Contractor shall comply with the following requirements: 



1. The integrity of the electrical insulation shall be confirmed by performing insulation 
resistance tests and high potential tests on individual devices, systems, apparatus, and 
all wiring. 



2. Semiconductor devices and capacitors may be protected against the test voltage by 
means of shorting jumpers if they are not inherently protected by the circuit in which 
they are used.  



3. On items with double insulation, such as grid resistors mounted by insulators to a frame 
insulated from carbody, each set of insulation shall be individually tested; i.e., resistors 
to frame and frame to carbody. 
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4. Insulation resistance testing shall be conducted on all circuits within a device or system 
apparatus. 



5. The high potential ground insulation test shall be conducted in accordance with 
IEC 61133.  The insulation impedance test shall be carried out both before and after the 
high potential test, the test conditions shall be the same for both tests, and the 
impedance value measured by the test following the high potential test shall not differ 
by more than 10% from that measured in the initial test.   



6. Insulation resistance tests shall be conducted to verify the state of the insulation to the 
equipment case, between wiring of different voltage classes, and between the input and 
output circuit of high-voltage line switches and circuit breakers. 



7. The insulation resistance limits in Exhibit 3-8 shall apply when all circuits on the car of a 
given voltage class are connected in parallel under all environmental conditions, 
including high humidity. 



8. The test limits for individual devices or apparatus shall be higher than the above listed 
limits as appropriate for that hardware, so that limits for the completed car can be met.  



9. A high potential test shall be conducted after the first insulation resistance test is 
completed and passed.  



10. All components and systems shall be protected when the high potential tests are being 
performed. The Contractor shall jumper together the various wires in a system to ensure 
that all parts of a system are tested, and to prevent capacitive currents or fault currents 
from passing through and damaging low-voltage devices. 



11. The high potential test shall be conducted on all circuits within a device or system. Tests 
shall be conducted to verify the state of the insulation to the equipment case, between 
wiring of different voltage classes, and between the input and output circuit of high-
voltage line switches and circuit breakers. 



12. The high potential test limits in IEC 61133 shall apply. 



13. Alternative high potential test criteria, based on Exhibit 3-9, may be proposed for the 
Authority’s approval. 



14. The test shall be conducted by applying the test voltage, as listed in Exhibit 3-9, for a 
period of 1 minute across the insulation being tested. The high potential test is passed if 
there is no insulation breakdown or excessive leakage current. 



Exhibit 3-8: Insulation Test Limits 



Nominal Circuit Voltage (DC or AC rms) Minimum Insulation Resistance 
Below 90 volts except battery assembly 2 megohms at 500 Vdc 
90 to 300 volts 4 megohms at 1,000 Vdc 
Above 300 volts 5 megohms at 1,000 Vdc 
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Exhibit 3-9: High-Pot Test Limits 
Nominal Circuit Voltage (DC or AC rms) Test Voltage (AC rms, 60 Hz) 



Below 300 volts 2 V + 1000 volts 
Equal to or above 300 volts 2.25 V + 2,000 volts 



   V = the nominal system voltage for a circuit 



3.9.4 Traction Power Control Test 



With control power connected and traction power disconnected, the traction power control 
system shall be tested for correct recognition and initiation of all external interface signals 
including, but not limited to, all trainline and network commands, door and brake release 
interlocks, friction brake interface signals, and monitoring and diagnostics interfaces. 



1. The external conditions necessary for this verification process may be simulated, as 
necessary. 



2. Traction power system shall pass all built-in low-voltage self-test routines, including but 
not limited to CPU and memory tests, contactor and relay operation tests, speed sensor 
tests, and phase gate driver tests. 



3. With traction power available, the system shall undergo and pass all built-in high-
voltage test routines, including but not limited to filter capacitance tests, phase and 
chopper IGBT switch operation tests. 



4. A momentary low-level power application ("bump test") shall be conducted to verify 
correct phase connections of traction motor cables. 



3.9.5 Brake Equipment 



The Contractor shall perform a series of tests to demonstrate the proper operation of the brake 
equipment. 



1. The Contractor shall test all production brake equipment. Certificates of conformance 
shall be provided for small components provided by sub-suppliers and third party 
sources. 



2. The Contractor shall perform high potential and insulation resistance tests on all 
electrical and electronic assemblies in accordance with Section 3.9.3, Insulation and 
High-Potential Testing, or IEC 60571 recommendations. 



3. The Contractor shall conduct functionality tests, and certify for performance all electrical 
and electronic assemblies in accordance with manufacturer's specifications and test 
codes, as approved by the Authority. 



4. All valves shall be test-rack tested and certified for performance in accordance with the 
manufacturer's specification and test codes, as approved by the Authority. 



5. All air reservoirs shall be tested and certified in accordance with ASME BPVC, Section 
VIII-1. 
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3.9.6 Communications and Network System Test 



The Contractor shall test the communications and network system to demonstrate the 
functionality and operation of all components making up the Communications and Network 
System.  



1. The Contractor shall perform high potential and insulation resistance tests on all 
electrical and electronic assemblies in accordance with Section 3.9.3, Insulation and 
High-Potential Testing.  



2. The Contractor shall conduct functionality tests and certify the performance of the entire 
Communications and Network System in accordance with manufacturer’s specifications 
and test codes, as approved by the Authority. 



3. This validation shall also include verification of network's error rate during normal 
traffic conditions. 



4. The test procedures shall make full use of the capabilities of the network PTU as 
described in Section 9.2.9, Network PTU – Protocol Analyzer, to test components 
making up the Communication System including Radio, PA, CCTV, signs, etc. 



3.9.7 Trucks 



The Contractor shall test each fully assembled production truck and its components, in 
accordance with the agreed upon test plan, to confirm compliance with design requirements. 



1. The Contractor shall validate the welds, bolster, and any other primary structural 
member of the truck using either magnetic particle, or dye penetration method, in 
accordance with ASTM E709 and ASTM E165/E165M respectively. 



2. Weld validation shall be performed on 10% of trucks chosen at random by the 
Authority. 



3. Inspection of critical welds shall be performed using radiography or by section and etch 
method, or as otherwise approved by the Authority, on every tenth truck randomly 
selected by the Authority. 



4. If defects are found during sampling inspection, the Contractor shall positively locate 
the beginning of such defect in previous truck frames and apply appropriate corrective 
action. 



5. The Contractor shall measure and confirm the lateral clearance requirements on every 
tenth fully assembled journal bearing. 



6. The Contractor shall furnish axle inspection records per Section 14.8, Axles. 



7. The Contractor shall furnish wheel press records and axle set serial and heat numbers 
listed together with the serial numbers of the trucks to which they are installed. 



a. The Authority reserves the right to witness any or all of the pressing operations. 
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b. All press diagrams (wheels, bearings and gear units) shall have clearly defined 
acceptance (or rejection) limits and shall be presented in an approved format. 



c. The final seating tonnage (spike) shall be recorded as a part of a complete wheel fit 
pressure diagram. 



d. All press records (wheels, bearings and gear units) shall be available for review 
during railcar manufacturing and shall be included in the Car History Books. 



8. The Contractor shall measure and confirm the gauge dimension requirements on all 
fully assembled wheel-axle assemblies. 



9. The Contractor shall measure and confirm the axle-run-out (concentricity) on all fully 
assembled wheel axles. 



10. The Contractor shall measure and verify the lateral and radial tread-run-out on all fully 
assembled wheel axles. 



11. The Contractor shall measure and verify the conformance of tram and axle parallelism 
on all fully assembled trucks. 



3.9.8 Couplers 



The Contractor shall perform a series of factory acceptance tests to demonstrate the proper 
operation of couplers and link bars, including the following: 



1. Tests to demonstrate mechanical coupling and uncoupling. 



2. Tests to demonstrate automatic coupling and uncoupling of electrical heads, including 
validation of trainline signals and network connection. 



3. Test to demonstrate coupling and uncoupling of pneumatic heads. 



4. Tests to demonstrate centering of the coupler assembly. 



3.9.9 Electric Motors  



Each AC auxiliary motor and DC motor shall be given a routine test by the manufacturer in 
accordance with IEC 60349 or IEEE Std 11, or an alternative test standard used in the industry 
may be proposed.  The test procedure shall be submitted for approval. 



Motor balance shall be dynamically tested in accordance with NEMA MG 1, Section 12.6, 
Mechanical Vibration. 



3.9.10 HVAC System 



Contractor shall comply with the following requirements: 



1. Each complete system, at the HVAC manufacturer’s facility, shall be pressurized, leak 
tested, evacuated, charged, and factory acceptance tested to procedures approved by the 
Authority.   
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2. The cooling system in each car shall be tested after installation. 



a. The system shall be operated in the cooling mode for a minimum of 10 minutes 
under automatic operation. 



b. The following shall be verified: System pressures, voltage, compressor, blower, 
condenser fan motor current draw and frequency, compressor unloading and pump-
down, system modulation, operating points of pressure switches and protective 
devices, condensate drainage and the state of liquid sight glasses. 



3. The fresh and recirculated airflows shall be measured and verified on the first six cars 
and on every 50th production car. 



4. Refrigerant sampling shall be performed in accordance with Section 18, Heating, 
Ventilation, and Cooling. 



5. The PTU shall be used to verify that no faults occurred during the testing.  Any fault 
shall require re-running that specific portion of the test where the fault occurred. 



6. All data shall be recorded on each car’s Log Sheet, which shall become a part of Car 
History Book. 



7. Heating tests shall include floor heat, overhead heat, door threshold heat, heated 
windshields, layover heat, and the cab heat systems, including tests of fault or over- 
temperature conditions and all regulation equipment. 



8. The operation of all protective safety devices shall be verified. 



3.9.11 Auxiliary AC Power Supply 



Each auxiliary power supply shall be given a routine test in accordance with IEC 61287-1 to 
verify compliance with the Specifications. 



All auxiliary circuits (APS) shall be tested to confirm proper control, distribution, and voltage. 
All circuit breakers shall be tested. The APS cross-over function shall be tested. 



3.9.12 Low-Voltage Power Supply 



The manufacturer shall perform tests at its facility indicated as routine tests in IEC 61287-1. 



3.9.13 Battery 



Batteries shall be given a capacity test at the point of manufacture in accordance with IEC 60623. 



1. All components of the battery system shall be checked for proper operation, including 
the operation of the load shedding system. 



2. Any battery system that is not installed within one year of manufacture and factory 
charging, shall be discharged and charged following OEM procedures. 
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3.9.14 Propulsion 



The propulsion system shall be subjected to a complete static test, including speed sensor 
verification, friction brake interface check, reduced power and bump tests, and low-voltage 
tests. 



1. Traction Motors: 



a. Each traction motor shall be tested by the manufacturer in accordance with IEC 
60349-2, Section 7.2, Exhibit 1, Summary of Tests, for routine tests (Tests 9.4, 
Overspeed tests, and 9.6, Vibration tests (imbalance) are required). 



b. Motor balance shall meet the requirements of 15.4.10, Motor and Rotor Balance. 



c. An inverter power supply may be used for all factory acceptance testing. 



2. Propulsion System:  All units shall be tested against the requirements of IEC 60077, 
IEC 60322, and IEC 61287-1, as appropriate. 



3.9.15 Gear Units 



Each traction gear unit shall be tested using the manufacturer's factory acceptance test.  The test 
shall include the following, at a minimum: 



1. Check gear tooth mesh alignment, backlash, and shaft endplay to verify that it is within 
the manufacturer's tolerances before the gear unit is operated. 



2. No load operation at maximum operating speed equivalent vehicle speed for 10 minutes 
in each direction.  Vibration produced by each gear unit and gear sump oil temperature 
shall be continuously monitored. 



Gear units that produce abnormal oil temperature or noise shall be rejected. 



3.9.16 ATC Interface Test 



The Contractor shall perform tests to verify the correct installation of interfaces between the 
ATC system and the vehicle. 



3.9.17 Head End Circuits 



Master controller functions and all controls related to power distribution and control from the 
operating control areas shall be verified. All coupler control and operation functions shall be 
verified. 
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3.10 PRE-SHIPMENT FACTORY ACCEPTANCE TESTS 



3.10.1 General  



Prior to shipment from its manufacturing plant, the Contractor shall perform a series of factory 
acceptance tests and inspections, as listed in Exhibit 3-10, on each quad unit to ensure that all 
installed equipment complies with the requirements of the Specifications. 



1. The Contractor shall take corrective action when non-compliance or any defect occurs 
during testing. The Contractor shall retest to the satisfaction of the Authority before the 
system is accepted. 



2. The Contractor shall submit all test results to the Authority’s representatives for 
approval. 



3. The Authority’s representatives shall approve the test results before authorizing the 
release of the quad unit for packing and shipment. 



Exhibit 3-10: Pre-Shipment Factory Acceptance Tests 
Test Type Test TS Reference 



Static Tests 



Watertightness  3.10.2 
Car Weighing  3.10.3 
Car and Quad Unit Wiring 3.10.4 
Pneumatic System Leakage Test 3.10.5 
Trainlines and Network System 3.10.6 
System Functionality Verification 3.10.7 
Doors, Operators, and Controls 3.10.8 
HVAC System 3.10.9 
Lighting, Headlights, and Taillights 3.10.10 
Friction Brake 3.10.11 
Traction Power Control Test 3.10.12 
Communication System Test 3.10.13 
Monitoring and Diagnostics (MDS) 3.10.14 
Event Recorder  3.10.15 
ATC System Static Pre-shipment FAT 3.10.16 
Height Control Test 3.10.17 



Dynamic Tests Propulsion and Brake System Dynamic Test 3.10.18 
ATC System Dynamic Pre-Shipment FAT  3.10.19 



 



3.10.2 Watertightness Test 



For each car within a quad unit, all areas of the car sides, ends, and roof, including doors and 
windows, and undercar, shall be subject to a complete watertightness test. 



1. The Contractor shall complete the watertightness test before the installation of sound 
deadening material, thermal insulation, and interior finish. 



2. Water shall be sprayed from nozzles that are at distance of 3 feet from the carbody, and 
aimed directly at the surface being tested. 
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3. No less than 0.625 gallons per minute shall be delivered to each square foot of surface 
being tested. The velocity of water at the nozzle shall be no less than 150 feet per second. 



4. All spray applications shall run for 10 minutes before the inspection for leaks begins, 
and shall run continuously during the inspection. Exterior equipment enclosures and 
interior equipment enclosures exposed to the outside shall be tested as indicated in this 
Section. 



5. The traction motor clamshell, external lead connections, and any underfloor or exterior 
wire trays and junction boxes shall also be subject to a water test. The water flow rate 
and velocity shall be as specified above. 



6. The Contractor may propose alternate methods for watertightness test of the carbody, 
subject to the Authority's approval. 



3.10.3 Car Weighing 



The Contractor shall weigh each car prior to shipment. 



1. The weight of individual trucks on each car shall be recorded separately. 



2. The Contractor shall make use of a weighing device that provides a permanent record of 
the weight measurements, and those weight tickets shall be submitted to the Authority. 
Copies shall be included in the Car History Book, or in the form of an equivalent 
database. 



3. The accuracy of weighing device shall be maintained within 0.2%. 



4. The Contractor shall submit written verification that the weighing device has been 
calibrated at least once every 120 days if electrical or at every test if mechanical. 



3.10.4 Car and Quad Unit Wiring Test 



The Contractor shall perform wiring acceptance tests on all completely assembled cars and 
quad units. 



1. The wiring tests shall include continuity and insulation checks on all fully assembled 
circuits.  



2. During this test, metallic backshells shall be isolated from carbody wiring.  



3. Continuity tests shall be performed on all circuits in both active and inactive states, to 
ensure continuity and correct polarity of equipment and devices.  



4. All frame grounds and terminal connections shall be checked for proper termination and 
tightness.  



5. The insulation of all car circuits shall be subject to insulation resistance and high 
potential testing to demonstrate the compliance with requirements of Section 24.21.6.17, 
Insulation Resistance. Detachable car jumper cables shall receive independent insulation 
resistance and high potential tests. 
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6. For the insulation resistance testing, the battery assembly shall be subject to a separate 
test for insulation from carbody. Each terminal of the battery shall be measured to the 
metallic portion of the battery tray with a micrometer. 



7. The high potential ground insulation test shall be conducted in accordance with 
IEC 61133, IEEE Std 11, and IEEE Std 16. The insulation impedance test shall be carried 
out both before and after the high potential test, the test conditions shall be the same for 
both tests, and the impedance value measured by the test following the high potential 
test shall not differ by more than 10% from that measured in the initial test. 



8. The Contractor may request permission to disconnect certain components likely to be 
damaged or which, if not disconnected, would render the result invalid, under any of 
the above tests. The test report shall detail all miswiring, component failures, or other 
anomalies. 



9. The Contractor shall immediately notify the Authority of any failures during this test. 



3.10.5 Pneumatic System Leakage Test 



The Contractor shall perform a pneumatic system leakage test on each quad unit. 



1. The test shall include measurement of change in system pressure over time to 
demonstrate compliance with the specified requirements. 



2. All cutout-cocks shall be set in normal operating position. 



3. The air system, including the suspension system, shall be fully charged, leveling valves 
in the lap position, and the compressor controls adjusted to normal operating pressures. 



4. After the system is fully charged, slowly bleed air from the main reservoir until the air 
compressor starts. Close the main reservoir bleed, and allow the compressor to recharge 
the system. The startup of compressor shall be inhibited during the test period. 



5. After the compressor cuts out and after any drain valve action has terminated, record 
the main reservoir test gauge reading and start the clock. 



6. After the compressor cuts out wait for 3 minutes (for temperature effect), and record the 
main reservoir test gauge reading. 



7. Wait for 5 minutes and record the main reservoir test gauge reading. 



8. Main reservoir pressure drop shall not exceed a total of 10 psig over the full 8-minute 
interval, and a total of 5 psig in the last 5 minutes of the test. The air compressor shall 
not be allowed to start during the timed test period.  



9. Failure to meet the specified performance shall require correction of the leakage and any 
related faults, and rerunning of the test. 



10. The test report shall detail all component failures, or other anomalies. 
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3.10.6 Trainlines and Network System 



The Contractor shall perform tests to validate the operation of trainlines and network functions 
on each quad unit, and shall comply with the following requirements: 



1. Verify the trainline signals on each intercar trainline connection and coupler electric 
heads. 



2. Use a network protocol analyzer to confirm that statuses of trainline and network 
signals correspond to the commands set by quad unit's controls. 



3. Develop a set of standard worst case conditions to allow uniform network tests. 
Simulation routines within the various connected systems may be used to provide the 
necessary traffic levels. 



4. Develop the methodology and conditions for network tests as part of the Quad Unit 
Networks Design Qualification Test. The test shall validate 100% functionality of the 
networks. 



5. Include validation of coupler functionality in trainline and network tests. 



6. Immediately notify the Authority of any failures during this test. The test report shall 
detail all component failures, or other anomalies. 



3.10.7 System Functionality Verification 



The Contractor shall perform a complete series of static functionality tests on each car making 
up the quad unit, to validate the operation of car's subsystems and to certify that the train can 
be properly controlled from the Operator's console. 



1. The tests shall be conducted with the quad unit powered under nominal contact line 
voltage. 



2. After completion of each test, the Contractor shall demonstrate that all discrepancies 
logged against the quad unit during its construction and test period, by either the 
Contractor's inspection staff or the Authority’s inspectors, have been suitably resolved to 
the satisfaction of the Authority. 



3.10.8 Door Operators and Controls 



The Contractor shall perform tests to demonstrate correct operation of the passenger door 
system and validate all of the operating modes, including manual, emergency, and crew switch 
operation. 



1. The doors shall be subject to a minimum of 100 consecutive, successful cycles, operated 
from each door controller. Initiation of the cycling shall be through the normal control 
circuitry. 



2. The door test shall verify proper functions of doors system including panel alignment, 
smooth operation, opening and closing speeds, door announcements, and proper 
functioning of controls, signals and interlocks. 
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3. The test shall measure and confirm the door obstruction feature, validation of proper 
opening and closing forces on every door before and after the above cycling. These 
features shall operate properly, without the need for readjustment at the end of the 
cycling tests. 



4. The Contractor shall make use of the door PTU to monitor the door performance. 



5. The door test shall be performed on the completely assembled quad unit, resting on 
level tangent track. 



6. The door tests must be completed with no fault found in operation of the door system, 
either visually or as recorded by the door system diagnostic system or the car's MDS. 



7. Following this test, the door adjustment shall be rechecked. The test will fail if any 
adjustment parameter is found to be out of specification. 



3.10.9 HVAC System  



The Contractor shall perform a test to demonstrate the operation and function of the HVAC 
system. 



1. All functions, including the sequence of refrigerant compressor unloading, the pressure 
transducers and switches operation, expansion and solenoid valve operation, system 
modulation and system pump-down, shall be verified on a completed car. 



2. The system refrigerant charge and the refrigerant condition (wet or dry) in liquid sight 
glasses shall be recorded. 



3. Car air balance and pressurization shall be verified on the first 20 cars and then on one 
of each car type in each sequential 40-car lot. 



4. Noise and vibration levels shall also be measured and recorded on each unit. 



3.10.10 Lighting, Headlights, and Taillights 



The Contractor shall perform tests to validate the operation of the quad unit's lighting system 
and controls. 



1. The Contractor shall confirm the proper operation and functions of all interior and 
exterior lighting assemblies and respective control circuits. 



2. The headlights and taillights on each car shall be adjusted to the requirements specified 
in Section 19, Lighting. 



3.10.11 Friction Brake Test 



The Contractor shall perform a test to validate all of the functions and operation of the Friction 
Brake System. 



1. Tests shall include verification of feedback command and load-weigh signals and the 
appropriate response. 
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2. The test shall include verification of brake cylinder pressure settings, valves, control and 
indicator checks, and leakage tests. 



3. The test shall include verification of the brake fault detection system. 



4. The test shall include validation of emergency brake functions and proper operation of 
the air compressor. 



5. The performance of all electrical and electronic assemblies shall be checked for proper 
operation. 



3.10.12 Traction Power Control Test 



The Contractor shall test the traction power control to validate the operation of traction control 
system. 



1. The test shall be conducted with low-voltage control power connected, and traction 
power disconnected. 



2. The test shall validate the self-test propulsion test including recognition and initiation of 
all trainline and network commands, door and brake cylinder pressure interlocks, 
interface signals to friction brake, monitoring and diagnostics interfaces. 



3. The external conditions necessary for this verification process may be simulated, as 
necessary. Any component that fails to function properly shall be repaired and the test 
repeated until successful before proceeding to the next sequence of the propulsion test 
series. 



3.10.13 Communication System Test 



The Contractor shall test the Communication System to demonstrate the performance of the 
system, including signs, on each quad unit. 



1. The test shall validate the operation of train radio, passenger information system, and 
the audio announcement system. 



2. The train radio shall be tested for power output, voltage standing wave ratio (VSWR), 
and for clarity of voice transmission and reception on all channels and modes. 



3. Output power from the train radio shall be measured at the antenna. Measured reflected 
power and calculated VSWR shall be less than 2.0. 



4. Sound pressure level measurements of minimum and maximum gains at each doorway 
location shall be made using a test tone generator, and adjusted to meet predetermined 
criteria. See Section 22, Communication. 



5. All passenger emergency intercom (PEI) locations shall be tested. 



6. The PEI shall be tested using predetermined test script software. 



7. The video surveillance system, including the DVRs, shall be functionally tested. 
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3.10.14 Monitoring and Diagnostics System (MDS) Test 



The Contractor shall test the MDS to validate its operation and functions. 



1. The test shall validate the correct reporting of data to MDS over the car and quad unit 
network, including all required car system events and variables. 



2. The test shall validate the communication link to a wayside wireless access point. 



3. The Contractor shall validate that MDS logs and messages are properly configured, 
including the time synchronization with the master clock, and in accordance with the 
Specification requirements. 



3.10.15 Event Recorder Test  



The Contractor shall test the event recorder system to validate its operation and functions. 



1. The test shall validate the correct reporting of all faults and event data to the event 
recorder. 



2. The Contractor shall validate that event recorder logs and messages are properly 
configured, including time synchronization with the master clock, and in accordance 
with Specification requirements. 



3.10.16 ATC System Static Pre-Shipment FAT 



The ATC supplier shall perform static post-installation check-out (PICO) testing of the ATC 
system (including transponder and radio (Data Communication System)) on each quad unit to 
validate the function of the ATC system. 



3.10.17 Height Control Test 



Height-control valve adjustments, measurement of carbody floor height, and air-spring heights 
shall be checked and recorded for each car.  



1. Tests shall verify that requirements from Section 14.5.3, Leveling Height Control, are 
satisfied. 



2. A specific test shall be scheduled for the first Pilot Car upon delivery to the Authority to 
demonstrate that the cars can be leveled per requirements in 14.5.3, Leveling Height 
Control, and can maintain level condition in service. 



3. As part of the design of this test, the Contractor shall reference data collected during the 
Operation Characteristics Test to ensure that the height control test can be performed on 
the Authority's tracks. 



4. The test shall demonstrate minimum wheel unloading and percent wheel  load 
differences within a truck due to air spring imbalance, leveling valve and linkage 
operation, time to level, and compensating valve performance.   



5. Adjustment records shall be included in the Car History Book. 
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3.10.18 Propulsion and Brake System Dynamic Test 



The Contractor shall perform dynamic propulsion and braking tests at its facility to validate the 
quad unit performance and compliance with requirements of Section 1, Performance 
Requirements. 



1. The Contractor shall perform dynamic tests on each quad unit under AW0 condition, up 
to the traction motor's base speed or test track speed limit, whichever is higher. 



2. The Contractor shall supply test equipment and instrumentation, including recorders, 
sensors, pickups, wiring, and inverters. The equipment shall be compatible with the 
onboard low-voltage power supply (LVPS) system described in Section 17.2.1, Low-
Voltage Power Supply, and otherwise not be damaged by the conditions specified in 
Section 17, Auxiliary Power. 



3. Internal combustion engines driving a generator or use of the vehicle auxiliary inverter 
power the instrumentation is prohibited. 



4. Isolation amplifiers shall be provided as part of the instrumentation package to isolate 
the instrumentation wiring and equipment from high voltages; exposed terminals with 
potential differences greater than 50 volts are prohibited. 



5. The Contractor shall gather test data using a multiple channel digital data acquisition 
system. 



6. All data shall be submitted in tabular and graphical format to allow comparison against 
the Specification requirements and datasets gathered during the on-site design 
qualification tests.  



7. The accuracy and response of the instrumentation shall be sufficient to determine the 
degree of compliance with the Specifications and design data. 



8. All test results, including charts obtained from the recordings, shall become the property 
of the Authority. The following parameters data shall be recorded: 



a. Acceleration. 



b. Car speed. 



c. Line voltage. 



d. Line current for each car. 



e. Traction motor current on each truck. 



f. Traction motor torque on each truck (for verification of dynamic and friction brake 
efforts). 



g. Propulsion and braking trainline control signals. 



h. Brake cylinder pressure for each truck. 



i. Distance. 
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j. Time. 



9. Immediately following the dynamic tests, the Contractor shall download and analyze all 
MDS faults. The fault log shall be included as part of the test report. 



10. Operational or safety faults, or an excessive number of maintenance level faults arising 
as a result of testing will render the dataset invalid. 



11. Any adjustments required as a result of the tests, to obtain values corresponding to the 
specified performance, shall be made by the Contractor prior to shipment to the 
Authority for acceptance testing and shall be noted in the Car History Book. 



3.10.19 ATC System Dynamic Pre-shipment FAT 



The Contractor shall perform the dynamic testing of the ATC system (including transponder 
and radio (Data Communication System)) on each quad unit that is defined in Section 20, 
Automatic Train Control. 



3.11 ROUTINE ACCEPTANCE TESTS 



3.11.1 General 



Upon delivery to the Authority, the Contractor shall perform a set of comprehensive routine 
acceptance tests, as listed in Exhibit 3-11, on each quad unit to validate the operation, 
performance, and readiness of quad unit for revenue service. 



The Contractor shall provide all test equipment, materials, qualified personnel and any other 
necessary means and resources to safely perform all of the required routine acceptance tests. 



The Contractor shall perform all necessary adjustments and repairs on the test quad unit before 
the initiation of routine acceptance testing. 



Upon delivery of a completed quad unit to the Authority’s property, the Contractor and the 
Authority shall perform an unpacking inspection and incoming inspection. 



Exhibit 3-11: Routine Acceptance Tests 



Test Number of Quad Units Reference 
Miscellaneous Body Tests and Adjustments  All quad units 3.11.2 
Pneumatic System Leakage Test All quad units 3.11.3 
Functional Tests  All systems on all quad units 3.11.4 
Dynamic Tests  All quad units 3.11.5 
Burn-In Test All quad units 3.11.6 



 



3.11.2 Miscellaneous Body Tests and Adjustments 



The Contractor shall complete all of the required carbody tests and adjustments prior to starting 
of dynamic tests, including the following: 



1. Verify the car's height, overall dimensions, and truck clearances. 
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2. Verify the proper operation, level, and alignment of the couplers. 



3. Adjust the air spring suspension system within the specified air pressure design 
tolerance. 



3.11.3 Pneumatic System Leakage Test 



The Contractor shall perform a pneumatic system leakage test to demonstrate compliance with 
Section 3.10.5, Pneumatic System Leakage Test. 



In the event that the pneumatic system leakage checks do not pass the test requirements, the 
fault must be corrected and the quad unit retested until the requirements are met. 



3.11.4 Functional Tests 



The Contractor shall perform a comprehensive functional test of each and every quad unit's 
system to verify proper operation of all systems, both under normal and faulty operating 
conditions. 



1. Functional tests shall be performed at an Authority facility on each quad unit prior to 
track operation on the Authority’s property. 



2. The Contractor shall use PTUs to complete functional tests. 



3. Quad unit systems that cannot be validated by use of a PTU, shall be tested by other 
approved means. 



3.11.5 Dynamic Tests 



The Contractor shall perform traction power, dynamic and friction braking, and auxiliary 
power test on each quad unit to validate performance and compliance with the requirements of 
Section 1, Performance Requirements. 



1. The dynamic test shall be conducted over an Authority test track, under AW0 loading. 



2. The Contractor shall supply three complete sets of test equipment including sensors, 
isolation amplifiers, pickups, inverters, wiring and cable assemblies, cabinets, power 
supplies and data acquisition equipment, including storage media, to allow recording 
and playback of parameters as specified below. 



a. The accuracy and response of the instrumentation shall be sufficient to determine the 
degree of compliance with the routine acceptance test requirements. 



b. A high accuracy speed sensor shall be provided for speed and distance 
measurements. The supplied hardware shall be verified against the devices that are 
already approved or used by the Authority. 



c. The test equipment shall be compatible with the onboard LVPS system described in 
Section 17.2.1, Low-Voltage Power Supply,  and otherwise not be damaged by the 
conditions specified in Section 17, Auxiliary Power. 
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d. Internal combustion engines driving a generator or use of the vehicle auxiliary 
inverter to power the instrumentation is prohibited. 



e. Exposed terminals with potential differences greater than 50 volts are prohibited. 



f. No engineering and assembly work shall be required, other than to set the 
equipment into a car and to plug or connect the test cables into the car equipment 
and test equipment.  



g. The Contractor shall provide the necessary wiring diagrams, schematics, and 
procedures to permit the test equipment to be installed, calibrated, operated, 
maintained and repaired.  



h. All test instrumentation and the test equipment manufacturer furnished manuals 
shall become the property of the Authority upon completion of dynamic tests. The 
instrumentation equipment shall be operational at the time of turn over. 



3. The Contractor shall gather test data using a multiple channel digital data acquisition 
system. 



a. The Contractor shall provide sufficient recording media to store all records from the 
dynamic testing. 



b. Data shall be submitted in tabular and graphical format to allow comparison against 
the Specification requirements and datasets gathered during the on-site design 
qualification tests. 



c. Tables and graphs shall be clearly annotated to allow easy identification of all test 
parameters. 



d. All charts obtained from the recordings shall become the property of the Authority. 



4. The Contractor shall perform dynamic functional tests on the track test to observe, 
validate, monitor, and record the operation of the following signals: 



a. Acceleration. 



b. Car speed. 



c. Line voltage. 



d. Line current for each car. 



e. Traction motor current on each truck. 



f. Traction motor torque on each truck (for verification of dynamic and friction brake 
efforts). 



g. Propulsion and braking trainline control signals. 



h. Brake cylinder pressure for each truck. 



i. Distance. 



j. Time. 
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5. The Contractor shall perform a test to demonstrate the performance of auxiliary power 
supplies while negotiating non-bridgeable third rail power gaps.  



a. Gap testing may be combined with tractive power test. 



b. The power gap test shall include a series of tests at selected gap locations to measure 
the performance of the system under a variety of load and speed conditions. Load 
conditions shall include train in regen when entering gap, all auxiliary loads running 
when entering the gap, and full auxiliary load call when exiting the rail gap. 



c. Car speeds shall be varied to test the system when the time between third rail power 
removal and reapplication is at a maximum, a minimum, and a point in between. 



6. Any adjustments that might be required due to failed test, or to obtain values 
corresponding to the specified performance, shall be made by the Contractor and 
retested prior to Acceptance. 



3.11.6 Burn-In Test 



Burn in testing shall be performed after approval of all DQT, FAT, OST, and RAT testing; 
completion of the Authority’s Safety Certification; and Conditional Acceptance of the first two 
quad units. 



Test Purpose: 



1. To confirm the reliability and availability of the cars under actual service conditions. 



2. To determine the effectiveness of the railcar testing program. 



3. To identify engineering changes required to improve vehicle reliability so that the 
changes can be incorporated into the production vehicles at the Contractor’s facility. 



Test Setup: 



1. The Contractor may install instruments to provide more detailed monitoring of selected 
systems. The Contractor shall supply all necessary tools, equipment, and personnel to 
execute this test. 



2. The Authority will provide Operators and test engineering and inspection support. 



3. Each day, the consist shall receive a thorough inspection by Contractor and Authority 
personnel. 



4. The eight-car consist make-up shall be rotated each day to ensure all cars are run in 
every position within consist. 



Testing of first two quad units: 



1. An eight-car revenue service test shall be performed with the first two quad units. 



2. The test shall be conducted during rush and non-rush revenue service hours, during 
weekday off-peak hours (10:00 a.m. – 2:00 p.m.). 
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3. Testing will be conducted on all rail lines, as determined by the Authority, operating 
under the standard revenue service profile in between revenue service trains. 



4. The duration of the test shall be 6 months, subject to a minimum of 30,000 miles. 



Testing of all quad units: 



1. An instrumented, 300-mile, simulated revenue service test shall be performed with each 
quad unit. 



2. This test is designed to be performed on every quad unit; however, if unacceptable 
levels of failures occur during the first month of revenue service during the serial 
commissioning process, the Authority reserves the right to require the Contractor to 
repeat this burn-in test until satisfactory reliability and availability levels are achieved. 



3. The Authority may discontinue the requirement for this test if the vehicles demonstrate 
satisfactory reliability and availability during the first month of revenue service. 



Test Results: 



1. The Contractor shall prepare a detailed daily test report immediately following each 
day’s run so that the results may be analyzed prior to starting the next day’s test.  This 
report shall include VMDS fault logs and other fault logs as needed to evaluate the day’s 
testing. 



2. Failures are defined as follows: 



a. Incident that would result in a delay of 2 minutes or greater if the train was 
operating in service.  



b. Safety-related fault during operation. 



c. Failure of any critical operational or safety component, subsystem, or system that 
requires replacement or adjustment to restore the railcar to a fully operational and 
Specifications-compliant state. 



d. Failure of any system or component that would, under revenue conditions, force the 
Authority to remove the car from service at the end of the line. 



e. Unintentional VMDS fault reports that indicate one of the above faults, regardless of 
whether the fault actually exists. 



f. Consist is unavailable for testing at 10:00 a.m. each test day. 



3. Testing of the first two quad units will be considered complete when the consist has 
traveled 1,000 miles, covering all rail lines without failure. 



4. If a failure occurs during 300-mile testing of each subsequent quad unit, the consist 
mileage will be reset to zero.  











Section 3, Test Program 



WMATA 8000 Series Railcars  3-101 Technical Specifications 



5. The Contractor shall use the results from this test to modify vehicle design and test 
procedures, as required, to ensure the as-delivered performance of the railcars meets all 
Specifications requirements. 



6. Following completion of all testing, the Contractor shall submit a full report of the test, 
including recommended changes to test procedures. Reports shall include the following 
minimum information: 



a. Date of test 



b. Weather conditions 



c. Start and stop locations 



d. Test log recording of any anomalies encountered during the test 



e. Fault log summary from all eight cars recording all faults, organized by subsystem 



f. Detailed fault log files from all systems. 



3.12 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 3-1, Master Test Plan ...................................................................................................................... 6 
 



3.13 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



49 CFR 213.333 Automated Vehicle Inspection Systems 



49 CFR 213.345 Vehicle Qualification Testing 



AHRI Standard 210/240 Standard for Performance Rating of Unitary Air-
conditioning & Air-source Heat Pump Equipment 



ANSI/ASA S1.4 Part 3 Electroacoustics – Sound Level Meters – Part 3: periodic 
Tests  



ANSI/ASA S1.11 Part 1 Electroacoustics – Octave-band and Fractional-octave-band 
Filters – Part 1: Specifications 



APTA PR-CS-S-016-99 Standard for Passenger Seats in Passenger Rail Cars 



APTA PR-E-S-013-99 Standard for Emergency Lighting System Design for 
Passenger Cars 



APTA PR-M-S-014-06 Standard for Wheel Load Equalization of Passenger 
Railroad Rolling Stock 
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4.1 SAFETY PROGRAM 



4.1.1 General 



The Contractor shall comply with the U.S. Department of Labor's Occupational Safety and 
Health Administration (OSHA) standards. The Contractor shall conduct a safety program, 
which ensures to the greatest extent possible, that the cars delivered to the Authority are 
operationally safe and secure for passengers, employees, emergency responders, and the 
general public. 



The Contractor shall designate a Safety Program Manager (SPM), to be approved by the 
Authority, for carrying out the Contractor's System Safety Program, and to serve as a point of 
contact to the Authority. The Contractor's SPM shall also serve on the committee established by 
the Authority to carry out safety and security certification program activities. Responsibilities of 
the Contractor's SPM are defined in Section 4.1.12, Safety and Security Certification Program. 



The Contractor's System Safety Program shall support the Authority's Safety and Security 
Certification Program efforts and generate the following system safety documents and analyses: 



1. CDRL 4-1, Safety and Security Management Plan: Describes the planned tasks and 
activities to be used by the Contractor’s SPM to implement the required system safety 
program. 



2. CDRL 4-2, Preliminary Hazard List: Initial list of hazards developed at the very start of a 
program by the contractor to assess the suspected risks, hazards, and potential 
mitigations. This list will form the basis for the Preliminary Hazard Analysis (PHA). 



3. CDRL 4-3, Preliminary Hazard Analysis: Initial risk assessment performed by the 
contractor to identify, assess, and make recommendations on the resolution of potential 
hazards. This analysis will form the basis for the Hazard Tracking Log and Certifiable 
Items List (CIL). 



4. CDRL 4-4, Hazard Tracking Log: Developed from the inputs of the PHA, this document 
shall serve as the primary tool used by the Contractor and the Safety and Security 
Certification Committee to identify, assess, and make closure recommendations during 
the hazard resolution process, recognizing that hazard mitigations are the minimum 
safety requirements that must be met to ensure safety. The Hazard Tracking Log shall 
also serve as the basis for the CIL. 



5. CDRL 4-5, Open Items Log: This document shall serve as the primary tool used by the 
Contractor and the Safety and Security Certification Committee to capture those hazards 
unable to be closed prior to the vehicle entering revenue service. 



6. CDRL 4-6, Failure Modes, Effects, and Criticality Analyses: Performed by the Contractor 
to identify potential system and subsystem failure modes and their subsequent effects 
on the entire system. 
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7. CDRL 4-7, Fault Tree Analyses: Performed qualitatively or quantitatively by the 
Contractor to assess undesired top-level events by systematically analyzing the order of 
faults for the event to occur. 



8. CDRL 4-8, Certifiable Items List (CIL): Checklist developed using the results of the PHA 
and submitted by the Contractor to verify all safety and security critical aspects of the 
Specifications have been satisfied. 



9. CDRL 4-9, Fire Hazard Analysis: Performed by the Contractor to assess the fire 
performance of car materials and assemblies in the context of actual use. 



10. CDRL 4-10, Flammability, Smoke Emission, and Toxicity Test Matrix: Document 
submitted by the Contractor to verify that combustible materials required for testing 
meet the flammability and smoke emission performance criteria of NFPA 130 and the 
toxicity performance criteria of the Specifications. 



Exhibit 4-1, System Safety Program Schedule 



Activity/Task Required Status  Key Project Milestone 
CDRL 4-1, Safety and Security 
Management Plan 



Submitted 
Approved 



60 days after NTP 
CDR 



CDRL 4-2, Preliminary Hazard 
List 



Approved CDR 



CDRL 4-3, Preliminary Hazard 
Analysis 



Conditionally Approved 
Approved 



PDR 
FDR 



CDRL 4-4, Hazard Tracking 
Log 



Live Document 
Approved 



Biweekly review 
End of the Project 



CDRL 4-5, Open Items Log Live Document 
Approved 



Biweekly review 
End of the Project 



CDRL 4-6, Failure Modes, 
Effects, and Criticality 
Analyses 



Conditionally Approved 
Approved 



PDR 
FDR 



CDRL 4-7, Fault Tree Analyses Approved FDR 
CDRL 4-8, Certifiable Items 
List (CIL): 



Live Document 
Approved 



Biweekly review 
End of the Project 



CDRL 4-9, Fire Hazard 
Analysis 



Conditionally Approved 
Approved 



PDR 
FAI of Pilot Cars 



CDRL 4-10, Flammability, 
Smoke Emission, and Toxicity 
Test Matrix 



Conditionally Approved 
Approved 



PDR 
FAI of Pilot Cars 



 
Notes to Table: 



1. Contractor's SPM shall be responsible to begin with NTP activities to comply with CDRL 
4-1 and to finish activities by FDR. 



2. After finishing FDR, SPM shall reduce activities to comply with CDRL 4-4, CDRL 4-5, 
and CDRL 4-8, and if needed switch over the last three CDRLs to the project manager.  
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4.1.2 Safety and Security Management Plan 



The Contractor shall develop a Safety and Security Management Plan (SSMP) that defines 
activities, management controls, and monitoring processes to be used by the Contractor to 
ensure that safety considerations, compatible with other system requirements, are incorporated 
into the design of the cars. (CDRL 4-1, Safety and Security Management Plan) 



1. The SSMP must demonstrate that the Contractor has a clear understanding of the system 
safety requirements and has an organization in place capable of identifying safety 
hazards and performing analyses to verify that they have been eliminated or adequately 
mitigated. 



2. The SSMP shall contain a Safety Certification Plan (SCP). 



3. The SCP shall be structured in accordance with WMATA’s System Safety Program Plan 
(SSPP), Safety and Security Certification Program Plan (SSCPP), and the methodologies 
of MIL-STD-882, and shall contain the following information as a minimum: 



a. Specific information showing how the Contractor shall verify attainment of system 
safety requirements during the design, installation, and test phases. 



b. A description of organizational relationships and personnel responsible for system 
safety.  The Contractor's SPM shall have direct access to the Contractor's Program 
Manager. 



c. Detailed listing, description, and schedule of specific system safety tasks, which shall 
be incorporated into the project master schedule. 



d. A description of the procedures for the reporting, recording, and resolution of 
hazards identified during design, installation, and testing. 



e. A schedule indicating key milestones, incorporated into the project master schedule, 
to ensure that system safety activities are performed in a timely manner. 



f. Procedures for the Contractor's SPM and other personnel as required to participate 
in all design reviews, review and approve design changes and top-level drawings, 
and approve all safety-related elements of the Contract. 



g. A description of the hazard identification and elimination/control process. 



h. A description of the process by which the Contractor will certify the safety of the 
cars and major systems. 



i. A verification and traceability matrix of the design Specifications and the SCP. 
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4.1.3 System Safety/Hazard Resolution Process 



The Contractor's approach to system safety shall minimize system risks due to hazards within 
the constraints of cost, schedule, design requirements, and system effectiveness. 



1. Definitions: 



a. Hazard: Any real or potential condition that can cause injury, illness, or death to 
personnel; damage to or loss of a system, equipment, or property; or damage to the 
environment. 



b. Safety: The freedom from personnel injury, damage to equipment, or loss of 
resources (especially critical resources). 



2. The fundamental objective of the system safety process shall be to identify, eliminate or 
control, and document system hazards throughout the system life cycle. 



3. Consideration must be given to systems, system interfaces, and interrelationships with 
such factors as facilities, support equipment, operational procedures and environments, 
and maintenance programs. 



4. The system safety process shall study the vehicle and its interfaces with the Authority's 
entire system under all possible operating conditions to identify potential hazards. There 
are numerous system components that must be considered.  The total system is a 
composite of personnel, procedures, materials, tools, equipment, facilities, and software. 



5. The system safety program shall ensure the following: 



a. Safety, consistent with system operating requirements, is designed into the system in 
a timely, cost-effective manner. 



b. Hazards are identified, evaluated, and eliminated; or the associated risk is reduced 
to a level acceptable to Authority throughout the entire life cycle of a system. 



c. Historical safety data, including lessons learned from other systems, are considered 
and used. 



d. Minimum risk is sought in accepting and using new designs, materials, and 
production and test techniques. 



e. Actions taken to eliminate hazards or reduce risk to a level acceptable to the 
Authority are documented. 



f. Retrofit actions are minimized. 



g. Changes in design, configuration, or mission requirements are accomplished in a 
manner that maintains a risk level acceptable to the Authority. 



h. Consideration is given to safety and ease of disposal of any hazardous materials 
associated with the system. 



i. Hazards identified after production are minimized consistent with program 
restraints. 
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6. The system safety process shall be a systematic approach to safety program 
management, consisting of the following: 



a. Defining the physical and functional characteristics of the system. 



b. Identifying and documenting identified hazards. 



c. Assessing identified hazards to determine severity and probability. 



d. Resolving hazards by implementing corrective action or accepting the risk. 



e. Following up to monitor for effectiveness of the hazard resolution effort and to 
monitor for unexpected results. 



The above shall be accomplished by applying the following hazard management and hazard 
analysis methodologies. 



4.1.4 Preliminary Hazard List 



The Contractor shall develop a Preliminary Hazard List (PHL) to identify and list hazards or 
areas of concern related to people, procedures, equipment or facilities. (CDRL 4-2, Preliminary 
Hazard List) 



1. The PHL shall be the initial document for the safety effort and shall be submitted to the 
Authority for approval.  The PHL can be prepared in any logical format that allows the 
free flow of ideas. 



2. The following hazard identification methods shall be used to identify the energy 
sources, hazardous operations, procedures, and potential accidents that may result in 
injury to personnel or damage to equipment or facilities: 



a. Review the specification and design information 



b. Interview Authority personnel 



c. Draw on expertise in the specific areas (such as propulsion, brakes, ATC, etc.) 



d. Review lessons learned 



e. Analyze similar vehicles or facilities 



f. Analyze available technical data 



g. Review energy sources 



h. Review requirements documents 



i. Review the Project Management Plan 



3. Alone, any of these methods will identify some hazards, but a logical completion of all 
or a combination of these steps will result in the development of a more thorough PHL. 



4. Once the PHL is completed, it shall be used to help determine what hazards exist in the 
system or facility. The PHL shall provide input for the PHA. 
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4.1.5 Preliminary Hazard Analysis/Hazard Tracking Log/CIL 



The Preliminary Hazard Analysis is built upon the Preliminary Hazard List; however, this 
analysis shall be more detailed.  (CDRL 4-3, Preliminary Hazard Analysis) 



1. The term "Preliminary" relates to the stage when the PHA is produced within the 
project. The Contractor shall prepare a PHA prior to reaching the 30% design level and 
shall submit the PHA to the Authority for approval. 



2. The PHA shall provide useful safety input for the decision- making process used in 
trade-off studies, design criteria, and operational goals. This analysis shall serve as the 
basis for the Hazard Tracking Log and CIL and shall remain a tracking tool throughout 
the life cycle of the system. 



3. The PHA is a systematic method to identify, evaluate and document identified hazards 
and recommendations. 



4. The analysis shall include an assessment of the systems and subsystems, operations, 
processes, equipment, personnel, environment, and materials. 



5. The PHA shall identify, evaluate, and make recommendations for the elimination, 
control, or acceptance of hazards that could potentially cause the following: 



a. Loss of life or serious injury to personnel 



b. Serious damage to facilities or equipment resulting in large dollar loss 



c. Failures with serious adverse impact on mission capability, mission operability, or 
public opinion 



d. Detrimental harm to the environment and the surrounding community 



6. The Contractor shall perform a PHA on the entire vehicle (using the PHA Data Sheet 
shown in Exhibit 4-2). 



a. Hazards associated with the following subsystems shall be included in the PHA:  
ATC, propulsion, brakes, auxiliary power, communications, doors, trucks and 
suspension, coupler and draft gear, lighting, HVAC, VMS, and carbody. 



b. The following hazards shall be included in the PHA. These hazards have the 
potential to generate Catastrophic events, and must comply with the highest 
mitigation (Risk Index 1) as defined in Section 4.1.8.2, Hazard Risk Index, and 
Exhibit 4-7, Hazard Risk Index Matrix: 



• Doors open on wrong side of car 
• Door opens with a car speed greater than 2 mph (setting for zero speed relay) 



and brakes are not commanded 
• Door closes on person or object and indicates door closed and locked 
• Door interlocks erroneously indicate door is closed and locked 
• Train rolls back or moves in an un-commanded direction 
• Complete loss of friction brakes 
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• Complete loss of dynamic brakes 
• Loss of friction and dynamic brakes on a truck 
• Propulsion is not removed when requested 
• Loss of safety grounds, or other failure, that exposes persons to injurious 



voltages 
• Failure to apply full service or emergency braking when requested 
• ATP Faults 
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Exhibit 4-2, Hazard Analysis Data Sheet 



Preliminary Hazard Analysis 
Project: 
Hazard Category: 
Prepared by: 



 Date: 
Page: 



Control 
Number 



Hazard 
Description Causes Effects 



Initial 
Recommendations 



Final 
Responsible Status 



S-P HRI S-P HRI 
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The PHA shall form the basis for the Hazard Tracking Log (HTL) and CIL, which shall serve as 
the primary tools used by the Safety and Security Certification Committee to track identified 
hazards and their recommended closure actions during the program. (CDRL 4-4, Hazard 
Tracking Log) 



1. The HTL, developed and maintained by the Contractor's SPM, shall initially be 
populated with the hazards identified during the PHA. All subsequent hazards 
identified shall be documented in the HTL. 



2. At a minimum, the HTL shall be updated monthly by the Contractor's SPM. The 
Authority may request the Contractor's SPM to submit an updated version of the HTL at 
any time during the program. 



3. The Contractor's final submission of the HTL is subject to approval. The Contractor's 
SPM shall continue to maintain and update the HTL until the document is approved. 



4. The potential hazards identified in the PHA, and later the HTL, shall be organized by 
functional area, and shall be subdivided into distinct areas of concern, types of hazards, 
and design disciplines. 



5. Following is an explanation of the various entries in Exhibit 4-2, Preliminary Hazard 
Analysis Data Sheet. 



a. Control Number (first column): The control number for a particular hazard is related 
to the System/Subsystem provided in the heading. 



b. Supplier PHA Item Number (second column): This entry identifies the unique 
identifier used by the supplier in its PHA.  



c. Certifiable Item (third column): This entry identifies the system or subsystem 
component to which the hazard is most applicable.  



d. Technical Specification Reference (fourth column): This entry identifies the technical 
Specification section most applicable to the Certifiable Item.  



e. Hazard Identification (columns five through seven): These entries identify the 
potential hazard, potential causes, and possible effects as explained below: 



• Potential Hazard (fifth column): This entry identifies the source that generates 
the hazard, and may also indicate the immediate cause for concern, such as a 
fire/explosion or toxic fumes buildup. 



• Potential Causes (sixth column): This entry describes those items that create or 
significantly contribute to the existence of the hazard, and will usually include 
the major causes of the hazard, including items or conditions that increase the 
severity of the hazard. 



• Effects (seventh column): This entry describes the potential detrimental effects of 
the hazard, and analyzes the flow of energy between the source and the object 
that is to be protected. The data provided are used in assigning a severity to the 
hazard. 
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f. Initial Hazard Rating (columns eight through 10): These entries contain the initial 
Severity, Probability, and Hazard Risk Index, assigned to the hazard, based on 
Exhibits 4-4 and 4-5. The Severity and Probability recorded here relate to the hazard 
prior to any mitigation measures being implemented. 



g. Initial HRI (tenth column): This translates the "S-P 1" into an HRI of 1, 2, 3, or 4, as 
explained in Section 4.1.8.2, Hazard Risk Index, and Exhibit 4-7, Hazard Risk Index 
Matrix. This first Hazard Risk Index (HRI-1) is assigned based on the severity and 
probability from S-P 1 with the assumption that no action has been taken to protect 
against the hazard. The HRI is used to assist management in deciding the best course 
of action for resolving the hazard. 



h. Hazard Resolution/Safety Assurance Provisions and Closure Actions (eleventh 
column): This entry provides recommendations, including design revisions or safety 
measures, to eliminate or control the hazard. If applicable, cite the required codes, 
standards, guidelines, and good industry practices upon which the recommendation 
was made. 



i. Final S-P and HRI (columns 12 through 14): These entries reflect the revised or 
residual Severity and Probability, "S-P 2," and Hazard Risk Index, "HRI-2," after the 
recommendation has been addressed and the identified action has been taken to 
eliminate or control the hazard. It should be noted that for the S-P 2 the potential 
severity of the hazard is unlikely to be able to be decreased by design modifications 
or addition of safety measures; however, the probability of hazard occurrence can be 
greatly reduced, and thus, the Hazard Risk Index can be decreased. 



j. Life Cycle Phase (fifteenth column): This entry identifies the project phase in which 
the hazard can be verified as being closed (i.e., during design, during 
installation/production, during testing, or during operation). Every effort shall be 
made to mitigate and eliminate hazards through engineering means prior to 
operation.  



k. References (sixteenth column): This entry shall identify the Contract Document that 
can be referenced to verify that the hazard has been mitigated or eliminated. This 
may include references to design packages, test results, procedures, or other 
verifiable documentation.  



l. Resolution Status (seventeenth column): This entry shall identify the status of the 
Hazard Log entry as either Open or Closed.   



m. Date Closed (eighteenth column): This entry shall identify the date of Authority-
approved closure of the hazard. The entry shall also identify the reasons why a 
hazard cannot be closed if it remains open.  



n. Authority Closure Reference (nineteenth column): This entry shall identify the 
Authority documentation (i.e., project letter) that can be referenced to verify the 
Authority’s formal closure of the hazard or acceptance of the hazard risk.  
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4.1.6 Open Items Log 



The Contractor shall generate an Open Items Log from the HTL, capturing those hazards that 
are unable to be resolved prior to the vehicle entering revenue service. (CDRL 4-5, Open Items 
Log) 



1. These hazards typically rely on documentation not finalized until the Contractor's safety 
program is completed. Typically, such documentation is associated with maintenance 
and training manuals. 



2. Hazards that remain open after completion of the Contractor's safety program must not 
result in unacceptable risk levels. 



3. The Contractor's final submission of the Open Items Log shall be submitted to the 
Authority for approval. The Contractor shall continue to maintain and update the Open 
Items Log until the document is approved. 



4.1.7 Follow-Up Analyses 



The process of hazard management is based on reducing the overall risk associated with the 
railcar and its operations.  To achieve this, the Contractor shall develop further analyses of the 
hazards to ensure that high severity and high risk items are adequately understood and can 
therefore be appropriately mitigated. 



1. The Contractor shall perform Failure Modes Effects and Criticality Analysis (FMECA) 
on all Catastrophic and Critical hazards, plus all items that result in Hazard Risk Index 1 
or 2. 



a. Where FMECA is not considered the appropriate analysis method, the Contractor 
shall provide justification for use of an alternative approach. 



b. The Contractor shall obtain approval for the alternative approach prior to 
commencing alternative analyses. 



2. Where appropriate the Contractor may make use of alternative analysis methodologies 
to support the minimum Specifications requirements. Alternative approaches may 
include Fault Tree Analysis (FTA), Interface Hazard Analysis Event Tree Analysis 
(Consequence Analysis), subject to Authority approval.  



4.1.7.1 Failure Modes, Effects and Criticality Analyses 



The Contractor shall submit a Failure Modes, Effects and Criticality Analysis (FMECA) to assess 
the failure modes of the major systems and subsystems. (CDRL 4-6, Failure Modes, Effects, 
and Criticality Analyses) 



1. The FMECAs developed by the Contractor and systems and subsystem suppliers shall 
use a standard format. The Contractor shall submit a template for the FMECA within the 
System Safety Program Plan for approval. 
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2. The FMECA shall provide input to vehicle design and development, and shall consider 
the following: 



a. Equipment failure modes 



b. Software errors 



c. Component failures 



d. Systematic component failures 



e. Interface issues 



3. As an element of the FMECA submittal, the Contractor shall identify to the Authority all 
dormant failures that have the potential to lead to a Category I or II failure. The 
Contractor shall provide sufficient evidence to the Authority to justify the acceptability 
of the dormant failures. 



4. A FMECA is a bottom up analysis tool that identifies the ways a particular component 
can fail.  The analysis then derives the related effects and the criticality of those effects 
on the subsystem, system and vehicle. 



5. The FMECA shall be considered a concurrent part of the system design process and shall 
be started early in the design effort. 



a. It shall initially consider high-level functions, and shall be iteratively expanded and 
revised as the design progresses. 



b. As it is being developed, the FMECA shall systematically challenge the design by 
probing the ways the system can fail and assessing the effects of these failures. 



c. This provides continuing insights into possible design weaknesses that may warrant 
modification.  Such modifications can then be readily implemented as a natural part 
of the design development cycle. 



d. The FMECA will normally be required to be expanded down to the lowest level 
component of the system or subsystem under consideration. However, this will be 
dependent on the hazards associated with the items being analyzed. 



6. As the system design progresses through the development phase, and design 
modifications are made in response to discovered needs, the FMECA shall be updated to 
reflect the changed design and shall be used in the process of evaluating and approving 
the changes. 



7. In addition to consideration of the effect of single failures on the safety of the system the 
FMECA shall be used to consider reliability effects. The FMECA produced shall be 
reviewed for reliability implications so the project obtains maximum benefit from a 
single analysis. 
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8. The Contractor and its suppliers shall conduct FMECAs addressing safety and reliability 
effects for all major systems. The FMECA shall address the following: 



a. The safety effects of all systems or subsystems that produce or contribute to hazards 
with a Hazard Risk Index of 1 or 2 (see Exhibit 4-7, Hazard Risk Index Matrix). 



b. The reliability effects of all items that produce or contribute to Reliability Category 
events with a Reliability Category of R1 to R5 (see Exhibit 4-3, Reliability Failure 
Mode Classification). 



9. Information provided in the FMECA shall include the following: 



a. A system overview including schematics 



b. A complete list of system and subsystem components, interfaces, and software that 
will be analyzed 



c. Assessment of the effects of the failure on the system (safety and reliability) 



d. Determination of methods to eliminate or control the identified failure 



e. Identification of single-point failures and hazard-level categorization, which should 
confirm the adequacy of fail-safe design features. 



f. The worksheet shall include the following: 



• Unique LRU number 
• LRU identification 
• LRU function 
• Failure mode 
• Failure effect on the subsystem 
• Failure effect on the system 
• Failure effect on the vehicle 
• Criticality of the failure (safety and reliability), and failure occurrence probability 
• Assessment of the resulting system delay 
• Immediate detection means 



10. The FMECA shall be updated throughout vehicle design, development and 
commissioning to address safety and reliability and failure mode issues identified 
throughout the development lifecycle of the vehicle. 



Exhibit 4-3, Reliability Failure Mode Classification 



Reliability 
Category Description/Effect 



R1 Failure directly resulting in a delay of 2 or more minutes   
R2 Failure directly leading to loss of 25% or more propulsion or braking capability 
R3 Failure leading to removal of vehicle from service 
R4 Failure leading to unscheduled maintenance action 
R5 Failure addressed during planned maintenance activities 
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As a minimum, FMECAs are required for the systems shown in Exhibit 4-4. Additional 
FMECAs shall be provided for those systems resulting in Risk Index 1 or 2 or reliability 
category R1 to R4: 



Exhibit 4-4, Required System FMECAs 



Letter System 
A Car logic system 
D Propulsion system 
E Friction brake system 
F Pneumatic system 
H Primary power system 
J Auxiliary power system 
K Truck/suspension system 
L Coupler and draft gear system 
M Door system 
N HVAC system 
P Car lighting system 
R Car communication system 
S ATC system 
V Vehicle monitoring system 



N/A CCTV equipment 
 



4.1.7.2 Fault Tree Analyses 



After review of the PHA, the Authority will identify hazards requiring further analysis.  The 
Contractor shall analyze these hazards using Fault Tree Analysis (FTA) unless, as determined 
by the Authority, another hazard resolution or control methodology is more appropriate. The 
results of the analysis shall be submitted to the Authority for approval. (CDRL 4-7, Fault Tree 
Analyses) 



1. The FTA is a graphical method commonly used in both reliability engineering and 
system safety engineering. 



2. It is a deductive qualitative or quantitative analysis tool. Once a “top level” event is 
identified, then the system shall be systematically analyzed listing the various sequential 
and parallel events or combination of faults that must occur for the top event to occur. 



3. The FTA must consider all interfacing items, which in conjunction with the analyzed 
system, can lead to the occurrence of the identified hazard. 



4. The FTA provides analysis of the results of multiple failures, and thus is appropriate for 
use on systems with redundancy or where multiple failures are required (such as brake 
systems and door systems). 



4.1.8 Hazard Assessment 



Identified hazards shall be assessed to determine severity and probability, and to recommend 
means for their elimination or control.  
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4.1.8.1 Hazard Severity and Probability 



4.1.8.1.1 Hazard Severity 



Mishap severity categories to be applied to all identified hazards are shown in Exhibit 4-5, 
Mishap Severity Categories. 



Example Mishap Severity Categories are defined to provide a qualitative measure of the worst 
credible mishap resulting from personnel error, environmental conditions, design inadequacies, 
procedural deficiencies; or system, subsystem, or component failure or malfunction. 



4.1.8.1.2 Hazard Probability 



The probability that a hazard will be created during the planned life expectancy of the system 
can be described in potential occurrences per unit of time, events, population, items, or activity.  
Probability levels are generally qualitative but can be quantitative.  The probability for all 
identified hazards shall be in accordance with the guidelines presented in Exhibit 4-6, Hazard 
Probability Levels. 
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Exhibit 4-5, Mishap Severity Categories 



Description Category Mishap Definition 



CATASTROPHIC I 



Equipment failures, human errors, or external circumstances that 
result in any fatalities, destruction of vehicle, or damage to 
terminal or track segments such that affected segments of the 
Authority cannot operate for an extended period.  Category I 
hazards will result in what the public would consider a major 
accident or catastrophe, such as destruction of a train with 
fatalities.  Effective Operator corrective action is not realistically 
possible.  Train operation probably ceases system wide. 



CRITICAL II 



Equipment failures, human errors, or external circumstances that 
would result in serious injury to passengers, public or staff, 
extensive damage to the Authority’s equipment, higher workload 
or physical distress such that the Operator could not be relied 
upon to perform their tasks accurately or completely, or adverse 
effects on the traveling public.  



MARGINAL III 



Equipment failures, human errors, or external circumstances that 
would reduce the capability of the Authority or the ability of the 
Operator to cope with adverse operating conditions to the extent 
that there would be, for example, minor injury, danger or 
discomfort to the traveling public, a reduction in safety margins or 
functional capabilities, non-disabling damage to the Authority’s 
equipment, a significant increase in operator workload or in 
conditions impairing operator efficiency.  



NEGLIGIBLE IV 



Equipment failures, human errors, or external circumstances that 
would not significantly reduce safety, and that require operator 
actions that are well within their capabilities.  Negligible hazards 
may include, for example, a slight reduction in safety margins or 
functional capabilities; a temporary slight increase in Operator 
workload, such as manual train operation; or some inconvenience 
to the traveling public.   



 
Exhibit 4-6, Hazard Probability Levels 



Description Level Specific Individual Item Fleet or Inventory 
FREQUENT A Likely to occur frequently Continuously experienced 
PERIODIC B Will occur several times in life of an item Will occur frequently 
OCCASIONAL C Likely to occur sometime in life of an item Will occur several times 



REMOTE D Unlikely, but possible to occur in life of an 
item (5.0 x 10-7 ≥ X > 1.0 x 10-9) 



Unlikely, but can be reasonably 
be expected to occur 



IMPROBABLE E So unlikely it can be assumed occurrences 
may not be experienced (1.0 x 10-9 ≥ X) Unlikely to occur, but possible 



 



4.1.8.2 Hazard Risk Index 



The Hazard Risk Index (HRI) Matrix defines a number derived by considering both the severity 
and the probability of a hazard. The HRI shall be used to prioritize resources to resolve risks 
due to hazards and to standardize hazard notification or response actions. 
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The HRI values are shown in Exhibit 4-7. The HRI presents hazard analysis data in a format that 
provides clear, concise information to enable decisions regarding whether hazards should be 
eliminated, controlled, or accepted. This process provides the basis for logical management 
decision-making, considering both the severity and probability of a hazard. 



Exhibit 4-7, Hazard Risk Index Matrix 



Frequency of 
Occurrence 



Hazard Categories 
I 



Catastrophic 
II 



Critical 
III 



Marginal 
IV 



Negligible 
A - Frequent 1A 2A 3A 4A 
B - Probable 1B 2B 3B 4B 
C - Occasional 1C 2C 3C 4C 
D - Remote 1D 2D 3D 4D 
E - Improbable 1E 2E 3E 4E 



 
Hazard Risk Index HRI Action Criteria 



1A, 1B, 1C, 2A, 2B, 3A 1 Unacceptable – Develop new hazard controls to lower the HRI to a 
category 2, 3, or 4. 



1D, 2C, 2D, 3B, 3C 2 



Undesirable – Shall only be accepted if proven to the Authority that no 
reasonable alternatives can be implemented.  Shall require additional 
safety or warning devices and procedural controls to be implemented.  
Shall be shown to be less than 5.0 x 10-7 per car hour of operation. 



1E, 2E, 3D, 3E, 4A, 4B 3 Shall be resolved using standard fail-safe engineering practices.  May be 
acceptable with review by the Authority. 



4C, 4D, 4E 4 May be acceptable without review. 
 



4.1.9 Hazard Resolution Process 



The overall goal of a system safety program is to design systems that do not contain hazards.  
However, it is not possible to remove all potential hazards from a transit system, and therefore, 
a means for determining which hazards are acceptable is required. 



1. Risk management is a decision-making process consisting of evaluation and control of 
the severity and probability of a potentially hazardous event. 



2. By assigning an HRI, a determination can be made as to whether hazards should be 
eliminated, controlled, or accepted. The alternatives for eliminating the specific hazard 
or controlling its associated risk shall be evaluated so that an acceptable method for risk 
reduction can be pursued. 



3. In general, the more severe the hazard, the more unlikely it should be. For the 
Authority’s cars, the following requirements have been established: 



a. Hazards with an initial Hazard Risk Index of 1 or 2 shall be mitigated such that the 
Hazard Risk Index is reduced to HRI 3 or 4. 



b. Where it is not possible to reduce the risk to Level 3 or 4, specific detailed analysis 
shall be provided by the Contractor to obtain approval of the Authority, although 
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the Authority would normally expect the Contractor to introduce design changes to 
reduce the risk to an acceptable level. 



• Items with an HRI of 1 shall not be accepted. 
• Items with an HRI of 2 will be accepted only when it is proven to the satisfaction 



of the Authority that the Contractor has exhausted all reasonable alternative 
approaches. 



4.1.9.1 Hazard Reduction Precedence 



The order of precedence for satisfying system safety requirements and resolving identified 
hazards is as follows:  



1. Design for Minimum Risk: 



a. Design to eliminate hazards.  If an identified hazard cannot be eliminated, reduce 
the associated risk to an acceptable level, as defined by the Authority, through 
design selection. 



b. Defining minimum risk is not a simple matter.  It is not a “cookbook” process that 
can be numerically developed without considerable thought.  Minimum risk will 
vary from program to program. 



2. Incorporate Safety Devices: 



a. If identified hazards cannot be eliminated or their associated risk adequately 
reduced through design selection, that risk shall be reduced to a level acceptable to 
the Authority through the use of fixed, automatic, or other protective safety design 
features or devices. 



b. Provisions shall be made for periodic functional checks of safety devices when 
applicable. 



3. Provide Warning Devices: 



a. When neither design nor safety devices can effectively eliminate identified hazards 
or adequately reduce associated risk, devices shall be used to detect the condition 
and to produce an adequate warning signal to alert personnel of the hazard. 



b. Warning signals and their application shall be designed to minimize the probability 
of incorrect personnel reaction to the signals and shall be standardized within like 
types of systems. 



4. Develop Procedures and Training: 



a. Where it is impractical to eliminate hazards through design selection or adequately 
reduce the associated risk with safety and warning devices, procedures and training 
shall be used. 



• Procedures shall require the use of appropriate personal protective equipment. 
• Safety critical tasks shall require certification of personnel. 
• Precautionary notes in manuals shall be standardized. 
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b. Without a specific waiver, no warning, caution, or other form of written advisory 
shall be used as the only risk reduction method for a hazard with a Hazard Risk 
Index of 1 or 2. 



4.1.9.2 General Safety Design Criteria 



Criteria for system design, for equipment with safety-critical characteristics, and for operational 
procedures shall ensure that system safety objectives are implemented throughout design 
development, testing, delivery, operations, and maintenance. 



The following criteria shall be incorporated as a minimum: 



1. No single-point failure shall result in a hazard with a Hazard Risk Index of 1 or 2.  
Multiple, latent, undetected failure modes shall be considered as a single-point failure. 



2. Railcar design shall include component interlocks wherever an out-of-sequence 
operation can result in a hazard with a Hazard Risk Index of 1 or 2. 



3. Emergency equipment for public use shall be clearly identified and accessible. 



4.1.10 Fail-Safe Design Requirements 



All safety-critical applications shall be designed to be fail-safe. The Contractor may propose 
equivalent methods with substantiation for approval. 



1. Fail-safe equipment proposed for this Contract must be proven by in-service experience 
or made available for type acceptance testing. 



a. Type acceptance testing of components shall consist of bench tests on breadboard or 
prototype units as directed by the Authority. 



b. Type acceptance testing of systems or subsystems shall consist of bench testing of 
operational systems or subsystems and field testing at the discretion of and as 
directed by the Authority. 



2. In establishing fail-safe criteria for electronic circuitry, components shall be considered 
to be able to fail in either the open or shorted position. 



a. It shall be assumed that multi-terminal devices can fail with any combination of 
opens, shorts, or partial shorts between terminals and that amplifiers can break into 
spurious oscillation at any frequency. 



b. Electronic fail-safe circuit design shall provide protection against the following types 
of component failures: 



• Two-terminal devices: Open, short, partial open, or partial shorts. 
• Multi-terminal devices: Any combination of opens, shorts, partial opens, or 



partial shorts. 



3. Fail-safe circuits shall be based on closed-loop principles; e.g., broken wires, damaged or 
dirty contacts, a relay failing to respond when energized, or a loss of power supply 
energy shall not result in unsafe conditions. 
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4. Self-detecting component or system failures that adversely affect the safe operation of 
the train shall cause the train to stop or run at a safer, more restricted speed than that 
permitted with no failure. 



5. The following types of failures shall not cause unsafe conditions or consequences: 



a. Component or system failures that are not self-detecting, even if they occur in 
conjunction with other failures. 



b. Any number of simultaneous component or system failures attributable to the same 
cause or related causes. 



c. Any component or wire becoming grounded or any combination of such grounds. 



d. An amplifier breaking into spurious oscillations. 



6. Whenever possible, all systems shall be designed to prevent single point failures from 
negating the ability of such systems to perform safely as intended. 



7. Access control and alarm systems shall be designed to minimize the potential for 
unauthorized or inadvertent changes to equipment. 



8. All equipment, circuits, material and designs shall be designed so that faults or 
malfunctions are self-revealing, if not in the course of normal operation then by special 
means. 



9. All designs, material, and equipment associated directly with speed control and the 
control of train movement shall be to fail-safe (vital) standards whereby any single fault, 
breakage, or disconnection shall result in a more restrictive condition being applied. 



a. The fault, breakage or disconnection shall be capable of being detected and rectified 
with such speed that there is a very low probability of a second fault occurring 
which, in combination with the first, may lead to a dangerous situation. 



b. The use of microprocessors in vital circuits shall be as approved by the Authority on 
a case-by-case basis. 



c. For processor based equipment used for vital purposes, the probability of an unsafe 
failure of that equipment shall, as a minimum, be less than that of non-processor 
based vital equipment that it replaces. 



d. If an alternative is proposed for a relay or device specified for vital circuits, as 
defined by the AREMA C&S Manual, for a use that is an independent direct item 
replacement for the relay or device specified, the alternative shall be evaluated. 



• Evaluation shall be on the basis of its physical materials and construction, 
electrical characteristics, circuit analysis, reliability, and other technical data 
accompanying the submittal. 



• The acceptance of such an alternative does will not preclude the requirement for 
further factory and field tests to determine that the alternate device, in actual 
operation, complies with the specified fail-safe criteria. 
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• If the alternative device fails to meet the fail-safe criteria, the Contractor shall 
furnish the specified relay or device to meet the requirements for a vital circuit in 
the service intended at no increase in cost to the Authority. 



10. Filters used in fail-safe circuits, except for code-rate detectors, shall be passive and shall 
be designed to prevent undesired signals from passing through the filter at a level that 
could cause unsafe conditions, even if components fail within the filter. 



11. If an alternative is proposed for a specified system, or for its components, whose 
function affects the safety of train operation and because of its magnitude and 
integration parameters precludes absolute fail-safe engineering analysis, the following 
conditions shall apply: 



a. The Authority will require definitive factory and field tests and documentation of 
research and development tests, prior to granting approval of the alternative.  



b. The acceptance of such an alternative system or subsystem does not preclude the 
requirement for further factory tests and field tests to determine that the alternate 
system or subsystem, in actual operation, complies with the fail-safe criteria.  



c. If the alternate system or subsystem fails to meet the fail-safe criteria, the Contractor 
shall furnish the specified system or component at no increase in cost to the 
Authority. 



4.1.11 Design Safety for Human Engineering 



In considering system hazards during the design process, the Contractor shall take actions to 
satisfy the system requirements while taking account of human limitations as a design 
constraint. 



The following order of precedence shall be followed: 



1. Incorporation of fail-safe or vital features that will cause the system to transfer from high 
loss or risk mode to a lower loss or risk mode upon the occurrence of a critical failure. 



2. Reduction of the probability of occurrence of a failure by increased component 
reliability, or by provision of redundant components. 



3. Use of safety devices to reduce the magnitude of the loss or risk once a hazardous mode 
has been entered while ensuring that the safety device does not introduce an additional 
hazard or system malfunction. 



4. Use of warning devices and systems which are an audio/visual portion of a vital system 
in which the human is the responder. 



5. Implement special operating procedures to reduce the probability of a hazardous event, 
including the provision of any training requirements. (The level of training shall be 
based on the complexity of the task and the anticipated trainee qualifications.) 
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4.1.12 Safety and Security Certification Program 



This project shall be administered using a Safety and Security Certification Program (SSCP), and 
will require development of a Safety and Security Certification Program Plan (SSCPP). 



1. The SSCPP administered by the Authority for this procurement will describe the 
methodology for meeting safety and security certification requirements and shall 
address elements of Fire/Life Safety, System Safety, Occupational Safety, and Public 
Safety. 



2. Safety and security certification shall be conducted in accordance with the guidelines 
presented in FTA MA-90-5006-02-01. 



The Contractor shall support the Authority and actively participate in the safety and security 
certification process. 



1. A CIL shall be prepared by the Contractor based on the results of the PHA, and 
submitted to the Authority for approval. (CDRL 4-8, Certified Items List (CIL)) The CIL 
shall identify the hazard mitigations and minimum Specification requirements that must 
be implemented to ensure safety and security, and must clearly show how each is 
verified as being completed. 



2. The Contractor’s SPM shall participate in the Safety and Security Certification 
Committee, as directed by the Authority, to implement the SSCPP. Responsibilities of 
the SPM include the following: 



a. Ensuring adequate Contractor resources (technical and financial) are available to 
support the Authority’s requirements for system safety described in the 
Specifications. 



b. Supporting the timely delivery of system safety CDRLs and deliverables. 



c. Interfacing with design, manufacturing, testing and purchasing departments; 
verifying performance and proposing modifications and corrective actions that 
address safety issues. 



d. Analyzing safety performance of systems, and comparing results with Contractual 
requirements. 



e. Providing technical support for safety and security related issues to design, 
manufacturing, testing, and purchasing personnel. 



f. Reporting on the status and progress of Contractor system safety program activities 
during Safety and Security Certification Committee meetings. 



g. Attending all Safety and Security Certification Committee meetings and providing 
essential input to resolve safety and security critical issues. 



h. Ensuring attendance of other Contractor personnel to Safety and Security 
Certification Committee meetings to provide technical expertise on an as-needed 
basis. 
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4.1.13 Safety Oversight 



The Contractor shall comply with the following: 



1. The Contractor is responsible for ensuring compliance with the provisions of applicable 
statutes and regulations of the following: 



a. District of Columbia 



b. State of Maryland 



c. Commonwealth of Virginia 



d. Political subdivision in which the work is being performed  



e. WMATA Construction Safety and Environmental Manual issued by the Authority  



f. Department of Labor OSHA standards pertaining to the safe performance of the 
work   



2. In the absence of a specific Construction Industry Standard, the Contractor shall comply 
with one of the following: 



a.  Established OSHA General Industry Standard 



b. National Institute for Occupational Safety and Health (NIOSH) guidelines  



c. American Conference of Governmental Industrial Hygienists (ACGIH) guidelines 



d. American National Standards Institute (ANSI) guidelines 



e. WMATA System Safety Program Plan  



f. Metrorail Safety Rules and Procedures Handbook  



3. For contracts in which work is performed on, or interfaces with the Metrorail System, 
the Contractor shall also comply with the publication titled Metrorail Safety Rules and 
Procedures Handbook.   



4. The Contractor shall ensure that methods of performing the work do not involve danger 
to the personnel employed in the work area, whether public or private property, 
whether or not these methods are cited or indicated in the Contract Documents.  If 
charges of violation of any of the above is issued to the Contractor in the course of the 
work, a copy of each charge shall be immediately forwarded to the Authority 
Representative. 



5. The Contractor shall employ and assign full time to the work a Safety Superintendent.   



a. The Safety Superintendent shall have specialized training and experience in 
construction safety supervision and have a working knowledge of all OSHA 
regulations.   



b. The Safety Superintendent shall have the ability to develop and conduct safety 
training courses.   
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c. The Safety Superintendent shall be familiar with industrial hygiene equipment and 
testing as required for the protection of all employees.   



d. The Safety Superintendent shall be employed exclusively for the purpose of 
supervising the safety of persons on or about the work and the property on which 
work is performed.   



e. The Safety Superintendent shall be responsible for providing first aid at the site and 
must have a current Red Cross First Aid Certificate.   



f. If, at any time, the work site is without the services of an approved Safety 
Superintendent for a period of 15 calendar days or more, the work may be closed 
down at the discretion of the Authority.   



g. The Safety Superintendent must be acceptable to the Authority and his performance 
will be reviewed by the Authority on a continuing basis.   



h. If the Safety Superintendent’s effectiveness is below standard, the Contractor shall 
provide immediate replacement at the Authority’s direction.   



i. Once employed, the Safety Superintendent shall not be changed without permission 
of the Authority. 



6. The Contractor shall provide, at the site of the work, a first aid kit, which shall be fully 
equipped to meet the needs of the anticipated work force. 



7. The Contractor shall follow all appropriate RAIL Operational Rules, OAPs, SOPs and 
General and Special Orders while on the operational railroad and all Start-Up Rules and 
Manager’s Notices when in a declared start-up area. 



4.2 FLAMMABILITY, SMOKE EMISSION, AND TOXICITY TESTING REQUIREMENTS 



4.2.1 General 



All combustible materials used in the construction of the car shall meet the requirements of this 
Section and NFPA 130. In addition, the Contractor shall conduct a fire hazard analysis of the 
vehicle in accordance with the guidelines of NFPA 130, Annex E, Fire Hazard Analysis Process, 
and APTA PR-PS-RP-005-00. 



The results of the fire hazard analysis shall be subject to approval. If the fire hazard analysis is 
disapproved, the Contractor shall provide engineering support until it is approved. 



4.2.2 Fire Hazard Analysis 



The purpose of the Fire Hazard Analysis (FHA) is to provide a reasonable understanding of the 
fire performance of car materials and assemblies in the context of actual use and identify 
hazards. (CDRL 4-9, Fire Hazard Analysis) 



1. The FHA shall be submitted by the Contractor to the Authority for approval and shall 
follow the steps outlined in NFPA 130, Annex E, Table E.3 “System of Vehicle Fire 
Hazard Analysis Steps.” 
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2. All hazards identified during the FHA shall be documented in the Hazard Tracking Log 
according to the particular system/subsystem in which the risk is posed and tracked 
until closure. 



3. Approval of the FHA shall be granted only when all identified fire hazards are 
eliminated, controlled, or reduced to an acceptable level of risk. 



4.2.3 Material Testing Requirements and Matrix 



Authority-approved, independent laboratory test results are required indicating successful 
compliance with the flammability, smoke emission, and toxicity (FST) test procedures and 
performance criteria cited in the Specifications for all applicable combustible materials. 



1. Combustible materials not required to be tested are outlined in Section 4.2.4, Materials 
Exempt from Testing Requirements. 



2. Test reports older than three years at the date of Notice-To-Proceed are not acceptable.  



3. The Contractor shall be responsible for complete conformance with these test 
procedures and performance criteria for itself and its subcontractors and suppliers. 



4. FST testing procedures and performance criteria are outlined in Section 4.2.6, 
Flammability and Smoke Emission Test Procedures and Performance Criteria, and 
Section 4.2.7, Toxicity Test Procedures and Performance Criteria. 



5. The Contractor may select any industry-accepted test method for determining the 
heating value and peak heat release rate material properties. 



The design of the vehicle shall minimize the total combustible material content of the vehicle. 



1. Each combustible material required to be tested, including those requested for waiver or 
deviation to the Specifications, shall be assigned an FST Index Number. The FST Index 
Number shall be included on all correspondence submitted by the Contractor regarding 
a specific material to the Authority in order to track materials throughout the testing and 
approval process. 



2. The Contractor shall provide an FST Matrix, which shall be submitted during detailed 
design review. (CDRL 4-10, Flammability, Smoke Emission, and Toxicity Test Matrix) 



3. The FST Matrix shall identify the following: 



a. FST Index Number 



b. Material Name 



c. Supplier 



d. Function of Material (Exhibit 4-8) 



e. Combustible Material Weight 



f. Location of Material 
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g. Heating Value (BTU/lb and BTU/hr) 



h. Peak Heat Release Rate (kW/m²) 



i. Correspondence Letter Number for Submission of Test Results 



j. Date of Test 



k. Test Procedure 



l. Test Facility 



m. Test Facility Report Number 



n. Test Result Values 



o. Pass/Fail Summary 



p. Waiver/Deviation Requested (must be accompanied by a formal Waiver/Deviation 
Request outlined in Section 4.2.4, Materials Exempt from Testing Requirements) 



q. Additional Comments 



4.2.4 Materials Exempt from Testing Requirements 



Certain materials and parts will be exempt from FST testing requirements, as approved by the 
Authority: 



1. Materials used to fabricate miscellaneous, discontinuous small parts that will not 
contribute materially to fire growth in end use configuration shall be exempt from FST 
testing requirements. 



2. Exempt parts must be less than 16 inches² in end use configuration and may include, but 
are not limited to, the following: 



a. Knobs 



b. Rollers 



c. Fasteners 



d. Clips 



e. Grommets 



f. Small electrical parts 



3. Combustible operational and safety signage shall not be required to meet FST 
requirements if the combustible mass of a single sign does not exceed 1.1 lb (500 g) and 
the cumulative area of combustible signage does not exceed 1 square-foot per foot of car 
length.  



4. The Contractor shall provide the type of material used, location(s) in the car, and the 
quantity for exempt parts that shall be addressed in the Contractor’s fire hazard 
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analysis. The fire hazard analysis shall address the vulnerability of these parts to 
ignition and contribution to flame spread. 



5. Exempt parts must not contribute to an unacceptable hazard; otherwise the Contractor 
shall make the necessary modifications to eliminate, control, or reduce the hazard to an 
acceptable level. 



4.2.5 Materials Requested for Waiver or Deviation 



The Contractor may request a waiver from material testing requirements or a deviation from 
the Technical Specifications for materials or parts that do not meet the exemption criteria. The 
Contractor shall provide any previous FST test reports available for the material. 



1. The Contractor’s request for waiver shall be submitted in writing and include the 
following: 



a. FST Index Number 



b. Material Supplier 



c. Material Description (trade name and specific formulation) 



d. Location 



e. Material Weight in Location (less any noncombustible material) 



f. Reason for Waiver/Deviation Request 



g. Contractor’s Justification for Waiver/Deviation 



2. The Contractor’s fire hazard analysis shall address the vulnerability of these materials 
and parts to ignition and contribution of flame spread. 



3. Materials requested for waiver must not contribute to an unacceptable hazard; 
otherwise the Contractor shall make the necessary modification to eliminate the hazard 
or reduce the hazard to an acceptable level. 



4.2.6 Flammability and Smoke Emission Test Procedures and Performance Criteria 



Materials used in railcars shall be tested to demonstrate compliance with the requirements of 
this Section.  



1. The Contractor shall provide test procedures and results in accordance with the 
requirements of Section 4.2.3, Material Testing Requirements and Matrix.  



2. The Contractor shall follow the test procedures and meet the performance criteria for 
flammability and smoke emission testing found in NFPA 130, Chapter 8, Vehicles, Table 
8.4.1, Fire Test Procedures and Performance Criteria for Materials and Assemblies. 
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4.2.7 Toxicity Test Procedures and Performance Criteria 



Contractor shall comply with the following requirements: 



1. Materials and products that have highly toxic products of combustion shall not be used. 



2. Combustible materials, except those identified as exempt in Section 4.2.4, Materials 
Exempt from Testing Requirements, shall be tested for toxicity using BSS 7239. 



3. The tests shall be run in the flaming mode after 240 seconds using the NBS Smoke 
Density Chamber for sample combustion. The gas sampling may be conducted during 
the smoke density test.  The test report shall indicate the maximum concentration (ppm) 
for each of the gases listed in Exhibit 4-8 at the specified sampling time. 



4. Materials shall meet the maximum toxic gas release limits (ppm) given in Exhibit 4-8 as 
determined per BSS 7239. 



Exhibit 4-8, Toxicity Test Procedures and Performance Criteria for Passenger Vehicle 
Material Fire Risk Assessment 



Toxic Gas Test 
Procedure 



Release 
Limit (ppm) 



Carbon Monoxide (CO) BSS 7239 2,500 
Hydrogen Fluoride (HF) BSS 7239 150 
Nitrogen Dioxide (NO2) BSS 7239 100 
Hydrogen Chloride (HCL) BSS 7239 300 
Hydrogen Cyanide (HCN) BSS 7239 100 
Sulfur Dioxide (SO2) BSS 7239 100 



 



4.2.8 Floor Assembly Fire Resistance Testing Criteria 



See Section 3.4.12, Floor Assembly Fire Resistance Test, for specific test requirements and 
pass/fail criteria. 



4.2.9 Electrical Fire Safety 



Except when otherwise approved or where more restrictive requirements are imposed by the 
Specifications, electrical equipment shall conform to NFPA 130, Section 8.6, Electrical Fire 
Safety. 
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4.3 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 4-1, Safety and Security Management Plan ................................................................................ 3 
CDRL 4-2, Preliminary Hazard List ........................................................................................................ 5 
CDRL 4-3, Preliminary Hazard Analysis................................................................................................ 6 
CDRL 4-4, Hazard Tracking Log ............................................................................................................. 9 
CDRL 4-5, Open Items Log ..................................................................................................................... 11 
CDRL 4-6, Failure Modes, Effects, and Criticality Analyses .............................................................. 11 
CDRL 4-7, Fault Tree Analyses .............................................................................................................. 14 
CDRL 4-8, Certified Items List (CIL) ..................................................................................................... 22 
CDRL 4-9, Fire Hazard Analysis ............................................................................................................ 24 
CDRL 4-10, Flammability, Smoke Emission, and Toxicity Test Matrix ........................................... 25 
 



4.4 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



APTA PR-PS-RP-005-00 Recommended Practice for Fire Safety Analysis of Existing 
Passenger Rail Equipment 



AREMA C&S Manual AREMA Communications and Signals Manual 



BSS 7239 Test method for toxic gas generation by materials on 
combustion (Boeing Specification Support Standard) 



FTA MA-90-5006-02-01 Handbook for Transit Safety and Security Certification 



MIL-STD-882 System Safety 



NFPA 130 Standard for Fixed Guideway Transit and Passenger Rail 
Systems 
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5.1 QUALITY ASSURANCE REQUIREMENTS 



This Section establishes criteria for the development and implementation of a Quality 
Assurance Program to optimize the quality, reliability and maintainability characteristics, and 
safety aspects of components, system elements and the completed railcars. 



The railcars shall provide a high degree of safety and reliability, and shall minimize downtime 
during preventive and corrective maintenance activities. Railcars shall perform as required 
without excessive failures, delays, service interruptions, or hazards to passengers. 



5.1.1 General Requirements 



The Contractor shall plan and implement a Quality Assurance (QA) Program to ensure delivery 
of a quality product under the terms of this Contract. The elements of the program shall be 
imposed on the Contractor’s entire organization and all manufacturers, subcontractors, and 
suppliers that perform Contract work. 



1. The QA Program shall ensure that all aspects of the work performed are in conformance 
with the design, materials, and workmanship requirements and that those requirements 
are performed in a timely manner. 



2. The QA Program shall also require the Contractor to document inspection of design and 
manufacturing operations. 



3. The Contractor shall be solely responsible for all of the quality assurance functions 
required by this Contract. 



a. The Contractor shall ensure Contract compliance by subcontractors and suppliers.  
Surveillance of subcontractors shall include sampling and review of products, 
records, procedures, processes, manufacturing operations, and Quality Control 
methods. 



b. The Contractor shall maintain documented evidence of these activities and make it 
available to the Authority upon request. 



4. The Contractor shall appoint a dedicated QA Manager at each facility, subject to 
approval, who has appropriate training, experience, and qualifications to oversee the 
QA process, and the authority to accept or reject and stop work, if necessary. 



5. The Contractor shall also appoint an individual who will serve as the single point of 
coordination of Project Quality Assurance for all Contractor facilities. 



6. All Contractor, subcontractor, and supplier quality assurance efforts, including the 
Quality Assurance Program Plan of each, shall be in compliance with the requirements 
of the following standards. Where those requirements differ from the terms of the 
Contract, the more stringent requirements shall take precedence: 



a. ANSI/ISO/ASQ 9001 The Contractor shall be registered under ISO 9000 to obtain 
compliance with this requirement 



b. FTA-PA-27-5194-12.1 
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5.1.2  Quality Assurance Program 



5.1.2.1 Assessment of Quality Assurance Program 



Quality assurance responsibilities required by the Specifications include planning, establishing, 
and maintaining a Quality Assurance Program; performing all work required by the Quality 
Assurance Program; and conducting regular Quality Assurance Program audits. 



1. After Notice to Proceed (NTP), the Authority shall have free access to shops of the 
Contractor and subcontractors where related work is performed to assess their quality 
management system and quality assurance programs, and to perform required or 
continuous quality inspections, assessments, and audits at the Authority’s discretion 
during the Contractor’s execution of the Contract. 



a. Authority inspections, assessments, and audits will be performed independent of 
and in addition to the Contractor's quality assurance function. 



b. These monitoring functions will confirm that all deliverables under the Contract, 
and Authority-approved Contractor drawings and documentation conform to the 
Specifications. 



c. The Authority’s quality assurance activities will not replace, negate, override, or 
lessen the Contractor’s quality assurance obligations. 



2. During Authority-conducted inspections, assessments, and audits, the Authority may 
inspect production facilities, examine operations in progress, and review documentation 
to ensure product compliance with Specification requirements. 



3. If deficiencies are noted during inspections, assessments, or audits, the Contractor shall 
ensure that corrective action is accomplished and approved. Procedures addressing the 
incorporation of corrective measures and their documentation will be a condition for the 
Authority’s acceptance of the Quality Assurance Program Plan. 



5.1.2.2 Quality Assurance Program Plan 



The Contractor shall submit a work-specific Quality Assurance Program Plan for approval. 
(CDRL 5-1, Quality Assurance Program Plan) 



1. The Plan shall include a company policy statement that clearly defines its objectives and 
its commitment to quality. 



2. The Plan shall define the authority of the Quality Assurance Department, reflecting its 
independence from the Production function: 



a. The QA Manager should report to an officer or top level manager within the 
Contractor's organization, not to the Contractor's Project Manager for this project. 



b. Responsibility for the quality assurance function shall be so placed within the 
Contractor’s organization that meeting schedule and cost projections will not 
compromise the quality of products delivered under the terms of this Contract. 
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c. The Plan shall clearly indicate that quality assurance personnel shall have sufficient 
authority and organizational freedom to ensure that a nonconforming or discrepant 
product or service will not be delivered to the Authority. 



d. Any conflicts that may arise as a result of this provision shall be brought to the 
Authority’s attention by the Contractor’s Quality Assurance designee and shall be 
resolved to the Authority’s satisfaction prior to the shipment of affected items. 



3. Management responsibility for the quality assurance function shall be set forth in the 
Contractor’s policy statement. 



a. The Contractor shall appoint a dedicated QA Manager with appropriate training, 
experience and qualifications to oversee the QA process, and the authority to accept 
or reject work and stop work, if necessary.  The individual proposed for this position 
shall be approved by the Authority before starting work on the project. 



b. Organization charts shall be submitted to show individuals in the Contractor's 
organization and all sub-contractor's organizations involved in the QA function, 
showing the reporting relationships among all management staff. 



c. Quality assurance responsibilities shall be established for every department. 



4. The Plan shall provide objective technical evidence of the adequacy of the Contractor’s 
Quality Assurance Program to ensure product compliance.  



a. It shall regulate procedures, methods, and processes to ensure compliance with all 
Contract requirements. 



b. As a minimum, the Contractor shall incorporate written procedures identified in this 
Section. 



c. Procedures shall define methods to implement and maintain the Contractor’s QA 
Program. Engineering, procurement, manufacturing, and inspection procedures, and 
test plans shall be developed using the methods and procedures found in the 
Contractor’s Quality Assurance Manual. 



d. Quality assurance procedures pertaining to engineering and design shall be 
reviewed as part of the project kick-off meeting (Section 2.5.2, Project Kick-off 
Meeting). 



5. The Plan shall include work-specific quality organization and inspection flow charts for 
the Contractor and all major suppliers at various manufacturing and assembly 
operations for critical quality functions such as the following: 



a. Receiving inspection and source inspection 



b. In-process and final inspection 



c. Non-conforming material 



d. Material Review Board 



e. Testing product 
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f. Contract compliance  



g. Corrective Action and Prevention Recurrence procedures 



h. Software QA requirements, referenced in Section 6, Software Quality Assurance 



6. The Plan shall contain or refer to a comprehensive collection of forms for documentation 
of quality control activities. Forms shall be designed to ensure compliance of materials, 
processes, personnel, and products to the approved design drawings and applicable 
specifications (see Section 5.1.2.15, Quality Assurance Procedures). 



7. The Plan shall provide procedures to control reliability and maintainability activities. 



8. The approved Quality Assurance Program Plan and supplemental manuals, procedures, 
and instructions shall be subject to periodic audits by the Contractor and the Authority. 
Audits will assess implementation of the Quality Assurance Program. 



9. The Plan shall include an Inspection and Test Plan. (CDRL 5-2, Inspection and Test 
Plan) 



a. The Inspection and Test Plan shall show major manufacturing and inspection 
milestones on a schedule, including planned dates for submittals and be integrated 
with the Master Program Schedule, (Section 2.5.1, Master Program Schedule). 



b. The Inspection and Test Plan shall identify Contractor inspection points and 
Authority witness and hold point inspections. The Plan will be used by the 
Authority’s quality assurance representative to identify the Contractor’s inspection 
and test witness points. 



c. The Inspection and Test Plan, and its attendant schedule, shall be updated and 
submitted to the Authority for disposition as milestone dates or other significant 
items change. 



5.1.2.3 Quality Assurance Manual 



The Contractor’s and major subcontractor’s Quality Assurance Manual shall be submitted for 
Authority review, and used as a reference when performing Authority inspections, assessments, 
and audits. (CDRL 5-3, Quality Assurance Manuals) 



5.1.2.4 Design Control 



Written procedures shall be implemented to ensure designs and design changes are clearly 
defined. 



1. Design reviews implemented through a systematic program review at suitable stages of 
design and development shall verify adequacy of the designs. 



2. Design inputs from the Specifications, regulatory requirements, industry codes, and 
military standards shall be identified and documented. 



3. Procedures shall be developed for translating these design inputs into design 
specifications and drawings. 
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4. Design and development output must be approved by the Contractor prior to release to 
the Authority. The design and development output shall not be released to production 
for both the Pilot cars and the follow-up main production (serial) cars without Authority 
approval. 



5. Design documents must satisfy input requirements and shall be the basis for purchase, 
manufacture, fabrication, test, inspection, and quality standards of the Contractor and 
subcontractors. 



6. Design changes shall be made using the same design and drafting procedures that 
controlled creation and presentation of the original design. 



7. The Contractor shall ensure by the completion of production that all the cars for service 
operation are identical, including the Pilot cars, and are to the final design. 



a. The Contractor shall establish and maintain objective evidence of compliance with 
all of the requirements of the Specifications and accepted design control procedures. 



b. The Contractor shall conduct verification activities to ensure that output 
requirements have been met, and validation activities to ensure the resulting product 
is capable of meeting the requirements for the specific application. 



c. The Contractor shall maintain records of verification and validation activities and 
results. (CDRL 5-4, Verification and Validation Records) 



8. The Contractor shall establish and maintain procedures for controlling all project 
documents and data. 



a. The procedures shall identify who is responsible to maintain its master document 
list, revision levels, and status. 



b. The Contractor shall ensure that documents are reviewed and approved prior to 
release and that current versions are available where needed. 



c. Obsolete documents shall be controlled to prevent unintended use. If obsolete 
documents are retained, they must be segregated and suitably identified as obsolete. 



5.1.2.5 Purchasing 



Contractor shall comply with the following requirements: 



1. The Contractor shall outline the methods to be used for selection and control of 
subcontractors and suppliers. 



a. The Contractor shall be responsible for ensuring that all supplies and services 
procured conform to Contract requirements. Subcontractor quality functions shall be 
reviewed and assessed by the Contractor at intervals consistent with product 
complexity and quality requirements. 



b. The Contractor shall provide a list of subcontractors and suppliers to the Authority 
for review. (CDRL 5-5, Subcontractor/ Supplier List) 
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2. Purchase specifications shall require all purchased materials, equipment, and services to 
comply with the Contract Specifications requirements and the Contractor’s material, 
quality, workmanship, and performance criteria. 



a. Purchase specifications shall transmit all quality requirements, the Specifications, 
and Contractor specifications and standards to subcontractors. 



b. Purchased materials shall be inspected by the Contractor at subcontractor and 
supplier facilities or upon receipt, to verify conformance to design and test 
requirements. 



c. Purchase order requirements shall ensure that the subcontractor will notify and 
obtain approval from the Contractor for design changes and use of certificates of 
compliance (where applicable), prior to implementation. 



d. The Contractor shall meet with subcontractors and suppliers as needed to clarify 
provisions of the purchase contracts. 



e. Evidence of compliance with the purchase specifications shall be available for 
Authority review up to five years after the last Contract deliverable is furnished. 



3. The Authority reserves the right to inspect, at the source, any supplies furnished or 
services rendered under the Contract. 



a. The Contractor shall ensure the Authority’s right to make contact with 
manufacturers, subcontractors, or suppliers to discuss scheduling, design, or quality 
issues. 



b. The Authority will coordinate with the Contractor regarding any action required 
due to discussions with the Contractor's subcontractors and suppliers. 



c. When the Authority elects to inspect at a subcontractor's facility, such inspection 
shall not be used by the Contractor as evidence of effective quality control of the 
subcontractor. 



5.1.2.6 Materials Control 



The Contractor’s written procedures shall be implemented to ensure purchased material 
conforms to requirements of the purchase specifications. 



1. These measures shall include source inspection; receipt inspection; evaluation/audits of 
production facilities; and review of material certifications, quality assurance manuals for 
suppliers of systems, and procedures. 



2. There shall also be procedures for the qualification and acceptance of material suppliers.  
These data shall be made available to the Authority upon request. 



3. The Contractor shall submit written procedures for identification and control of product. 



a. The written procedures shall ensure items are marked, handled, stored, and shipped 
properly to prevent damage, deterioration, and loss. 
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b. As a minimum, instructions for serialization and part identification, precautionary 
signs, protection against weathering and corrosion, drying agents, moisture barriers, 
and means to manage shelf life shall be provided. 



4. If the Authority believes defective work has occurred, or defective materials have been 
used, the Contractor shall furnish the appliances and labor to investigate at no cost to 
the Authority. 



a. Defective construction or materials that may be disclosed shall be corrected 
promptly at the Contractor’s cost. 



b. Parts and apparatus damaged during construction, testing, or shipment shall be 
made good at the Contractor’s cost. 



c. Repair procedures shall be subject to approval by the Authority prior to proceeding 
with repair efforts. 



5. The Contractor shall implement written procedures to prevent use of items that do not 
conform to the Specifications. 



a. These controls shall provide instructions to identify and document noncompliance. 



b. The procedures shall instruct personnel to identify and segregate noncompliant 
parts, require disposition by the appropriate department, and notify the affected 
organizations. 



c. As detailed in Section 5.1.2.11, Nonconforming Material, defective items shall be 
tagged, documented, and segregated in a bonded holding area pending disposition 
by the Material Review Board. 



6. The Contractor shall establish a Material Review Board (MRB): 



a. It shall include representatives of the Contractor’s quality control, manufacturing, 
purchasing, and engineering groups; and the Authority’s QA and Engineering 
representatives. 



b. The MRB shall recommend whether deficient items shall be completed, reworked, 
repaired, used as-is, or scrapped. 



c. All recommendations for “repair” and “use as is” for nonconforming material shall 
be submitted to the Authority for disposition. (CDRL 5-6, MRB Documentation) 



d. Authority-approved repairs shall not be construed as blanket approvals. Each time a 
repair is required, it shall be submitted to confirm appropriateness for use and 
approval. 



e. The MRB shall promptly identify and document causes of defects, recommend 
corrective actions to prevent recurrence, and follow-up to verify satisfactory 
response. 



f. Prior approval by the Authority for use of nonconforming materials shall be 
required, as detailed in Section 5.1.2.11, Nonconforming Material. 
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g. The MRB shall issue reports at least on a monthly basis to summarize its activities. 
These reports shall be a complete listing of items received into the MRB hold area, 
along with a description of part deficiencies and dispositions. 



7. The Contractor shall submit an MRB procedure for review and approval as part of the 
Quality Assurance Manual. 



5.1.2.7 Manufacturing and Process Control 



The Contractor shall submit a complete Manufacturing and Process Control plan as part of the 
Quality Assurance Program Plan. It shall be approved before the start of any work: 



1. It shall include a product work flow block diagram. 



2. It shall show significant operations and related points for critical inspections, 
examinations, and tests. 



3. Written procedures shall be developed to control manufacturing and production 
processes shown on the approved manufacturing and inspection plans. 



a. Manufacturing and inspection procedures shall include control of the qualification of 
personnel during all stages of design, procurement, manufacturing, fabrication and 
test. 



b. Procedures shall also control materials and equipment used during production and 
inspection activities, including calibration and maintenance activities. 



c. Certain special manufacturing and production processes shall be performed only by 
certified personnel using qualified procedures under specified conditions. These 
processes include, as a minimum, welding, soldering, brazing, electrical crimping, 
heat treatment, non-destructive testing, painting, and wheel pressing. 



d. Procedures shall be controlled to ensure compliance with Specification requirements. 



e. Applicable codes, standards, regulations, and acceptance criteria for special 
processes and tests shall be cited by procedures, drawings, and checklists. 



4. The Contractor shall establish and maintain procedures for identifying products and 
materials, where appropriate, during all stages of production, installation and delivery. 



a. Documents that trace items throughout receipt, storage, fabrication, repair, and 
shipment shall be filed. 



b. Markings shall be transferred to each part of an identified item when subdivided. 
Markings shall not be obliterated or hidden by surface treatments. 



c. The manufacturing history of items shall be documented on forms that accompany 
parts and assemblies as they are processed. 



5. Control/hold points for inspections, examinations, and tests shall be established and 
agreed upon with the Authority to prevent out-of-sequence installation and ensure that 
no work will be hidden from inspection or test by subsequent assembly. 
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6. Conditions that adversely affect product quality shall be identified, controlled, and 
eliminated.  Evidence of corrective actions to prevent recurrence of such conditions shall 
be verified and documented. 



5.1.2.8 Inspection and Test 



The Contractor shall implement formal inspection and test procedures. 



1. Written procedures shall be implemented to ensure all items will perform satisfactorily 
in service.  



a. Test procedures shall reference test objectives and list prerequisites to be met. 



b. Test instrumentation requirements shall be listed for each test procedure. 



c. All inspection and test procedures shall be submitted to the Authority for approval 
prior to implementation. 



2. All inspections and tests shall be performed to demonstrate compliance with 
Specification requirements, confirm elimination of deficiencies, and provide information 
on railcar technical characteristics. 



a. Functional, operational, and acceptance testing shall be performed under controlled 
conditions, using appropriate test equipment. 



b. Test equipment shall be maintained in serviceable condition and within correct 
calibration and be operated by persons who have received adequate indoctrination 
and training. 



c. The Contractor’s inspectors shall monitor tests and verify that specified conditions 
are satisfied. 



3. All inspection and test results shall be documented and, when applicable, submitted to 
the Authority for review and disposition. 



5.1.2.9 Inspection, Measuring, and Test Equipment 



The Contractor shall implement procedures to control, calibrate, and maintain inspection, 
measuring, and test equipment to demonstrate to the Authority that products conform to 
Specification requirements. 



1. Written procedures shall be implemented to ensure tools and inspection and test 
equipment are calibrated. 



a. Tooling, fixtures, and test software and hardware used as a medium of inspection 
shall be included in these procedures. 



b. Calibrations and adjustments shall be performed at prescribed intervals. 



c. Calibration standards shall be traceable to the National Institute of Standards and 
Technology, or approved equal. 
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d. Calibration status shall be labeled on the controlled item and recorded to ensure 
adherence to calibration schedules. Calibration labels shall identify the date of latest 
calibration, who performed the calibration, and when the next calibration is due. 



2. The procedures shall include provisions for determining the validity of previous 
inspection and test results when measurement equipment is found out of calibration, 
and taking appropriate corrective action, to include correction of all discrepant material. 



3. Any work done using incorrect, unapproved, or out of calibration equipment will be 
considered invalid. 



5.1.2.10 Inspection and Test Status 



The Contractor shall provide written procedures to identify the inspection and test status of 
work during production and installation. 



1. The procedures shall be capable of identifying the progressive inspection status of 
components and materials as to their acceptance, rejection, or non-inspection status.  



2. The procedures shall ensure that only work that has passed the required inspections and 
tests are accepted. 



3. Nonconforming items shall be identified by physical segregation and status indicators 
such as markings, serialization, stamps, tags, and inspection records. 



5.1.2.11 Nonconforming Material 



The Contractor shall provide written procedures for control of nonconforming material in all of 
its facilities. 



1. The procedures shall address identification, segregation and disposition of 
nonconforming material. 



2. The Material Review Board shall evaluate and determine the disposition of 
nonconforming material. Disposition to use “as-is” or repair of nonconforming material 
shall require Authority approval (Quality, Engineering, and Management) prior to being 
redirected into the production flow. 



3. Nonconforming material shall be positively identified to prevent unauthorized use, 
shipment or mixing with conforming material. Bonded holding areas shall be 
established by the Contractor to isolate nonconforming items. 



4. The Contractor shall be required to present corrective action reports for all documented 
discrepant materials or activities. 



a. Corrective action shall extend to all subcontractors and suppliers. 



b. Methods to correct discrepant materials or activities in the Contractor, 
subcontractors’, and suppliers’ operations shall be documented and effective (i.e., 
feedback loop). 
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c. The Authority reserves the right to audit the Contractor’s prevention recurrence 
program. 



5.1.2.12 Engineering Change Control 



Contractor inspection materials, procedures, and practices shall reflect the current configuration 
of the railcars, including all engineering changes approved to date.  See Section 2.7.3, Change 
Control. 



5.1.2.13 Records 



The Contractor shall implement procedures for handling, maintaining, and disposing of quality 
records, including those of subcontractors. 



1. Quality records shall be controlled by the Contractor, stored to prevent loss or damage, 
and available for Authority examination upon request. 



2. All quality records shall be legible and traceable to the items they describe.  



3. The procedures shall verify that quality assurance records demonstrate compliance with 
requirements of the purchase specifications. 



4. The procedures shall include a Quality Assurance records list that defines which records 
will be kept. The records list shall include results of examinations, inspections, tests, 
process controls, certifications of processes and personnel, non-conformances (including 
disposition), calibrations, corrective actions, audits, and any other quality requirements 
defined by the Contract. 



5. Exceptions to the quality of workmanship taken by the Contractor or the Authority on 
any railcar, system, or component shall be posted conspicuously and in a convenient 
location for review. 



a. These notices shall be distributed to departments whose input is needed for 
resolution. 



b. The Contractor’s inspection personnel shall keep these notices current so rejection or 
approval status of each exception may be readily determined throughout the 
manufacturing process. 



6. A means to obtain and translate input into corrective action shall be established. 



7. The Contractor shall establish retention periods for quality records that shall be subject 
to Authority approval. 



5.1.2.14 Qualification of Personnel and Training 



The Contractor shall implement procedures to identify training and qualification needs as 
necessary to complete work successfully under this Contract. 



1. Contractor personnel performing work, inspections, and tests shall be qualified for such 
activity by virtue of prior experience and training, and verified by testing where 
applicable. 
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2. Records of training needs, training completed, and personnel certifications and 
qualifications shall be maintained and available for review. 



5.1.2.15 Quality Assurance Procedures 



As a minimum, the Contractor shall submit the following written procedures to ensure effective 
implementation of the quality assurance activities: 



1. Design control, including technical documentation and engineering changes 



2. Transmission of all design, reliability, maintainability, system safety and quality 
assurance requirements to procurement sources 



3. Surveillance of subcontractors and suppliers 



4. Receiving, source, in-process, and final inspections 



5. Production and process control 



6. Operator certifications and qualifications 



7. Functional testing 



8. Discrepancy control 



9. Measuring and test equipment calibration and certification 



10. Drawing control 



11. Quality assurance records 



12. Shipping, handling, and storing 



13. Selection of qualified procurement sources 



14. Evaluation and assessment of subcontractor's quality assurance program 



15. Monitoring of subcontractor quality assurance performance 



16. Evaluation of procured articles against purchase order requirements 



17. Problem feedback and resolutions provided to Contractor’s Engineering and Production 
Departments 



5.1.3 Quality Control Functions 



5.1.3.1 Contractor and Authority Roles 



Inspection and verification of compliance shall be assured by the Contractor at its own facilities 
and those of its subcontractors, other manufacturers, and acceptance and commissioning sites. 



1. All entities within the Contractor’s organization shall enforce the Quality Assurance 
Program. 
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2. Schedule and cost decisions shall not compromise quality. If a conflict arises as a result 
of this provision, details shall be explained to the Authority by the Contractor’s quality 
assurance designee. Such matters shall be resolved to the satisfaction of the Authority 
before shipment of affected items. 



3. The Contractor shall employ sufficient staff to perform effective quality control. 



4. The Contractor’s Quality Assurance Program shall implement written procedures to 
enforce receiving, source, in process, first article, final, and acceptance inspections and 
tests. 



a. Enforcement shall ensure that products are manufactured correctly, all appropriate 
documentation is complete and satisfactory, and products are marked with 
appropriate identification, successfully tested, and packed to preclude damage 
during shipment. 



b. Preparation for shipment shall include presentation of appropriate and complete 
documentation and confirmation of railcar readiness through use of completed 
check lists for each shipment. 



The Authority will also make inspections of items, completed or in-progress, with, without, or 
in addition to the Contractor’s inspection. 



1. This shall in no way delete, lessen, or take the place of the Contractor’s obligation to 
conduct thorough inspections. 



2. The Authority reserves the right to reject materials and workmanship that do not fully 
conform to the Specifications. 



3. Repetitious rejections at either the Contractor’s or subcontractor’s facilities shall be cause 
to withdraw the Authority’s inspection. In such case, the work in question shall be 
stopped until a satisfactory corrective action agreement is reached between the 
Authority and the Contractor. 



4. The Authority shall document any observed violations of the Contractor’s Quality Plan 
or processes via a Surveillance Inspection Report (SIR). 



a. The SIR will document the observation(s) and the policy or process violation. 



b. The Authority will formally deliver the SIR to the Contractor with a request for 
corrective action via Contract letter. 



c. The Contractor shall respond to each SIR in a timely manner with a detailed plan for 
corrective action. 



d. Upon validation of appropriate corrective action, the SIR will be considered closed.   



e. Open SIRs will be considered open items against any parts, equipment, railcars, or 
other deliverables. 
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5.1.3.2 Scheduling Inspections 



Contractor shall comply with the following requirements: 



1. The Contractor shall give notice 14 days before each vendor shipment of major items to 
its plant so that Authority representatives can be present during the pre-shipment 
inspection. After notice by the Contractor, the Authority will advise within 7 days 
whether or not an inspector will be present for the inspection. 



2. The Contractor shall not schedule more than two vendor inspections on the same date 
without prior approval. 



3. Work shall follow the Contractor’s manufacturing and inspection plans and not be 
moved from assigned sites without prior notice to the Authority. 



4. Inspection and testing will not be conducted by the Authority on Saturdays, Sundays, or 
Authority-observed holidays. Specific tests or inspections may be permitted, as agreed. 



a. Failure by the Contractor to recognize this restriction will be reason to reject the 
equipment involved. Inspections will then be rescheduled at the Authority’s 
convenience for normal daytime shifts. 



b. Availability of Authority representatives for evening shift work, special tests, and 
special inspection on weekends and holidays will be at the Authority’s discretion 
and only if notified at least 48 hours in advance. 



5.1.3.3 Contractor Provisions for Authority Inspection 



The Contractor shall extend to the Authority its full cooperation and shall provide, at no 
additional cost to the Authority, inspection facilities at its manufacturing and assembly plants, 
including any final assembly sites. 



1. The facilities shall enable convenient inspection of materials, work, and equipment. 



2. The Authority’s in-plant representatives shall have access to and be provided with 
copies of all drawings both hard and electronic, diagrams, inspection, test procedures, 
reports, schedules, changes, deviations, and Contract data. Data shall be adequate to 
verify design, configuration status, construction, assembly, installation, workmanship, 
clearances, tolerances, and functionality of the cars. 



3. The Authority’s in-plant representatives shall be provided with a heated, cooled, and 
adequately lighted secure private office, with convenient access to facilities.  Telephones 
for inspectors as well as a dedicated fax line shall be provided. Computer access to the 
Contractor’s drawing database shall be provided in the office as well as the capability to 
copy and print B size drawings. The Contractor shall provide routine janitorial and 
maintenance services in the Authority’s designated office space. 



4. Upon a specific request from the Authority, the Contractor shall extend to the Authority 
its full cooperation, at no additional cost to the Authority, and provide facilities at its 
subcontractor(s) of major subsystems, such as propulsion, brakes, and HVAC, to enable 
convenient inspection of subsystem components and equipment. 
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5.1.3.4 Levels of Inspection 



The Contractor shall specify either 100% or sampling inspection for discrete items of work. 
Sampling plans proposed by the Contractor shall be submitted for approval. (CDRL 5-7, 
Sampling Plan) 



Sampling procedures that determine Acceptable Quality Levels (AQL) and Average Outgoing 
Quality Levels (AOQL) shall be performed under ANSI/ASQ Z1.9, or other approved plan. 



5.1.3.5 Statistical Quality Control 



Statistical quality control methods (SQC) shall be used to accept parts and materials and to 
evaluate processes. 



1. Such methods shall be performed under ANSI/ASQ Z1.9 guidelines or other approved 
standards or guidelines. Results shall be documented. 



2. A list of parts and materials to be inspected by SQC shall be presented for approval. 
(CDRL 5-8, Statistical Quality Control Inspection List) 



5.1.3.6 Inspection Status 



The Contractor shall maintain a system to identify acceptance, rejection, or non-inspection 
status of materials and components. Inspection status shall be identified by tags and stamps and 
be clearly visible. 



5.1.3.7 Receiving Inspection and Source Inspection 



Written procedures shall be implemented to ensure items are inspected at the source and upon 
receipt to verify conformance to acceptance criteria of specifications and drawings. 



1. Inspections shall be performed to Purchase Order requirements and/or specification 
drawings and requirements. 



2. The Contractor’s procedures shall prohibit processing and use of purchased items and 
materials until they have been inspected per approved procedures and verified with 
respect to requirements. 



3. Material certifications and test reports shall be retained by the Contractor, 
subcontractors and suppliers. Contractor shall specify 100% or sampling source 
inspection for all major subsystem equipment to be purchased. 



5.1.3.7.1 First Article Inspections 



A First Article Inspection (FAI) will be performed jointly by the Authority and the Contractor 
on all major systems and components, subassemblies, Pilot A-car and B-car, and the first 
production A-car and B-car. 



1. The Contractor shall make a proposal of all FAI activities for Authority approval. 
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2. An FAI will not be conducted until the design drawings of the article, and any control 
samples required to evaluate subjective characteristics, have been approved. 



a. If required, the Contractor shall submit control samples of material and finishes to 
the Authority for review and approval prior to the FAI. 



b. If conditionally-approved drawings and control samples are used, the Authority’s 
conditions for approval shall be satisfied at the FAI and represented by the 
inspection article. 



3. An FAI will only be performed on a component built using approved production 
processes and tooling, materials and manpower, and shall establish the quality of 
workmanship for the balance of like components. 



4. The quality level shall be established jointly by the Authority and the Contractor 
through the establishment of a Book of Standards detailing quality criteria for the railcar. 
Photographs and/or video of the joint FAI shall be used to document results and shall 
be retained by the Contractor and the Authority for subsequent reference during 
production. 



5. Equipment shall be shipped from the point of manufacture only after an FAI has been 
offered, passed, and approved by the Authority. 



6. The Contractor shall provide an individual notice to the Authority for each joint FAI a 
minimum of 30 days prior to the joint FAI. 



a. The Contractor shall not schedule more than one joint FAI on the same date without 
prior approval by the Authority. 



b. Prior to scheduling a joint FAI, the Contractor shall perform a pre-FAI to ensure the 
Contractor or subcontractor is prepared, and submit a pre-FAI report to the 
Authority for review and concurrence. 



7. The FAI will evaluate component and system maintainability, including the use of the 
PTE.  LRU and LLRU removal and replacement will be reviewed for acceptability by the 
Authority. 



8. Subsequent to Authority approval of the results of the initial FAI, changes to the product 
design, production processes, or location of manufacture shall be the basis for 
performing another FAI, the scope of the subsequent FAI being at the sole discretion of 
the Authority. Changes shall be submitted to the Authority as described in Section 2.7, 
Configuration Management. 



9. With the exception of the carbody, FAI items shall be retained, and upgraded to the 
latest approved design configuration, for the duration of the manufacturing phase and 
stored in a secure area at the Contractor’s facilities. These items may be used for 
production of the last cars following Authority inspection and approval. 
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10. The following requirements shall apply to each FAI: 



a. An FAI package shall be submitted at least 14 days in advance of the FAI that 
provides the following detail (CDRL 5-9, FAI Packages): 



• Detailed schedule and agenda 
• Vendor 
• Vendor address 
• Vendor phone number 
• Vendor contact 
• Component list with latest drawing list and status 
• All material and component certifications 
• All design, modification and workmanship open items 
• The Contractor’s Pre FAI report 



b. A complete set of approved or conditionally-approved drawings and software 
documentation (with Authority comments) for the item to be inspected shall be 
available. 



c. The LRU and LLRU list, as approved by the Authority, shall be provided for the 
item subject to FAI. 



d. For purchased items, a copy of the vendor’s purchase order (with commercial items 
excluded) shall be available. 



e. Completed inspection forms from the vendor that control and document acceptance 
of in-process work shall be available. 



f. Completed final inspection reports from the vendor and the Contractor, reflecting 
satisfactory disposition, shall be available. 



g. Completed test documents that reflect that the FAI unit has passed testing, including 
watertightness (if applicable) and weighing tests, shall be available. 



h. The inspection work space shall provide the proper environment for inspection of 
piece part, subassembly or car final assembly. 



i. When appropriate, the inspection article shall be displayed on a stand or table in a 
well-lit work space with all necessary inspection tools, Go/No-Go gauges, plug 
gauges and handling aids. 



j. Correct tools and labor to take mechanical or electrical measurements shall be 
provided. 



k. Tools and labor for disassembly and removal of covers shall be provided. 



l. Conformance testing shall be performed by appropriate test/production personnel, 
in accordance with production process and final test procedures. 



m. Multiple samples of each type of electrical crimp connect shall be available for 
inspection and dissection.  Internal quality documents shall be available for 
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inspection and shall illustrate proper tool and die selection for crimping, and proper 
training of personnel performing crimps. 



5.1.3.7.2 Pilot Car FAI 



An FAI will be performed jointly by the Authority and the Contractor on a fully assembled Pilot 
A-car and B-car chosen by the Authority. 



1. The following pre-requisites must be satisfied prior to scheduling a First Article 
Inspection of the Pilot Cars: 



a. Authority approval of all design review packages – CDR, PDR, FDR. 



b. Authority approval of all system-level First Article Inspections. 



c. Closure of all action items generated as part of the Pilot Car Production Reviews and 
the Maintainability and Safety Review. 



d. Authority  approval of all Factory Acceptance Test reports for the Pilot Cars. 



e. Closure references established for all design-related hazards in the Hazard Log. 



f. Approval or Conditional Approval of all drawings, including revisions generated as 
part of the Pilot Car Production Reviews. 



g. Completion of all inspections and buy-back of all open items. 



h. Authority  approval of consumable and general spares lists. 



2. The Pilot Car FAI shall establish the quality level of the completed car. 



3. Photographs and other documentation of these railcars shall be gathered during the 
Pilot Car Production Reviews (Section 2.10.2, Pilot Car Production Review) and all FAIs 
and included in the program quality documentation for reference during the serial 
production run. 



a. Photographs shall be in high-resolution electronic JPEG format. 



b. Filenames of photographs shall include the date the photograph was taken and 
include identifying information. 



5.1.3.7.3 Production Car FAI 



An FAI will be performed jointly by the Authority and the Contractor on the first production A-
car and B-car. The FAI will help verify that production processes meet or exceed the quality 
criteria established during the FAI of the Pilot A-car and B-car. 
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5.1.3.8 Inspection of Work In-Process 



The Contractor’s Quality Assurance Department shall maintain and direct a force of inspectors 
to verify that work in its shops is performed in compliance with Contract requirements and 
approved design drawings. 



1. Discrepancies in the work shall be recorded, and departments responsible for the work 
shall be notified of the need for corrections. 



2. Rework and corrections shall be inspected for conformance to drawings and Authority-
approved rework instructions, as needed. 



a. Re-inspection acceptance status shall be indicated by the Contractor’s inspectors by 
stamp or initials on the original of the discrepancy report prior to offering the 
inspection to the Authority for consideration. 



b. Responsible manufacturing supervision shall be notified of rework that is rejected.  



c. All corrective actions shall be documented. 



d. An effective feedback mechanism or process shall be implemented to track defects 
back to their point of origin to prevent recurrences. 



5.1.3.9 Hold Point Inspection 



The Contractor shall establish mandatory hold points in the manufacturing process to provide 
for critical inspections. 



1. Hold point inspections shall be used to ensure significant operations or installations 
have been properly completed, including items that are about to be covered by 
succeeding assemblies. 



a. Movement to next operation or station will not be allowed until hold point 
requirements have been found satisfactory. 



b. The Authority reserves the right to perform inspection of any concealed work that 
requires inspection prior to the next production step. The need to perform concealed 
portion inspection shall be established during the inspection of the Pilot Cars. 



c. If work is concealed without inspection, the Contractor will be required to expose 
the work and ensure inspection requirements have been met to Authority 
satisfaction. 



2. The Contractor shall use inspection forms to record the list of discrepancies noted. 



a. Nonconforming products shall not be released from a hold point until discrepancies 
have been corrected and compliance documented by the Contractor and confirmed 
by the Authority. 



b. The inspection forms shall be posted at or near the point of inspection for each car 
and included with the Car History Book when all discrepancies have been 
eliminated. 
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c. The Contractor shall submit a list of hold point inspections for review and approval. 



3. Hold point inspections shall include, but not be limited to: 



a. All underfloor equipment, piping, conduit and wiring in place and connected 



b. Car structure complete (no liners installed) 



c. Side doors installed and operating (no side-liners installed) 



d. Car shell water test (no liners or insulation installed) 



e. Overhead air conditioning apparatus in place and connected (no liners installed) 



f. Floor heat and lighting in place and connected 



g. Cab complete 



h. Floor panel installation 



i. All liners, interior appointments and floor covering installed (no seats) 



j. Complete car water test, including exterior equipment enclosures 



k. Car complete in all respects, ready-to-run in revenue service operation 



5.1.3.10 Final Inspections 



The Contractor’s Quality Assurance Program Plan shall identify all final inspections and tests 
upon which the final release of railcars and equipment will be based. 



1. Prior to final inspection, the following shall be completed or provided: 



a. Prerequisite inspection and test work, including car watertightness, leveling and 
weighing, shall be complete. Watertightness and leveling shall be captured on 
inspection reports and railcar weight shall be documented on a computer-generated, 
dated, weight ticket. 



b. The Contractor shall provide the current Configuration Control list and the complete 
list and status of all deviations, modifications and open engineering changes that 
affect the car presented, to accurately identify car configuration and ensure car 
readiness for final inspection. 



2. Deviation, modification and engineering change documentation assigned to the car 
being inspected shall be accessible at the time of final inspection with any updates, 
additions, or deletions provided prior to Release for Shipment. 



3. The Contractor shall perform final inspection to written procedures, prior to the 
Authority's inspection. Discrepancies captured by prior inspection reports shall be 
corrected before final inspection begins. 
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4. During final inspection, Contractor shall comply with the following requirements: 



a. All systems shall be operational with use of approved types of special equipment or 
power supplies.  



b. The inspection shall be held in a well-lit environment conducive to performing all 
appropriate inspection activities. 



c. The Contractor shall provide a qualified supervisor to accompany the Authority 
during final inspection to ensure that proper corrective action is taken. 



d. The Contractor shall provide labor and appropriate tools to remove or open and 
reapply covers and doors if requested by the Authority. 



5. The duration of an Authority final inspection may vary dependent upon the level of 
railcar readiness presented. 



a. If the number of discrepancies found is determined to be excessive, the Authority 
reserves the right to terminate the inspection until such time as the Contractor is able 
to present a product ready for final inspection. 



b. Discrepancies identified during the Authority’s final inspection shall be reworked 
and satisfactorily closed prior to railcar release. 



6. Products shall not be released for shipment until all final inspections and tests have been 
completed and the equipment has been demonstrated to be operational to the 
Authority’s satisfaction. 



a. Once the car has been deemed complete, all inspection criteria have been met and 
there is compliance with all other agreed-upon conditions for shipment, the 
appropriate Authority representative will issue a “Certificate of In-Plant Inspection 
and Release for Shipment.” 



b. Any items that remain open per agreement between the Authority and the 
Contractor shall be included with the signed certificate of release for shipment. 



5.1.3.11 Shipping and Receipt Inspection 



Contractor shall comply with the following requirements: 



1. The Contractor shall implement written procedures to ensure the following: 



a. Completion of manufacture prior to shipment from each manufacturing facility. 



b. That shipments are adequately prepared to preclude damage during shipment. 



c. Receipt inspection to verify that no damage was endured during shipment. 



2. The procedures shall include the following: 



a. Railcar shipping preparation instructions. 



b. Inspection procedures for railcars scheduled for shipment to the next manufacturing 
facility or acceptance site. 
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c. Receipt inspection instructions to be used when the car arrives at the next 
manufacturing facility or acceptance site. 



3. The results of shipping and receipt inspection shall be included in the Car History Book. 



5.1.3.12 Retrofit Inspection 



The Contractor shall provide written procedures to inspect retrofits or changes made to railcars 
at the Contractor’s acceptance site or elsewhere on Authority’s property. 



1. The Contractor’s Quality Control shall verify and document completion status of 
changes. 



2. Records of completed changes and retrofits and associated inspection shall be made 
available to the Authority and recorded in the Car History Book. 



3. The Authority reserves the right to inspect and/or oversee all work. 



5.1.4 Quality Assurance Audits 



5.1.4.1 General 



The Contractor shall establish and maintain procedures for internal and external quality system 
audits in accordance with requirements of ANSI/ISO/ASQ 9001 and FTA-PA-27-5194-12.1. 



1. The Contractor shall audit its operation so that it assesses compliance with each section 
of the Quality Manual throughout its organization on a planned periodic basis.  



2. The Contractor shall audit its subcontractors to ensure compliance with the Contractor’s, 
Authority’s, and the subcontractor’s own quality and specification requirements. 



The Contractor and subcontractors shall also be subject to audits performed by the Authority. 



5.1.4.2 Contractor Audits of Subcontractors 



Contractor shall comply with the following requirements: 



1. The Contractor shall audit subcontractors according to the following schedule: 



a. As a condition of the subcontract or purchase order before the start of work. 



b. Within one month before the Contractor's acceptance of the First Article Inspection, 
or of supplied items and services. 



2. The Contractor shall notify the Authority in advance of any scheduled audit 



3. Contractor audits of the Contractor, manufacturers, subcontractors, and suppliers may 
be witnessed. The Contractor shall provide 30 days’ notice to the Authority of planned 
subcontractor audits.  



4. Additional audits of subcontractors may be directed by the Authority, at its discretion. 
The Authority may also conduct its own audit of manufacturers, subcontractors, and 
suppliers. 
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5. The Contractor shall develop and use approved audit check lists and reports. 
(CDRL 5-10, Audit Checklists and Reports) 



6. Audits shall report on the degree of compliance with the approved Quality Assurance 
Program Plan in Section 5.1.2.2, Quality Assurance Program Plan, and quality assurance 
procedures listed in Section 5.1.2.15, Quality Assurance Procedures. 



7. Contractor auditors shall be independent of the operations they will audit. 



5.1.4.3 Audits of the Contractor 



The Authority will audit the Contractor’s quality assurance activities to determine compliance 
with the approved Quality Assurance Program Plan. 



1. The Authority reserves the right to audit the quality assurance programs of all parties 
invoiced with this Contract. 



2. The Authority may audit the Contractor’s quality assurance program at the following 
times: 



a. Before production of the first car shell (this audit shall include the Contractor and 
major subcontractors). 



b. After completion of the first shell before installation of equipment. 



c. One month before the Authority's acceptance of the first married pair. 



d. Any time the Authority determines an audit to be appropriate.  Minimum of two 
audits per year. 



3. The Authority will notify the Contractor of noncompliance found during audits. 



a. The Contractor shall correct noncompliance promptly and request approval by the 
Authority. 



b. Noncompliance with any part of the approved Quality Assurance Program Plan 
shall be cause for rejection of Contract work. If the Contractor is responsible, work 
on the Contract shall be rejected. If a subcontractor is responsible, work by that 
subcontractor shall be rejected. 



c. After corrective action of the noncompliance has been verified, the Contractor will be 
notified and Contract work may be resumed. 



4. Schedule delays caused by non-compliance with the approved Quality Assurance 
Program Plan shall not justify an extension of time under the Contract. 



5.1.4.4 Audit Reports 



Audit reports shall be submitted as follows: 



1. All audit findings and observations shall be provided to subcontractors and/or the 
Contractor at the completion of each audit, with formal report to follow. 
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2. Within 15 days following audits, the Authority will furnish the Contractor with a formal 
report of each audit. The audit report will describe scope of the audit and procedures 
followed. The report will identify discrepancies found, corrective action requests, 
observations noted and date when corrective action for each deficiency is required. 



3. The Contractor shall submit a similar report for each manufacturer, subcontractor, and 
supplier audit it performs. 



4. The Contractor shall submit a formal written response to the Authority within 15 days 
following the receipt of each audit report. The response shall request approval for the 
proposed methods and timetables to achieve compliance with the audit report. 



5.2 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 5-1, Quality Assurance Program Plan ......................................................................................... 2 
CDRL 5-2, Inspection and Test Plan ........................................................................................................ 4 
CDRL 5-3, Quality Assurance Manuals .................................................................................................. 4 
CDRL 5-4, Verification and Validation Records .................................................................................... 5 
CDRL 5-5, Subcontractor/ Supplier List ................................................................................................ 5 
CDRL 5-6, MRB Documentation .............................................................................................................. 7 
CDRL 5-7, Sampling Plan ....................................................................................................................... 15 
CDRL 5-8, Statistical Quality Control Inspection List ........................................................................ 15 
CDRL 5-9, FAI Packages ......................................................................................................................... 17 
CDRL 5-10, Audit Checklists and Reports ........................................................................................... 23 
 



5.3 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



ANSI/ISO/ASQ 9001 Quality Management Systems - Requirements 



ANSI/ASQ Z1.9 Sampling Procedures and Tables for Inspection by 
Variables for Percent Nonconforming  



FTA-PA-27-5194-12.1 Federal Transit Administration Quality Management 
System Guidelines 
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6.1 GENERAL 



6.1.1 Scope 



This Section defines software quality assurance for all software to be provided under this 
Contract, whether resident within a microprocessor-controlled system, provided as part of test 
or interface equipment, provided for the purposed of post-download data analysis and 
processing, or incorporated within training technology and manuals, and non-generic Bench 
Test Equipment (BTE).  These requirements apply to all systems that include processors or other 
programmable components such as Programmable Logic Devices (PLDs). 



All computer hardware and software for this Contract is subject to the same requirements, 
except as granted within the Specifications. The term software shall be relevant to firmware, 
and all firmware shall have the same development, test, and maintenance standards 
requirements. 



If the Contractor supplies software for this project, then it shall also be considered a supplier 
and shall be subject to the requirements of this Section pertaining to suppliers, in addition to the 
requirements pertaining to the Contractor. 



6.1.2 General Requirements 



The Contractor and its suppliers shall establish a rigorous software quality assurance process to 
ensure system safety and software quality. 



1. The Contractor and its suppliers shall ensure that standards and procedures are 
established and followed throughout the software lifecycle. 



2. Software development and software quality assurance activities/milestones shall be 
included in Progress reports that are required to demonstrate progress to plan and to 
ensure adequate steps are taken to recover from schedule slips or technical problems. 



3. Using process monitoring, work product evaluation, and audits, the compliance to the 
agreed-upon standards shall be monitored. 



4. The Authority may audit any aspect of the development including, but not limited to 
management, supplier oversight, process, requirements, design, or test. 



5. Vital or safety critical systems have additional requirements (see Section 20.2.7.4, Vital 
System Requirements). The Authority shall make the final determination as to which 
hardware and/or software systems are vital or safety-critical. 



6.2 CONTRACTOR AND SUPPLIER QUALIFICATIONS 



The Contractor, as the systems and software integrator, shall implement robust systems 
engineering and integration, and robust supplier management processes.  



1. To demonstrate its capability, the Contractor may submit the results of a current, 
independent, Standard CMMI Appraisal Method for Process Improvement (SCAMPI) 
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Class A Appraisal. (CDRL 6-1, SCAMPI Class A Appraisal Disclosure Statement, and 
Final Findings Presentation)   



a. The appraisal shall use the Capability Maturity Model Integration for Development 
(CMMI-DEV), v1.3 or, optionally, the Capability Maturity Model Integration for 
Acquisition (CMMI-ACQ) v1.3, as defined by the CMMI Institute.   



b. The appraisal reference model scope, at a minimum, shall be the following Target 
Profile:  



• CMMI-DEV - capability level 2 in the following Process Areas:  



○ Configuration Management 
○ Measurement and Analysis 
○ Process and Product Quality Assurance 
○ Project Monitoring and Control 
○ Project Planning 
○ Requirements Management 
○ Supplier Agreement Management 
○ Product Integration 
○ Requirements Development 
○ Technical Solution 
○ Verification 
○ Validation; or  



• CMMI-ACQ - capability level 2 in the following Process Areas:  



○ Configuration Management 
○ Measurement and Analysis 
○ Process and Product Quality Assurance 
○ Project Monitoring and Control 
○ Project Planning 
○ Requirements Management 
○ Agreement Management 
○ Acquisition Requirements Development 
○ Acquisition Technical Management 
○ Acquisition Verification  
○ Acquisition Validation 



2. Suppliers and their sub-suppliers shall have a robust software development process. 



a. Sub-supplier: The entity performing software development when the software is 
being subcontracted or the software is, or software components are, being procured 
from another division or location within the system supplier's company who is 
providing software (including the Contractor itself if so engaged).   



b. To demonstrate its capability, the Contractor may submit for each entity providing 
software, the results of a current, independent, Standard CMMI Appraisal Method 
for Process Improvement (SCAMPI) Class A Appraisal for itself and for each 
supplier and sub-supplier (CDRL 6-1).   
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c. The appraisal shall use the Capability Maturity Model Integration for Development 
(CMMI-DEV), v1.3, as defined by the CMMI Institute.   



d. The appraisal reference model scope, at a minimum, shall be the following Target 
Profile:  



• CMMI-DEV v1.3 - capability level 2 in the following Process Areas: 



○ Configuration Management 
○ Measurement and Analysis 
○ Process and Product Quality Assurance 
○ Project Monitoring and Control 
○ Project Planning 
○ Requirements Management 
○ Supplier Agreement Management (if applicable) 
○ Product Integration 
○ Requirements Development 
○ Technical Solution 
○ Verification 
○ Validation 



3. If the results of a current, independent SCAMPI Class A Appraisal, which documents a 
rating of Capability Level 2 in the Target Profile, are unavailable, the Contractor shall 
submit for itself and each entity supplying software, the results of a current, 
independent SCAMPI Class B Appraisal and a project-specific Remedial Action Plan 
(CDRL 6-2, SCAMPI Class B Appraisal Disclosure Statement and Final Findings 
Presentation) and (CDRL 6-3, Project-Specific Remedial Action Plan). 



a. The Remedial Action Plan shall provide the following information for each 
Improvement Opportunity/Weakness identified in the Final Findings Presentation: 



• Process Area 
• Specific/Generic Goal # and Title 
• Specific/Generic Practice(s) 
• Practice Description(s) 
• Finding/Practice Characterization (i.e., verbatim finding text) 
• Impact Description (i.e., a textual description of the negative consequences to the 



Project if the practice(s) are not implemented) 
• Project-specific Action 
• Responsible Individual 
• Progress Completion Percentage  
• Due Date 



b. The Contractor shall monitor its suppliers and sub-suppliers for their progress in 
effectively implementing the Remedial Action Plan.   



• During the execution of the Remedial Action Plan, the Contractor shall submit 
for itself, suppliers, and sub-suppliers, quarterly progress reports (i.e., updated 
CDRL 6-3) identifying progress on the above, risks and mitigations, as well as 
any changes to the Plan. 
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• The reports must demonstrate a concerted effort and tangible results in 
implementing the remedial activities. 



c. To be considered independent, the Lead Appraiser shall not be affiliated with the 
Contractor or the suppliers and shall not have been involved with their 
improvement activities. To be considered current, the Appraisal Disclosure 
Statement (ADS) shall be dated no more than two years prior to Contract Award. 



d. The appraisal organizational scope shall cover the parts of the organization that are 
responsible for the entire range of activities performed by the Contractor or supplier 
in the domains of systems engineering, product integration, supplier management, 
software development with regard to software and microprocessor-based systems. 



e. The independent appraisals shall include the use of a SCAMPI Lead Appraiser who 
is certified by the CMMI Institute, and shall be conducted according to the SCAMPI 
method as defined by the CMMI Institute. 



f. The validated ADS and appraisal Final Findings Presentation constitute the 
Appraisal Results.   



• The Contractor’s Appraisal Results (for either a SCAMPI Class A or B, as 
appropriate) and Remedial Action Plan (in the case of a Class B) shall be 
submitted for approval prior to the first Conceptual Design Review (CDR) 



• Each supplier's and sub-supplier's Appraisal Results (for either a SCAMPI Class 
A or B, as appropriate) and Remedial Action Plan (in the case of a Class B) shall 
be submitted for approval prior to the CDR for the relevant subsystem. 



g. The following shall be available for inspection and review by the Authority during 
any regularly scheduled site visit, such as SQA/QA audits, Design Reviews, FAIs, or 
routine hardware inspections: 



• The Contractor's supplier management, systems engineering, and product 
integration processes. 



• The suppliers' and sub-suppliers' (and Contractor’s if applicable) software 
development processes, including proprietary or internal procedures. 



6.3 SOFTWARE DOCUMENTATION 



6.3.1 General 



Thorough and accurate software documentation submittal and Authority approval is required. 



1. The Authority shall be provided with sufficient documentation to fully comprehend and 
analyze the operation of the equipment in which the software is to be installed. 



2. Software documentation shall be consistent with IEEE Std 1558. 



3. The Contractor shall define a single software documentation methodology for the 
project. The methodology shall be submitted for the Authority’s approval.  (CDRL 6-4, 
Software Documentation Methodology) 
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4. Since software is part of a total system design, it will be reviewed as part of each design 
review meeting (see Exhibit 6-1). 



6.3.2 CDRL Packages Required by Design Phase 



The following CDRLs are comprised of documentation required for submittal before the 
indicated design phases. See Exhibit 6-1, Software Document Delivery Schedule, for a list of 
documents that must be included in each CDRL: 



1. CDRL 6-5, Documents for Conceptual Design Review 



2. CDRL 6-6, Documents for Preliminary Design Review 



3. CDRL 6-7, Documents for Final Design Review 



4. CDRL 6-8, Qualification Testing Documents 



6.3.3 Required Documents - Contractor 



The Contractor shall use the following documents in accordance with IEEE Std 1558, and 
submit them in accordance with Exhibit 6-1. The plans shall describe a mechanism for managed 
software development; and the Contractor's responsibilities for overall requirements analysis 
and design, partitioning of requirements to subsystems, coordination of system designs, and 
integration of subsystems to provide the requirements for the entire system: 



1. Software Project Management Plan (SPMP): 



a. Details shall be provided describing monitoring of supplier activities to ensure 
development tasks are completed and delivery requirements are met for each 
development phase from concept development to warranty support.  



b. It shall include a schedule showing the key tasks/milestones defined for the 
software development. 



• A Gantt chart shall be used showing the timing and interrelationships between 
tasks. 



• The schedule shall include the allocation of time and resources for realistically 
addressing issues raised by internal reviews, Contractor reviews, or by the 
Authority. 



c. It shall include detailed descriptions of the metrics to be used to monitor and control 
the project. This shall include monitoring project progress on intermediate tasks and 
triggering management corrective actions with sufficient time to ensure required 
deliveries are met. 



2. Software Quality Assurance Plan (SQAP): 



a. The scope of this document shall cover the entire software lifecycle for the project. 



b. It shall describe the software quality assurance responsibilities of the Contractor and 
be linked to the suppliers’ SQAPs. 
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c. It shall describe the procedures used to conduct and the timing of software quality 
audits for suppliers and subcontractors. 



d. It shall describe what quality metrics will be produced and how they will be 
reported to the Authority on a monthly basis. 



e. It shall follow the format and content requirements of IEEE Std 1558, including all 
items identified as Applicability: “mandatory” and “recommended” per IEEE Std 
1558, Annex A. 



3. Software Configuration Management Plan (SCMP): 



a. It shall describe requirements for baseline components, baseline intervals, and 
acceptable methods that will ensure that the data is complete and consistent for 
Contractor and suppliers. 



b. The Contractor shall submit a Software Change Request (SCR) for approval before 
making any changes to approved software. 



• The SCR shall describe why changes are required and what steps the Contractor 
plans to follow to ensure the integrity of the software change. 



• The SCR shall describe what regression testing will be employed to validate the 
software. 



• The SCR shall list the software components (e.g., modules, parameters, etc.) to be 
changed in the software application. 



c. The Contractor shall describe the details of the validation process when software is 
changed: 



• Bench testing of the specific change 
• System functional bench testing 
• On-site static and dynamic tests 



d. If a change to car software requires a change to Portable Test Unit (PTU) or Bench 
Test Unit (BTU) software as well, then that software must be supplied to the PTU 
and BTU before the car software is applied to a revenue service car. 



4. Software Verification and Validation Plan (SVVP): 



a. This document shall describe the Contractor’s verification and validation activities 
related to integration of the subsystems that produce the desired behavior of the 
complete system. 



b. The Contractor shall describe the details of the validation process: 



• Bench testing of the specific change 
• System functional bench testing 
• On-site static and dynamic tests 



c. Verification and validation shall be done as early in the project cycle as possible. 
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5. Software Verification and Validation Report (SVVR): An SVVR shall be submitted for 
each release of software. 



6.3.4 Required Documents - Suppliers 



6.3.4.1 General Requirements 



All documentation shall use names and acronyms consistent with those in the Specifications 
and as defined in the Contractor's overall System Functional Description (SFD) and the SFD for 
the specific system (see Section 2.6.3, Systems Engineering Plan). 



The Contractor shall ensure that the documentation produced provides for the straightforward 
traceability of requirements of the Specifications throughout the design documentation and 
including the final tests. 



The problem reporting and corrective action process shall provide reports allowing the easy 
tracing of problems found at each development stage back to changes in the requirements, 
design, or implementation in source code. 



Each software release shall be provided in a package including a consistent set of up-to-date 
and approved software documents, test reports, the updated SVVR, and a Software Version 
Description (SVD). 



6.3.4.2 Specific Requirements 



The Contractor shall ensure that each supplier shall create and submit the full set of documents 
conforming to IEEE Std 1558 for Type 5 procurement, as defined in that standard. 



1. Software Project Management Plan (SPMP): 



a. The SPMP shall comply with IEEE Std 1558. 



b. It shall include a schedule showing the key tasks defined for the software 
development. 



• A Gantt chart shall be used, showing the timing and interrelationships between 
tasks. 



• This schedule shall include the allocation of time and resources for realistically 
addressing issues raised by internal reviews, Contractor reviews, or by the 
Authority. 



c. The SPMP shall include detailed descriptions of the metrics to be used to monitor 
and control the project. This shall include monitoring project progress on 
intermediate tasks and triggering management corrective actions with sufficient time 
to ensure required deliveries are met. 



2. Software Quality Assurance Plan (SQAP): 



a. The supplier SQAP shall conform to the requirements and outline defined in the 
Contractor’s SQAP and all requirements in IEEE Std 1558. 
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b. The SQAP shall incorporate a procedure for making changes to approved software. 



c. The SQAP shall describe what quality metrics will be produced and how they will be 
reported to the Authority on a monthly basis. 



3. Software Configuration Management Plan (SCMP): 



a. The supplier SCMP shall conform to the requirements and outline defined in the 
Contractor’s SCMP and all requirements in IEEE Std 1558. 



b. Software Changes must be made in accordance with Section 2.7.3, Change Control. 



4. Software Verification and Validation Plan (SVVP): 



a. The supplier SVVP shall conform to the format and content requirements of IEEE 
Std 1558. 



b. The supplier's SVVP shall require internal peer reviews of each version of the 
documents. 



c. The SVVP shall also require reviews of each design or source code change prior to 
test and release. 



5. Software Verification and Validation Report (SVVR).   



a. Summary reports of the internal peer reviews specified for the supplier’s SVVP shall 
be included in the SVVR: 



• The reports shall state the version of the documents reviewed. 
• The reports shall state the versions of all related documents used in the review, 



including, for example, documents that the document was reviewed against, 
such as Software Requirements Specifications (SRS), or related interface 
specifications used in the review of a Software Design Description (SDD). 



• The reports shall list for each verification and validation task, the type of review, 
the participants, the date, and all issues from the review. 



b. Summaries of the reviews of each design or source code change specified for the 
supplier’s SVVP shall be included in the SVVR. 



6. Software Requirements Specification (SRS).   



7. Interface Control Document (ICD). 



8. Software Design Description (SDD): 



a. The SDD shall describe the software architectural design. 



b. It shall use block and work flow diagrams of the software functions (high-level 
design) that provide structural level modular visibility and information needed for 
software maintenance. 



c. The low-level design shall provide modular descriptions and visibility of the 
modules inter and intra module interfaces, data structures and communication 
methods. 
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9. Database Design Description (DBDD) 



10. Software Requirements Traceability Matrix (SRTM): 



a. The SRTM shall provide cross-referencing between the requirements of the SRS and 
the corresponding sections of the SFD, SDD, and the Software Verification Test 
Plans. 



b. It shall include one table for each SCI: 



• Within each table there shall be a row for each SRS requirement. 
• The columns shall include the following: 



○ The unique identifier for the individual requirements defined in the SRS 
○ A short description of the requirement 
○ The reference to the corresponding SFD section 
○ The reference to the SRS section  
○ The reference to the SDD section or sections 
○ The reference or references to the software validation tests (STPr) 



• Since the references are dependent on the version of the documents referenced, 
the specific versions of all referenced documents must be stated for each table. 



• All references to documents shall specify the location to a specific section of text. 



11. Software Test Plan (STP) 



12. Software Test Procedure (STPr) 



13. Software Test Report (STR). This document shall provide a record of the qualification 
testing performed on the SCI.  



14. Software Version Description (SVD): An SVD shall be submitted with each version of 
software, commencing at FAI. 



15. Software User Manual (SUM) 
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6.3.5 Document Delivery Schedule 



The correlation between design reviews and software submittals shall be as shown in 
Exhibit 6-1. 



Exhibit 6-1: Software Document Delivery Schedule 



Review Type Software Related Documentation Contractor Suppliers 



 



SCAMPI Class A Appraisal Disclosure Statement, 
and Final Findings Presentation (CDRL 6-1) (if 
CMMI rating of capability level 2 in Target Profile) 



X X 



SCAMPI Class B Appraisal Disclosure Statement and 
Final Findings Presentation (CDRL 6-2) 
 (if no CMMI rating) 



X X 



Project-specific Remedial Action Plan (CDRL 6-3) (if 
no CMMI rating) X X 



Conceptual Design 
Review (CDR) 
(CDRL 6-5) 



Standard Software Documentation Methodology 
(CDRL 6-4) X  



Software Project Management Plan (SPMP)  X  
Software Quality Assurance Plan (SQAP) X  
Overall System Functional Description (CDRL 2-6) X  
Vehicle-Level ICDs X  



Preliminary Design 
Review (PDR) 
(CDRL 6-6) 



Update of CDR documents (CDRL 6-5) X  
Software Project Management Plan (SPMP)  X 
Software Quality Assurance Plans (SQAP)  X 
Software Configuration Management Plan (SCMP)  X X 
Software Verification and Validation Plan (SVVP)  X X 
Software Requirements Specifications (SRS)  X 
Software Design Descriptions (SDD) - Outline  X 
Data Base Design Description (DBDD)  - Outline  X 
Software Requirements Traceability Matrix (SRTM) - 
Outline   X 



Software Test Plan (STP) - Outline  X 
Software User Manuel (SUM) - Outline  X 
System Functional Description (SFD) (CDRL 2-7)  X 



Final Design Review 
(FDR) 
(CDRL 6-7) 



Complete versions of all CDR and PDR documents X X 
Software Test Procedure(s) (STPr)  X 
Software Configuration Control Plan (CDRL 6-9) X  



Qualification Testing 
(CDRL 6-8) 



Software Test Report(s) (STR) X X 
Software Verification and Validation Report (SVVR)  X X 



Quarterly  Software Quality Metrics Report (CDRL 6-10) X  
Quarterly Project-specific Remedial Action Plan Quarterly 



Report (Updated CDRL 6-3) (if no CMMI rating) 
X X 



As-Built Review 
(CDRL 6-11) 



As-built versions of all FDR and Qualification 
Testing documents. 



X X 



 
After original approval, changes to the software shall be formally submitted to the Authority for 
approval prior to implementation of the changes in the source code. New versions of software 
must be accompanied by revised, reviewed, and released software documentation. 
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6.3.6 Commercially Available Software 



Some software supplied under this procurement may be Commercially Available (CA) to a 
wide variety of users. Examples include operating systems supplied by chip manufacturers and 
database software for wayside fault analysis. 



1. The Contractor shall submit a list of software being provided that is commercially 
available to the general public. The Authority shall determine which software will then 
be classified as CA. 



2. For CA software, software documentation requirements are limited to: 



a. A description in the SFD of the functions of the item and its interfaces 



b. Functional and usage details 



c. All provider manuals for the Authority’s site use 



3. For all other software, as determined by the Authority, the documentation requirements 
of this Section apply. 



6.3.7 Configuration Control 



The Contractor shall develop and maintain a Software Configuration Control Plan (SCCP) for 
tracking software changes relative to cars, PTUs, and BTUs on the Authority’s property, which 
shall be submitted for approval (CDRL 6-9, Software Configuration Control Plan). 



1. All software shall be identified by a name and a version number, in an indexed list. The 
name shall identify the equipment into which the software is installed. Every change to 
software shall be reflected in an update to the version number.  



2. In the SCCP, the Contractor shall include a database system capable of maintaining the 
history of all software components (e.g., versions, modules, parameter, etc.) and status 
changes, thus making it possible to determine which versions currently reside in which 
equipment, on which cars, and also the dates for which versions were used in the past. 



3. The database system shall be capable of generating the following reports: 



a. Various reports showing the configuration of a typical vehicle system in terms of 
software history and status. 



b. A fleet configuration report capable of determining the exact software configuration 
of a particular operating unit on a car-by-car basis. 



4. The Contractor shall make these reports available starting at the delivery of the first car. 
The Contractor shall maintain the SCCP and the database system through completion of 
the Warranty period. 



5. The Contractor shall submit a final software configuration for each car at the time of 
acceptance, or conditional acceptance, in an electronic format as approved.  
Configuration documents shall include an indexed list of software licenses. 
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6.4 PORTABLE TEST UNIT SOFTWARE 



Contractor shall comply with the following requirements: 



1. Portable Test Unit (PTU) software shall comply with the same requirements as other 
software as detailed in the preceding sections. 



2. Design of the PTU software shall include consideration of future ease of upgrade and 
ease of migration to newer replacement computers during the life of the cars, at no cost 
to the Authority. This includes the possible use of open systems and tools. 



3. At the time of PDR, the operating systems used shall be discussed and fixed. The 
operating system must be supported by its manufacturer. 



4. Two levels of passwords shall be provided, one allowing access to data for analysis and 
troubleshooting (maintenance function), and the other allowing modification or 
reloading of software (engineering function). 



5. The PTU software application usability must account for maintenance and engineering 
functions. 



a. The PTU software applications for each subsystem should be end-user-friendly with 
unambiguous display formats. 



b. The navigation feature should include a help menu with content, index and search 
capabilities, and "tool tip" display for tool bar icons and categories. 



c. The end user application displays should have easy-to-follow functionality that 
presents logically synthetic components with applicable headings. 



d. The PTU software application must have an interrogation functionality that will 
allow diagnostic displays and drill down capabilities. 



e. The PTU software application must automatically adapt to all standard PC screen 
sizes and resolutions. 



f. The PTU must include a client Push Technology functionality. 



6.5 BENCH TEST UNIT SOFTWARE 



Contractor shall comply with the following requirements: 



1. Bench Test Unit (BTU) software shall comply with the same requirements as other 
software as detailed in the preceding sections. 



2. Design of the BTU shall include consideration of future ease of upgrade and ease of 
migration to newer replacement computers during the life of the cars; this includes the 
possible use of open systems and tools 



3. At the time of PDR, the operating systems used shall discussed and fixed.  



4. Two levels of passwords shall be provided, one allowing access to data for analysis and 
troubleshooting and the other allowing modification or reloading of software. 
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6.6 SOFTWARE QUALITY ASSURANCE AUDITS 



The Software Quality Assurance (SQA) process may be integrated with the overall project QA 
process and as such, QA and SQA audits need not be separate events. At its discretion, the 
Authority will participate as a member of the SQA audit team. 



The Contractor shall conduct, at a minimum, the following SQA audits at the supplier’s location 
for each supplier (entity/entities developing the software): 



1. Qualification Audit (external suppliers only) 



2. Initial Audit  



3. In-Process Audit 



4. Functional Audit 



The status and details of audits shall be reported as a section in the monthly progress update 
reports specified in Section 2.5.3.2, Monthly Progress Update Reports. 



If the Contractor/supplier has demonstrated process capability by providing the results of a 
current, independent SCAMPI Class A Appraisal, which documents a rating of Capability Level 
2 in the Target Profile (per Section 6.2, Contractor and Supplier Qualifications), the results  of 
the in-process audits performed as part of the supplier’s or sub-supplier's managed process 
(e.g., audit reports that include identified non-compliances) shall be submitted in lieu of the 
Contractor conducting the in-process audit. 



6.7 SOFTWARE QUALITY METRICS COLLECTION PLAN AND REPORTING 



The Contractor shall coordinate with each supplier and provide a software metrics collection 
plan that categorizes software defects by density, class, and phases (to be included in the 
Software Quality Assurance Plan per IEEE Std 1558, Section 5.2, SQAP). 



The collected metrics shall be reported to the Authority to identify supplier software quality 
from module thru subsystem levels throughout the software life cycle, and comparisons 
between life cycles (CDRL 6-10, Software Quality Metrics Report). 



6.8 AS-BUILT SOFTWARE DOCUMENTS 



The Contractor shall submit all software documents listed in Exhibit 6-1 in their final as-built 
condition (CDRL 6-11, As-Built Software Documents) 
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6.9 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 6-1, SCAMPI Class A Appraisal Disclosure Statement, and Final Findings Presentation .. 2 
CDRL 6-2, SCAMPI Class B Appraisal Disclosure Statement and Final Findings Presentation .... 3 
CDRL 6-3, Project-Specific Remedial Action Plan ................................................................................. 3 
CDRL 6-4, Software Documentation Methodology .............................................................................. 4 
CDRL 6-5, Documents for Conceptual Design Review ........................................................................ 5 
CDRL 6-6, Documents for Preliminary Design Review ....................................................................... 5 
CDRL 6-7, Documents for Final Design Review ................................................................................... 5 
CDRL 6-8, Qualification Testing Documents ......................................................................................... 5 
CDRL 6-9, Software Configuration Control Plan ................................................................................ 11 
CDRL 6-10, Software Quality Metrics Report ...................................................................................... 13 
CDRL 6-11, As-Built Software Documents ........................................................................................... 13 
 



6.10 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



IEEE Std 1558 Standard for Software Documentation for Rail Equipment 
and Systems 



CMMISM-DEV, V1.3  for Development V1.3 Capability Maturity Model 
Integration for Development,V1.3 
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7.1 GENERAL REQUIREMENTS 



The Contractor shall ensure that the level of reliability, availability, and maintainability 
provided by the railcars supplied under this Contract comply with the minimum requirements 
of the Authority as defined within the Specifications. 



The Contractor shall provide a design that: 



1. Achieves close to failure-free operation under all operating conditions 



2. Minimizes maintenance interventions 



3. Achieves high levels of availability 



4. Improves inspection and component service intervals 



5. Ensures ease of maintenance  



Failure to achieve the reliability, availability, or maintainability requirements shall require 
modification of railcar, system, subsystem, or component design, modification of maintenance 
manuals, additional training or other action at no additional cost to the Authority. 



7.1.1 RAM Design Criteria 



7.1.1.1 Reliability Design Criteria 



The Contractor shall include the following in the railcar design criteria to ensure maximum 
reliability: 



1. The specific design criteria for reliability of each critical component, equipment, or 
subsystem specified are consistent with the system element requirements. 



2. Standardization and highly reliable (with supporting data) parts are used in critical 
design areas. 



3. Standard and proven circuits are used where possible and required adjustments have 
been minimized. 



4. Solid-state devices are used wherever possible and heat-transfer devices or designs are 
efficient. 



5. Mechanical support structures are adequate. 



6. Where possible, equipment has been designed to eliminate the need for shock mounts 
and the installation of vibration isolators. 



7. Reliability trade-offs have been considered and employed to improve the design. 



8. Redundancy has been provided where needed to meet reliability goals. 
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9. Semiconductor devices have been de-rated to operate within the acceptable region for 
electrical and temperature stress as specified in "Reliability Toolkit:  Commercial 
Practices Edition." 



a. If there is a conflict between guidelines given elsewhere in the Specifications and the 
Reliability Toolkit, the more restrictive condition shall govern. 



b. Other service-proven devices may be submitted for approval. 



10. Condition monitoring to allow degraded operation to be identified and reported prior to 
complete failure. 



7.1.1.2 Availability Design Criteria 



The achievement of a high degree of availability shall be a design objective for all equipment, 
systems and subsystems for use on the railcars. 



1. The design shall take into account the intended and anticipated operating regime 
including duty cycles, frequency of use, maintenance policy, environment, and 
interfaces with other equipment and systems. 



2. The design shall take into account unusual, abnormal and emergency operations as well 
as the normal designed operational usage. Consideration shall be given to the range of 
likely system usage and abuse. 



3. A pro-active approach shall be adopted for managing availability. Potential system 
failures shall be identified at the earliest stage, and the consequential effect on system 
availability determined. A risk-based approach shall be taken to ensure that the 
deleterious effect of equipment and component failures on overall system availability is 
minimized. 



4. Systems shall be designed to incorporate fault tolerance, where practicable, to ensure 
that as far as practicable individual faults on equipment, subsystems or modules do not 
cause a significant disruption to safe railcar operation. 



5. Consideration shall be given to how faults can be detected, diagnosed, and corrected to 
minimize their effect on system performance. 



6. Availability performance shall be monitored throughout design, manufacturing, 
commissioning and operation. Initially, this shall be based on predicted performance. 
This shall be augmented by test data, where practicable, as the Contract moves forward. 



7.1.1.3 Maintainability Design Criteria 



The Contractor shall include the following in the railcar design criteria to optimize 
maintainability: 



1. The Contractor shall employ modular design principles to the greatest extent 
practicable. Components shall be packaged together, in replaceable subassemblies, 
according to their logical function. Dimensions and components shall be standardized to 
achieve flexibility in use.  
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2. Components or subassemblies requiring occasional removal shall preferably be plug-in 
units. Plug-in units shall be adequately identified, secured, and keyed to prevent 
misapplication. 



3. A minimum number of different lubricants or consumables shall be required for the car. 
Different styles or sizes of fittings shall be used to prevent the inadvertent introduction 
of the wrong substance at any point. Where possible, consumables for equipment 
furnished under this Contract shall be the same as those used for equipment on the 
existing cars. 



4. The design shall incorporate such fittings and connectors with adequate keying to 
ensure that inadvertent misconnection of adjacent items are prevented. 



5. All subsystems and components serviced as part of periodic preventive maintenance 
shall be readily accessible for service and inspection. 



a. Components requiring more frequent maintenance, repair or replacement shall be 
readily accessible without the need for special tools or equipment. 



b. No active electrical or mechanical components that can possibly require maintenance 
shall be structurally embedded without convenient access for repair or replacement. 



c. The vehicle and system designs, shall not require maintenance (such as topping off 
of fluids or adjusting of parts) more frequently than the intervals presently used by 
the Authority, except where specific prior permission for a shorter interval has been 
given. 



6. All PTU connections and cabling shall be identical through the railcar. 



7.2 RELIABILITY, AVAILABILITY, AND MAINTAINABILITY (RAM) PROGRAM 



The Contractor shall develop and implement a program to ensure that the vehicle, its systems 
and subsystems meet or exceed the reliability, availability, and maintainability requirements 
specified in this Section. The Contractor shall be responsible for providing all measures 
required to meet the specified requirements, including design, manufacture, installation, retrofit 
of the entire fleet, and all changes. 



The Contractor shall submit a Reliability, Availability, and Maintainability (RAM) Program 
Plan for approval prior to PDR. (CDRL 7-1, RAM Program Plan)  The plan shall include, but is 
not limited to: 



1. Program objectives. 



2. Program schedule, including milestones for design manufacturing and testing, including 
Operational Characteristics Analysis Testing (see Section 3.2.2.1, Operational 
Characteristics Analysis). 



3. Organizational structure. 



4. RAM requirements. 
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5. Methodologies used for analyses to ensure plan requirements, including criteria for LRU 
classification. 



6. Reliability and availability allocations. 



7. RAM analyses. 



8. Program controls and review. 



9. Monitoring and controls for subcontractors and suppliers. 



10. Test plans. 



11. Pass-Fail criteria. 



12. Part selection and design criteria. 



13. RAM Review Board. 



14. Corrective action procedures. 



15. Documentation procedures for capturing failure data to include factory testing. Failure 
Reporting Analysis and Corrective Action System (FRACAS) and reporting. 



16. RAM progress reporting, which details implementation of the approved program.  
Reports shall be submitted to the Authority on at least a monthly basis. 



The Contractor shall align its system and component breakdown structure with the Authority's 
component coding system. 



1. The top level breakdown is shown in Exhibit 7-1, Component Coding System. 



2. The Contractor shall make use of this breakdown structure for the recording and 
reporting of all RAM issues associated with the Contract. 



3. Development of the breakdown structure, alignment of failure codes, reporting formats, 
etc. shall be agreed upon between the Authority and the Contractor prior to PDR.  



a. Refer to Section 25, Data Communication Interface with WMATA, to ensure that 
component coding and component failure report coding and report forms are 
consistent with WMATA Maximo system.  



• Maximo data quality will be linked to a progress payment depending on CDR, 
PDR, FDR, and FAI reports.  



• A penalty will be considered if Maximo data quality is not satisfactory on the 
CDR, PDR, FDR and FAI reports. The Contractor will be advised of the penalty 
before it is applied, and the penalty will be agreed between the Authority and 
the Contractor at the beginning of the project.  



b. Current 7000 Series reports from contractor need to be reentered manually into 
WMATA database for tracking and to coordinate with related QFAs (Quality Failure 
Analyses). 
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4. The detailed plan for reporting, including record format, failure codes, and breakdown 
to lower levels shall be recorded as an item within the PDR. 



Exhibit 7-1, Component Coding System 



7000 MAXIMO ID 7000 Series System Element 
000-300-A00 System; Car Logic 
000-300-B00 System; Car Body 
000-300-C00 System; Destination & Next Station Stop; DNSS 
000-300-D00 System; Propulsion 
000-300-E00 System; Friction Brake 
000-300-F00 System; Pneumatic 
000-300-G00 System; Graphics 
000-300-H00 System; Primary Power 
000-300-J00 System; Aux Power 
000-300-K00 System; Truck & Suspension 
000-300-L00 System; Coupler & Draft Gear 
000-300-M00 System; Door Control 
000-300-N00 System; Heating, Ventilation & Air Conditioning 
000-300-P00 System; Car Lighting 
000-300-R00 System; Communication 
000-300-S00 System; Automatic Train Control (ATC) 
000-300-V00 System; Vehicle Monitoring 
000-300-T00 CCTV, Equipment and Systems 



 



7.3 RELIABILITY REQUIREMENTS 



The railcar and all of its systems, subsystems and components shall be designed to perform the 
required functions under the full range of operating and design conditions specified in the 
Technical Specifications. 



1. The car design and implementation of the design shall provide the Authority with 
equipment that meets the Mean Distance Between Delay (MDBD) requirements. 



2. Compliance with the MDBD requirement shall include all failure modes for systems, 
subsystems and components, to meet the following requirement: 



Vehicle level MDBD = 200,000 miles 



Vehicle level MDBF-INS = 20,000 miles 



Vehicle level MDBF-ALL = 10,000 miles 



The introduction of the 8000 Series fleet shall provide the Authority with increasingly reliable 
performance during the reliability demonstration period as defined in Exhibit 7-2.  See 
Section 7.7, RAM Demonstration Tests, for specific details regarding the Reliability 
Demonstration Test. 
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Exhibit 7-2, Fleet Reliability within Reliability Demonstration Period 



Fleet Reliability Mean Distance 
Between Delay 



10% of base order railcars have entered reliability demonstration period 25,000 miles 
Six months after 10% of base order railcars have entered the reliability 
demonstration period 



50,000 miles 



One year after 10% of base order railcars have entered the reliability 
demonstration period 



200,000 miles 



 
The Contractor shall be responsible for providing highly reliable railcars, systems, and 
subsystems, in compliance with the requirements identified in Exhibit 7-3. 



Exhibit 7-3, System Reliability Requirements for MDBF-INS 



7000 
MAXIMO 



ID 
8000 Series System Element MDBF-



INS FPMM 



000-300-A00 System; Car Logic 1,000,000 1 
000-300-B00 System; Car Body 500,000 2 
000-300-C00 System; Destination & Next Station Stop; DNSS 769,231 1.3 
000-300-D00 System; Propulsion 100,000 10 
000-300-E00 System; Friction Brake 250,000 4 
000-300-F00 System; Pneumatic 500,000 2 
000-300-G00 System; Graphics 1,000,000 1 
000-300-H00 System; Primary Power 1,000,000 1 
000-300-J00 System; Aux Power 500,000 2 
000-300-K00 System; Truck & Suspension 333,333 3 
000-300-L00 System; Coupler & Draft Gear 1,000,000 1 
000-300-M00 System; Doors 200,000 5 
000-300-N00 System; Heating, Ventilation & Air Conditioning 200,000 5 
000-300-P00 System; Car Lighting 400,000 2.5 
000-300-R00 System; Communication 500,000 2 
000-300-S00 System; Automatic Train Control (ATC) 333,333 3 
000-300-V00 System; Vehicle Monitoring 500,000 2 
000-300-T00 CCTV, Equipment and Systems 500,000 2 



 Total Failures  49.8 
 8000 Series MDBF-INS  20,000 



 
Notes to Table: 



1. The assignment of components shared by two or more systems will be determined by 
the Authority. 
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7.3.1 Reliability Prediction 



As part of each design review, and at monthly intervals during the reliability test program, the 
Contractor shall submit for approval a Reliability Prediction to demonstrate how the railcar will 
achieve compliance with the specified reliability requirements. (CDRL 7-2, Reliability 
Prediction Report) 



1. Reliability Prediction shall be supported by an allocation of the reliability requirements 
to each system, subsystem, and major component. 



a. The reliability allocation, once approved by the Authority, will be used to judge the 
compliance of the vehicle and systems with the reliability requirements. 



b. Adjustments to the reliability allocation shall be submitted to the Authority for 
approval. 



2. The Reliability Prediction shall be for the entire railcar and for each major system 
(excluding Authority-furnished equipment) down to at least the LLRU. 



3. Following approval by the Authority of the initial Reliability Predictions, these shall be 
used by the Contractor and the Authority to monitor progress towards achievement of 
the specified reliability requirements. The Contractor’s prediction and performance 
against the major system criteria shall be reported to on a regular basis. 



4. Predictions shall be expressed in terms of MDBF. 



5. Predictions are based on one of the following, in order of availability: 



a. Historical field service data on identical or similar equipment or components. The 
use of historical field service data shall be supported by an assessment of any 
environmental and operating condition differences. The Contractor shall submit 
sufficient information to allow the Authority to review the applicability of the 
historical data. 



b. The Part Stress Analysis method of MIL-HDBK-217 shall be used for electrical or 
electronic equipment. Where sufficient information is not available to perform a part 
stress analysis, the Parts Count Analysis method may be submitted with prior 
Authority approval.  The operating environment for all predictions shall be assumed 
to be the Ground Mobile (GM) environment. 



c. For non-electronic equipment, “Nonelectronic Parts Reliability Data (NPRD)” may 
be used. 



d. Requests for the use of alternate reliability prediction methods (e.g., RIAC-HDBK-
217Plus, IEC) shall be submitted to the Authority for approval, together with 
justification to support their applicability to the Authority’s operating conditions 
and environment. 
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7.3.1.1 Reliability Block Diagrams and Other Analyses 



The Contractor shall produce Reliability Block Diagrams in support of the analysis. The 
Reliability Block Diagrams shall be submitted as part of CDRL 7-2 and shall be updated as 
necessary throughout the Contract to accurately reflect the configuration of the railcar and its 
constituent systems. 



The Contractor shall perform Fault Tree Analysis, trade-off studies and any other relevant 
analysis in support of its claims for RAM. All such analysis shall be referenced and readily 
available for review and audit. All referenced documents shall be available in English. 



7.3.1.2 Reliability Critical Items List 



As part of the Reliability Prediction Report, the Contractor shall develop a Reliability Critical 
Items List (RCIL) that shall form the principal tool for the management of reliability issues. 



1. The RCIL shall be maintained following a risk-based approach, and shall record those 
items, equipment, or subsystems that are believed to have the greatest effect on the 
overall reliability, availability or maintainability of the fleet. 



2. The Contractor shall maintain a RCIL throughout the Contract. The initial delivery of 
RCIL shall be an input to the PDR. The RCIL shall be submitted monthly to the 
Authority for review and approval. 



3. The RCIL shall highlight those items that meet any of the following criteria, together 
with the action implemented by the Contractor to address the issues leading to items 
being placed on the RCIL: 



a. Single-point failures that could jeopardize the reliability, availability, or 
maintainability of the railcar and its systems 



b. Components that contribute greater than 5% to the failure rate of the system of 
which they are part 



c. New technology or new applications to the rail environment 



d. Single source of supply 



e. Items identified as resulting in reliability issues on previous projects 



f. Items identified during the Contract as having an increased failure level during 
production testing, on-site testing, demonstration period, and warranty period 



g. Items requiring specialized tools or equipment to maintain (including diagnostic 
capability) that have to be developed during the project 



h. Other issues as identified by the Authority 
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4. The purpose of the RCIL is to provide a central traceable record of issues identified 
throughout the Contract that increase the risk to achieving the RAM requirements for 
the vehicles and support systems associated with the Contract. 



a. The RCIL shall promote positive early management of RAM issues to actively reduce 
the risks to the Contract objectives. 



b. The Contractor shall provide an integrated approach to the management of the RCIL 
and its listed issues. 



5. Items will be added to the RCIL if they are identified as meeting criteria listed above, 
and will be closed out when it has been demonstrated that the issues critical to the 
railcar RAM have been adequately managed to reduce the risk as low as reasonably 
practicable. 



7.4 AVAILABILITY REQUIREMENTS 



The Authority requires high availability of its railcars, in particular to meet the requirements of 
the a.m. and p.m. peak periods. 



1. The fleet Availability shall be 90%. 



2. The calculation of Availability will be performed twice daily at 7:00 a.m. and 3:00 p.m., 
Monday through Friday (with the exception of holidays). 



3. The availability requirement shall be subject to monitoring throughout the Reliability 
and Availability Demonstration period. The fleet availability shall be reviewed with the 
Authority at the designated RAM Review Board (RRB) meetings. The Contractor shall 
identify corrective actions to address non-compliance with the measured availability. 



The Contractor shall submit a detailed Availability Demonstration Test Plan as part of the RAM 
Program Plan (CDRL 7-1). The Availability Demonstration Test Plan shall include the 
following: 



1. Approved maintenance documentation 



2. Assigned maintenance resources in line with the Authority’s maintenance practices and 
procedures 



3. Consistent reliability achievement, such that the Contractor can show to the Authority’s 
satisfaction that the Availability Demonstration can be achieved 



4. Availability of relevant spares 



5. Monitoring and data gathering system 



6. Defined acceptance criteria 



7.4.1 Availability Prediction 



At Preliminary Design Review (PDR), the Contractor shall submit an Availability Prediction 
using reliability block diagrams, and allowing a quantitative estimation of the operational 
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availability and the verification of the quantitative criteria. (CDRL 7-3, Availability Prediction 
Report) 



1. The level of detail of the Availability Prediction shall be sufficient to confirm 
achievement of the requirements. 



a. Where top level analyses (LRU level) are used to justify the availability model, a 
demonstrably pessimistic approach shall be used by the Contractor. 



b. Where in-depth analysis is required to justify the target achievement, reliability 
blocks shall be refined to lower levels. 



2. The Availability Prediction shall include common cause failures and allowance for 
software reliability. 



a. The Contractor shall submit its approach for determination of software reliability to 
the Authority for approval prior to use in analysis. 



b. The Availability Prediction shall be supported by the data contained in the 
Reliability Prediction. 



7.5 MAINTAINABILITY REQUIREMENTS 



The Contractor shall ensure that the design of the railcar and its systems gives maximum 
consideration to maintenance, troubleshooting, component removal, repair, and inspection 
requirements. 



1. The objective shall be to minimize maintenance labor and materials costs, passenger 
railcar downtime, and the need for specially trained or highly skilled service personnel. 



2. The Contractor shall be responsible for providing ease of maintenance for all items 
within the vehicle scope of supply. Where significant improvements to maintainability 
may be available to the Authority, the Contractor shall provide detailed justification for 
the amendment of designs and/or maintenance practices to the Authority. This shall be 
provided at CDR, for acceptance no later than FDR. 



3. In the design of the car, the Contractor shall not require that maintenance (such as 
topping off of fluids or adjusting of parts) be provided more frequently than at 10,000 
mile intervals, except where permission has been given by the Authority for a shorter 
interval. 



4. The Mean Time To Repair (MTTR) for the major systems within the vehicle shall be 
compliant with the requirements of Exhibit 7-4. 
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Exhibit 7-4, System Maintainability Requirements in Mean Time To Repair (MTTR) 



7000 MAXIMO ID 7000 Series System Element MTTR 
(hours) 



000-300-A00 System; Car Logic 2 
000-300-B00 System; Car Body 2 
000-300-C00 System; Propulsion 1 
000-300-D00 System; Friction Brake 2 
000-300-E00 System; Pneumatic 2 
000-300-F00 System; Graphics 2 
000-300-G00 System; Primary Power 1 
000-300-H00 System; Aux Power 1.5 
000-300-J00 System; Propulsion 1.5 
000-300-K00 System; Truck & Suspension 1.5 
000-300-L00 System; Coupler & Draft Gear 1.5 
000-300-M00 System; Door Control 1 
000-300-N00 System; Heating, Ventilation & Air Conditioning 2 
000-300-P00 System; Car Lighting 0.5 
000-300-R00 System; Communication 1 
000-300-S00 System; Automatic Train Control (ATC) 1 
000-300-V00 System; Vehicle Monitoring 1 
000-300-T00 CCTV, Equipment and Systems 0.5 



 



7.5.1 Maintainability Analysis 



At Preliminary Design Review (PDR), the Contractor shall submit a Maintainability Analysis for 
all systems on the car. (CDRL 7-4, Maintainability Analysis)  Updated Maintainability 
Analyses shall be submitted every 90 days. 



1. The Maintainability Analysis shall be presented during each design review, 
demonstrated at each FAI, and kept up-to-date through final configuration (final 
acceptance) of the rail cars. 



2. This analysis shall establish the maintenance concepts to be incorporated into the design, 
taking into consideration safety, reliability requirements, accessibility of apparatus for 
maintenance, and the skills available for performing maintenance tasks. 



3. The Maintainability Analysis shall contain a maintainability prediction and analysis of 
the maintenance actions required for preventive maintenance and corrective 
maintenance. 



4. The Maintainability Analysis shall identify the following: 



a. For preventive maintenance: 



• The performance of scheduled maintenance tasks to postpone or prevent 
anticipated occurrence of failures and deterioration.  
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• The basis for development of the following described in the Periodic Inspection 
Manual: 



○ Maintainability tasks 
○ Maintenance procedures  
○ Maintenance intervals 
○ Time required 
○ Skill levels 
○ Methods and techniques 



• Methods to minimize major tasks and maximize minor tasks in order to produce 
a schedule that makes efficient use of shop resources and minimizes vehicle 
down time.  Maintenance intervals shall be time-, mileage-, or cycle-based, 
depending on what is appropriate for each system. If cycle-based, the cycle shall 
be 10,000 miles. If time-based,  inspections, shall not be less than every 30 days. 



b. For corrective maintenance: 



• Time to identify the failure (troubleshoot) and fault isolate LRU/LLRU failures, 
repair or replace the failed LRU/LLRU, and test/confirm the restored function. 



• All tasks required at each level of maintenance, subsystem, LRU, and LLRU 
identification and replacement, the time required, skill levels, and the necessary 
support equipment. 



• Compliance with the maintainability requirements listed in Exhibit 7-4. 



5. The Maintainability Analysis shall make use of field data and experience on similar 
equipment, technical papers, engineering reports, and MIL-HDBK-472 predictions. 



6. The Maintainability Analysis shall be a continuing effort during design and shall 
provide data for consideration in review of the design of each system. 



7. The effect of Field Modification Instructions (FMIs) on rail car maintainability shall be 
analyzed and reported as part of each FMI submittal. 



8. The Maintenance Analysis shall be in compliance with the Maintenance Manuals 
prepared by the Contractor. 



9. The maintainability predictions shall verify the vehicle and systems meet or exceed the 
maintainability requirements identified in Exhibit 7-4, System Maintainability 
Requirements in Mean Time To Repair (MTTR). 



a. The system predictions shall be calculated taking into account the failure rates of the 
systems and subsystems and their respective MTTR. 



b. The Contractor shall submit the calculation method for the system and subsystem 
maintainability predictions within the RAM Program Plan. 
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10. Where the Contractor fails to achieve the MTTR objectives, the Authority may demand 
such corrective action as necessary to achieve compliance. 



a. The Authority will consider the ease of maintenance of the overall railcar and the 
time required for each planned maintenance period to determine the extent of any 
corrective action required. 



b. In cases where the MTTR puts the ability of the Authority to operate under its 
existing maintenance policies at risk, the Contractor shall provide corrective action. 



7.6 RAM DEMONSTRATION AND REPORTING 



7.6.1 RAM Demonstration Plan 



Following approval of the RAM Program Plan (CDRL 7-1), the Contractor shall prepare 
detailed RAM Demonstration Plan. (CDRL 7-5, RAM Demonstration Plan) 



1. This document shall define the specific procedures, facilities, staffing, and protocols to 
be employed by the Contractor during the RAM demonstration test to monitor, test, 
adjust, and report progress towards achieving the RAM requirements of the 
Specifications. 



2. It shall be the responsibility of the Contractor to closely monitor the failure modes of all 
systems to ensure that the cars will meet required goals. If at any time during the test, 
the failure rate of any system exceeds the allowable rate (including the reliability and 
availability allocated by the Contractor for subsystems and major components), the 
Contractor shall seek modifications and changes to bring the system into compliance. 



7.6.2 RAM Progress Reporting 



The Contractor shall submit a monthly RAM Progress Report following the first RAM Review 
Board Meeting. (CDRL 7-6, RAM Progress Report)  Reports may be required more frequently 
during the railcar delivery phase.  



The format of the report and specific content shall be developed by the RAM Review Board, and 
shall include at least the following items: 



1. RAM activities within the reporting period, including minutes and actions of all RAM 
Review Board meetings. 



2. Reliability and Availability Test Report 



3. RAM achievements/problems 



4. RAM performance summaries for all defined requirements 



a. MDBF-All 



b. MDBF-INS 



c. MDBD 
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d. Availability 



e. MTTR 



5. Reliability critical items  



6. Expected RAM activities in the next reporting period. 



7. A summary and schedule of corrective actions, both those in progress and planned. 



7.6.3 RAM Review Board 



Contractor and Authority representatives shall form a RAM Review Board (RRB) during the 
pilot car fabrication phase of the program.  



1. The RRB shall meet regularly, beginning when the first complete cars undergo factory 
acceptance testing, through to the completion of all RAM demonstrations. The Authority 
reserves the right to specify the frequency of RRB meetings to enable appropriate review 
of the failure data generated throughout the Contract performance. 



2. The RRB shall review all reliability, availability, and maintainability test data and failure 
reports, review failure analyses, report progress towards meeting RAMS requirements, 
identify areas needing improvement, and propose actions to ensure the successful 
completion of the RAM demonstration. 



3. The RRB shall correct and update all FRACAS data. 



4. The core members of the RRB shall be the Contractor Warranty Manager and Reliability 
Engineers, and the Authority’s assigned Reliability Representative/Warranty Officer. 



5. The core members shall be supplemented by appropriate personnel from the Authority, 
Contractor, and subcontractors, as required, to facilitate a thorough and accurate review 
of all data.  



6. The Contractor shall require the participation of poor-performing sub-suppliers to 
ensure clear understanding of the problem component/system and to expedite 
resolution. 



7. The Contractor shall prepare a monthly summary of all RRB activities, conclusions, and 
actions for submittal within the overall RAM Progress Report. 



7.6.3.1 Dispute Resolution 



In the event the RRB is unable to reach agreement on the categorization of failures (chargeable/ 
non-chargeable) or on the corrective action to be undertaken for any item, the Authority’s 
assigned Reliability Representative will forward the issue, together with the relevant records 
and documentation, to the Authority’s Program Manager. 



The Authority’s Program Manager will act as the arbitrator for all project issues.  Where 
appropriate, the Authority’s Program Manager will meet with the Contractor’s representative to 
review and determine the way forward. Upon agreement, the decision will be formally 
communicated to the Contractor and the RRB. 











Section 7, Reliability, Availability, and Maintainability 



WMATA 8000 Series Railcars  7-15 Technical Specifications 



7.6.4 Failure Reporting Analysis and Corrective Action System (FRACAS)  



The Contractor shall maintain a documented, approved, closed-loop FRACAS system in 
accordance with MIL-HDBK-2155 (CDRL 7-7, FRACAS Report) 



1. The FRACAS system shall commence at the start of factory acceptance testing of the first 
railcar, and continue through the completion of all RAM demonstrations. 



2. FRACAS reports shall be delivered on a monthly basis and shall be maintained such that 
the data is current within one week. 



3. The FRACAS reporting shall record the cause of all unscheduled part removals, and 
shall maintain a cumulative summary of all failure analyses, identifying the failed parts 
and the pertinent data and actions relating to each failure.   



4. The Contractor shall track all equipment subject to failure analysis due to unscheduled 
maintenance (including consumables replaced in advance of the planned maintenance 
schedule). 



a. Tracking shall include the correct WMATA component and failure codes. 



b. Failed parts shall be subject to investigation and failure analysis to determine the 
failure causes and determine the requirement for design or redesign effort. 



c. The Contractor shall provide detailed failure analysis reports within 30 days of the 
failure being reported by the Authority. 



5. The FRACAS system shall follow the system breakdown structure used by the 
Authority’s maintenance recording system (Maximo). 



a. The Contractor shall work with the Authority to ensure that the closed-loop aspect 
of the FRACAS system is sufficiently rigorous to provide accurate and timely 
management information. 



6. The Contractor shall assign one full-time reliability specialist to the Authority’s 
maintenance facilities to participate in the FRACAS activity, from initial delivery of 
railcars on-site through to the end of the reliability demonstration period. 



7. Subcontractor representatives shall be made available to observe failed or faulty 
equipment at an Authority maintenance facility, as required, addressing issues 
identified within the FRACAS. 



8. The FRACAS system shall include the following information as a minimum: 



a. Work order number 



b. Contractor tracking number aligned with the Authority’s Maximo component codes 



c. Warranty parts tracking number 



d. Date of occurrence 



e. Vehicle number 
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f. Component part number 



g. Component serial number 



h. Component description 



i. Incident description 



9. The status of returned parts shall be maintained within the FRACAS records, including: 



a. Failed component 



b. Component description 



c. Malfunction code 



10. The Contractor’s FRACAS data shall include the total operating time (t) accumulated by 
the total population of identical line replaceable units and lowest level replaceable units 
(LLRUs), and the calculated MDBD, MTBF/MDBF for each type of LRU/LLRU and 
corresponding system. 



11. The Contractor shall provide an ongoing continuing assessment of the FRACAS data to 
identify and monitor failure trends and new failure effects. 



a. Failure Trends: 



• A failure trend is defined by repeated failures of the same part or component in 
the same or similar circuit, equipment location, or application. 



• A repeated failure occurs at a rate above the MDBF/MDBD/MTTR declared or 
implied for the part or component. 



• The Contractor’s FRACAS data evaluation shall promptly identify every failure 
trend and determine its cause. 



• With Authority approval, the Contractor shall implement corrective action for 
each trend. 



b. New Failure Effects: 



• The Contractor shall evaluate FRACAS data to identify each previously 
unknown or undocumented mode of failure and shall determine and evaluate its 
failure effects. 



• If any such failure effect is previously unknown or undocumented, the 
Contractor shall identify any changes that are needed in reliability, 
maintainability, safety analyses, design, design criteria, maintainability 
procedures or criteria, and test procedures or criteria. 
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7.7 RAM DEMONSTRATION TESTS 



7.7.1 Reliability and Availability Demonstration Test 



The RAM test shall begin when all cars of the base or option orders are conditionally accepted 
and have accumulated at least 10,000 service miles. 



1. While failures and delays occurring during the burn-in and initial 10,000 miles operation 
will not be included in the Reliability Demonstration, failures occurring during these 
periods shall be monitored with the normal failure assessment process. 



a. Failures shall be monitored and reviewed by the RRB. 



b. Railcar mileage accumulated prior to entering the test shall not be included in the 
calculation of MDBD. 



2. All equipment failures during the warranty period will be reviewed by the RRB and 
classified as either chargeable or non-chargeable (see Definitions).  



3. The Contractor shall prepare, maintain, and submit a report recording the performance 
of the reliability fleet, including RAM trends as part of the RAM Progress Reports. 



a. The report shall contain all the information required to calculate MDBF-x and 
MDBD. 



b. In addition, the Contractor shall provide the Authority with hard and electronic 
copies of the maintenance/corrective actions. 



c. The report shall include FRACAS information listing the failure rate in FPMM and 
MDBF for each of the systems under test and the car level MDBD. 



d. This report shall cover the most recent 12-month period. After 12 months, the report 
shall be a rolling 12-month report with the oldest month being dropped and the new 
month added. 



e. The report shall continue the failure analyses of failed components throughout 
completion of the Reliability Demonstration. 



4. During delivery of railcars to the site, the RRB will meet on a weekly basis to review the 
fleet RAM. As part of the RAM Progress Reports, the Contractor shall provide 
assessment reports. During railcar delivery, these reports will be provided weekly. 



5. As a minimum, the assessment reports shall discuss the following: 



a. The predominant failure modes of those systems exceeding the allowable goal. 



b. Technical assessment of the data provided, with remedies where needed. 



c. A complete list, with descriptions, of all modifications already performed, or in 
progress on each system. 



d. Proposals for additional modifications to bring non-compliant systems into 
compliance. 
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e. A specific program plan to perform additional studies or modifications if such work 
is required. 



7.7.1.1 Reliability Growth Monitoring 



The Contractor shall maintain a reliability growth monitoring program throughout the 
Contract. 



1. The Contractor shall make use of the full range of RAM requirements and analyses to 
identify those items requiring reliability growth action, and shall provide proactive 
management of the design, development, testing, training, and procedures to facilitate 
reliability growth. 



2. The Contractor shall submit the reliability growth status as part of the monthly RAM 
progress reports. This shall include the use of the Duane Growth model, as defined in 
Reliability Analysis Center, Reliability Toolkit: Commercial Practices Edition, Appendix 
G.3.  Distance (MDBF) shall be used for all modeling. 



3. The Contractor and Authority shall agree on the start point for the reliability growth 
plot (number of chargeable failures vs. operational miles/hours).  The Authority uses 
distance (MDBF) for growth modeling. 



4. All chargeable failures shall be included in the determination of reliability growth until 
such time as an agreed corrective action has been implemented on the reliability fleet for 
a period of no less than 60 days. 



5. The Contractor shall prepare appropriate documentation to demonstrate the 
effectiveness of corrective actions for submission to the RRB. Upon review of such 
submissions, the RRB may allow the failures to be removed from the reliability 
calculation and demonstration. The RRB shall treat these on a case-by-case basis. 



6. The Contractor shall maintain the reliability growth plots for the vehicle and major 
systems throughout the reliability growth program as an indicator as to the effectiveness 
of the actions undertaken and the ability of the program to achieve the required levels of 
reliability (and thereby availability) at the stages defined in the Specifications. 



7. The actions from the reliability growth program and the vehicle and system level 
growth plots shall be reviewed as an agenda item at the RRB. 



7.7.1.2 Reliability Growth Elements 



The Reliability Growth Program Elements shall include the following: 



1. Data:  Reliability Growth programs shall be based on the following data: 



a. Time of event 



b. Failure effects (alarms, failure codes, vehicle performance) 



c. Mileage 



d. Operational mode and timetable being operated 
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e. Operator observations at time of failure 



f. Service impact (immediate, recovery) 



g. Repair/recovery action 



h. Other relevant information 



2. Data Analysis: 



a. The data analysis shall use the raw failure data and assign initial categories to the 
failure event. 



b. While those events shown to have an immediate impact on service will normally be 
assigned the highest priority, the effectiveness of the FRACAS and Reliability 
Growth processes is in the analysis of all events, both those affecting service and 
those that do not affect service. 



3. Assign Failure Categories:  Failures shall be assigned to the following categories: 



a. Random events: 



• First recorded failure of a system 
• Failure associated with random failure characteristics, not due to design or other 



systematic failure 



b. Systematic events: 



• Events generally associated with three or more occurrences of the same failure 
• Initial stages of a project will assign systematic status to the second or more 



occurrence of a failure mode 
• High failure rate car, occurrence of similar events on cars that have an existing 



increased failure rate 
• NTF events are considered to be systematic once a NTF has occurred on the same 



system three or more times. NTFs can lead to significant service or maintenance 
impact. The NTFs shall be assigned investigative or other follow-up action to 
attempt to determine the cause of the NTF, which may be associated with 
detection system, communication errors, interface issues, environmental, 
operational, and external events. 



4. Assign Responsibility: 



a. It is important to assign a clear responsibility for the failure and subsequent 
corrective action. 



b. While all actions relevant to railcars or systems will be placed on action, the RRB 
shall be able to place actions on the specific design, implementation, quality areas 
within the Contractor, which shall then address the failure and corrective action. 
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5. Determine Corrective Action: 



a. The RRB shall provide assessment of the effectiveness of the corrective action as well 
as providing a priority for the implementation of the immediate and medium-term 
actions. 



b. The RRB shall consider all failure occurrences to determine an initial corrective 
action. The RRB may suggest additional areas for consideration, particularly for 
immediate actions aimed at reducing the service impact. 



c. The RRB shall consider the likely effectiveness of the corrective action to address the 
failure event. Where the suggested action is not considered to be effective, the RRB 
shall assign additional review and corrective actions to relevant responsible parties, 
thus reducing the lead time for implementing corrective actions. 



6. Follow-up Review – Implementation/Effectiveness: 



a. The follow-up review of corrective actions shall include the finalized design (e.g., 
installation design), installation as well as the performance of the modification in-
service. 



b. The review shall consider whether the corrective action has addressed the relevant 
failure events. 



c. This will assist the reliability prediction by providing an indication of the 
effectiveness of the corrective action and in particular determining whether 
additional action is required to fully address the failure. 



7. Assign Status: 



a. The effectiveness of the corrective action shall be monitored in service. 



b. In certain circumstances where a revised design or implementation has removed the 
cause of a failure mode, it may be possible to discount the failure modes prior to the 
accumulation of in-service experience. 



c. In the majority of cases, a period of operation in service will be required before the 
failure modes can be discounted from the FRACAS calculations. 



7.7.1.3 Reliability and Availability Test Completion  



The test fleet (entire order of cars) shall be included in the reliability test until the Authority 
determines that all reliability and availability requirements, including systems listed in Exhibit 
7-3, System Reliability Requirements for MDBF-INS, have passed.  The Authority assumes that 
the Contractor will be making modifications to systems that are clearly underperforming.  At 
the end of two years of testing with the entire order of cars, new designs shall be implemented 
to allow the requirements to be achieved. 



1. The decision on reliability compliance shall be on a system basis and shall rest with the 
Authority. 











Section 7, Reliability, Availability, and Maintainability 



WMATA 8000 Series Railcars  7-21 Technical Specifications 



2. A system shall be eligible to be judged as passing the reliability test when it meets the 
following criteria: 



a. All cars have been in reliability test for at least nine consecutive months. 



b. The system has been in its final configuration for at least nine months and has 
achieved the acceptable goal for at least nine consecutive months. 



3. The Contractor shall be responsible for performing any modifications necessary to bring 
the vehicle and systems into conformance with the reliability and availability 
requirements. 



a. The Contractor’s responsibility for these modifications shall include all costs for 
materials, necessary labor for removal and replacement, and testing associated with 
the required corrective action. 



b. Such action shall be in accordance with the Terms and Conditions. 



4. At the conclusion of this test, it shall have been demonstrated that the vehicle and each 
and every system is in full compliance with the reliability and availability requirements.  
In the event that the requirements are not attained, actions shall be in accordance with 
the Terms and Conditions. 



7.7.2 Maintainability Demonstration 



7.7.2.1 Pilot Car Maintainability Demonstration 



At the car level, a formal maintainability demonstration shall be performed on the A-car and B-
car as part of the Pilot Car maintainability and safety review (see Section 2.10.3, Maintainability 
and Safety Review). The Contractor shall submit a detailed plan for this activity (CDRL 7-8, 
Pilot Car Maintainability Demonstration Plan) 



1. The procedures used in the maintainability demonstration shall be the same as those 
included in the manuals delivered per Section 8, Manuals and Training. 



2. The Contractor’s maintainability demonstration plan and procedure shall be based on 
MIL-HDBK-470 with a minimum sample size of one unit. 



3. The demonstration shall include preventive maintenance, corrective maintenance, train 
recovery, and accessibility. 



4. The preventive maintenance demonstration shall include the periodic inspections and 
servicing identified by the Contractor during the Maintenance Analysis. 



5. The corrective maintenance demonstration shall include change-out of LRUs and LLRUs 
and use of special tools where special emphasis, instruction, or proficiency is needed. 



a. LRU and LLRU change-out shall include items from each system element listed in 
Exhibit 7-4, System Maintainability Requirements in Mean Time To Repair (MTTR), 
and special requirements demonstration. 
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b. The LRU and LLRU change-outs shall demonstrate compliance with the MTTR 
requirements of each system element. 



c. The special requirements demonstration shall include removal and replacement of 
fresh air filters, air spring system, side window, windshield, seat bottom cushions, 
seat back cushions, side door threshold, and de-trucking and re-trucking. 



6. Actions necessary to enable train movement under disabling conditions shall also be 
demonstrated. The actions shall be as described in the Road Mechanic’s Troubleshooting 
Manual. 



7. The demonstration shall be documented by video recording and submitted to the 
Authority. The Authority may elect to verify the ease of maintenance, troubleshooting, 
and special tools by using its own maintenance personnel. 



7.7.2.2 Revenue Service Demonstration 



MTTR data shall be monitored during the early project phases and during the reliability and 
availability demonstration test phase. 



1. The FRACAS process implemented by the Contractor shall include sufficient 
maintainability information to allow the Authority to judge the Contractors compliance 
with the agreed MTTR objectives. 



2. Maintainability results shall be submitted with the RAMs Progress Reports. 



3. Where the Contractor fails to achieve the MTTR objectives the Authority may demand 
such corrective action as necessary to achieve compliance. 



4. The Authority will consider the ease of maintenance of the overall vehicle and the time 
required for each planned maintenance period to determine the extent of any corrective 
action required. 



5. In cases where the MTTR puts at risk the ability of the Authority to operate under its 
existing maintenance policies, corrective action by the Contractor will be required. 



7.8 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 7-1, RAM Program Plan ................................................................................................................ 3 
CDRL 7-2, Reliability Prediction Report ................................................................................................. 7 
CDRL 7-3, Availability Prediction Report ............................................................................................ 10 
CDRL 7-4, Maintainability Analysis ...................................................................................................... 11 
CDRL 7-5, RAM Demonstration Plan ................................................................................................... 13 
CDRL 7-6, RAM Progress Report .......................................................................................................... 13 
CDRL 7-7, FRACAS Report .................................................................................................................... 15 
CDRL 7-8, Pilot Car Maintainability Demonstration Plan ................................................................. 21 
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7.9 REFERENCED STANDARDS 



The following standards are referenced in this Section: 



MIL-HDBK-217 Reliability Prediction of Electronic Equipment 



MIL-HDBK-470 Designing and Developing Maintainable Products and 
Systems (Volume 1) 



MIL-HDBK-472 Maintainability Prediction 



MIL-HDBK-2155 Failure Reporting Analysis and Corrective Action Taken 



NPRD “Non-Electronic Parts Reliability Data,” Reliability 
Analysis Center (RAC) 



Reliability Toolkit Reliability Analysis Center Reliability Toolkit: Commercial 
Practices Edition 



RIAC-HDBK-217Plus Handbook of 217Plus Reliability Prediction Models 
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8.1 MANUALS AND CATALOGS 



8.1.1 General 



The Contractor shall submit manuals and catalogs in accordance with the requirements of this 
Section and other sections of the Specifications. 



Unless specifically stated otherwise, the use of the word "manual(s)" shall mean any and all 
manuals and catalogs specified anywhere in the Specifications. 



8.1.2 Manuals Program Plan 



The Contractor shall submit for approval a Manuals Program Plan (MPP). (CDRL 8-1, Manuals 
Program Plan) 



1. The purpose of the MPP is to identify all of the elements associated with the 
development of manuals for this Contract.  



2. At a minimum, the MPP shall include the following: 



a. A description of the process the Contractor intends to follow to develop the manuals. 



b. The schedule for manuals development. 



c. An organizational chart showing the person with primary responsibility for 
development, along with all persons, departments, or vendors who will be working 
on the manuals. 



d. The methods to be used to ensure that the manuals reflect the reliability and 
maintainability analyses upon which they are based. 



e. The revision tracking control methodology to be used for the manuals. 



f. The Contractor's approaches to using styles and developing a Manuals Style Guide, 
based on the existing 7000 series formats. 



g. The quality program to be used to ensure the accuracy and completeness of the 
manuals. 



h. The audit and sign-off sheets that shall be used during manuals development. 



8.1.3 Manuals Style Guide 



The Contractor shall submit for approval a Manuals Style Guide,  (CDRL 8-2, Manuals Style 
Guide) 



1. It shall be submitted no later than two years before the scheduled delivery date of the 
first 8000 series railcar and shall include an electronic version. 



2. It shall be formatted as specified in Section 8.1.5, Design and Format.  



3. It shall be used for each of the manuals required under this Contract.  
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4. The Contractor shall use the Manuals Style Guide to develop all required manuals.  



5. All suppliers shall use the same guide for the development of their manuals, or their 
portions of the manuals, for use on this Contract. 



8.1.4 Outlines 



The Contractor shall submit for approval, tables of contents and samples for each type of 
manual, and for the Illustrated Parts Catalog in accordance with the Manuals Style Guide. 
(CDRL 8-3, Manuals and Parts Catalogs Table of Contents and Samples) 



8.1.5 Design and Format 



Contractor shall comply with the following requirements: 



1. Manuals shall be designed for continuous, long-term service in a maintenance shop 
environment.  The publications shall be complete and organized, and shall contain no 
extraneous material. 



2. Manuals and catalogs shall be produced in the same format as the manuals in use for the 
Authority's existing 7000 series railcars, with modifications as specified by the 
Authority. 



a. A complete correlation between in-use documentation is required (e.g., Propulsion 
and Control System shall be in Chapter 3 of both the old and the new manuals). 



b. The same size and style of type shall be used throughout the manuals and catalogs. 



3. Each manual shall contain the following general information: 



a. Title Page: This includes the Contract name and number, name of the Contractor, 
date, and revision of the submittal. 



b. Revision Tracking: This includes a listing and revision number of all pages, as well 
as a list of each revision, date of revision, and associated explanation of the revision. 



c. Table of Contents: This includes a list of all sections, a list of all figures, and a list of 
all tables.  A Table of Contents shall be provided at the beginning of each manual. 



d. Index: This includes all relevant terms and page locations. 



e. Reproduction: This includes language that permits reproduction of the contents for 
training purposes. 



4. Each manual section shall be subdivided, to the extent required by the subject matter, 
into the following topics: 



a. General description and operation of the subsystem 



b. Theory of Operation 



c. Block diagram 
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d. Signal flow diagrams to the card circuit, pneumatic component, or software design 
level 



e. Functional schematics of system and sub-system equipment to the card level 



f. Functional wiring and piping diagrams 



g. Troubleshooting techniques 



h. Microcomputer software 



i. Lubrication and cleaning including frequency, methods and trade identifications of 
recommended materials, component location, and description 



j. Inspection and maintenance standards including wear limits, settings, and tolerances 



k. Installation and removal 



l. Test and evaluation procedures 



8.1.5.1 Paper and Binding 



Contractor shall comply with the following requirements: 



1. Each page of all final manuals, including drawings and figures, shall be printed on 
Authority-approved high-grade paper with a reinforced binding edge and oversized 
punched holes for binding in a multi-ring, loose-leaf binders. 



2. All printed material shall be clearly reproducible by dry copying machines. The use of 
halftone or color illustrations is thus precluded; line drawings are required for all 
illustrations. 



3. Pages shall be printed on both sides. 



4. Sides of pages intentionally left blank shall be so noted. 



5. Diagrams and illustrations shall be either 8.5 x 11 inches or 11 x 17 inches, as approved, 
and shall be bound to the central binder. Figures, drawings, diagrams, illustrations, or 
singular attachments or appendices shall not be loose or in pockets. 



6. Pocket-size manuals, where applicable, shall be 4.25 inches wide, 7 inches high, and not 
more than 1.25 inches thick. 



a. They shall be bound along either dimension, as long as the contents are not 
obscured, and the pages shall be as large as can be accommodated without damage. 



b. Punch holes shall be on 0.5625-inch centers. 



7. Manuals for 8.5x 11-inch pages shall be 10 inches to 10.5 inches wide (depending on ring 
size) and 11 inches to 12 inches high. 



a. They shall be bound along the 11-inch dimension. 



b. The 8.5 x 11-inch binders shall not exceed 3 inches overall thickness. 
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c. Punched holes shall be on 0.75-inch centers. 



d. Manuals may be divided into Volume 1, Volume 2, etc., if the required material 
cannot be accommodated within the maximum allowed binder thickness. 



e. Adequate cross-references and table of contents shall be provided in each manual 
and catalog. 



8. Binders: 



a. Covers shall be approximately 0.0625-inch thick and resistant to oil, moisture, and 
wear to a high degree, commensurate with their intended use. 



b. Loose-leaf binder rings shall have locking triggers for opening and positive 
engagement closing. 



c. Binders shall be approved by the Authority. 



9. Final sets of manuals shall be serialized with numbers to be supplied by the Authority. 
The numbers shall be permanently marked on the spine of the cover. 



8.1.5.2 Indexing 



Manual sections shall be separated with white index dividers: 



1. Dividers shall be heavy-duty, 90 lb minimum, having white, rounded corner tabs. 



2. Tabs shall be laminated, with bold, black printing in capital letters on both sides. 



3. Indexing of pocket-sized Operator's Manuals may be abbreviated, as required, to 
achieve condensation without impairing legibility. 



4. Sections shall be subdivided to the extent required by the subject matter. 



8.1.5.3 Figures 



Figures, including diagrams, drawings, and illustrations, shall be labeled as figures. Folding 
pages will be permitted (11 x 17 inches, Z-fold) where the information to be conveyed cannot be 
presented clearly on single pages. 



8.1.5.4 Electronic Format 



In addition to the printed versions of the manuals, the Contractor shall supply searchable 
electronic versions of the manuals and parts catalogs. The Contractor shall supply the 
associated support system to allow the Authority to maintain the electronic manuals once the 
Contract is completed.  



The Contractor shall also supply conversion software to convert electronic versions of the 
manuals and parts catalogs to controlled and read-only versions to be used in tablets on shop 
floor.  



1. These tablet versions shall be compatible with all available operating systems and be 
fully compatible and integrated with Windchill®. 
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2. The read-only versions used on tablets shall allow end-users to generate work orders, 
document repairs, and view available parts to repair. 



8.1.6 Functional Requirements 



The car shall be treated as a whole and not as a grouping of disassociated parts. The manuals 
shall be organized logically with subsystems and elements considered in descending order of 
importance. 



1. All material shall be indexed with an Authority-approved standard numbering system 
in accordance with the Authority-approved outline. 



2. The format of all data contained in each section of the maintenance and parts manual 
shall be consistent from section to section. 



3. All statements must be clear and accurate, with no possibility of incorrect implications 
or inferences.  Simple declarative statements shall be employed to convey instructions. 



4. Safety-related notes, cautions, warnings, special procedures, or other information 
needed to maintain safe conditions shall be highlighted and included in all manuals. 



5. Hypertext links within the text shall be included where possible, including the table of 
contents. 



6. Block diagrams shall be used to facilitate the description of assemblies and the 
relationship of components, assemblies, and subsystems such that significant card 
circuit functions can be discerned from the block diagrams. 



7. The detailed contents of sealed assemblies need not be displayed, but the functions of 
such assemblies shall be explained and the appropriate values shall be noted for each 
external test point. Procedures appropriate to the replacement of sealed assemblies, 
including methods and tests, shall be stated. 



8. Whenever a special tool is called for, the tool’s part number shall be included. 



9. Following the issue of each publication, the Contractor shall provide revised pages 
covering any changes, whether required by change of design or procedures or due to 
error. These revisions shall be kept current during the warranty period. Manual and 
catalog revisions shall be supplied before the arrival of the altered parts or components. 



8.1.7 Manual Descriptions 



There shall be 14 manuals, as described in the following 12 sections. 



The Contractor shall also provide five sets of software documentation conforming to the 
requirements of Section 6, Software Quality Assurance, in separate binders. This documentation 
shall be subject to the same revision requirements imposed on manuals in this Section. 
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8.1.7.1 Operator's Instruction Manual 



The Operator's Instruction Manual shall contain all information needed for the optimum 
operation of the railcar.  



1. It shall include the following: 



a. General railcar familiarization material such as location, function and operation of 
controls, gauges, indicators, cutouts and switches. 



b. A discussion of trucks, couplers, lights, environmental control, air springs, height 
control valves, ATC, and other features of the car that the Operator may not be in a 
position to control or adjust but of which he should have some basic knowledge. 



c. It shall include operation and use of the Vehicle Monitoring Diagnostic System 
(VMDS), emergency procedures, trouble symptom and diagnosis methods, and 
Operator corrective action, if any. 



2. The manual shall be logically organized with systems and elements considered in 
descending order of importance. Organization and layout shall be similar to the 7000 
Series, as applicable. 



3. Care shall be taken that all statements are clear, positive and accurate, with no 
possibility of incorrect implications or inferences. 



4. The manual shall be pocket size. 



8.1.7.2 Road Mechanic's Troubleshooting Manual 



The Road Mechanic's Troubleshooting Manual shall contain all information needed to 
troubleshoot and recover or repair railcars when they experience failures during service. 



1. The purpose of the manual is to minimize train delays by providing information to the 
Road Mechanic to either return the railcar to service or remove it from service and 
relocate it to a maintenance shop. 



2. The trouble-shooting and diagnostic capabilities of the VMDS shall be emphasized in the 
manual. 



3. The content and organization shall be similar to the Operator's Instruction Manual, with 
troubleshooting and corrective action extending beyond what Operators are expected to 
perform, but falling into the Road Mechanic's duties. 



4. Sections of the Operator's Instruction Manual may be duplicated or expanded where 
appropriate. 



5. The manual shall be logically organized with systems and elements considered in 
descending order of importance. Organization and layout shall be similar to the 7000 
Series, as applicable. 



6. Care shall be taken that all statements are clear, positive and accurate, with no 
possibility of incorrect implications or inferences. 
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7. The manual shall be pocket size. 



8.1.7.3 Running Maintenance and Servicing Manual 



The Running Maintenance and Servicing Manual shall provide the maintenance technicians 
with all of the information required for on-car running maintenance. 



1. The manual shall contain all information needed for periodic inspection and servicing 
requirements including the following: 



a. Lubrication, inspection, and adjustment of all systems and components. 



b. Removal and installation procedures for consumables and replacement items. 



c. Detailed inspection tasks and test limits, settings, and tolerances. 



2. The lubrication requirements shall include the frequency, location, and type of lubricant 
for the various components. 



a. The manual shall contain a complete list of every cleaner and lubricant used on the 
car with the manufacturer's name and part number. 



b. All cleaners and lubricants shall be included in the Illustrated Parts Catalog. 



3. The manual shall include procedures for on-line trouble diagnosis of each system, 
troubleshooting guides, equipment specifications, and schematics for the car and each of 
its systems. 



4. The manual shall include information on how to use diagnostic capabilities of the VMDS 
for troubleshooting and fault isolation and how to use any laptop-based test programs. 



5. The manual shall have 8.5 x 11-inch pages. 



8.1.7.4 Heavy Repair Maintenance Manual 



The Heavy Repair Maintenance Manual shall contain a detailed theory of operation, relating 
individual equipment subsystems one to another, and into the system overall. 



1. It shall contain servicing information for each component of the car so that maintainers 
can effectively service, inspect, maintain, adjust, troubleshoot, repair, replace, and 
overhaul the component. 



2. The manual shall include theory of operation, detailed block diagrams, servicing 
requirements and instructions, removal and installation procedures, repair and overhaul 
procedures, and adjustment procedures for all apparatus and assemblies. 



3. Carbody and truck hoisting and jacking instructions shall be included in the manual. 



4. The manual shall identify each removable component and assembly that weighs more 
than 50 pounds. 



5. Each requirement, instruction, or procedure shall include a list of tools, shop equipment, 
and material required to accomplish the task. 
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6. The manuals shall include all test limits, settings, and tolerances. 



7. The overhaul sections of the manual shall include the procedures for removal and 
replacement and detailed step-by-step instructions with a materials list for 
accomplishing the overhaul. 



a. The materials list shall contain all parts, lubricants, and cleaners required to 
accomplish the overhaul and the manufacturer's name and part number. 



b. The manuals shall include instructions for using portable testers, bench testers or 
shop stands for adjustment, test, and troubleshooting functions to ensure the 
overhaul was correctly accomplished. 



8. Information on ATC system and radio system components shall be replicated and 
provided in separately-bound maintenance manuals, as specified in Section 8.1.7.10, 
Carborne ATC Maintenance Manual and Carborne ATC Parts Catalog, and Section 
8.1.7.11, Radio Maintenance Manual and Radio Parts Catalog. 



9. The manual shall have 8.5 x 11-inch pages. 



8.1.7.5 Periodic Inspection Manual 



The Periodic Inspection (PI) Manual shall be a detailed plan outlining all schedules and 
activities for railcar preventive maintenance. The frequency of inspections shall be minimized 
while still allowing for optimum vehicle reliability and safety. 



1. Preventive maintenance shall comprise the tasks that are performed to defer or prevent 
an anticipated failure and worn condition. 



2. The PI Manual shall be a consolidation of the information found in the Running 
Maintenance and Servicing Manual and the Heavy Repair Maintenance Manual, and 
shall be based on the equipment manufacturer's recommended maintenance practices. 



3. The preventive maintenance schedule shall be time-, mileage-, and cycle-based, 
depending on what is appropriate for each system, as determined by the Contractor in 
the Maintainability Analysis specified in Section 7.5.1, Maintainability Analysis. 



4. The PI Manual shall include an appropriate method for tracking and recording each 
type of maintenance interval, whether time-, mileage-, or cycle-based. 



5. The PI Manual shall be arranged and formatted similar to the existing Authority PI 
Manuals. 



a. The manual shall outline each task, allotted time, recommended tools, supplies, 
number of personnel, and skill levels required to accomplish the task. 



b. The manual shall contain all information needed to perform the periodic inspection 
and servicing requirement. 



c. The PI Manual shall reference the specific section of the Running Maintenance and 
Servicing Manual or Heavy Repair Maintenance Manual for detailed information. 
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d. Supplies necessary to perform the PI shall include cleaners, lubricants, and 
consumable parts with the required quantity of each.  The supplies shall be 
identified by the Authority's part number and listed in the Illustrated Parts Catalog. 



6. The first section of the manual shall be a "Daily Safety-Inspection Procedure." 



a. This procedure shall contain the tasks required to release a railcar for revenue 
service. The Daily Safety Test specified in Section 20.2.2.4, Daily Safety-Test 
Provisions, and Section 20.2.2.5, Daily Safety-Testing Process, shall be a part of the 
procedure. 



b. The procedure shall include a checklist for each task.   



7. Subsequent sections of the manual shall contain the tasks and maintenance intervals 
identified by the Contractor as part of the Maintainability Analysis specified in Section 
7.5.1, Maintainability Analysis. The maintenance intervals shall be developed so as not 
to impact the availability requirements specified in Section 7.4, Availability 
Requirements. 



8. The manual shall have 8.5 x 11-inch pages. 



8.1.7.6 Illustrated Parts Catalog 



The Illustrated Parts Catalog shall enumerate and describe every component with its related 
parts, including the supplier's number and commercial equivalents. 



1. A separate column shall be provided for insertion of the Authority's stock numbers in 
future revisions. 



2. Cutaway and exploded drawings shall be used to permit identification of all parts. Parts 
common to different components (for example, bolts and nuts) shall bear the same 
Contractor's number. Each part or other component shall be identified as being part of 
the next higher assembly. 



3. Information on ATC system and radio system components shall be replicated and 
provided in separately-bound parts catalogs, as specified in Section 8.1.7.10, Carborne 
ATC Maintenance Manual and Carborne ATC Parts Catalog, and Section 8.1.7.11, Radio 
Maintenance Manual and Radio Parts Catalog. 



4. Cleaners and lubricants shall be included in the Illustrated Parts Catalog, as specified in 
Section 8.1.7.3, Running Maintenance and Servicing Manual. 



5. The manual shall have 8.5 x 11-inch pages. 



8.1.7.7 Operation and Maintenance Manuals - Portable Test Equipment and Bench Test Devices 



Operation and Maintenance manuals for test devices shall include the requirements of 
Section 9, Special Tools and Test Equipment, and shall be presented in the format required by 
Section 8.1.5, Design and Format. 



The manual shall have 8.5 x 11-inch pages. 
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8.1.7.8 Illustrated Parts Catalog - Portable Test Equipment and Bench Test Devices 



Parts Catalogs for test devices shall include the requirements of Section 9, and shall be 
presented in the format required by Section 8.1.7.4, Heavy Repair Maintenance Manual. 



The manual shall have 8.5 x 11-inch pages. 



8.1.7.9 Wiring Diagrams and Pin-to-Pin Manual 



The Wiring Diagrams and Pin-to-Pin Manual shall contain all electrical schematics for the 
vehicle.  



1. Electrical schematics included as part of the following manuals shall be included in the 
wiring diagrams portion of the manual so that a complete electrical schematic for both 
the A-car and the B-car are provided. Intercar schematics shall also be provided. 



a. Running Maintenance and Servicing Manual 



b. Carborne ATC Maintenance Manual 



c. Radio Maintenance Manual 



2. The pin-to-pin wire list portion of the manual shall identify every wire on both the A-car 
and B-car. 



a. The list shall contain the wire size and type, wire termination points (to/from), and a 
quadrant reference to the wiring diagram(s) which contains the wire. 



b. Multi-conductor cables shall be identified as such, and color or other identification 
coding shall be listed. 



c. Spare wires shall be included, identified and located. 



3. Legends and arrangement drawings shall be included to enable reading equipment 
enclosures, junction boxes, terminal boards and terminal points. The arrangement 
drawings shall include page and quadrant reference for terminals, pins, relay contacts, 
relay coils, and similar. 



4. The Wiring Diagrams and Pin-to-Pin Manual shall follow the wiring conventions 
specified in Section 24.21.6.15, Identification. 



5. The manual shall have 11 x 17-inch pages. 



8.1.7.10 Carborne ATC Maintenance Manual and Carborne ATC Parts Catalog  



Information on ATC system hardware and software shall be replicated from the following 
manuals, to produce two separately-bound Carborne ATC manuals: 



1. Heavy Repair Maintenance Manual: From this manual (see Section 8.1.7.4, Heavy Repair 
Maintenance Manual), the Carborne ATC Maintenance Manual shall be produced. It 
shall comply with the requirements in Section 8.1.7.4. 
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2. Illustrated Parts Catalog: From this manual (see Section 8.1.7.6, Illustrated Parts Catalog) 
the Carborne ATC Parts Catalog shall be produced. It shall comply with the 
requirements in Section 8.1.7.6. 



3. The manuals shall have 8.5 x 11-inch pages. 



8.1.7.11 Radio Maintenance Manual and Radio Parts Catalog 



Information on radio system hardware and software shall be replicated from the following 
manuals, to produce two radio manuals: 



1. Heavy Repair Maintenance Manual: From this manual (see Section 8.1.7.4, Heavy Repair 
Maintenance Manual), the Radio Maintenance Manual shall be produced. It shall 
comply with the requirements in Section 8.1.7.4. 



2. Illustrated Parts Catalog: From this manual (see Section 8.1.7.6, Illustrated Parts 
Catalog), the Radio Parts Catalog shall be produced. It shall comply with the 
requirements in Section 8.1.7.6. 



3. The manuals shall have 8.5 x 11-inch pages. 



8.1.7.12 Operation and Maintenance Manuals – Onboard Displays 



Operation and Maintenance manuals for onboard displays shall contain all information needed 
for their optimum operation and maintenance. 



The manuals shall have 8.5 x 11-inch pages. 



8.1.8 Submission Schedule and Quantities 



The Contractor may submit draft manuals to the Authority for review on a chapter-by-chapter 
basis; however, each manual must be submitted as a complete unit before receiving approval.  
The Contractor shall submit in accordance with Exhibit 8-1 as follows: 



1. Draft manuals (CDRL 8-4, Draft Manuals and Parts Catalogs) 



2. Final draft manuals, (CDRL 8-5, Final Draft Manuals and Parts Catalogs) 



3. Final published manuals (CDRL 8-6, Final Published Manuals and Parts Catalogs) 



4. The Contractor shall provide an electronic copy (USB flash drive) of all manuals with 
each delivery of the paper copies. Additionally, a new USB flash drive shall be provided 
with each revision, including those related to field alteration of subsystems and 
assemblies. A final USB flash drive shall be provided with the submittal of the final 
manuals. 
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Exhibit 8-1, Submittal Schedule for Draft and Final Manuals 



Draft Manuals3 Final Draft 
Manuals3 



Final Published 
Manuals3 



Quantity Due 
Date1 Quantity Due 



Date1 Quantity Due 
Date 



Operator’s Instruction Manual 30 -180 days 30 +60 days 650 Note 2 
Road Mechanic’s Troubleshooting 
Manual 30 -180 days 30 +60 days 80 Note 2 



Running Maintenance and Servicing 
Manual 30 -180 days 30 +60 days 80 Note 2 



Heavy Repair Maintenance Manual 30 -180 days 30 +150 
days 80 Note 2 



Periodic Inspection Manual 30 -180 days 30 +30 days 80 Note 2 
Illustrated Parts Catalog 30 -180 days 30 +90 days 80 Note 2 
Operation and Maintenance 
Manuals – Portable Test Equipment 
and Bench Test Devices 



30 -180 days 30 +60 days 20 Note 2 



Illustrated Parts Catalog – Portable 
Test Equipment and Bench Test 
Devices 



30 -180 days 30 +90 days 20 Note 2 



Wiring Diagrams and Pin-to-Pin 
Manual 30 -180 days 30 +60 days 80 Note 2 



Carborne ATC Maintenance Manual 30 -180 days 30 +60 days 50 Note 2 
Carborne ATC Parts Catalog  30 -90 days 30 +90 days 50 Note 2 
Radio Maintenance Manual, for FCC 
Licensed Personnel  20 -180 days 20 +60 days 20 Note 2 



Radio Parts Catalog 20 - 90 days 20 +90 days 20 Note 2 
8.1.7.12 Operation and Maintenance 
Manuals – On-Board Displays 30 -180 days 30 +60 days 650 Note 2 



 
Notes to Table: 



1. Due dates shown in number of days (-) before or (+) after scheduled acceptance of the 
first married pair. 



2. Final Published Manuals must be submitted at the completion of the Contractor 
Reliability Monitoring Period, described in Section 7, Reliability, Availability, and 
Maintainability, or 12 months after acceptance of the first car, whichever occurs first. 



3. See Section 8.1.8, Submission Schedule and Quantities, Item 4, for requirements for 
electronic copies of manuals. 



8.1.8.1 Draft Manuals and Parts Catalogs 



The intent of the Draft Manuals and Parts Catalogs is to allow the Authority to review and 
provide feedback on the substance of the manuals with enough time for necessary 
modifications to be made to support the Authority’s Maintenance Training Program.  



1. The Draft Manuals and Parts Catalogs shall be complete and thorough, and shall be 
prepared as if they were the final versions.  
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2. The Draft Manuals and Parts Catalogs shall reflect the current state of the railcars at the 
time of publishing, and shall be a culmination of the discussions of the various manuals 
status meetings held with the Authority. 



3. Draft Manuals and Parts Catalogs shall be provided in both printed and electronic 
formats. 



8.1.8.2 Final Draft Manuals and Parts Catalogs 



The intent of the Final Draft Manuals is to provide an interim comprehensive set of 
documentation that has incorporated the necessary Authority comments and that will support 
the Authority’s Training and Maintenance efforts until the Final Published Manuals and Parts 
Catalogs are available. 



1. The Final Draft Manuals and Parts Catalogs shall incorporate the necessary revisions as 
a result of the Authority’s review of the Draft Manuals and Parts Catalogs, and shall 
incorporate any car modifications realized at the time of submittal.  



2. Final Draft Manuals and Parts Catalogs shall be provided in both printed and electronic 
formats. 



8.1.8.3 Final Published Manuals and Parts Catalogs 



Final Published Manuals shall incorporate any and all revisions or modifications realized 
during the Contractor’s Reliability Monitoring and Warranty Periods. 



1. Final Published Manuals and Parts Catalogs shall be provided in both printed and 
electronic formats. 



2. Additionally, the Contractor shall provide, in both printed and electronic format, any 
necessary revisions through the end of the Authority’s Reliability Assessment Program. 
(CDRL 8-7, Updates to Manuals and Parts Catalogs) 



8.1.9 Revisions 



The Contractor shall supply revisions to the Authority, as applicable, every three months until 
the end of the Authority Reliability Demonstration (described in Section 7, Reliability, 
Availability, and Maintainability) and Warranty Periods.  



1. The Contractor shall first submit a plan outlining all changes to each manual for 
Authority review before submitting revised manuals. 



2. A new revision sheet shall be provided for each manual showing the date of any 
changes made since the previous submittal and the pages that are affected.  



3. When no changes are required for a three-month period, the Contractor shall provide 
only a new revision sheet showing the new period of validity. 



4. Manual revisions shall be recorded on a control list in the front of each manual. The list 
shall be issued with each revision and shall show the date of each revision and the page 
reference. 
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5. “Track changes” shall be used within the document. 



6. Revisions related to field alteration of subsystems or assemblies shall be issued with the 
associated service bulletin before the arrival of the components or retrofit packages. 



8.1.10 Manual Support System 



The Contractor shall provide the capability of updating and modifying the delivered manuals 
and catalogues. 



1. This shall include one set of the commercially available or custom-designed software 
used to create the deliverable manuals and catalogs with site license and original 
documentation, any special instructions needed to supplement that documentation and 
any special hardware which may be required to operate the software. 



2. A normal PC-based system operating with Windows–based software is not considered 
special hardware. 



8.1.11 In-Process Reviews 



The Contractor shall conduct in-process reviews of the manuals and all aspects of the manual 
development process during this Contract. 



1. The first review shall be conducted within 24 weeks after NTP.  Subsequent review 
dates shall be coordinated with the Authority, but in no case shall they be held less than 
every 12 weeks. 



2. An agenda and materials to be presented during the review shall be submitted prior to 
the review date. 



3. During these reviews, the Contractor shall: 



a. Present the status of the manuals program versus the Contract document 
requirements, including action items status from previous reviews. 



b. Present all completed manuals chapters or portions thereof for Authority review. 



c. Present the results of any audits. 



d. Present any issues related to the development of the manuals to be addressed by the 
Authority. 



e. At the Authority’s request, make available for interview those persons who are 
developing the manuals. 



f. Record minutes to be published after the review, including any action items. 



4. These reviews shall be conducted at a location to be selected by the Authority.  



8.1.12 Audits 



The Contractor shall conduct periodic audits to ensure that the manuals accurately reflect 
equipment design, the reliability and maintainability analyses upon which they are based 
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(CDRL 7-2 and 7-4), and the Specification requirements.  The results of these audits shall be 
presented at the in-process review meetings. 



8.1.13 Contractor Internal Review and Approval 



All manuals shall be reviewed for accuracy, consistency, and completeness by the appropriate 
Contractor engineering personnel, manuals department head, or the person responsible for 
manuals on this Contract, and program management personnel before submittal to the 
Authority. 



Each document submitted to the Authority shall be accompanied by a sign-off sheet that 
includes the signatures (and date of signing) of all persons who conducted the review attesting 
to the accuracy and completeness of the submitted manuals. 



8.1.14 Use of Suppliers 



If the Contractor uses a Supplier to develop the manuals, all requirements of this Contract shall 
remain in effect and continue to be the sole responsibility of the Contractor. The Contractor 
shall manage the efforts of the Supplier, and the Contractor and Supplier shall participate in all 
meetings and in-process reviews related to manuals. 



8.2 TRAINING 



8.2.1 General 



The Contractor shall provide a training program for the Authority’s Training Instructors and 
supervisory staff of a quality and depth sufficient to permit satisfactory use, servicing, and 
maintenance of the equipment. 



1. This program shall include classroom and hands-on instruction, mock-ups, models, 
manuals, diagrams, simulators, and parts catalogs. 



2. The curriculum material shall be accurate, complete, and of professional quality. 



3. The Contractor shall assume no knowledge of the features of the cars on the part of the 
Authority’s personnel, and shall design the program to bring the level of knowledge to 
one fully adequate for the objective. The Contractor may assume that the Authority’s 
personnel have the basic skills pertinent to their crafts.  



4. Prior to the initiation of classroom instruction, all instructors to be used by the 
Contractor shall attend a one-day orientation at the Authority to become familiar with 
Authority safety regulations and facilities and the layout of the car, and to be advised of 
student qualifications and expectations. 



5. All courses of instruction shall be presented in the English language. 



6. All documents shall be created using Microsoft Office products. 



7. The Contractor shall provide full-time on-site management and coordination of the 
training program to ensure continuity of classes and proper distribution of training 
materials, and to be responsible for interfacing with instructors. 
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8. The Contractor’s instructor will be accompanied at all times by a qualified Authority 
instructor or supervisor to ensure that all Authority rules and procedures are followed. 



9. All training materials, such as training aids and lesson plans, shall become the property 
of the Authority at the completion of the training program. The Contractor shall be 
responsible for the condition of these materials for the duration of the training program, 
and shall replace all damaged materials unless the damage is the result of neglect by the 
Authority. 



8.2.2 Objectives 



Maintenance Training Program: The primary objective shall be to train the Authority’s 
Instructors and Supervisors so that they are sufficiently proficient in the operation and 
maintenance of the transit car to provide effective instruction and training to the Authority’s 
maintenance personnel. 



Operations Training Program: The primary objective shall be to provide Operators and 
Operations Supervisors with proficiency in the operation of the railcar. 



8.2.3 Number of Trainees 



The following listing gives the numbers of personnel to be instructed: 



1. Operating personnel, including supervisors: 65 maximum 



2. Mechanical maintenance supervisors, including training instructors: 24 maximum 



3. Electrical or electronic maintenance supervisors, including training instructors: 24 
maximum 



8.2.4 Training Course Format 



The training program shall be conducted at the Authority’s facilities and shall include 
classroom and hands-on instruction for a selected group of Instructors, Supervisors, 
Mechanics/Technicians and Operators. 



1. The program shall provide for a combination of classroom instruction and hands-on 
demonstrations in the shop and on the rail car of operations and maintenance functions.  
For most practical subjects, the expected portion of class time to be spent on hands-on 
activities is 50 percent. The classroom and hands-on portions shall be integrated so that 
the hands-on training reinforces the topics covered in the classroom.    



2. Class size will generally be from 5 to 10 employees, depending on the nature of the 
course being taught. 



3. Factory training may be a part of the training; however, the extent of instruction in the 
Contractor’s and subcontractors’ shops shall be at the discretion of the Authority. 



a. The Authority may request access to these shops for a limited number of supervisory 
and technical personnel to familiarize them with assembly methods. 
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b. The Contractor shall make a reasonable effort to comply with such a request, but not 
to the detriment of production. 



c. Similarly, the Authority’s operating supervision shall be granted access to all 
equipment for the purpose of familiarization. 



4. A qualified instructor shall be assigned to each group of students during training. 



5. The program shall include testing and evaluation to determine the proficiency of the 
students.  



6. The training program schedule shall be synchronized with the delivery of manuals. 



7. The training shall be task-oriented. 



8.2.5 Training Course Content 



8.2.5.1 Maintenance Training 



The maintenance training program shall provide in-depth understanding of railcar assembly, 
subsystem installation function and operation, integration, and car verification testing. 



1. Students shall observe demonstrations of proper maintenance practices and shall be 
instructed in the requirements for and use of proper tools (e.g., special tools), the 
importance of proper torquing and sealing procedures, and the most efficient way to 
perform maintenance. 



2. Classroom instruction for maintenance courses shall include the essentials of routine 
care including lubrication schedules, materials, Contractor’s recommendations for test 
frequency, and tolerance limits and methods for testing, including instruments required, 
when applicable. 



3. When methods of access, removal, dismantling or application are not self-evident, the 
instruction shall cover these matters. 



4. Students shall learn equipment theory of operation to the card circuit level, with 
troubleshooting, preventive (scheduled) maintenance, and corrective (unscheduled) 
maintenance operations. 



5. Students shall be afforded the opportunity to perform the more complex maintenance 
functions on the car and in the shop, in addition to troubleshooting “bugged” systems 
using the appropriate subsystem test devices. 



6. The program shall include details of performing heavy maintenance repair and 
rebuilding of selected components.  Examples include replacement of compressor seals 
and traction motor bearings. 



7. Overhaul procedures need not be included. 



8. Courses shall be divided into two classifications: electrical/mechanical and HVAC. To 
enable student participation during the demonstration and performance of maintenance 
functions, each course shall be separated into these two classifications. 
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9. Maintenance courses shall have a length of 320 hours (200 electrical/mechanical hours 
and 120 Mechanical hours) per session, and shall be given in three separate sessions. 



10. Topics to be covered in the Maintenance Training Program shall include, but not be 
limited to: 



a. Carbody 



b. Car logic control 



c. Destination signs 



d. Propulsion 



e. Friction brake 



f. Pneumatics 



g. Primary power 



h. Auxiliary power 



i. Trucks and suspension 



j. Coupler and draft gear 



k. Door control 



l. Heating, ventilation and cooling 



m. Lighting 



n. Automatic Train Control 



o. Communications 



p. Information Display Unit (or similar equipment) 



q. Event Recorder 



r. Data Bus Theory as applicable to the 8000 series railcar 



s. Periodic Inspection 



8.2.5.2 Operations Training 



Instruction in operations shall follow a logical progression involving the anatomy of the car, 
differences between these cars and the Authority’s existing rolling stock and equipment, the 
manipulation of all controls, and actual operation of the car. 



1. Operating instruction shall include trouble indications, their proper reporting, and 
corrective measures available to Operators. 



2. The Operator’s Course shall be 24 hours per session and shall be given in three separate 
sessions. 
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3. Topics to be covered in the Operations Training Program shall include, but not be 
limited to, the following: 



a. Car specifications, controls, and indicators 



b. Car systems (e.g., propulsion, friction brake, electrical, truck and coupler assemblies, 
door control, HVAC, lighting, and communications) 



c. Car operations (i.e., actual operation of the car in maintenance yards and on the 
revenue railroad) 



d. Troubleshooting procedures and recovery operations. 



8.2.6 Cab Simulator 



The Contractor shall provide a computer-graphics-based cab simulator to train Operators on the 
operation of equipment and is responsible for all work needed to create the associated 
computer graphics and programming. The cab simulator shall comply with the description 
below: 



1. Provide a realistic environment and experience, including sound and motion simulation, 
in a full-sized cab. 



2. All cab components and controls shall be exactly the same as on the actual production 
cars, including, but not limited to the following: 



a. Cab seat 



b. Windshield 



c. Side window 



d. Destination sign 



e. Interior lighting 



3. The cab simulator shall include a fault display monitor on which train faults and other 
screens can be simulated. 



4. Two forward-view monitors shall be provided, one for the Operator and one for a 
qualified employee riding on the observer’s side. 



5. Side-window monitors shall be included as “track profile screens.” 



6. Two areas shall be set up for instructor control: 



a. One behind the Operator. 



b. One at the main control console. 



7. A portable version of the cab simulator shall be provided for installation on 
desktop/laptop field computers, with an unlimited number of licenses. 
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8. The cab simulator shall have the capability to automatically score and record student 
compliance with all identified operating rules and signals associated with proper train 
handling and operation, and the capability to record and report on the energy 
consumption (efficiency) of train operation for each student. For student and instructor 
review purposes, the simulator must provide the ability to replay the students 
training/test run. 



9. The cab simulator shall use CGI-based or better graphics to replicate the Authority’s 
physical characteristics. CGI or better graphics shall have right-of-way details sufficient 
to allow students to recognize important landmarks needed for proper train operation.  



a. The detail of the computer graphics shall be approved by the Authority.  



b. The cab simulator shall allow for the use of all tracks and signals displayed. It shall 
be possible to change signals once a training exercise has been started, black out 
signals (simulating a non-lit condition), and perform all other operating conditions. 



The Contractor shall be responsible for simulator setup/startup and training for the Authority’s 
training staff. 



1. The Contractor shall provide to the Authority the tools, programs, and training needed 
to allow Authority training staff to create fully functional sections, change switch and 
signal locations, create new special events/effects that can be implemented along the 
right-of-way, create various testing scenarios, and any other elements of a fully 
functional computer-graphics-based cab simulator. 



2. The tools, programs, and training shall apply both to the cab simulator itself and the 
portable version. 



3. All tools, programs, and software shall become property of the Authority, and the 
Authority shall have all rights, including the right to modify the software as it wishes. 



8.2.7 Training Course CDRLs 



The following CDRLs are required for training: 



1. The Contractor shall submit a Training Plan and Summary Level Schedule: (CDRL 8-8, 
Training Plan and Summary Level Schedule) 



a. It shall identify milestones for submitting the following: 



• Course outlines, lesson plans, instructor/student guides, and training aids 
• Providing mock-ups/simulators 
• Conducting classes 
• Administering written and practical tests 



b. It shall identify each module of instruction and the general topics to be taught, and 
shall indicate the order in which modules will be conducted. 



2. The Contractor shall submit course outlines for each course at least nine months prior to 
the anticipated start date of each course. (CDRL 8-9, Training Course Outlines) 
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3. Lesson plans shall be submitted for each course at least six months prior to the 
anticipated start date of each course. Lesson plans shall include samples of tests 
specified in Section 8.2.10, Student Testing and Evaluation. (CDRL 8-10, Training 
Lesson Plans)  



4. The Contractor shall provide detailed schedule data for the proposed courses 
(CDRL 8-11, Training Detailed Schedule). 



a. This information shall be grouped by type of course and separately indicated for 
each individual course proposed. 



b. Maintenance Training courses shall be initiated within five days after acceptance of 
the first married pair. 



c. Operator Training courses shall be initiated within five days following acceptance of 
the second married pair. 



d. Classes shall be scheduled on the basis of a 40-hour work week, 8 hours per day, 
Monday-Friday. 



e. No classes shall be scheduled on the Authority’s holidays. 



f. Class instruction periods shall normally be 50 minutes in duration, with a 10-minute 
break between periods of instruction. The length of practical application periods is 
not fixed. 



g. There shall be a 3-month break following the first Maintenance Training Course and 
a 14-day break following the first Operator Training Class to permit Authority 
personnel to evaluate the quality of the instruction and to request changes to 
enhance the effectiveness of the training. 



5. The Contractor shall provide to the Authority for approval a detailed resume and 
statement of qualifications for each instructor. (CDRL 8-12, Instructor Resume and 
Qualifications) 



8.2.8 Training Materials 



Manuals and other training materials used by the Contractor shall be complete, accurate and 
available three months prior to the beginning of training. 



The Contractor shall provide an adequate supply of high-quality, professionally prepared paper 
copies of training materials, and such other training aids as may be necessary to impart the 
essential knowledge to the people involved and leave them with authoritative and up-to-date 
reference material. 
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8.2.8.1 Instructor and Student Guides 



Instructor and Student Guides, shall be provided for each course. (CDRL 8-13, Instructor and 
Student Guides) 



1. Instructor Guides: Shall provide a detailed outline for conducting the class, with specific 
references to training aids to be used. They shall be sufficient to guide the Authority’s 
instructors to conduct the same class at a later time.  



2. Maintenance Manuals and Parts Catalogs shall be incorporated into the classroom 
discussion, but shall not serve as the Student Guides.  Student Guides shall be 
distributed to all students in each class. 



3. Student Guides: 



a. They shall highlight the classroom material to be covered, and emphasize important 
concepts or maintenance issues. 



b. Notebook-size copies of all visual displays used by an instructor shall be included in 
the student handouts. 



c. Presentation slides shall be included in the Student Guides for subject matter that is 
not found in the Manuals (i.e., showing simplified schematics for purposes of 
emphasizing a concept). However, the Student Guides shall not be limited to only 
the PowerPoint slides. 



d. Whenever possible, actual Manuals sections should be referenced as having been 
used during the classroom discussion. 



e. The Student Guides shall have all pages numbered and such numbering must be 
reflected on the corresponding Power Point presentation slides to aid with locating 
the subject material during classroom discussions. 



f. The Student Guides shall include adequate space and extra pages for students to 
take notes. 



8.2.8.2 Training Aids 



The Contractor shall supply training aids for both the Operation and the Maintenance Training 
classes: (CDRL 8-14, Training Aids) 



1. Training aids shall comply with the following general requirements: 



a. Training aids may include actual samples of manually operable devices or working 
samples of devices, the functions of which can be displayed without dismantling the 
device. The workings of other significant components shall be illustrated with 
diagrams or cut-away views, etc., displayed with sufficient scale and clarity to 
permit all participants to clearly see the material. 



b. Suitable protective covers shall be provided for the master reproducible of each 
audio-visual aid. 
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c. Test points shall be included on any models or mock-ups, together with the 
hardware necessary for maintenance operations. 



d. Proper nomenclature for all components shall be applied, and shall be in accordance 
with the terminology used on schematics and wiring diagrams incorporated in 
operating and maintenance manuals. 



2. Power Point Presentations: 



a. Shall be colorful, use photographs, video clips, and animated schematics, as much as 
is possible, and will be designed to grab the students attention. 



b. Power Point presentations may be used to illustrate component locations, 
component cutaways, schematic signal information, schematic voltage information, 
arc logic, and wiring diagrams. 



c. Power Point presentation materials depicting pneumatic, and HVAC systems shall 
include direction of flow for the particular medium. 



3. Computer based training (CBT) and Power Point Presentations for use during the 
propulsion, friction brake, and automatic train control electrical maintenance course: 



a. CBT shall include, but not be limited to, an animated schematic of the propulsion 
primary motor circuit, the friction brake pneumatic circuit, and signal paths for the 
automatic train control system ATP, ATO, and ATS subsystems. 



b. The CBT and Power Point schematic animations shall: 



• Use the same page layout, graphic symbols, circuit notation, and terminology as 
the propulsion, friction brake, and ATC system schematic diagrams found in the 
maintenance manuals. 



• Accurately display system configurations on screen, all motoring and electric 
braking configurations, and have the capability to change configurations without 
any noticeable delay for screen re-drawing or refreshing. 



• Accurately display, on screen, current flow in all parts of the propulsion primary 
circuit for all modes and all configurations. 



• Accurately display, on screen, propulsion system operating parameter values for 
all propulsion, friction brake, and ATC modes and configurations. 



c. The propulsion system parameters displayed on screen shall include, but not be 
limited to the following: 



• Line currents 
• Motor currents 
• Motor voltages 
• Motor RPM 
• Brake cylinder pressures 
• Brake pipe pressures 
• Train speed and acceleration 
• Relay and contactor status 
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• Internal logic flags or variables that would ordinarily be monitored by 
maintenance personnel during maintenance or troubleshooting.  



d. There shall be no noticeable delay in updating the parameters display. Any other 
parameters, which in the opinion of the Contractor or the Authority would aid in a 
student’s understanding of the operation of the propulsion, friction brake, and ATC 
systems, shall be included in the display. 



e. CBT shall allow the user to simulate changes to various propulsion, friction brake, 
and ATC operating parameters including, but not limited to, trainline inputs, line 
voltage, car weight, and braking and tractive effort request. The display shall then 
immediately show the effect of those changes on the propulsion, friction brake, and 
ATC systems. 



f. Make use of actual component photographs wherever applicable and useful 



g. The CBT shall allow the user to simulate common propulsion, friction brake, and 
ATC system faults and then immediately see the actual effect that those faults would 
have on the propulsion, friction brake, and ATC systems. Faults shall include, but 
not be limited to the following: 



• Low or high line voltage 
• High and low brake pipe and brake cylinder pressures 
• Semiconductor faults 
• Relay and contactor failures 
• Tachometer failures 
• Over-temperature conditions 
• Compressor failures 
• Loss of cab signals 
• Over-speed conditions 



h. The Contractor shall furnish all documentation, materials, and tools necessary to 
modify and re-compile the software should any future changes to the propulsion, 
friction brake, and ATC systems require that the display be updated. 



4. The Contractor shall supply a minimum of ten interactive training videos covering all 
major subsystems plus subsystem interfaces in an approved format: 



a. Each video shall be divided into segments that are 10 to 20 minutes in length.  



b. An interactive menu shall be included at the start that allows the user to select a 
specific segment to review.   



c. Segments shall include, but not be limited to operation of the following: 



• Propulsion 
• Friction brake 
• ATC 
• Doors 
• Communications equipment 
• Portable test equipment and laptop-based troubleshooting equipment 
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5. Wiring diagrams, when used as training aids and reference material, shall be divided to 
facilitate comprehension. 



a. There shall be single-line functional diagrams of systems and sub-systems. 



b. Schematic diagrams shall include details of each component in the systems and sub-
systems. 



c. Where parts are identified by initials or reference numbers, a key shall be provided 
to permit precise identification. 



6. Training aids consisting of actual vehicle components, integrated to work as they do on 
the vehicle, shall be provided for the following equipment: 



a. Door system(with simulated door leaves) 



b. ATC system 



c. Communications system 



d. Friction Brake system (ECU and components) 



7. Training aids shall also be provided for the following equipment:  APS/LVPS, HVAC 
system, and train diagnostic systems (VMDS). 



8. Any special tools referenced by the training program shall be available during training. 



8.2.8.3 Training Material Updates 



The Contractor shall make corrections and improvements to the audio-visual aids during the 
conduct of the course when examinations, tests, or instructor observations indicate that a 
majority of students fail to attain the learning objectives. 



Lesson plans shall be updated as required during the course of instruction. 



8.2.9 Instructor Qualifications 



Hands-on instruction in both the maintenance and the operation of the car shall be presented by 
instructors having thorough experience in maintenance services or operations, as the case may 
require.  



1. All instructors provided by the Contractor shall be fully capable of transmitting in-depth 
technical information that can be understood by participants.  Instructors must be fluent 
in English.   



2. Instructors shall have their subject matter properly organized prior to commencement of 
the class. 



3. The Authority will recognize the instructor as qualified when he or she: 



a. Has been trained in adult teaching principles and methods and has had experience 
in conducting technical training courses 
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b. Has an in-depth knowledge of the system under discussion, its interfaces with other 
systems or subsystems, and the procedures for isolating faults and troubleshooting, 
and is able to communicate that information to students in an effective manner 



c. Is able to design practical and written tests to determine the extent to which students 
understand and can apply the information that has been taught. 



4. Instructor shall have the ability to elaborate sufficiently and shall not solely read 
information provided on PowerPoint Slides. 



8.2.10 Student Testing and Evaluation 



Written or practical tests shall be designed and given at suitable points in each course to 
determine the extent to which students have learned and can apply the information.  



1. Written tests shall be written tests, multiple choice format, with four possible answers.  



2. Student test and evaluation results shall be provided to the Authority at the end of each 
training course.  (CDRL 8-15, Student Test and Evaluation Results) 



8.2.11 Authority-Provided Resources 



The Authority will assist the Contractor in preparing training materials as follows: 



1. The Authority will provide samples of current training materials, illustrating how it 
should be organized, and of how instructor guides, student guides, lesson plans and 
audiovisual aids shall be designed. 



2. As training materials are being developed, the Contractor shall work closely with 
Authority staff to ensure that the Authority’s standards are being met, with respect to 
the course organization, content, and overall quality of written documents. 



The Authority will assist the Contractor in conducting the classes as follows: 



1. The Authority will make available, upon proper notice and at no cost to the Contractor, 
shop or lead track space for railcars used for instructional purposes, and will arrange for 
road operation as well as the furnishing of power, dispatching, and operational 
supervision as necessary.  



2. Railcars that have already been accepted by the Authority will be made available for 
operational training purposes. All railcars used for conducting maintenance training 
must be supplied by the Contractor, and shall be made available at the most updated 
configuration. 



3. The Authority will provide a reasonable amount of classroom space and assistance in 
the movement of equipment within its own property, and will furnish suitable 
classroom furniture such as desks and chairs. 



4. The Authority will also provide for the availability of trainees to accommodate training 
class schedules to the maximum extent possible within the constraints of individual 
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work schedules and operational demands. Classroom schedules will be adjusted within 
reason to accommodate operational exigencies. 



8.2.12 Training Bulletins 



If warranty work done on cars necessitates a change in maintenance or operation that may 
require modifying manuals or course content, the Contractor shall issue training bulletins to 
reflect the necessary changes. Training bulletin format shall be approved by the Authority. 



8.3 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 8-1, Manuals Program Plan .......................................................................................................... 1 
CDRL 8-2, Manuals Style Guide .............................................................................................................. 1 
CDRL 8-3, Manuals and Parts Catalogs Table of Contents and Samples .......................................... 2 
CDRL 8-4, Draft Manuals and Parts Catalogs ..................................................................................... 11 
CDRL 8-5, Final Draft Manuals and Parts Catalogs ............................................................................ 11 
CDRL 8-6, Final Published Manuals and Parts Catalogs ................................................................... 11 
CDRL 8-7, Updates to Manuals and Parts Catalogs ........................................................................... 13 
CDRL 8-8, Training Plan and Summary Level Schedule ................................................................... 20 
CDRL 8-9, Training Course Outlines .................................................................................................... 20 
CDRL 8-10, Training Lesson Plans ........................................................................................................ 21 
CDRL 8-11, Training Detailed Schedule ............................................................................................... 21 
CDRL 8-12, Instructor Resume and Qualifications ............................................................................. 21 
CDRL 8-13, Instructor and Student Guides .......................................................................................... 22 
CDRL 8-14, Training Aids ....................................................................................................................... 22 
CDRL 8-15, Student Test and Evaluation Results ............................................................................... 26 
 



8.4 REFERENCED STANDARDS 



There are no standards referenced in this Section: 
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9.1 GENERAL 



The Contractor and subcontractors shall provide portable test devices, bench testers, software, 
and other test apparatus for the cars as specified in this Section. 



1. In addition to the types and quantities of test devices specified, the Contractor shall 
provide all test devices required for the qualification and acceptance test programs. 
Under no circumstances will the Authority loan or make test apparatus available to the 
Contractor. 



2. The Contractor shall be responsible for the integration of all test software and 
configuration of all computer-based test equipment. All required site licenses for test 
equipment software shall be the responsibility of the Contractor and shall be obtained 
prior to on-site delivery of test equipment. 



3. The Contractor shall also provide sets of special tools, as defined in Section 9.5, Special 
Tools. 



9.2 PORTABLE TEST DEVICES  



9.2.1 General 



To the extent possible, periodic tests, calibration and trouble diagnosis required to maintain the 
railcar systems specified below shall be accomplished using the VMDS display in the Operator's 
cab. When this is not possible, such activities shall be accomplished through the use of portable 
test devices. 



1. The term portable test device (PTD) and the term portable test unit (PTU) shall be used 
interchangeably. References to use of PTUs in this Section may be satisfied by use of the 
VMDS display, subject to approval. 



2. PTUs shall be laptop/notebook computer based, ruggedized for use in harsh, industrial 
environments, and shall be resistant to shock, vibration, and EMI. 



3. Each PTU shall be provided complete with an appropriate carrying case. 



9.2.2 PTU Description 



PTUs shall comply with the following requirements: 



1. PTUs shall include the following: 



a. Microprocessors that are state-of-the-art at the time of delivery 



b. DVD/CD R-W drive 



c. Color screens 



d. Integral pointing devices 



e. Authority's standard versions (at the time of delivery) of Microsoft Office® 
Professional 
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f. Latest version of the Windows® operating system 



2. Unless otherwise approved, the weight for any PTU shall not exceed 10 pounds. 



3. Each PTU shall be functionally identical and shall be capable of testing all specified 
systems unless otherwise approved. 



4. Power to operate the PTUs shall be from either self-contained power packs or from the 
car's 120 Vac convenience outlets. 



5. Unless otherwise specifically approved, PTUs shall not require the connection of 
external apparatus for their operation. 



a. In cases where the use of external apparatus is approved by the Authority, terminals 
shall be provided to allow connection of the external apparatus to the portable test 
device. 



b. Such external apparatus shall be considered part of the PTU and shall be supplied 
with it on a one-to-one basis. 



6. Response indicators and input-signal generators shall be built into the PTUs as 
necessary and shall have accuracy commensurate with the alignment tolerances 
applicable to the system or subsystem under test. 



7. PTUs shall be configured to allow updating or software revision downloading using 
push technology. 



8. The Authority will consider non-computer-based PTUs proposed by the Contractor on a 
case-by-case basis. Such proposals shall be made prior to FDR. 



9.2.3 PTU Software 



Contractor shall comply with the following requirements: 



1. Each system shall use system specific software on the common PTU laptop. The system 
specific software shall operate under a common operating system. 



2. The Contractor shall provide all software modules, master copy, and licenses for each 
PTU program. The Contractor shall provide a site license for all custom PTU software 
such that the Authority can expand its number of PTUs by copying the software onto 
another computer, for use at WMATA location only. 



3. The Contractor shall be responsible for supplying all revisions to software from delivery 
through the warranty period. Software revisions shall not require changing the PTU 
operating system. 



4. Software shall be embedded into the operating system such that the PTU interface 
functions as a browser. 
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9.2.4 PTU Function 



PTUs shall be designed to produce all of the operating commands and other input signals 
necessary to perform functional testing of the particular system or subsystem under test, and to 
measure or indicate signals, responses, and outputs produced by the system.  



1. The PTUs shall be capable of testing for every combination of input and output signals 
the system might encounter during actual train operation, while simultaneously 
monitoring system responses to determine whether the system performs in accordance 
with design specifications.  



2. Requiring the test device technician to perform a visual check for system response, such 
as closure of a contactor, will be acceptable, provided that the visual check does not: 



a. Necessitate the removal of other components or equipment, or the use of hand tools 



b. Require the test device technician to move more than 15 feet to make the required 
observation. 



3. When used according to the instructions supplied by the Contractor, each PTU shall 
enable the test device technician to fully check out and calibrate the system or subsystem 
under test, and shall indicate any removable component that has fully or partially failed. 



4. The device shall be capable of identifying the line replaceable unit (LRU) that must be 
replaced to restore the system to proper operation. 



5. All messages to the test device technician shall be in clear English and shall not require 
the use of tables, look-up charts, or decoding of numerical sequences to identify the 
defective component that requires replacement. 



6. Testing shall be automated to the maximum extent possible and shall require a 
minimum amount of physical interaction from the test device technician. 



7. It shall be possible to repeat an entire automated test or any portions of the test for the 
purpose of troubleshooting intermittent problems. 



8. Each PTU shall be designed such that it cannot initiate car movement while connected to 
the system. 



9. PTU display shall automatically adjust to the PTU device screen resolution. 



9.2.5 PTU Quantity and Delivery 



The Contractor shall provide 100 PTUs complete with all software installed. (CDRL 9-1, 
Portable Test Devices and Required Documentation) 



1. The first 10 PTUs of each type shall be delivered prior to acceptance of the first married 
pair. 



2. The remaining units shall be delivered prior to acceptance of the tenth married pair. 
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9.2.6 Systems Requiring PTU 



PTU capability shall be provided for all systems, including but not limited to the following: 



1. Automatic Train Control 



2. Propulsion System 



3. Friction Brake System 



4. Low-Voltage Power Supply System 



5. Communications, Passenger Information System, and Destination Signs 



6. HVAC System 



7. Side Doors 



8. AC Auxiliary Power System Inverters 



9. Vehicle Monitoring and Diagnostic System 



10. Data Network 



11. Coupler and Coupler Controls 



9.2.7 PTU Access to Vehicle 



Use of the PTUs to perform periodic calibration or trouble diagnosis shall not require the 
removal, dislodging, dismounting, or disconnecting of any carborne component, card, wire, 
chassis, terminal, or cable. 



A uniform hardware and software interface shall be used for all PTU Access on the vehicle. 



9.2.7.1 Single Location 



Arrangement for en route monitoring to perform engineering and dynamic tests shall be 
provided for the systems listed from a single location on each car.  This is identified as a 
Universal Service Port (USP) on the Authority’s 7000 series vehicles (refer to Section 9.2.7.3, 
Network PTU Universal Port, below). 



1. This provision shall reduce the need for chart recorders, oscilloscopes and other bulky 
test equipment and shall provide adequate bandwidth and sample rates so that 
equipment operation and status may be monitored and recorded in real time.  



2. This provision shall be subject to Authority approval.  



9.2.7.2 Subsystem PTU Local Service Ports 



An RS 232-compatible DB-9 Female connector (or approved alternative) shall be provided on 
subsystem equipment for use if the train network is not available. 
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9.2.7.3 Network PTU Universal Port 



An Ethernet Universal Service Port (USP) shall be provided in each cab to connect PTUs to the 
network system. 



1. The USP shall provide remote access to all subsystem controllers via the network 
systems. 



2. Remote PTU access shall support the same level of connectivity (e.g., via remote log in) 
as achieved via the subsystem PTU local service ports, with the exception of the 
following: 



a. The initiation of tests or test modes that may be hazardous to the maintainers (e.g., 
energizing/de-energizing of high-voltage devices, contactors, valves, etc.). 



b. The running of vendor-specific diagnostic tools. 



3. The USP shall also provide the capability to query all the subsystems at once for the 
following purposes: 



a. To obtain revision levels of all configurable items in a train. 



b. To verify subsystem operating status or modes (e.g., Cutout, Bypass, Test Mode, 
System Failure). 



4. When used to perform any kind of uploads, the PTU shall interrogate the user as to 
whether the update must be executed locally, on specific cars, or across the train. The 
progress of the uploads (whether local or train-wide) shall then be visible from the PTU 
screen with graphical visualization of the system's location in the train consist, and with 
a colored representation of the upload status. 



9.2.7.4 Cabling 



Cabling shall be standardized to perform testing for all carborne systems.  



1. All systems shall use interchangeable cables that connect to the connectors on the local 
system. M12 connectors with approved quick-disconnect feature shall be used for USP 
connection. 



2. The cables shall be of sufficient length so that a technician may safely rest the PTU on a 
flat surface while troubleshooting the equipment. The length of cables shall be 
determined by the farthest distance to a safe resting spot. 



9.2.8 PTU Features for Specific Systems 



9.2.8.1 ATC System 



The ATC system test software shall test the ATP, ATS, and ATO subsystems.  It shall provide 
for testing the cab signal reception and decoding equipment, overspeed protection equipment, 
door controls, program station stopping controls, and automatic speed regulation equipment.   
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9.2.8.2 Propulsion System 



The propulsion system test software shall be capable of the following: 



1. Testing the control logic functions and operation of all external control devices (e.g., 
contactors, relays, etc.). 



2. Verifying the operation of the high-voltage semiconductors (with high voltage present); 
checking for spin/slide detection of all axles, including synchronous spin/slide 
conditions.  The PTU shall generate tachometer signals to simulate slip/slide conditions. 



3. Downloading fault information and stored data. 



4. Modifying operational parameters under password protection. 



9.2.8.3 Friction Brake System 



The friction brake system test software shall perform the following: 



1. Monitor feedback signals to determine whether any electrical or electronic problems 
exist. It shall examine these signals for timing or other discrepancies to determine 
whether there are any mechanical, hydraulic, or pneumatic defects in the system; and 
shall indicate which part, if any, is faulty.  



2. Test for spin/slide detection of all axles, including synchronous spin/slide conditions to 
the extent that the friction brake equipment physically reacts.  The PTU shall generate 
tachometer signals to simulate slip/slide conditions. 



9.2.8.4 Communications System 



The communications PTU capabilities shall include the following: 



1. Measurement of actual sound levels at various points throughout the car. 



2. Verifying electrical signal levels and operation, and of calibrating the sound system on 
each married pair to a set level. 



3. The use of sound generators at different levels, frequencies, distances, and distortions at 
the passenger call stations and microphones. When these sounds are input as stated, 
their outputs shall be monitored at the various speaker locations to determine whether 
they are within specification. 



4. Testing the information displays by use of a series of test signals and displays to verify 
picture quality, color balance, and screen adjustment. 



5. Examining inputs and outputs to trainlines and the train network at couplers so as to 
standardize the level of announcements to other cars in a train. 



6. For destination signs, indication of whether sign problems are caused by the sign itself 
or the input signals to it. 
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9.2.8.5 HVAC System 



The HVAC system test software shall be capable of the following: 



1. Commanding each stage of heating and cooling and verifying proper operation. 



2. Displaying car temperatures (fresh air, return air, etc.) 



3. Permitting maintenance personnel to input varying desired car temperatures while 
verifying proper system response. 



9.2.8.6 Coupler 



The coupler test capability shall test for circuit continuity from the coupler face through the 
connecting cable and for shorts between pins or connections. 



9.2.9 Network PTU - Protocol Analyzer 



Contractor shall provide the following: 



1. A Portable Test Unit (PTU) that is capable of performing detailed diagnostics and real-
time monitoring of network activity for all of the networks provided under this 
Contract. 



a. The diagnostic equipment shall translate all data, both in and out of the diagnostic 
units, into engineering units. 



b. Any hexadecimal presentation of data shall be in addition to the engineering units. 



c. The use of Wireshark network analyzer shall be included as part of the Protocol 
Analyzer. 



2. Protocol analyzers that are capable of testing at the system, car, pair, and train levels, as 
part of the PTU for all networks supplied. The protocol analyzer shall: 



a. Support the setting of capture filters that are typically used to narrow the recording 
of telegrams to only the ones needed/targeted. 



b. Support the activation of display filters that allows the review of a limited/specific 
portion of a network log or to group the telegrams (at will) according to specific 
color schemes. 



c. Provide trigger mechanisms that allows unattended start of the logs based on 
particular triggering events. 



d. Analyze the protocol stack in a way where Preamble, Node/IP Addresses, Control 
Flags, Applications, and the CRC can be broken down and visualized into tiers of 
specific data packets (e.g., expanding/collapsing packet details). 



e. Provide graphical bandwidth trends/IO Graphs and associated correlated error 
imaging that could be used to qualify design with intelligible benchmarks. 
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f. Support the saving of network logs into log files, or the retrieval and the rerunning 
of existing logs at a future time for the purpose of reviewing a log with different 
display filters or for reprinting statistical reports, bandwidth trends, etc. 



g. Provide timestamps or a means to verify system response time (e.g., 
request/response, trigger/broadcast). 



h. Support the generation of statistics into the form of reports, for example: 



• Time Stamp of First and Last Packet (message) 
• Elapse Time (Log Duration) 
• Number of Recorded Packets 
• Number of Lost Messages or Packets 
• Log was paused (Yes/No), Capture Filter ON (Yes/No) 
• Total Bad Packets Count 
• Total Packets with CRC Errors 
• Total Packets with Missed Preamble 
• Total Corrupted Packets 
• Total Discarded Packets (Circular bit error) 
• Total amount and percentage of packets per service (protocol/message type), for 



example:  



○ Packet Qty 431- 28% UDP-Single Cast  
○ Packet Qty 25 - 1.6% UDP-Multi Cast 
○ Packet Qty 112 - 7.3% TCP-FTP 



3. Visualization software for all data networks to permit network signals to be viewed in a 
graphical format appropriate for the signal of interest. 



a. For example: 



• Boolean (on/off) signals might be represented as a lamp or LED 
• Analog signals might be represented as a meter or waveform graph/strip chart 



b. Details of the visualization software shall be presented at design review and subject 
to the Authority’s approval.  



9.2.10 PTU Demonstration 



The Contractor shall demonstrate to the satisfaction of the Authority the functionality and 
capability of the PTU for the systems listed in Section 9.2.6, Systems Requiring PTU, prior to 
acceptance of the first married pair. (CDRL 9-2, PTU Demonstration) 



1. The demonstration shall be conducted on a fully operational married pair and shall 
follow the instructions in the PTU Operation and Maintenance Manual. 



2. Compliance with the specified requirements shall be demonstrated by simulating or 
inducing failures and out of calibration conditions. The demonstration shall include a 
complete calibration of the system under demonstration. 











Section 9, Special Tools and Test Equipment 



WMATA 8000 Series Railcars  9-9 Technical Specifications 



3. In the event of failure to meet the specified requirements, the Contractor shall make the 
necessary corrections and rerun the demonstration in its entirety at the Contractor's 
expense. 



4. If after successful demonstration of the PTU, the vehicle system or subsystem is 
modified, the Contractor shall modify the PTU and re-demonstrate its functionality and 
capability with the modified equipment at the Contractor's expense. 



9.3 BENCH TESTERS 



9.3.1 General 



For each carborne systems or equipment for which a bench tester is required, complete 
maintenance, calibration, and troubleshooting procedures for each of the listed systems and its 
circuit boards shall be written around use of the bench test devices.   



All bench test equipment shall be warranted for a five-year time period after successful 
completion of on-property commissioning at the Authority (refer to Terms and Conditions). 



9.3.2 Bench Testers Required 



Except as noted below, two bench testers shall be provided for all systems or equipment, 
including, but not limited to the following:  



1. Automatic Train Control 



2. Propulsion Control Logic 



3. Braking Control Unit (Electronic) 



4. DC-to-DC Converters 



5. Friction Brake (Mechanical and Pneumatic); four bench testers shall be provided 



6. Auxiliary Motors 



7. Passenger Information and Destination Signs (Interior and Exterior) 



8. HVAC Control Logic 



9. Communications (Control Panel, Public Address, and Intercom Systems) 



10. Power Supplies (ATC, Lamp Dimmer, Console) 



11. High Voltage Propulsion Components 



12. Traction Motors (Variable Voltage, Variable Frequency, Vibration, Windings); two bench 
testers shall be provided 



13. High Voltage Auxiliary Power System (APS) 



14. Vehicle Monitoring and Diagnostic System 
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15. Side Doors and Controls 



The Contractor shall submit a list of bench testers to be delivered under this Contract. 
(CDRL 9-3, List of Bench Testers) 



1. The list shall include a functional and physical description of each tester, demonstrating 
compliance with the specified requirements. 



2. The list shall be updated at intervals no longer than 90 days as the development of the 
bench test equipment progresses. 



3. The updates shall clarify the functional descriptions and highlight any changes that 
occur. 



Two sets of bench test equipment shall be delivered and commissioned before the end of the 
Warranty Period for the Base Contract vehicles. (CDRL 9-4, Bench Testers and Required 
Documentation) 



9.3.3 Bench Tester Requirements 



Bench testers shall comply with the following requirements: 



1. Bench testers shall be neatly packaged as single, integrated units and shall be designed 
to prevent injury to test personnel. 



2. If the same vendor supplies more than one subsystem, the bench testers for the relevant 
subsystems may be combined into a single unit. 



3. Testers shall present all input signals that the item under test encounters when in actual 
operation and simulated loads for each output. 



a. Each item under test shall be subjected to all combinations of input and output, 
including high and low operating voltages and skewed, distorted, or off-frequency 
signals that could be encountered when in revenue service. 



b. If such inputs and outputs are capacitive or inductive, the I/O should reflect that. 



c. If inputs and loads are variable on a train, a sampling of at least 10 levels across the 
full range of operation shall be presented to the item under test. 



d. Each load shall simulate as closely as possible the actual loads normally encountered 
by the device under test. 



4. The unit under test shall attach to or plug into the tester with a minimum effort. 



5. Unless otherwise specifically approved, bench test devices shall not require the 
connection of external apparatus for their operation. 



a. In cases where the use of external apparatus is approved, terminals shall be 
provided to allow connection of the external apparatus to the bench test device. 



b. Such external apparatus shall be considered part of the bench test device and shall be 
supplied with it. 
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6. Bench testers for electric and electronic controls shall be computerized devices. Each 
bench tester shall include the following: 



a. A computer workstation including the following: 



• State-of-the-art microprocessor 
• DVD/CD R-W drive 
• A 17-inch color monitor 
• The Authority's standard versions (at the time of delivery) of Microsoft Word® 



and Excel® 
• Specified version of the Windows® operating system 



b. All associated computer programs, data, test scripts, etc., delivered at the time the 
bench tester is delivered. 



c. Instructions, source code, software or equipment, including compilers, necessary to 
maintain, add to, or modify any part of the test programs. 



d. Directions, scripts, schematics, drawings, parts lists, and required information 
provided electronically and hard copy. 



e. Detailed information on the theory of operation of the equipment being tested and 
functional diagrams of all boards in the equipment. This information should be 
included in the equipment Running Maintenance and Service manuals or the Heavy 
Repair manuals, as appropriate. 



9.3.4 Bench Tester Function 



Bench testers shall supply the means for the Authority’s maintenance technicians to locate and 
replace failed parts within the assembly or subassembly and to enable rapid repair of the 
equipment. 



1. Bench testers shall not be designed as simple “go/no-go” test devices. 



2. Bench testers shall be capable of testing all modules of the system as a whole, and of 
troubleshooting circuit boards, transducers, relays, and assemblies of the equipment 
either by insertion of such items directly into the bench tester unit itself or into an 
adapter that connects to the bench tester. 



3. Each bench tester shall provide, whenever possible, for unattended, multiple, repetitive 
testing of electronic systems so as to either verify proper operation or capture 
intermittent failures and identify the fault. 



a. It shall be possible to repeat an entire automated test or any portions of the test for 
the purpose of troubleshooting intermittent problems and logging failures. 



b. The bench tester shall be capable of running in fully automatic mode for a variable 
length of time that can be set by a technician, up to a maximum test cycle of at least 
24 hours. 



4. Provision shall be made to enter the model, serial number, date, and any pertinent data 
for test record purposes. 
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5. Where applicable, such as in the case of a communications panel, a test script may be 
provided to prompt the technician to operate switches, buttons, or potentiometers to 
ensure proper operation of the test device. Similarly, the script may prompt the 
technician to observe and report/record the status of any audible or visible indicators 
associated with the item under test. 



6. Bench testers shall be capable of troubleshooting to the lowest replaceable part of the 
unit or circuit board under test: 



a. The bench tester shall be capable of indicating, with operator assistance, which 
part(s) on the board are defective or out of tolerance. 



b. A “guided probe” approach is an acceptable method for troubleshooting printed 
circuit boards. 



7. In the troubleshooting of microprocessor-controlled devices, the following apply: 



a. Localized fault identification to a group of components, i.e. one active and multiple 
passive components, or identification of a signal name, i.e. address line #1, will be an 
acceptable approach. 



b. The bench testers shall be capable of distinguishing between properly operating and 
defective modules, and shall allow necessary adjustments to and proper calibration 
of items under test. 



c. Suitable connectors for the modules shall be provided. 



9.3.5 Repairability 



9.3.5.1 Repairability of LLRUs 



The lowest replaceable part of the unit or circuit board shall be established during design 
reviews of bench testers: 



1. First a list shall be created of lowest replaceable parts for each unit under test by the 
bench tester. The list shall be categorized into mechanical, electro-mechanical, electrical, 
electronic, and microprocessor devices. 



2. Second, a determination shall be made as to whether the part can be repaired by the 
Authority. The repairability determination will be based on whether the part can be 
removed and repaired with the tools and methods available in a sophisticated shop 
environment and the cost effectiveness for the Authority to perform the repair. 



3. Unless otherwise approved, mechanical, electro-mechanical, and electrical devices shall 
be classified as repairable. 



9.3.5.2 Repairability of Electronic Devices 



Electronic devices shall be grouped into three subcategories as follows: 



1. Subcategory 1: Single layer printed circuit boards with normal density of components, 
and for which component types and mounting allow manual probing of the board; 
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2. Subcategory 2: High density printed circuit boards that use multi-layer construction, 
surface mount components, large Integrated Circuits with close spacing of pins, or 
special integrated chips and other custom components; 



3. Subcategory 3: Commercially available, off-the-shelf printed circuit boards purchased 
from industrial OEMs, where design information is not available from the OEM to 
support troubleshooting and repair. 



Subcategory 1 shall be classified as repairable. Subcategory 2 and Subcategory 3 shall be 
determined during the design review. 



9.3.5.3 Repairability of Microprocessor Devices 



The repairability of microprocessor devices shall be determined during design review. Final 
determination as to the repairability of all devices shall be subject to the Authority's approval.  



Independent of the “repairability judgement” determined during design review, all relevant 
schematics for electronic PCBs shall be included with each set of BTE, regardless of whether the 
Authority can repair it or not. 



9.3.6 Bench Tester Features for Specific Systems 



9.3.6.1 Friction Brakes 



The friction brake mechanical bench tester shall be a test stand providing variable-pressure air 
supply and connection manifolds, control voltage (with connectors to operate and test 
components), and mounting fixtures to hold rebuilt components under test. 



9.3.6.2 High-Voltage Propulsion and APS 



The high-voltage propulsion and APS bench testers shall provide high voltage and loads for 
semiconductors, control logic to gate semiconductors on/off, switching time measurements, 
forward voltage drop measurements, and forward and reverse bias leakage current 
measurements. 



9.3.6.3 Traction Motors 



The traction motor bench tester shall be cart-mounted and provide the following: 



1. Motor mounting surfaces and fittings to allow testing the motor while mounted to the 
cart; cabling and connections to either hook-up the motor while mounted in the cart or 
hook-up the motor while truck mounted. 



2. A variable voltage/variable frequency power supply with sufficient power to operate 
the motor while connected to the truck, with wheels unloaded.  The variable 
voltage/variable frequency power supply provided with the traction motor BTE shall be 
capable of driving the entire wheel/axle assembly to at least the base design/rating 
speed of the traction motor. 



3. Instrumentation to accurately measure and display phase voltage and phase current for 
each phase, motor speed, and vibration levels. 
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9.3.6.4 Auxiliary Motors 



The auxiliary motor bench tester shall provide the following: 



1. Three-phase power for motor operation. 



2. Variable loading capability. 



3. Instrumentation to accurately measure and display phase voltage and current for each 
phase, motor speed, and vibration levels. 



9.3.7 Bench Test Equipment Demonstration (at domestic U.S. supplier location) 



The Contractor shall demonstrate the functionality and capability of all the bench testers for the 
systems listed in Section 9.3.2, Bench Testers Required, prior to acceptance of the Pilot Cars.  
The Bench Test Equipment Demonstration shall be completed at the various suppliers’ U.S. 
production facilities. (CDRL 9-5, Bench Tester Demonstration) 



1. The demonstration shall be conducted on both fully operational bench testers in 
accordance with a pre-approved Qualification Demonstration Test Procedure and shall 
follow the instructions in the Bench Test Device Operation and Maintenance Manual. 



2. Compliance with specified requirements shall be demonstrated by simulating or 
inducing failures and out of calibration conditions. 



3. The demonstration shall include a complete calibration of the system under 
demonstration. 



4. If a bench tester fails to meet the specified requirements, the Contractor shall make the 
necessary corrections and the demonstration shall be rerun in its entirety at the 
Contractor's expense. 



5. If after successful demonstration of the bench tester, the vehicle system or subsystem is 
modified, the Contractor shall modify the bench tester and re-demonstrate its 
functionality and capability with the modified equipment at the Contractor's expense. 



9.3.8 Bench Tester Installation and Commissioning (at the Authority’s designated facility) 



The Contractor shall install each bench tester at a location designated by the Authority.  To the 
extent possible, both sets of Bench Test Equipment shall be delivered and commissioned at the 
same time. Two units (under test) shall be available during Acceptance Testing and during 
Commissioning/Training. 



1. The Contractor shall identify physical, mechanical, and electrical requirements for each 
bench tester at the Final Design Review. Unless otherwise approved or specified, 
external power for bench testers shall be limited to 115 volts, 60 Hz AC. The bench tester 
shall produce other voltages or pressures necessary for its operation. 
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2. The Contractor shall provide a Master Installation Schedule subject to approval by the 
Authority for the bench test equipment. (CDRL 9-6, Bench Tester Installation 
Schedule) 



a. The Contractor shall provide 60 days advance notice to the Authority in scheduling 
the bench tester installations. 



b. The installations shall be done in a manner that does not interrupt the Authority's 
normal work activity at the installation site. 



c. Prior to delivery and installation of the Bench Test Equipment at the Authority, all 
related documentation (drawings, operating manuals, etc.) shall be approved.   



• The BTE Qualification Demonstration of the Bench Test Equipment at the 
supplier BTE assembly site (domestic U.S. supplier location) shall be completed 
and the reports approved in accordance with the carbuilder issued BTE 
Guidelines document.   



• All open items previously identified during the BTE Qualification Demonstration 
shall be closed.   



• The Acceptance Test Plan for commissioning of the Bench Test Equipment at the 
Authority shall be approved prior to submitting the request for shipment of the 
Bench Test Equipment to the Authority.  



3. The Contractor shall provide training for the Authority’s Repair Technicians at the time 
of Commissioning. The training schedule shall be included with the installation 
schedule.  



4. BTE shall be calibrated before delivery such that at least nine months of calibration 
remains upon completion of Commissioning/Training at the WMATA facility. 



9.3.9 Bench Tester Use During Warranty Period 



If available after on-site Commissioning, the Authority will make available, upon proper notice 
and at no cost to the Contractor, the bench testers during the remaining warranty period. 



1. The Contractor's use of the bench testers shall be an integral part of the FRACAS activity 
referenced in Section 7.6.4, Failure Reporting Analysis and Corrective Action System 
(FRACAS). 



2. The bench testers will be used to confirm correct removal of failed or faulty equipment 
identified during warranty repair and in the failure analysis of failed or faulty 
equipment to determine the failure causes. 



3. The Contractor shall request and schedule use of the bench testers with the Authority's 
maintenance facility. Authority personnel will accompany the Contractor and 
participate in the bench tester use for instructional purposes and to verify the proper 
operation of the bench testers. 



4. If the bench tester does not identify the equipment removed during the warranty repair 
as failed or faulty equipment, the Contractor shall determine the reason for the 
discrepancy between the field test equipment and the bench tester and correct the 
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appropriate test equipment at the Contractor's expense. In addition the details shall be 
provided to the Failure Review Board for review and disposition of the test discrepancy. 



9.4 REQUIRED DOCUMENTATION FOR TESTERS 



9.4.1 Documentation to Accompany the Test Equipment 



Each piece of test apparatus shall be accompanied by the following: 



1. Complete diagrams, schematics, parts listings, theory of operation, assembly and 
construction drawings, and maintenance and calibration instructions shall be provided 
for the device itself. 



2. Complete maintenance, calibration, and troubleshooting procedures shall be provided 
for printed circuit boards for the associated carborne system, to the board level for 
Portable Test Devices and to the component level for Bench Testers. 



3. Documentation for microprocessor-based test equipment including a hardware and 
software configuration list. 



4. The above documentation shall be supplied in addition to and in accordance with the 
Maintenance Manuals required by Section 8, Manuals and Training. 



9.4.2 Tester Operation and Maintenance Manuals 



Contractor shall comply with the following requirements for PTU Operation and Maintenance 
Manuals required by Section 8, Manuals and Training: 



1. When a PTU is demonstrated in accordance with Section 9.2.10, PTU Demonstration, if it 
does not accurately describe the use of the PTU, the PTU Manual shall be updated. 



2. The Manual shall be updated and kept current with each modification to the vehicle 
system, subsystem or PTU. 



Contractor shall comply with the following requirements for Bench Test Device Operation and 
Maintenance Manuals required by Section 8, Manuals and Training: 



1. When a BTE is demonstrated in accordance with Section 9.3.7, Bench Test Equipment 
Demonstration, if the Manual does not accurately describe the use of the bench tester, it 
shall be updated. 



2. The Manual shall be updated and kept current with each modification to the vehicle 
system, subsystem or bench tester. 
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9.5 SPECIAL TOOLS 



9.5.1 General 



Special tools are those tools that are not commonly available from commercial tool suppliers, 
but that are necessary to properly maintain the equipment. All Special Tools shall be warranted 
for a five-year time period after delivery to the Authority (refer to Terms and Conditions). 



1. Special tools include items such as fixtures, special gauges, printed circuit board 
extender cards, compression terminal crimp tools and dies, and non-standard hand 
tools. 



2. All special tools used by the Contractor or subcontractors to assemble, test, calibrate, or 
align components and equipment shall be provided. Bench test devices are addressed 
separately in Section 9.3, Bench Testers. 



3. Special tools shall be kitted in cases by subsystem and location (bench or shop). 



9.5.2 Special Tools Documentation 



Contractor shall provide documentation as follows: 



1. Information on how to use the special tools shall be included in the appropriate 
maintenance manual. 



2. Documentation and drawings related to special tools to be furnished for each system 
shall be included in the Final Design Review.  Prior to specific special tool drawing 
approval, the physical piece shall be reviewed against the drawing on record to 
determine the drawing captures adequate detail such that the Authority can at some 
future time be able to replicate that special tool.   



3. Documentation and drawings related to gauges shall include the condemning limits. 



4. Complete as-built drawings of the special tools (weight, detailed dimensions, material 
type, Bill of Materials, etc.) to enable the Authority to have additional special tools 
manufactured.   



a. All related special tools documentation (drawings, manuals, etc.) must be approved 
prior to shipment of special tools to the Authority.   



b. The Contractor shall provide complete pre-shipment inspection reports with each 
shipment of special tools. 



c. Each special tool provided must be clearly identified by drawing or part number.  
The identification of special tools (engrave and fill) shall be consistent with that of 
7000 series special tools. 



d. All special tools shall be packaged and shipped by sub-system. 
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9.5.3 Special Tools CDRLs 



The Contractor shall provide a list of all special tools to be delivered. (CDRL 9-7, List of Special 
Tools) 



1. The list shall be arranged by railcar sub-system and shall include a description of each 
item, nomenclature, and manufacturer's part number.  The lists shall also delineate 
whether the tool is to be used for periodic inspection maintenance function or heavy 
repair maintenance function. 



2. The list of special tools shall be updated or verified as accurate and all-inclusive at 60-
day intervals. 



3. The Contractor shall provide a list of tools needed to maintain each sub-system but not 
being supplied by the Contractor (COTS tools). 



The Contractor shall provide 12 complete sets of special tools. (CDRL 9-8, Special Tools and 
Required Documentation) 



1. One set of special tools shall be delivered with the Pilot Cars. 



2. The remaining sets shall be delivered no later than 6 months after delivery of the Pilot 
Cars. 



9.5.4 Coupler Checking Gauges 



The Contractor shall supply 9 sets of Go/No-Go gauges to inspect coupler assemblies for 
proper dimension and suitability for service. This shall include alignment gauges for electrical 
head contact pins. 



9.6 CONTRACT DATA REQUIREMENTS LIST (CDRL) 



The following CDRL items are referenced in this Section: 



CDRL 9-1, Portable Test Devices and Required Documentation ........................................................ 3 
CDRL 9-2, PTU Demonstration ................................................................................................................ 8 
CDRL 9-3, List of Bench Testers ............................................................................................................. 10 
CDRL 9-4, Bench Testers and Required Documentation ................................................................... 10 
CDRL 9-5, Bench Tester Demonstration ............................................................................................... 14 
CDRL 9-6, Bench Tester Installation Schedule ..................................................................................... 15 
CDRL 9-7, List of Special Tools .............................................................................................................. 18 
CDRL 9-8, Special Tools and Required Documentation..................................................................... 18 
 



9.7 REFERENCED STANDARDS 



No standards referenced in this Section 








			Section 9


			Special Tools and Test Equipment


			Table of Contents


			9.1 General 1


			9.2 PORTABLE TEST DEVICES 1


			9.2.1 General 1


			9.2.2 PTU Description 1


			9.2.3 PTU Software 2


			9.2.4 PTU Function 3


			9.2.5 PTU Quantity and Delivery 3


			9.2.6 Systems Requiring PTU 4


			9.2.7 PTU Access to Vehicle 4


			9.2.7.1 Single Location 4


			9.2.7.2 Subsystem PTU Local Service Ports 4


			9.2.7.3 Network PTU Universal Port 5


			9.2.7.4 Cabling 5


			9.2.8 PTU Features for Specific Systems 5


			9.2.8.1 ATC System 5


			9.2.8.2 Propulsion System 6


			9.2.8.3 Friction Brake System 6


			9.2.8.4 Communications System 6


			9.2.8.5 HVAC System 7


			9.2.8.6 Coupler 7


			9.2.9 Network PTU - Protocol Analyzer 7


			9.2.10 PTU Demonstration 8


			9.3 BENCH TESTERS 9


			9.3.1 General 9


			9.3.2 Bench Testers Required 9


			9.3.3 Bench Tester Requirements 10


			9.3.4 Bench Tester Function 11


			9.3.5 Repairability 12


			9.3.5.1 Repairability of LLRUs 12


			9.3.5.2 Repairability of Electronic Devices 12


			9.3.5.3 Repairability of Microprocessor Devices 13


			9.3.6 Bench Tester Features for Specific Systems 13


			9.3.6.1 Friction Brakes 13


			9.3.6.2 High-Voltage Propulsion and APS 13


			9.3.6.3 Traction Motors 13


			9.3.6.4 Auxiliary Motors 14


			9.3.7 Bench Test Equipment Demonstration (at domestic U.S. supplier location) 14


			9.3.8 Bench Tester Installation and Commissioning (at the Authority’s designated facility) 14


			9.3.9 Bench Tester Use During Warranty Period 15


			9.4 Required Documentation For Testers 16


			9.4.1 Documentation to Accompany the Test Equipment 16


			9.4.2 Tester Operation and Maintenance Manuals 16


			9.5 SPECIAL TOOLS 17


			9.5.1 General 17


			9.5.2 Special Tools Documentation 17


			9.5.3 Special Tools CDRLs 18


			9.5.4 Coupler Checking Gauges 18


			9.6 Contract Data Requirements List (CDRL) 18


			9.7 Referenced Standards 18


			9.1 General


			9.2 PORTABLE TEST DEVICES


			9.2.1 General


			9.2.2 PTU Description


			9.2.3 PTU Software


			9.2.4 PTU Function


			9.2.5 PTU Quantity and Delivery


			9.2.6 Systems Requiring PTU


			9.2.7 PTU Access to Vehicle


			9.2.7.1 Single Location


			9.2.7.2 Subsystem PTU Local Service Ports


			9.2.7.3 Network PTU Universal Port


			9.2.7.4 Cabling





			9.2.8 PTU Features for Specific Systems


			9.2.8.1 ATC System


			9.2.8.2 Propulsion System


			9.2.8.3 Friction Brake System


			9.2.8.4 Communications System


			9.2.8.5 HVAC System


			9.2.8.6 Coupler





			9.2.9 Network PTU - Protocol Analyzer


			9.2.10 PTU Demonstration





			9.3 BENCH TESTERS


			9.3.1 General


			9.3.2 Bench Testers Required


			9.3.3 Bench Tester Requirements


			9.3.4 Bench Tester Function


			9.3.5 Repairability


			9.3.5.1 Repairability of LLRUs


			9.3.5.2 Repairability of Electronic Devices


			9.3.5.3 Repairability of Microprocessor Devices





			9.3.6 Bench Tester Features for Specific Systems


			9.3.6.1 Friction Brakes


			9.3.6.2 High-Voltage Propulsion and APS


			9.3.6.3 Traction Motors


			9.3.6.4 Auxiliary Motors





			9.3.7 Bench Test Equipment Demonstration (at domestic U.S. supplier location)


			9.3.8 Bench Tester Installation and Commissioning (at the Authority’s designated facility)


			9.3.9 Bench Tester Use During Warranty Period





			9.4 Required Documentation For Testers


			9.4.1 Documentation to Accompany the Test Equipment


			9.4.2 Tester Operation and Maintenance Manuals





			9.5 SPECIAL TOOLS


			9.5.1 General


			9.5.2 Special Tools Documentation


			9.5.3 Special Tools CDRLs


			9.5.4 Coupler Checking Gauges





			9.6 Contract Data Requirements List (CDRL)


			CDRL 9-1, Portable Test Devices and Required Documentation 3


			CDRL 9-2, PTU Demonstration 8


			CDRL 9-3, List of Bench Testers 10


			CDRL 9-4, Bench Testers and Required Documentation 10


			CDRL 9-5, Bench Tester Demonstration 14


			CDRL 9-6, Bench Tester Installation Schedule 15


			CDRL 9-7, List of Special Tools 18


			CDRL 9-8, Special Tools and Required Documentation 18





			9.7 Referenced Standards








WMATA
Technical Specifications
Technical Specifications (PDF)



 

146 

Rev. 09/18 

 

ATTACHMENTS 

 

 

ATTACHMENT A – Technical Proposal Worksheet 

Attachment A.pdf

 
(DoubleClick red tag above to pen attachment) 

 

 

 

ATTACHMENT B – 8000 Series Railcars Technical Specifications Compliance Matrix 

 

Attachment B.pdf

Or
Attachment B.xlsx

 

 

(DoubleClick red tag above to pen attachment)  

 

 

  




 8000 Series Railcars, RFP CQ19038-8K 
Technical Proposal Worksheet - Attachment A


Page 1 of 6Page 1 of 6


Roof


Subcontractor #1 Subcontractor #2
A. PERFORMANCE REQUIREMENTS


Distance, center to center of trucks  ft.             In.  ft.             In.
Truck wheelbase  ft.             In.  ft.             In.
Maximum line current draw A car  A  A
Maximum line current draw B car  A  A


B. CARBODY


Subcontractor Name
Side Frame Construction Material
Roof Frame Construction Material
End Frame Construction Material


End Underframe Construction Material
Underframe Construction Material
Floor Construction Material
Carbody Skin Material (Exterior)


Sides
Roof
F End
R End


Composite Floor Supplier ________________ ________________
Floor Covering Supplier
Floor Covering Material
Interior Liner Supplier
Interior Liner Material


Sidewalls
Ceiling


Seat Supplier


C. OPERATOR'S CAB


Master Controller Supplier
Operator's Seat Model


D. COUPLER AND DRAWBAR


Coupler Supplier
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Journal Bearing Supplier


E. DOORS


Side Door Supplier
Side Door Material
Door Operator Supplier
Door Controls Supplier
Door Threshhold Supplier
Door Opening Time  sec.  sec.
Door Closing Time  sec.  sec.


F. TRUCKS


Truck Supplier
Type (Fabricated or Cast)
Primary Suspension Supplier
Primary Suspension Type
Secondary Suspension Supplier
Secondary Suspension Type
Leveling Valve Supplier
Number of Leveling Valves per Car
Journal Bearing Supplier  
Axle Supplier
Wheel Supplier


G. PROPULSION


Propulsion Supplier
Number of Inverter Drives per Car
IGBT Supplier
Inverter Cooling Method (self or forced 
air)
Number of Control Logics per Car
Traction Motor Supplier


Motor Model Number
Motor Rating, 1 Hour  HP  HP
Motor Rating, Continuous  HP  HP
Maximum Safe Motor Speed  rpm  rpm
Motor Cooling Type


Dynamic Brake Resistor Grid Supplier
Dynamic Brake Resistor Type
High Speed Circuit Breaker Supplier
Gearbox Supplier


Gearbox Type or Model Number
Gearbox Gear Ratio







8000 Series Railcars, RFP CQ19038-8K  
Attachment A


Page 3 of 6Page 3 of 6


Unit Capacity kVA kVA


H. BRAKING


Friction Brake Equipment Supplier
Braking System (hydraulic or 
pneumatic)


Control (dedicated or part of propulsion)
Brake Disc Type
Maximum Rated Brake Disc 
Temperature  C  C
Brake Pad Supplier
Handbrake Supplier
Air Compressor Supplier
Air Compressor Capacity  cfm  cfm
Air Dryer Supplier


I. AUXILIARY POWER


Auxiliary Power System Supplier
Number of Units per Married Pair
Unit Capacity kVA kVA 
Low Voltage Power Supply Supplier
Low Voltage Power Supply Capacity  kVA  kVA
Battery Supplier
Battery Capacity  AH  AH


J. HVAC


HVAC System Supplier
Air Conditioning System Capacity  Tons  Tons
Refrigerant Type
Ventilating Capacity  cfm  cfm
Air Velocity  fpm  cfm
Evaporator Blower Motor Supplier
Overhead Heating Capacity  kW  kW
Floor Heating Capacity  kW  kW
AC Compressor Supplier


K. LIGHTING


Lighting Supplier
Number of Fixtures, A Car
Number of Fixtures, B Car
Lamp Power Source
Ballast Supplier
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Supplier


L. AUTOMATIC TRAIN CONTROL


ATC Equipment Supplier
Number of Vital Relays


M. COMMUNICATION & MONITORING SYSTEM


Passenger Information System Supplier


Number of Interior Passenger Displays
Interior Passenger Display Type
Exterior Destination Sign Supplier
Destination Sign Display Type


Communiactions Control Panel Supplier


Audio Announcement System Supplier
Intercom System Supplier
Vehicle Monitoring & Diagnostic System 
Supplier
Closed Circuit Television System 
Supplier


N. MATERIALS AND WORKMANSHIP


Safety Glass Supplier
Wire and Cable


High Voltage Cable Supplier
High Voltage Cable Type
Low Voltage Cable Supplier
Low Voltage Cable Type


Hardware Supplier ________________ ________________
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. .


O. WEIGHT 


Carbody Shell (includes sides, ends, 
end doors, roof, side bearings, center 
pin, windows, windshields, paint & 
fittings)  lbs.  lbs.
Underframe (includes brackets & 
fasteners)  lbs.  lbs.
Carbody Interior (includes floor panels, 
floor covering, ceiling panels, insulation, 
window masks, cab partition, floor 
heater covers, equipment lockers, liners  
& trim)  lbs.  lbs.
Passenger Seating  lbs.  lbs.
Handholds and Stanchions  lbs.  lbs.
Operators Cab (includes console, 
controls & seat)  lbs.  lbs.
Couplers, Drawbar & Associated 
Equipment  lbs.  lbs.
Side Door Panels  lbs.  lbs.
Door OperatorsDoor Operators lbs.lbs  lbs. lbs
Door Controls  lbs.  lbs.
Door Threshholds  lbs.  lbs.


Truck Assembly (includes frame, 
bolster, bearings, shock absorbers, 
primary suspension, secondary 
suspension & associated components)  lbs.  lbs.
Axles  lbs.  lbs.
Wheels  lbs.  lbs.
Propulsion System (except truck 
mounted equipment)  lbs.  lbs.
Brake Resistor Grid  lbs.  lbs.
Propulsion System, Truck Mounted 
(includes traction motors, gearboxes & 
coupling)  lbs.  lbs.
Friction Brake System (except truck 
mounted equipment)  lbs.  lbs.
Friction Brake Equipment, Truck 
Mounted (includes disc, calipers & 
associated components)  lbs.  lbs.
Auxiliary Power Supply  lbs.  lbs.
Low Voltage Power Supply  lbs.  lbs.
Battery & Battery Tray  lbs.  lbs.
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HVAC System Interior (includes 
evaporator coils, blower, floor heaters, 
overhead heaters,  lbs.  lbs.
HVAC System Exterior (includes 
condensers, compressors & associated 
equipment)  lbs.  lbs.
HVAC System Controller  lbs.  lbs.
Interior Lighting (includes fixtures & 
ballasts)  lbs.  lbs.
Exterior Lighting  lbs.  lbs.
ATC System (except exterior 
equipment)  lbs.  lbs.
ATC System, Exterior (includes ATP 
coils, TWC antenna, marker coil 
antenna & amplifier)  lbs.  lbs.
Passenger Information System  lbs.  lbs.
Destination Signs  lbs.  lbs.
Radio System  lbs.  lbs.
Audio Announcement & Intercom 
System  lbs.  lbs.


Vehicle Monitoring & Diagnostic System  lbs.  lbs.
Closed Circuit Television System  lbs.  lbs.
Wire & Cable  lbs.  lbs.
Piping  lbs.  lbs.
Conduit & Raceways  lbs.  lbs.
Outfitting Equipment (includes fire 
estinguishers, emergency ladder, third 
rail paddle shoes)  lbs.  lbs.


Other (includes weight categories 
particular to the Offeror's weight 
accounting system not covered above)


Source ________________  lbs.  lbs.
Source ________________  lbs.  lbs.
Source ________________  lbs.  lbs.


TOTAL ESTIMATED WEIGHT OF CAR  lbs.  lbs.





		Sheet1
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# REQUIREMENTS COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 1.1 Scope
2 1.1.1 General
3 1.1.2 Railcar Configuration And Compatibility
4 1.1.2.1 Compatibility With Existing System And Cars
5 1.1.2.2 Interchangeability
6 1.1.3 Design Concepts
7 1.1.4 Design Options
8 1.1.5 Design Life
9 1.1.6 Overhaul Intervals


10 1.2 Environmental Conditions
11 1.2.1 General Operating Conditions
12 1.3 System Voltage Range And Line Current Limits
13 1.3.1 Line Current Draw
14 1.4 Dimensions, Clearances, And Track Standards
15 1.4.1 Dimensions
16 1.4.2 Clearances
17 1.4.3 Track Maintenance Standards
18 1.5 Weight
19 1.5.1 Weight Requirements And Load Definitions
20 1.5.2 Weight Balance Criteria
21 1.5.3 Weight Reporting
22 1.5.4 Weight Reductions
23 1.6 Acceleration And Braking Control
24 1.6.1 Acceleration And Braking Control


The offeror shall submit the Compliance Matrix with its proposal.  The offeror shall check the Compliant (C),  Not Compliant (NC), or Not Applicable (NA) 
column for each section or sub-section listed.  If the 'NC or 'NA'  column is checked, then the offeror must provide comments as to why the functional 
or technical requirement cannot be met (or is not applicable) and propose alternatives, if any, in the Comments column which are equivalent or better 


for WMATA's consideration. If the 'C' column is checked, then the offeror is acknowledging compliance with all requirements in that section and 
subsection. The Comments column can be used for any clarifiaction, concerns or additional information.  The Requirements column references the 


technical specifications section.


                   STATEMENT OF COMPLIANCE
SECTION 1  - PERFORMANCE REQUIREMENTS 
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25 1.6.2 Jerk Limit Requirements
26 1.6.3 Load Weigh Requirements
27 1.6.4 Brake Blending
28 1.7 Acceleration And Braking Performance Requirements
29 1.7.1 Acceleration Requirements
30 1.7.2 Braking Requirements
31 1.7.2.1 Dynamic Braking Performance
32 1.7.2.2 Friction Braking
33 1.7.2.3 Emergency Braking
34 1.7.3 Towing Requirements
35 1.7.4 Duty Cycle Requirements
36 1.7.4.1 Duty Cycle Definition
37 1.7.4.2 Propulsion And Dynamic Brake Duty Cycle Requirements
38 1.7.4.3 Friction Brake Duty Cycle Requirements
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39 1.7.5 Feasibility Analysis - Un-Powered Axles And Trucks
40 1.8 Electromagnetic Interference And Compatibility
41 1.8.1 General
42 1.8.2 EMC/RFI/EMI Design And Control Plan
43 1.8.3 Methods And Apparatus
44 1.8.4 Emission Limits
45 1.8.4.1 Radiated Emission Limits
46 1.8.4.2 Conductive Emission Limits
47 1.8.4.3 Inductive Emission Limits
48 1.8.5 Conducted Interference
49 1.8.6 Inductive Interference
50 1.8.7 Cab Signal Interference
51 1.8.8 Required EMC/RFI/EMI Testing For Subsystems
52 1.9 Noise, Shock, And Vibration
53 1.9.1 General
54 1.9.2 Measurement
55 1.9.3 Sound Transmission
56 1.10 Audible Noise Criteria
57 1.10.1 Equipment Noise Prior To Installation On Car
58 1.10.1.1 Traction Motors
59 1.10.1.2 Propulsion System Gearing
60 1.10.1.3 Auxiliary Equipment
61 1.10.1.4 Equipment Noise After Installation On Car
62 1.10.1.5 Effect Of Pure Tones
63 1.10.2 Car Interior Noise Levels
64 1.10.2.1 Auxiliary Equipment Noise With Car Stopped
65 1.10.2.2 Car Moving On At-Grade Ballasted Track
66 1.10.2.3 Car Moving In Subway
67 1.10.2.4 Door Operation Noise
68 1.10.2.5 Carbody Sound Insulation
69 1.10.3 Car Exterior Noise Levels
70 1.10.3.1 Car Stopped On At-Grade Ballasted Track
71 1.10.3.2 Car Stopped In Subway Station
72 1.10.3.3 Car Moving On At-Grade Ballasted Track







8000 Series Railcars, RFP CQ 19038-8K
Technical Specifications Compliance Matrix- Attachment B (cont.)


4


73 1.10.3.4 Auxiliary Equipment
74 1.10.3.5 Friction Brake
75 1.10.4 Shock Criteria
76 1.10.5 Vibration Criteria
77 1.11 HVAC Performance
78 1.12 Software System Adjustability
79 1.13 Forward Interoperability
80 1.14 Subsystem Interface Detail
81 1.15 Contract Data Requirements List (CDRL)
82 1.16 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 2.1 General
2 2.1.1 Contractor's Program Manager
3 2.1.2 Subcontractor Management
4 2.2 Communications Protocol
5 2.2.1 Document Management System
6 2.2.2 Soft Copy Correspondence
7 2.2.3 Meetings
8 2.2.4 Video Conferencing
9 2.2.5 Software
10 2.3 Program Management Plan
11 2.4 Staffing Requirements
12 2.5 Schedules And Project Control
13 2.5.1 Master Program Schedule
14 2.5.2 Project Kick-Off Meeting
15 2.5.3 Progress Reviews And Reports
16 2.5.3.1 Monthly Progress Review Meetings
17 2.5.3.2 Monthly Progress Update Reports
18 2.5.4 Phase Completion Meetings
19 2.6 Systems Engineering
20 2.6.1 General
21 2.6.2 Staffing Requirements
22 2.6.3 Systems Engineering Plan
23 2.6.4 Overall System Description
24 2.6.5 Supplier System Descriptions
25 2.6.6 Requirements Allocation And Management
26 2.7 Configuration Management
27 2.7.1 General
28 2.7.2 Configuration Management Plan
29 2.7.3 Change Control
30 2.7.4 Configuration Records
31 2.7.4.1 Serial Numbers


SECTION 2  - PROGRAM MANAGEMENT AND COMMISSIONING 
                   STATEMENT OF COMPLIANCE
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32 2.7.4.2 Bar Codes And RFID Tags
33 2.7.4.3 Materials Management System
34 2.7.5 As-Built Specification
35 2.8 Deviations And Waivers
36 2.8.1 Requests For Deviations To The Technical Specification
37 2.8.2 Waiver For Proven Equipment
38 2.9 Safety Certification
39 2.10 Pilot Car Production
40 2.10.1 Pilot Cars
41 2.10.2 Pilot Car Production Reviews
42 2.10.3 Maintainability And Safety Review
43 2.11 Shipping Authorization
44 2.12 Railcar Commissioning Process
45 2.12.1 Inspections And Testing
46 2.12.2 Warranty Support
47 2.13 Spare Parts Management
48 2.14 Design Documentation And Other Deliverables
49 2.14.1 Contract Overview
50 2.14.2 Design Specifications And Standards
51 2.14.3 Contract Data Requirements
52 2.14.4 Drawings
53 2.14.4.1 General Requirements
54 2.14.4.2 Drawing Revisions
55 2.14.4.3 Arrangement Drawings
56 2.14.4.4 Dynamic Outline Drawing
57 2.14.4.5 “As-Built” Drawings
58 2.14.4.6 Use Of Terminology Of Existing Cars
59 2.15 Design Reviews
60 2.15.1 Conceptual Design Review
61 2.15.2 Preliminary Design Review
62 2.15.3 Final Design Review
63 2.15.4 Design Verification Review
64 2.16 Engineering Mock-Ups, Models, And Materials
65 2.16.1 Cab, Interior, And Hostler Panel Soft Mock-Up
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66 2.16.2 Full Scale A-Car Design Mock-Up And Training Car
67 2.16.3 Railcar Models
68 2.16.4 Prototype Seating
69 2.16.5 Decorative Material Samples
70 2.16.6 Car History Books
71 2.17 Contract Data Requirements List (CDRL)
72 2.18 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 3.1 Introduction
2 3.2 Scope and REsponsibilities
3 3.2.1 General Requirements
4 3.2.2 Contractor Responsibilities
5 3.2.2.1 Operational Characteristics Analysis
6 3.2.2.2 Test Logistics
7 3.2.2.3 Witnessing and Notification
8 3.2.2.4 Staffing
9 3.2.3 Authority Responsibilities
10 3.2.4 Third Party Test Facilities
11 3.3 Testing Program
12 3.3.1 Classification of Tests
13 3.3.1.1 General
14 3.3.1.2 Design Qualification Tests
15 3.3.1.3 Factory Acceptance Tests
16 3.3.1.4 On-Site Qualification Tests
17 3.3.1.5 Routine Acceptance Tests
18 3.3.2 Test Documentation
19 3.3.2.1 Master Test Plan
20 3.3.2.2 Test Procedures
21 3.3.2.3 Test Reports
22 3.3.3 Test Components
23 3.3.4 Test Failure and Discrepancy Analysis
24 3.3.5 Test Instrument Calibration
25 3.4 Component Design Qualification Tests
26 3.4.1 General
27 3.4.2 Equipment Noise Tests
28 3.4.3 Equipment Shock and Vibration Susceptibility Tests
29 3.4.4 Coupler Draft Gear and Link Bar
30 3.4.4.1 Coupler Strength Tests
31 3.4.4.2 Coupler Centering Ability Test


SECTION 3  - TEST PROGRAM
                   STATEMENT OF COMPLIANCE
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32 3.4.4.3 Coupler Gathering Range Test
33 3.4.4.4 Shear Pin Device Release Strength
34 3.4.4.5 Coupler Compatibility
35 3.4.4.6 Electric Coupler Watertightness
36 3.4.4.7 Cycling Test
37 3.4.5 Electric Motor Design Qualification Tests
38 3.4.6 Auxiliary Power Supply (APS) Tests
39 3.4.7 Low-Voltage Power Supply
40 3.4.8 Traction Motors
41 3.4.8.1 Traction Motor Design Qualification Tests
42 3.4.8.2 Vibration Test
43 3.4.8.3 Insulation Verification Tests
44 3.4.9 Gear Unit
45 3.4.10 Truck
46 3.4.10.1 General
47 3.4.10.2 Static, Overload, and Fatigue Tests
48 3.4.10.2.1 Static Load Test
49 3.4.10.2.2 Overload Test
50 3.4.10.2.3 Fatigue Test
51 3.4.10.3 Primary Suspension Test
52 3.4.11 Materials Design Qualification Tests
53 3.4.11.1 Elastomer Tests
54 3.4.11.2 Fiberglass-Reinforced Plastic Strength Requirements
55 3.4.12 Flammability, Smoke Emission, and Toxicity
56 3.4.12.1 Flammability and Smoke Emission
57 3.4.12.2 Toxicity
58 3.4.13 Floor Assembly Fire Resistance Test
59 3.4.14 Electrical and Electronic Components
60 3.5 Carbody Design qualification Tests
61 3.5.1 General
62 3.5.2 Body Compression and Vertical Load Tests
63 3.5.2.1 General
64 3.5.2.2 Instrumentation
65 3.5.2.3 Carbody Compression Test
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66 3.5.2.4 Coupler Anchor Test
67 3.5.2.5 Vertical Load Test
68 3.5.2.6 Jacking Test
69 3.5.2.7 Truck Safety Mechanism Test
70 3.5.3 Vibration Mode Excitation Test
71 3.5.4 Suspension Resonance Test
72 3.5.5 Seat Strength Test
73 3.5.6 Weight Balance Test
74 3.6 System Design Qualification Tests
75 3.6.1 General
76 3.6.2 Door System
77 3.6.3 HVAC System
78 3.6.3.1 Laboratory Proof of Design Tests
79 3.6.3.2 Ventilation and Duct Sealing Test
80 3.6.3.3 Air Diffuser Tests
81 3.6.3.4 Floor Heat Design Test
82 3.6.4 Propulsion
83 3.6.5 Friction Brake System
84 3.6.5.1 System Pressure Test
85 3.6.5.2 Friction Brake Rate Characteristics Test
86 3.6.5.3 Brake Unit Fatigue Test
87 3.6.5.4 Brake System Capacity Test
88 3.6.5.5 Brake System Endurance Test
89 3.6.5.6 Holding Brake Test
90 3.6.6 Automatic Train Control
91 3.6.6.1 Design Plan and Test Procedures
92 3.6.6.2 Development Tests
93 3.6.6.3 Compatibility Tests
94 3.6.6.4 Design Qualification Tests
95 3.6.6.5 Design Qualification Demonstration
96 3.6.7 APS, LVPS, and Battery
97 3.6.8 Communications Systems
98 3.6.9 Vehicle Monitoring and Diagnostic System (VMDS)
99 3.6.9.1 Event Recorder Crashworthiness
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100 3.6.9.2 VMDS Design Qualification Tests
101 3.6.10 Network System
102 3.6.11 Electromagnetic Compatibility Lab Tests
103 3.6.11.1 General
104 3.6.11.2 Electromagnetic Emission Tests and Limits
105 3.6.11.3 Lab Conducted EMI Test
106 3.6.11.4 Lab Inductive EMI Tests
107 3.6.12 Train Radio System Design Qualification
108 3.6.13 Combined Systems Test
109 3.7 Car Design Qualification Tests
110 3.7.1 General
111 3.7.2 Watertightness Test
112 3.7.3 Carbody Air Leakage Test
113 3.7.4 Side Door Operation Tests
114 3.7.5 Climate Room Testing Requirements
115 3.7.5.1 General
116 3.7.5.2 Climate Room Test Prerequisites
117 3.7.5.3 Climate Room Requirements
118 3.7.5.4 Instrumentation
119 3.7.5.5 Data Collection
120 3.7.6 Car Climate Room Heating Tests
121 3.7.6.1 Pull Up From Dead Cold Condition
122 3.7.6.2 Pull Up and Steady State without Passengers Test
123 3.7.6.3 Side Door Cycling Test
124 3.7.6.4 Layover Heat Test
125 3.7.6.5 Restricted Air Backup Protection Test
126 3.7.6.6 Nuisance Tripping Test
127 3.7.6.7 Carbody Heat Transfer Test
128 3.7.6.8 Cab Heater Test
129 3.7.7 Car Climate Room Cooling Tests
130 3.7.7.1 General
131 3.7.7.2 Refrigerant Charge Determination
132 3.7.7.3 Pull Down and Steady State at Design Conditions
133 3.7.7.4 Side Door Cycling Test
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134 3.7.7.5 Steady State at Elevated Design Conditions and 175 Passengers
135 3.7.7.6 Steady State at Maximum Operating Conditions
136 3.7.7.7 Extreme Temperature Test
137 3.7.7.8 Low Temperature Test
138 3.7.7.9 Condensate Carry Over Test
139 3.7.7.10 Partial Cooling Test
140 3.7.7.11 Summer/Winter Switchover Test
141 3.7.8 Heated Windshield Test
142 3.7.9 Lighting Test
143 3.7.9.1 Intensity Readings
144 3.7.9.2 Emergency Lighting
145 3.7.10 Weight Balance Test
146 3.7.11 Truck Tests
147 3.7.11.1 Equalization Tests
148 3.7.11.2 Rollover Resistance Test
149 3.7.11.3 Truck Rotational Resistance Test
150 3.7.11.4 Truck Weight
151 3.7.12 Coupled Car Clearance Test
152 3.7.13 Parking Brake Test
153 3.7.14 Noise and Vibration Tests
154 3.7.15 Horn Test
155 3.7.16 Car Networks Test
156 3.8 On-Site Qualification Tests
157 3.8.1 General
158 3.8.2 Train Networks
159 3.8.3 Trainlines
160 3.8.4 Clearance Test
161 3.8.5 Truck Stress Validation Testing
162 3.8.6 Truck Stability Testing
163 3.8.7 Ride Quality Test
164 3.8.8 Performance Tests
165 3.8.8.1 General
166 3.8.8.2 Instrumentation
167 3.8.8.3 Propulsion Performance Tests
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168 3.8.8.4 Braking Performance Tests
169 3.8.8.5 Duty Cycle Confirmation Test
170 3.8.8.6 Wheel Slip-Slide Test
171 3.8.8.7 Auxiliary AC Power Supply
172 3.8.8.8 Power and Energy Consumption
173 3.8.8.9 Transient Power
174 3.8.8.10 Ambient Temperature Test
175 3.8.8.11 Gap Performance Tests
176 3.8.8.12 ATC Compatibility Test
177 3.8.9 Spin Simulation Test
178 3.8.10 Noise and Vibration Tests
179 3.8.11 Electromagnetic Compatibility Field Tests
180 3.8.11.1 General
181 3.8.11.2 Electromagnetic Emission Tests and Limits
182 3.8.11.3 Field Conducted EMI Test
183 3.8.12 Battery Capacity
184 3.8.13 Thermal Mapping
185 3.8.14 Failure Mode, Effects and Criticality Analysis (FMECA) Validation
186 3.8.15 Communications and Video Surveillance System Tests
187 3.8.16 Parking Brake Test
188 3.8.17 Passenger Emergency Door Operation Test
189 3.8.18 30 Day Operations Passenger Service Test
190 3.9 Factory Acceptance Tests
191 3.9.1 General
192 3.9.2 Electrical and Electronic Apparatus Tests
193 3.9.3 Insulation and High-Potential Testing
194 3.9.4 Traction Power Control Test
195 3.9.5 Brake Equipment
196 3.9.6 Communications and Network System Test
197 3.9.7 Trucks
198 3.9.8 Couplers
199 3.9.9 Electric Motors
200 3.9.10 HVAC System
201 3.9.11 Auxiliary AC Power Supply
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202 3.9.12 Low-Voltage Power Supply
203 3.9.13 Battery
204 3.9.14 Propulsion
205 3.9.15 Gear Units
206 3.9.16 ATC Interface Test
207 3.9.17 Head End Circuits
208 3.10 Pre-Shipment Factory Acceptance Tests
209 3.10.1 General
210 3.10.2 Watertightness Test
211 3.10.3 Car Weighing
212 3.10.4 Car and Quad Unit Wiring Test
213 3.10.5 Pneumatic System Leakage Test
214 3.10.6 Trainlines and Network System
215 3.10.7 System Functionality Verification
216 3.10.8 Door Operators and Controls
217 3.10.9 HVAC System
218 3.10.10 Lighting, Headlights, and Taillights
219 3.10.11 Friction Brake Test
220 3.10.12 Traction Power Control Test
221 3.10.13 Communication System Test
222 3.10.14 Monitoring and Diagnostics System (MDS) Test
223 3.10.15 Event Recorder Test
224 3.10.16 ATC System Static Pre-Shipment FAT
225 3.10.17 Height Control Test
226 3.10.18 Propulsion and Brake System Dynamic Test
227 3.10.19 ATC System Dynamic Pre-shipment FAT
228 3.11 Routine Acceptance Tests
229 3.11.1 General
230 3.11.2 Miscellaneous Body Tests and Adjustments
231 3.11.3 Pneumatic System Leakage Test
232 3.11.4 Functional Tests
233 3.11.5 Dynamic Tests
234 3.11.6 Burn-In Test
235 3.12 Contract Data Requirements List (CDRL)
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236 3.13 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 4.1 Safety Program
2 4.1.1 General
3 4.1.2 Safety and Security Management Plan
4 4.1.3 System Safety/Hazard Resolution Process
5 4.1.4 Preliminary Hazard List
6 4.1.5 Preliminary Hazard Analysis/Hazard Tracking Log/CIL
7 4.1.6 Open Items Log
8 4.1.7 Follow-Up Analyses
9 4.1.7.1 Failure Modes, Effects and Criticality Analyses
10 4.1.7.2 Fault Tree Analyses
11 4.1.8 Hazard Assessment
12 4.1.8.1 Hazard Severity and Probability
13 4.1.8.1.1 Hazard Severity
14 4.1.8.1.2 Hazard Probability
15 4.1.8.2 Hazard Risk Index
16 4.1.9 Hazard Resolution Process
17 4.1.9.1 Hazard Reduction Precedence
18 4.1.9.2 General Safety Design Criteria
19 4.1.10 Fail-Safe Design Requirements
20 4.1.11 Design Safety for Human Engineering
21 4.1.12 Safety and Security Certification Program
22 4.1.13 Safety Oversight
23 4.2 Flammability, Smoke Emission, And Toxicity Testing Requirements
24 4.2.1 General
25 4.2.2 Fire Hazard Analysis
26 4.2.3 Material Testing Requirements and Matrix
27 4.2.4 Materials Exempt from Testing Requirements
28 4.2.5 Materials Requested for Waiver or Deviation
29 4.2.6 Flammability and Smoke Emission Test Procedures and Performance Criteria
30 4.2.7 Toxicity Test Procedures and Performance Criteria
31 4.2.8 Floor Assembly Fire Resistance Testing Criteria


SECTION 4  - SYSTEM SAFETY
                   STATEMENT OF COMPLIANCE
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32 4.2.9 Electrical Fire Safety
33 4.3 Contract Data Requirements List (CDRL)
34 4.4 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 5.1 Quality Assurance Requirements
2 5.1.1 General Requirements
3 5.1.2 Quality Assurance Program
4 5.1.2.1 Assessment of Quality Assurance Program
5 5.1.2.2 Quality Assurance Program Plan
6 5.1.2.3 Quality Assurance Manual
7 5.1.2.4 Design Control
8 5.1.2.5 Purchasing
9 5.1.2.6 Materials Control
10 5.1.2.7 Manufacturing and Process Control
11 5.1.2.8 Inspection and Test
12 5.1.2.9 Inspection, Measuring, and Test Equipment
13 5.1.2.10 Inspection and Test Status
14 5.1.2.11 Nonconforming Material
15 5.1.2.12 Engineering Change Control
16 5.1.2.13 Records
17 5.1.2.14 Qualification of Personnel and Training
18 5.1.2.15 Quality Assurance Procedures
19 5.1.3 Quality Control Functions
20 5.1.3.1 Contractor and Authority Roles
21 5.1.3.2 Scheduling Inspections
22 5.1.3.3 Contractor Provisions for Authority Inspection
23 5.1.3.4 Levels of Inspection
24 5.1.3.5 Statistical Quality Control
25 5.1.3.6 Inspection Status
26 5.1.3.7 Receiving Inspection and Source Inspection
27 5.1.3.7.1 First Article Inspections
28 5.1.3.7.2 Pilot Car FAI
29 5.1.3.7.3 Production Car FAI
30 5.1.3.8 Inspection of Work In-Process
31 5.1.3.9 Hold Point Inspection


SECTION 5  - QUALITY ASSURANCE
                   STATEMENT OF COMPLIANCE
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32 5.1.3.10 Final Inspections
33 5.1.3.11 Shipping and Receipt Inspection
34 5.1.3.12 Retrofit Inspection
35 5.1.4 Quality Assurance Audits
36 5.1.4.1 General
37 5.1.4.2 Contractor Audits of Subcontractors
38 5.1.4.3 Audits of the Contractor
39 5.1.4.4 Audit Reports
40 5.2 Contract Data Requirements List (CDRL)
41 5.3 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 6.1 General
2 6.1.1 Scope
3 6.1.2 General Requirements
4 6.2 Contractor And Supplier Qualifications
5 6.3 Software Documentation
6 6.3.1 General
7 6.3.2 CDRL Packages Required by Design Phase
8 6.3.3 Required Documents - Contractor
9 6.3.4 Required Documents - Suppliers
10 6.3.4.1 General Requirements
11 6.3.4.2 Specific Requirements
12 6.3.5 Document Delivery Schedule
13 6.3.6 Commercially Available Software
14 6.3.7 Configuration Control
15 6.4 Portable Test Unit Software
16 6.5 Bench Test Unit Software
17 6.6 Software Quality Assurance Audits
18 6.7 SOFTWARE QUALITY METRICS COLLECTION PLAN AND REPORTING
19 6.8 As-Built Software Documents
20 6.9 Contract Data Requirements List (CDRL)
21 6.10 Referenced Standards


SECTION 6  - SOFTWARE QUALITY ASSURANCE
                   STATEMENT OF COMPLIANCE
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 7.1 General Requirements
2 7.1.1 RAM Design Criteria
3 7.1.1.1 Reliability Design Criteria
4 7.1.1.2 Availability Design Criteria
5 7.1.1.3 Maintainability Design Criteria
6 7.2 Reliability, Availability, And Maintainability (RAM) Program
7 7.3 Reliability Requirements
8 7.3.1 Reliability Prediction
9 7.3.1.1 Reliability Block Diagrams And Other Analyses
10 7.3.1.2 Reliability Critical Items List
11 7.4 Availability Requirements
12 7.4.1 Availability Prediction
13 7.5 Maintainability Requirements
14 7.5.1 Maintainability Analysis
15 7.6 RAM Demonstration And Reporting
16 7.6.1 RAM Demonstration Plan
17 7.6.2 RAM Progress Reporting
18 7.6.3 RAM Review Board
19 7.6.3.1 Dispute Resolution
20 7.6.4 Failure Reporting Analysis And Corrective Action System (FRACAS)
21 7.7 RAM Demonstration Tests
22 7.7.1 Reliability And Availability Demonstration Test
23 7.7.1.1 Reliability Growth Monitoring
24 7.7.1.2 Reliability Growth Elements
25 7.7.1.3 Reliability And Availability Test Completion
26 7.7.2 Maintainability Demonstration
27 7.7.2.1 Pilot Car Maintainability Demonstration
28 7.7.2.2 Revenue Service Demonstration
29 7.8 Contract Data Requirements List (CDRL)
30 7.9 Referenced Standards


SECTION 7  - RELIABILITY, AVAILABILITY, AND MAINTAINABILITY
                   STATEMENT OF COMPLIANCE
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 8.1 Manuals And Catalogs
2 8.1.1 General
3 8.1.2 Manuals Program Plan
4 8.1.3 Manuals Style Guide
5 8.1.4 Outlines
6 8.1.5 Design and Format
7 8.1.5.1 Paper and Binding
8 8.1.5.2 Indexing
9 8.1.5.3 Figures
10 8.1.5.4 Electronic Format
11 8.1.6 Functional Requirements
12 8.1.7 Manual Descriptions
13 8.1.7.1 Operator's Instruction Manual
14 8.1.7.2 Road Mechanic's Troubleshooting Manual
15 8.1.7.3 Running Maintenance and Servicing Manual
16 8.1.7.4 Heavy Repair Maintenance Manual
17 8.1.7.5 Periodic Inspection Manual
18 8.1.7.6 Illustrated Parts Catalog
19 8.1.7.7 Operation and Maintenance Manuals - Portable Test Equipment and 


Bench Test Devices
20 8.1.7.8 Illustrated Parts Catalog - Portable Test Equipment and Bench Test 


Devices
21 8.1.7.9 Wiring Diagrams and Pin-to-Pin Manual
22 8.1.7.10 Carborne ATC Maintenance Manual and Carborne ATC Parts Catalog
23 8.1.7.11 Radio Maintenance Manual and Radio Parts Catalog
24 8.1.7.12 Operation and Maintenance Manuals – Onboard Displays
25 8.1.8 Submission Schedule and Quantities
26 8.1.8.1 Draft Manuals and Parts Catalogs
27 8.1.8.2 Final Draft Manuals and Parts Catalogs
28 8.1.8.3 Final Published Manuals and Parts Catalogs
29 8.1.9 Revisions


SECTION 8  - MANUALS AND TRAINING
                   STATEMENT OF COMPLIANCE
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30 8.1.10 Manual Support System
31 8.1.11 In-Process Reviews
32 8.1.12 Audits
33 8.1.13 Contractor Internal Review and Approval
34 8.1.14 Use of Suppliers
35 8.2 Training
36 8.2.1 General
37 8.2.2 Objectives
38 8.2.3 Number of Trainees
39 8.2.4 Training Course Format
40 8.2.5 Training Course Content
41 8.2.5.1 Maintenance Training
42 8.2.5.2 Operations Training
43 8.2.6 Cab Simulator
44 8.2.7 Training Course CDRLs
45 8.2.8 Training Materials
46 8.2.8.1 Instructor and Student Guides
47 8.2.8.2 Training Aids
48 8.2.8.3 Training Material Updates
49 8.2.9 Instructor Qualifications
50 8.2.10 Student Testing and Evaluation
51 8.2.11 Authority-Provided Resources
52 8.2.12 Training Bulletins
53 8.3 Contract Data Requirements List (CDRL)
54 8.4 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 9.1 General
2 9.2 Portable Test Devices
3 9.2.1 General
4 9.2.2 PTU Description
5 9.2.3 PTU Software
6 9.2.4 PTU Function
7 9.2.5 PTU Quantity and Delivery
8 9.2.6 Systems Requiring PTU
9 9.2.7 PTU Access to Vehicle
10 9.2.7.1 Single Location
11 9.2.7.2 Subsystem PTU Local Service Ports
12 9.2.7.3 Network PTU Universal Port
13 9.2.7.4 Cabling
14 9.2.8 PTU Features for Specific Systems
15 9.2.8.1 ATC System
16 9.2.8.2 Propulsion System
17 9.2.8.3 Friction Brake System
18 9.2.8.4 Communications System
19 9.2.8.5 HVAC System
20 9.2.8.6 Coupler
21 9.2.9 Network PTU - Protocol Analyzer
22 9.2.10 PTU Demonstration
23 9.3 Bench Testers
24 9.3.1 General
25 9.3.2 Bench Testers Required
26 9.3.3 Bench Tester Requirements
27 9.3.4 Bench Tester Function
28 9.3.5 Repairability
29 9.3.5.1 Repairability of LLRUs
30 9.3.5.2 Repairability of Electronic Devices
31 9.3.5.3 Repairability of Microprocessor Devices


SECTION 9  - SPECIAL TOOLS AND TEST EQUIPMENT
                   STATEMENT OF COMPLIANCE
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32 9.3.6 Bench Tester Features for Specific Systems
33 9.3.6.1 Friction Brakes
34 9.3.6.2 High-Voltage Propulsion and APS
35 9.3.6.3 Traction Motors
36 9.3.6.4 Auxiliary Motors
37 9.3.7 Bench Test Equipment Demonstration (at domestic U.S. supplier location)
38 9.3.8 Bench Tester Installation and Commissioning (at the Authority’s designated 


facility)
39 9.3.9 Bench Tester Use During Warranty Period
40 9.4 Required Documentation For Testers
41 9.4.1 Documentation to Accompany the Test Equipment
42 9.4.2 Tester Operation and Maintenance Manuals
43 9.5 Special Tools
44 9.5.1 General
45 9.5.2 Special Tools Documentation
46 9.5.3 Special Tools CDRLs
47 9.5.4 Coupler Checking Gauges
48 9.6 Contract Data Requirements List (CDRL)
49 9.7 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 10.1 General
2 10.1.1 Carbody Design
3 10.1.2 Watertightness and Drainage
4 10.1.3 Carbody Material
5 10.1.4 Equipment Accessibility
6 10.1.5 Electrical Safety
7 10.2 Exterior finish and Painting
8 10.2.1 Exterior Finish - Unpainted
9 10.2.2 Exterior Finish - Painted
10 10.2.3 Other Painting
11 10.3 Constructon Criteria
12 10.3.1 General
13 10.3.2 Welding
14 10.3.3 Final Appearance
15 10.3.4 Structural Elements
16 10.3.5 Camber
17 10.4 Stress Levels And Design Considerations
18 10.4.1 Strength Requirements
19 10.4.2 Jacking
20 10.4.3 Truck Connections
21 10.4.4 Fluctuating/Dynamic Loads
22 10.4.5 Natural Frequency
23 10.4.6 Vibration
24 10.4.7 Stress Analysis
25 10.4.7.1 Preliminary Stress Analysis
26 10.4.7.2 Final Stress Analysis
27 10.4.8 Finite Element Analysis (FEA)
28 10.4.8.1 Finite Element Analysis Model
29 10.4.8.2 Finite Element Analysis Report
30 10.4.8.3 Comparison with Carbody Tests
31 10.4.9 Crashworthiness Analysis and Verification


SECTION 10  - CARBODY
                   STATEMENT OF COMPLIANCE
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32 10.5 Underfloor Equipment
33 10.6 Carbody Structure
34 10.6.1 Underframe
35 10.6.2 End Underframe and Anti-climber
36 10.6.2.1 End Underframe
37 10.6.2.2 Anti-Climber
38 10.6.3 Side Walls
39 10.6.4 Car End Structures
40 10.6.4.1 Structural Requirements
41 10.6.4.2 Appearance Requirements
42 10.6.5 Roof
43 10.7 Equipment Enclosures
44 10.7.1 Underfloor Equipment
45 10.7.1.1 Underfloor Boxes
46 10.7.1.2 Underfloor Equipment Supports
47 10.7.1.3 Underfloor Equipment Signs
48 10.7.2 Roof-Mounted Equipment
49 10.7.3 Interior Equipment Lockers
50 10.8 Doorways
51 10.8.1 Side Doors
52 10.8.2 Door Closing Force
53 10.8.3 Exterior End Doors
54 10.8.3.1 End Door Panel
55 10.8.3.2 Hardware and Sealing
56 10.8.3.3 Thresholds
57 10.8.4 Gap Reducers
58 10.9 Between-Car Barriers
59 10.10 Exterior Accessories
60 10.10.1 Skirting
61 10.10.2 Air Grilles
62 10.10.3 Rain Drainage
63 10.10.4 Exterior Handhold and Steps
64 10.10.4.1 Handholds
65 10.10.4.2 Loop Steps
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66 10.10.4.3 ACI Tags
67 10.11 Flooring
68 10.11.1 Floor Panels
69 10.11.2 Floor Covering
70 10.11.3 Alternate Floor Panel Configuration – Priced Option
71 10.12 Insulation
72 10.12.1 Thermal Insulation
73 10.12.2 Acoustical Insulation
74 10.13 Windows
75 10.13.1 General
76 10.13.2 Window Characteristics
77 10.13.3 Side Windows
78 10.13.4 Door Windows
79 10.13.5 Cab Side Window
80 10.13.6 Car End Windows
81 10.14 Seats
82 10.14.1 General
83 10.14.2 Alternate Seating Configuration – Priced Option
84 10.14.2.1 Option Seating Design
85 10.14.2.2 Option Seating Installation
86 10.14.3 Seat Construction
87 10.14.4 Seat Supports
88 10.14.5 Cushion Inserts
89 10.14.6 Seat Handgrips
90 10.14.7 Strength Criteria
91 10.15 INTERIOR FITTINGS
92 10.15.1 General
93 10.15.2 Interior Fasteners
94 10.15.3 Stanchions and Handrails
95 10.15.4 Modesty Panels
96 10.15.5 Moldings
97 10.15.6 Lighting Fixture Supports
98 10.15.7 Ceiling
99 10.15.8 Window Masks
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100 10.15.9 Lining Panels
101 10.15.10 Access Panels
102 10.15.11 Door Pockets
103 10.15.12 Valance Door Arrangement
104 10.15.13 Lining Repair Procedures
105 10.15.14 Disabled User Accommodations
106 10.16 Interior Accessories
107 10.16.1 Locks and Keys
108 10.16.1.1 Control Key
109 10.16.1.2 Door Key
110 10.16.1.3 Other Keys
111 10.16.1.4 Lock Type
112 10.16.2 Fire Extinguisher
113 10.17 Interior Signage
114 10.17.1 Interior Sign Materials
115 10.17.2 Interior Sign Style
116 10.17.3 Interior Car Numbers
117 10.17.4 Interior Door Labeling
118 10.17.5 Maps and Advertising Cards
119 10.17.6 Passenger Notices
120 10.18 Exterior Signs
121 10.18.1 Logotype
122 10.18.2 Exterior Car Number
123 10.18.3 Exterior Sign Materials
124 10.19 Rapid Identification Coating
125 10.20 Contract data Requirements List (CDRL)
126 10.21 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 11.0 General
2 11.0.1 Configuration
3 11.0.2 General Prohibitions and Requirements
4 11.0.3 Equipment Access
5 11.1 Layout
6 11.1.1 Cab Layout
7 11.1.2 Hostler Control Area Layout
8 11.1.3 Layout Review
9 11.2 Cab Doors


10 11.3 Cab Seating
11 11.3.1 Operator's Seat
12 11.3.2 Auxiliary Seat
13 11.3.3 Seating Design
14 11.4 Functional Arrangement
15 11.4.1 Operator's Cab Arrangement
16 11.4.2 Hostler Control Area Arrangement
17 11.5 Controls And Indicators
18 11.5.1 General Requirements
19 11.5.1.1 Human Engineering
20 11.5.1.2 Lighting
21 11.5.1.3 Identification
22 11.5.1.4 Displayed Status
23 11.5.1.5 Switches
24 11.5.2 Train Operation Controls And Indications
25 11.6 Operator's Console
26 11.6.1 Console Controls
27 11.6.1.1 General
28 11.6.1.2 Control Lock
29 11.6.1.3 Mode-Direction Switch
30 11.6.1.4 Master Controller
31 11.6.1.5 Deadman Feature


SECTION 11  - OPERATOR’S CAB
                   STATEMENT OF COMPLIANCE
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32 11.6.2 Train Control Display
33 11.6.3 Console Annunciation
34 11.6.3.1 Overspeed Alarm
35 11.6.3.2 Signal Buzzer
36 11.7 Auxiliary Control Panel
37 11.8 Overhead Auxiliary Panel
38 11.9 Operator's Circuit Breaker Panel
39 11.10 Trainline Circuit Breaker Panel
40 11.11 Daily Safety Test Panel
41 11.12 Left Door Control And Emergency Stop Panel
42 11.13 Emergency Equipment Locker
43 11.13.1 Emergency Ladder
44 11.13.2 Shoe Insulating Paddles
45 11.13.3 Ladder Plate
46 11.14 Equipment Locker
47 11.14.1 ATP Cut-Out Switch
48 11.15 Hostler Panel
49 11.15.1 Hostler Panel Location
50 11.15.2 Hostler Panel Controls
51 11.15.2.1 Control Lock
52 11.15.2.2 Hostler Controller
53 11.15.2.3 Reverse
54 11.15.2.4 Car Wash
55 11.15.2.5 Hostler Door Controls
56 11.16 Auxiliary Panel
57 11.17 Warning Devices
58 11.17.1 General
59 11.17.2 Road Horn
60 11.17.3 Yard Horn
61 11.18 Other Equipment
62 11.18.1 Windshield Wiper
63 11.18.2 Visor/Shade
64 11.18.3 Fire Extinguisher
65 11.18.4 Communications Control Panel







8000 Series Railcars, RFP CQ 19038-8K
Technical Specifications Compliance Matrix - Attachment B (cont.)


32


66 11.19 Contract Data Requirements List (CDRL)
67 11.20 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 12.0 General
2 12.0.1 Arrangement
3 12.0.2 Strength Requirements
4 12.0.3 Geometric Requirements
5 12.0.4 Coupler Operation
6 12.0.4.1 Coupling
7 12.0.4.2 Uncoupling
8 12.0.5 Drawbar
9 12.0.6 Material
10 12.0.7 Drainage
11 12.1 Mechanical Coupler
12 12.2 Draft Gear And Energy Management Features
13 12.2.1 Draft Gear
14 12.2.2 Overload Release Features
15 12.3 Coupler Support And Centering Device
16 12.3.1 Coupler Support
17 12.3.2 Centering Device
18 12.3.3 Wear Plates And Lubrication
19 12.4 Pneumatic Coupler
20 12.5 Electric Coupler Head
21 12.5.1 General
22 12.5.2 Reliability
23 12.5.3 Loop Circuits
24 12.5.4 Contacts
25 12.5.5 Protection
26 12.5.6 Connections
27 12.5.7 Spare Trainlines
28 12.5.8 Trainline Data Monitoring
29 12.6 R-End Electric Jumper Cables
30 12.7 Electrical Trainline Isolation
31 12.8 Coupler Adaptors


SECTION 12  - COUPLER AND DRAWBAR
                   STATEMENT OF COMPLIANCE
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32 12.9 Step
33 12.10 Contract Data Requirements List (CDRL)
34 12.11 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 13.0 Side Door Operation
2 13.0.1 General
3 13.0.2 Door System Availability
4 13.0.3 Door Control Selector Switch
5 13.0.4 Door/Train Speed Interlock
6 13.0.5 Door/Traction Interlock
7 13.0.6 Circuit Separation
8 13.0.7 Compatibility
9 13.0.8 Door/Master Controller Interlock
10 13.0.9 Door Operator Cut-Out Switch and Lock
11 13.0.10 Door/Traction Interlock Bypass
12 13.0.11 Door-Control Cut-Out Switch
13 13.0.12 Network and Trainline Commands
14 13.0.12.1 Normal Control
15 13.0.12.2 Selective Reopen/Reclose
16 13.0.12.3 Selective Closing for Terminal Operation
17 13.0.12.4 Door Toggling
18 13.0.13 Power Source and System Control
19 13.1 Side Door Operators
20 13.1.1 Operators and Controls
21 13.1.2 Location, Access, and Adjustment
22 13.1.3 Door Closing Force
23 13.1.4 Door Opening and Closing Time
24 13.1.4.1 Limit Switches
25 13.1.5 Door Locking
26 13.2 Door Control Switches
27 13.2.1 Cab Controls
28 13.2.2 Hostler Panel Controls
29 13.2.3 Crew Switches
30 13.2.4 Emergency Door Operation


SECTION 13  - DOOR OPERATION AND CONTROL
                   STATEMENT OF COMPLIANCE
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31 13.2.4.1 Emergency Door Recovery
32 13.3 Door Signal Lights
33 13.3.1 Exterior Door Signal Lights
34 13.3.2 Doors-Closed Indicator
35 13.3.3 Service Indicator Lights
36 13.4 Door Warning Audio And Visual Indicators
37 13.4.1 Door Warning Operation
38 13.4.2 Door Warning Audio System
39 13.4.3 Door Warning Lighting
40 13.5 Obstruction Detection System
41 13.6 Door Diagnostics
42 13.7 VMDS Interface
43 13.8 Contract Data Requirements List (CDRL)
44 13.9 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 14.1 General
2 14.1.1 Configuration
3 14.1.2 General Design Requirements
4 14.1.3 Existing Wheel-Equipment
5 14.1.4 Emergency De-trucking
6 14.2 Design Considerations
7 14.2.1 General
8 14.2.2 Safety
9 14.2.3 Service Life
10 14.2.4 Ride Quality
11 14.2.5 Maintenance Requirements
12 14.2.6 Motion Restrictions
13 14.2.7 Truck Side Bearing
14 14.2.8 Truck Equalization
15 14.2.9 Corrosion Protection
16 14.3 Truck Dynamic Analysis
17 14.3.1 Dynamic Analysis Model
18 14.3.2 Dynamic Analysis Model Verification
19 14.3.3 Design Demonstration Using Dynamic Analysis Model
20 14.3.4 Truck Dynamic Analysis Parameters to be Evaluated
21 14.3.4.1 Wheel Unloading
22 14.3.4.2 Vehicle Overturning
23 14.3.4.3 Wheel Climb
24 14.3.4.4 Track Panel Shift
25 14.3.4.5 Gauge Widening Forces and Ground-Borne Vibrations
26 14.3.4.6 Truck Rotation and Stability
27 14.3.4.7 Natural Frequency
28 14.4 Design Criteria for Strength
29 14.4.1 General
30 14.4.2 Specific Load Cases
31 14.4.2.1 Static Loads


SECTION 14  - TRUCKS
                   STATEMENT OF COMPLIANCE







8000 Series Railcars, RFP CQ 19038-8K
Technical Specifications Compliance Matrix - Attachment B (cont.)


38


32 14.4.2.2 Overloads
33 14.4.2.3 Fatigue Loads
34 14.4.3 Stress Analysis
35 14.4.3.1 Manual Calculations
36 14.4.3.2 Finite Element Model and Analysis
37 14.5 Suspension
38 14.5.1 Primary Suspension
39 14.5.2 Secondary Suspension
40 14.5.3 Leveling/Height Control
41 14.6 Truck Frame Design
42 14.6.1 General
43 14.6.2 Cast Steel Or Cast Weld Truck Frame
44 14.6.3 Design Requirements
45 14.6.3.1 Bolster Radius Rods
46 14.6.3.2 Connection To Carbody
47 14.6.3.3 Dimensional Tolerance - Tram
48 14.6.3.4 Wear Adjustment
49 14.6.3.5 Safety Supports
50 14.6.3.6 Moving Contact Surfaces
51 14.6.3.7 Dielectric Barriers
52 14.6.3.8 Articulated Trucks
53 14.7 Wheels
54 14.8 Axles
55 14.9 Journal Bearings
56 14.9.1 General
57 14.9.2 Journal And Truck Frame Numbers
58 14.10 Flange Lubricators
59 14.11 Manufacturing Procedures And Inspections
60 14.11.1 Press Records
61 14.12 Contract Data Requirements List (CDRL)
62 14.13 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 15.1 General
2 15.1.1 Calculations
3 15.1.2 Electrical Protection
4 15.2 Propulsion System Functionality
5 15.2.1 General
6 15.2.2 Configuration
7 15.2.3 Adjustability
8 15.2.4 Duty Cycle Rating
9 15.2.5 Interference Limits
10 15.2.6 Performance Characteristics
11 15.2.7 Electric Brake Capabilities
12 15.2.8 Direction Change
13 15.2.9 Wheel Spin Correction
14 15.2.10 Routine Switching
15 15.2.11 Vehicle Monitoring And Diagnostic System Interface
16 15.2.12 Energy Consumption Statistics
17 15.3 Electromagnetic Interference
18 15.4 Traction Motors
19 15.4.1 General
20 15.4.2 Traction Motor Design
21 15.4.3 Traction Motor Mounting
22 15.4.4 Duty Rating
23 15.4.5 Load Sharing
24 15.4.6 Insulation
25 15.4.7 Filtration Of Ventilating Air
26 15.4.8 Shaft Coupling
27 15.4.9 Bearings
28 15.4.10 Motor And Rotor Balance
29 15.4.11 Electrical Connections
30 15.4.12 Traction Motor Maintainability
31 15.5 Gear Units


SECTION 15  - PROPULSION
                   STATEMENT OF COMPLIANCE
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32 15.5.1 General
33 15.5.2 Bearings
34 15.5.3 Gears
35 15.5.4 Lubrication
36 15.5.5 Inspection Openings
37 15.5.6 Plugs
38 15.5.7 Gear Unit Grounding
39 15.5.8 Speed Sensing
40 15.6 Acceleration And Braking Controls
41 15.6.1 General
42 15.6.1.1 Automatic Train Control
43 15.6.1.2 Manual Train Control
44 15.6.2 Master Controller And Hostler Panel
45 15.6.3 Mode Direction Switch And Control Lock
46 15.6.4 Acceleration And Braking Control Interfaces
47 15.6.4.1 Train Direction
48 15.6.4.2 Mode And Rate Selection
49 15.6.4.3 Motor Brake Selection
50 15.6.5 Trainline Circuit Protection
51 15.6.6 Acceleration Control
52 15.6.7 Braking Control
53 15.6.8 Car Wash Speed Control
54 15.7 Components And Systems
55 15.7.1 Input Filter
56 15.7.2 High-Speed Circuit Breaker
57 15.7.3 Filter Discharge Switch
58 15.7.4 Third Rail Sensing
59 15.7.5 Cooling System
60 15.7.6 Undercar Equipment
61 15.7.7 Door/Traction Interlock
62 15.7.8 Arrangement Of Control Components
63 15.7.9 Braking Resistors
64 15.7.10 Contactors
65 15.7.11 Control Logic
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66 15.7.12 Tractive Effort Measurement
67 15.7.13 Undervoltage/Overvoltage Protection
68 15.7.14 Knife Switch
69 15.7.15 Propulsion Cut-Out Switch
70 15.7.16 Odometer
71 15.8 Propulsion Wiring
72 15.9 Contract Data Requirements List (CDRL)
73 15.10 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 16.1 General
2 16.1.1 Systems Integration
3 16.1.2 Performance Calculations
4 16.2 VMDS Interface
5 16.3 Acceleration And Braking Controls
6 16.3.1 Network and Trainline Control Interface
7 16.3.2 Emergency Brake Control Interfaces
8 16.3.2.1 Emergency Brake Control Trainline
9 16.3.3 Friction Brake Status Interfaces
10 16.3.3.1 Brake Check (Applied)
11 16.3.3.2 Brake Released
12 16.4 Friction Brake Functions/Features
13 16.4.1 System Description
14 16.4.2 Fail-Safe Design
15 16.4.3 Performance Tolerances
16 16.4.4 Compressed Air Supply
17 16.4.4.1 Air Compressor Unit
18 16.4.4.1.1 Air Compressor
19 16.4.4.1.2 Cooling and Drying Apparatus
20 16.4.4.1.3 Filter Dryer
21 16.4.4.1.4 Safety Valves
22 16.4.4.1.5 Control Circuits
23 16.4.4.2 Main Reservoir
24 16.4.4.3 Low Main Reservoir Pressure Control
25 16.4.4.4 Supply Reservoirs
26 16.4.4.5 Aluminum Reservoirs
27 16.4.5 Main Reservoir Pipe
28 16.4.6 Emergency Brake Application
29 16.4.6.1 Emergency Relay
30 16.4.6.2 Emergency Stop Button
31 16.4.6.3 Status Indicators


SECTION 16  - FRICTION BRAKING SYSTEM
                   STATEMENT OF COMPLIANCE







8000 Series Railcars, RFP CQ 19038-8K
Technical Specifications Compliance Matrix - Attachment B (cont.)


43


32 16.4.7 Emergency Braking
33 16.4.7.1 BCP Control Valves in Emergency Braking
34 16.4.7.2 Load-Weigh Compensation in Emergency Braking
35 16.4.7.3 Wheel Slip-Slide Correction/Protection in Emergency Braking
36 16.4.7.4 Differential Pressure Detection in Emergency Braking
37 16.4.8 Service Braking
38 16.4.8.1 Brake Cylinder Pressure
39 16.4.8.2 Wheel Slip-Slide Control Valves
40 16.4.8.3 Electronic Control Unit
41 16.4.8.3.1 Control Logic
42 16.4.8.3.2 Load-Weigh Compensation in Service Braking
43 16.4.8.3.3 Wheel Slip-Slide Correction/Protection
44 16.4.8.3.4 Brake Status Lights and Checks
45 16.4.8.3.5 Adjustments
46 16.4.9 Power Knockout
47 16.4.10 Disc Brakes/Calipers
48 16.4.11 Friction Disc and Pad Service Lives
49 16.4.12 Holding Brake (Also referred to as Parking Brake)
50 16.4.12.1 Performance
51 16.4.12.2 Mounting
52 16.4.12.3 Design
53 16.4.13 Pressure Gauges
54 16.4.14 Pressure Test Fittings
55 16.4.15 Brake Cylinder and Friction Brake Cut-Out Provisions
56 16.4.16 Cut Out Handles
57 16.4.17 Flexible Connections
58 16.4.18 Line Supports
59 16.4.19 Maintenance Intervals
60 16.5 Brake Bench Testers
61 16.6 Contract Data Requirements List (CDRL)
62 16.7 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 17.1 Power Supply
2 17.1.1 General
3 17.1.2 Primary Power Source
4 17.1.2.1 Contactors
5 17.1.3 Auxiliary Power System (APS)
6 17.1.3.1 General Configuration
7 17.1.3.2 Capacity
8 17.1.3.3 Efficiency
9 17.1.3.4 Power Circuit Devices
10 17.1.3.5 Fault Tolerance and Protection
11 17.1.3.6 Self-Test
12 17.1.3.7 Regulation and Control
13 17.1.3.8 Line Filter
14 17.1.3.9 Cooling
15 17.1.3.10 Diagnostics
16 17.2 Low-Voltage DC Power Supply And Battery
17 17.2.1 Low-Voltage Power Supply
18 17.2.1.1 General
19 17.2.1.2 Capacity
20 17.2.1.3 Fault Tolerance and Protection
21 17.2.1.4 Regulation and Control
22 17.2.2 Battery
23 17.2.2.1 General
24 17.2.2.2 Battery Type and Configuration
25 17.2.2.3 Maintenance
26 17.2.2.4 Voltage Drop
27 17.2.2.5 Battery Capacity
28 17.2.2.6 Over-Temperature Protection
29 17.2.2.7 Battery Box
30 17.2.2.7.1 Box Construction
31 17.2.2.7.2 Battery Tray, Roll-Out System, and Locks


SECTION 17  - AUXILIARY POWER
                   STATEMENT OF COMPLIANCE
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32 17.2.2.8 Battery Circuit Breaker
33 17.2.2.9 Battery System Circuit Breaker
34 17.2.2.10 Load Shedding
35 17.2.2.11 Essential Loads
36 17.3 Battery System Circuit Grounding
37 17.3.1 Grounding Arrangement
38 17.3.2 Grounding Bus Plates
39 17.4 Convenience Outlets
40 17.5 Control And Circuit Breaker Panels
41 17.5.1 General
42 17.5.1.1 Switches
43 17.5.1.2 Circuit Breakers
44 17.5.1.3 Fuses
45 17.5.2 Operator’s Circuit Breaker Panel
46 17.5.3 Auxiliary Power Breaker Panels
47 17.6 Third Rail Contact Shoe Assembly
48 17.6.1 General
49 17.6.2 Third Rail Shoes
50 17.6.3 Third Rail Shoe Holder Assembly
51 17.6.4 Third Rail Shoe Fuses
52 17.6.5 Third Rail Shoe Testing
53 17.7 Vehicle Ground
54 17.8 VMDS Interface
55 17.9 Contract Data Requirements List (CDRL)
56 17.10 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 18.1 General
2 18.1.1 General Arrangement
3 18.2 HVAC Units
4 18.3 Heating System
5 18.3.1 Overhead Heat
6 18.3.2 Overhead Heat Protection
7 18.3.3 Floor Heat
8 18.3.4 Layover Heat
9 18.3.5 Cab Heat
10 18.3.6 Heated Windshield
11 18.4 Ventilation
12 18.4.1 Ventilation Blowers
13 18.4.2 Ventilation System Description
14 18.4.3 Air Diffusers
15 18.4.4 Air Grilles
16 18.4.5 Air Filters
17 18.4.6 Air Ducts
18 18.4.6.1 CFD Model and Analysis
19 18.4.6.2 Ventilation System Prototype
20 18.4.7 No Fresh Air Intake Provision
21 18.4.8 Smoke Detector
22 18.5 Cooling System
23 18.5.1 General
24 18.5.2 Cooling Design Criteria
25 18.5.3 Air Conditioning Evaporator Section
26 18.5.4 Compressor/Condenser Section
27 18.5.5 Insulation
28 18.5.6 HVAC Piping Design and Installation and Testing
29 18.5.7 Refrigerant
30 18.5.7.1 Refrigerant Type
31 18.5.7.2 Refrigerant Sampling


SECTION 18  - HEATING, VENTILATION, AND AIR CONDITIONING (HVAC) SYSTEM
                   STATEMENT OF COMPLIANCE
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32 18.5.8 HVAC System Clean-Up
33 18.6 Heating and Cooling Control System
34 18.6.1 HVAC System Activation
35 18.6.2 HVAC System Deactivation
36 18.6.3 HVAC Automatic Controls
37 18.6.3.1 HVAC Control Enclosure
38 18.6.3.2 Wiring and Terminations
39 18.6.3.3 Components
40 18.6.3.4 Functional Description
41 18.6.3.5 Mode-Indicating Panel
42 18.6.3.6 Fault and Diagnostic Information
43 18.6.3.7 Connection of PTU
44 18.6.4 Winter/Summer Mode Selection
45 18.6.5 Interior Car Temperatures
46 18.6.6 Alternative Humidity Control
47 18.7 Design Review Requirements
48 18.8 VMDS Interface
49 18.9 Contract data Requirements List (CDRL)
50 18.10 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 19.1 Interior Lighting
2 19.1.1 General
3 19.1.2 General Fixture and Lamp Requirements
4 19.1.3 Power Source and Control
5 19.1.4 Intensity
6 19.1.5 LED Overhead Fixtures
7 19.1.6 Threshold Lights
8 19.1.7 Cab Lighting
9 19.1.8 Hostler Control Area Lighting (B-car)
10 19.1.9 Overhead Lighting Control
11 19.1.10 Overhead LED Lighting Power Supplies
12 19.2 Exterior Lights
13 19.2.1 Headlights, Tail Lights, and Running Lights
14 19.2.2 Indicators
15 19.2.3 Source
16 19.2.4 Design
17 19.2.5 Control
18 19.3 Emergency Lights
19 19.3.1 Location
20 19.3.2 Control
21 19.3.3 Power
22 19.4 Maintenance lighting
23 19.5 Contract Data Requirements List (CDRL)
24 19.6 Referenced Standards


SECTION 19  - LIGHTING
                   STATEMENT OF COMPLIANCE
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 20.1 GeneraL
2 20.1.1 Design
3 20.1.2 Design Reporting
4 20.1.3 Packaging of Equipment
5 20.1.4 Component Protection
6 20.1.5 Adjustments
7 20.1.6 Test Points
8 20.1.7 Environmental Requirements
9 20.2 Automatic Train Protection
10 20.2.1 Reception and Decoding
11 20.2.1.1 Receiver
12 20.2.1.2 Timing Coordination
13 20.2.1.3 Code-Rate Detectors
14 20.2.1.4 Decoding Requirements
15 20.2.2 Overspeed Protection
16 20.2.2.1 Speed Sensors
17 20.2.2.2 Vital Rollback Protection
18 20.2.2.3 Speed Enforcement
19 20.2.2.4 Daily Safety-Test Provisions
20 20.2.2.5 Daily Safety-Testing Process
21 20.2.2.6 Daily Safety-Test Design Review
22 20.2.2.7 Interface to Car System
23 20.2.3 Door Control
24 20.2.4 Door Enable
25 20.2.5 Automatic-Manual Circuits
26 20.2.5.1 Automatic Mode Train Operation
27 20.2.5.2 Manual with ATP Mode Operation
28 20.2.5.3 Manual with ATP Cut-Out Mode Operation
29 20.2.6 Braking Interface
30 20.2.7 Microprocessor-Based ATP System
31 20.2.7.1 General


SECTION 20  - AUTOMATIC TRAIN CONTROL
                   STATEMENT OF COMPLIANCE
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32 20.2.7.2 Hardware
33 20.2.7.3 Inputs and Outputs
34 20.2.7.4 Vital System Requirements
35 20.2.7.5 Software
36 20.3 Automatic Train Operation
37 20.3.1 General
38 20.3.2 Automatic Speed Regulation
39 20.3.2.1 Speed Sensing
40 20.3.2.2 Speed Measurement
41 20.3.2.3 Speed Comparison
42 20.3.2.4 Motoring/Braking Control Logic
43 20.3.2.5 Rate Control
44 20.3.2.6 Interfacing
45 20.3.3 Maximum Train Speed in Manual Mode of Operation
46 20.3.4 Program Station Stop (PSS)
47 20.3.4.1 PSS System Description
48 20.3.4.2 PSS Indicators
49 20.3.4.3 PSS Markers
50 20.3.4.4 PSS Marker Validation
51 20.3.4.5 PSS Monitoring
52 20.3.4.6 Track Map
53 20.3.4.7 Marker Reception Test Provisions
54 20.4 Automatic Train Supervision
55 20.4.1 Train-to-Wayside Communications
56 20.4.2 TWC Transmission and Reception Test Provisions
57 20.5 Test and Diagnostic Requirements
58 20.6 Power Supply
59 20.7 Microcomputer
60 20.8 VMDS Interface
61 20.9 Communications Based Train Control
62 20.10 Contract Data Requirements List (CDRL)
63 20.11 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT APPLICABLE COMMENTS


1 21.1 Scope
2 21.2 General
3 21.3 Network Communications and Trainline Architectures
4 21.3.1 General
5 21.3.2 Train Control Network (E-TCN)
6 21.3.2.1 E-TCN Ethernet Train Backbone (ETB)
7 21.3.2.2 E-TCN Ethernet Consist Network
8 21.3.3 Network Logical Control Unit
9 21.3.4 Train Communication and Diagnostic Network (E-TCDN)
10 21.3.4.1 E-TCDN Ethernet Train Backbone (ETB)
11 21.3.4.2 E-TCDN Ethernet Consist Network
12 21.3.5 Discrete Trainline Network
13 21.3.6 Test Points
14 21.4 Network Design
15 21.4.1 General
16 21.4.1.1 Protocols
17 21.4.1.2 Traffic Levels
18 21.4.1.3 General Network Requirements
19 21.4.1.4 EMC
20 21.4.2 Ethernet Switches
21 21.4.3 End Devices
22 21.5 Fault Tolerance, Safety, and Security
23 21.5.1 General Requirements
24 21.5.2 Hazard Analysis
25 21.5.3 Vehicle Communication and Control System Vulnerability Assessment
26 21.6 Obsolescence and Expansion
27 21.6.1 Replacements and Upgrade
28 21.6.2 System Expansion
29 21.6.3 Interoperability
30 21.7 Systems Integration
31 21.7.1 Systems Integrator


SECTION 21  - NETWORK AND TRAINLINE CONTROL
                   STATEMENT OF COMPLIANCE
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32 21.7.2 Systems Integrator Responsibilities
33 21.8 PTU Protocol Analyzer
34 21.9 Network Troubleshooting
35 21.9.1 General
36 21.9.2 Data Network Troubleshooting Plan
37 21.10 Contract Data Requirements List (CDRL)
38 21.11 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT APPLICABLE COMMENTS


1 22.1 General
2 22.1.1 Scope
3 22.1.2 General Requirements
4 22.1.3 Duty Cycle
5 22.1.4 Power
6 22.1.5 Environmental Conditions
7 22.1.6 Federal Communications Commission Rules
8 22.2 PASSENGER INFORMATION SYSTEM
9 22.2.1 Exterior Destination Sign
10 22.2.1.1 General
11 22.2.1.2 Display Capability
12 22.2.1.3 Display Controls
13 22.2.2 Interior Passenger Information Displays
14 22.2.2.1 General
15 22.2.2.2 Information Video Control System
16 22.2.2.3 Windscreen Information Displays
17 22.2.2.4 Low/High Ceiling Transition Information Displays
18 22.2.2.5 Route Map Area Information Displays
19 22.2.3 Audio Announcement System
20 22.2.3.1 General
21 22.2.3.2 Power Amplifiers and Speaker Control
22 22.2.3.3 Speaker General Requirements
23 22.2.3.4 Interior PA Speakers
24 22.2.3.5 Exterior Speakers
25 22.2.3.6 Cab Microphone
26 22.2.3.7 Left Cab Microphone
27 22.3 Passenger Call Stations
28 22.3.1 General
29 22.3.2 Passenger Call Station Functional Description
30 22.3.3 Passenger Call Station Speaker and Microphone
31 22.3.4 Cab Speakers


SECTION 22  - COMMUNICATION – PA, INTERCOMS, SCREENS, VIDEO SURVEILLANCE
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32 22.4 Communications Control Panel And Radio Equipment
33 22.4.1 Communications Control Panel
34 22.4.2 Cab-Mounted Radio Equipment
35 22.4.3 Train Radio Functionality
36 22.4.4 Radio Antenna
37 22.5 Video Surveillance System
38 22.5.1 General
39 22.5.2 Cameras
40 22.5.3 Camera Locations
41 22.5.4 Video Storage and Transmission
42 22.5.5 Viewing Live and Recorded Video
43 22.5.5.1 From the Cab TCD
44 22.5.5.2 From a File on the PTU or on the Wayside
45 22.5.5.3 From the Cab CCTV Monitor
46 22.5.5.4 Operator Platform Monitoring (Priced Option)
47 22.6 Interior Advertising Displays
48 22.6.1 General
49 22.6.2 Advertising Video Control System
50 22.6.3 Door Pocket Advertising Displays
51 22.6.4 Window Valence Advertising Displays
52 22.6.5 Advertising System Wayside Workstation
53 22.7 Contract DAta Requirements List (CDRL)
54 22.8 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT APPLICABLE COMMENTS


1 23.1 General
2 23.1.1 Scope
3 23.1.2 General Requirements
4 23.1.3 Duty Cycle
5 23.1.4 Power
6 23.1.5 Environmental Conditions
7 23.2 Vehicle Monitoring And Diagnostic System
8 23.2.1 General
9 23.2.2 Other VMDS Functionality
10 23.2.3 Monitored Subsystems
11 23.2.4 Faults, Data Classification, and Attributes
12 23.2.5 Train Control Display
13 23.2.5.1 Train Control Display Operating Screen
14 23.2.5.2 Train Control Display Maintenance Screen
15 23.2.5.3 Train Control Display Indications
16 23.2.6 Left Cab Maintenance Screen
17 23.3 Vehicle/Track Dynamic Performance Monitor
18 23.4 Event Recorder
19 23.5 Train/Wayside Data Tranfer
20 23.5.1 General
21 23.5.2 Transfer Locations
22 23.5.3 Data Transfer
23 23.5.4 Carborne TWDT Equipment
24 23.5.5 Wayside TWDT Components
25 23.6 Contract Data Requirements List (CDRL)
26 23.7 Referenced Standards


SECTION 23  - MONITORING AND DIAGNOSTICS
                   STATEMENT OF COMPLIANCE
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 24.1 General
2 24.1.1 Scope
3 24.1.2 Quality
4 24.1.3 Standards
5 24.1.4 Material Availability in the U.S.
6 24.1.4.1 Cleaning Agents
7 24.1.4.2 Maintenance Materials
8 24.1.5 Storage of Materials
9 24.1.6 Prohibited Materials
10 24.1.7 Material Reporting Requirements
11 24.1.8 Dissimilar Materials
12 24.2 Standards of Workmanship
13 24.2.1 Workers
14 24.2.2 Use of Drawings and Procedures
15 24.2.3 Use of Manufacturing Tools and interchangeability
16 24.2.4 Prohibited Practices
17 24.2.5 Metal Fabrication
18 24.2.6 Machining
19 24.3 Joining
20 24.3.1 General
21 24.3.2 Joint Fitting
22 24.3.3 Metal-to-Metal Connections
23 24.3.4 Wood-to-Metal Connections
24 24.3.5 Wood-to-Wood Connections
25 24.4 Fasteners
26 24.4.1 General
27 24.4.1.1 Scope
28 24.4.1.2 Design
29 24.4.1.3 Material
30 24.4.1.4 Plating
31 24.4.1.5 Prohibited


SECTION 24  - MATERIALS AND WORKMANSHIP
                   STATEMENT OF COMPLIANCE







8000 Series Railcars, RFP CQ 19038-8K
Technical Specifications Compliance Matrix - Attachment B (cont.)


57


32 24.4.2 General Requirements for Threaded Fasteners
33 24.4.2.1 Standards
34 24.4.2.2 Head Types
35 24.4.2.3 Identification
36 24.4.2.4 Maintenance Access
37 24.4.2.5 Thread Projection
38 24.4.2.6 Bolt Hole Size
39 24.4.2.7 Tapping Plates
40 24.4.3 Special Requirements for Structural Fasteners
41 24.4.3.1 Scope
42 24.4.3.2 Material and Property Class (or Grade)
43 24.4.3.3 Minimum Size
44 24.4.3.4 Required Documentation
45 24.4.3.5 Additional Requirements for Safety-Related Fasteners
46 24.4.4 Coatings other than Zinc
47 24.4.5 Self-Locking Nuts and Washers
48 24.4.5.1 Self-Locking Nuts
49 24.4.5.2 Washers
50 24.4.6 Torquing
51 24.4.7 Other Fasteners
52 24.4.7.1 Quick-Release Fasteners
53 24.4.7.2 Rivets and Lock Pins
54 24.4.8 Location- and Application-Specific Requirements
55 24.4.8.1 Interior - Exposed to Passengers
56 24.4.8.2 Exterior - Exposed to Passengers
57 24.4.8.3 Access Required
58 24.4.8.4 Heat Producing Equipment
59 24.5 Metal
60 24.5.1 Stainless Steel
61 24.5.1.1 Austenitic Stainless Steel
62 24.5.1.2 Ferritic Stainless Steel
63 24.5.1.3 Stainless Steel Testing
64 24.5.2 High-Strength Low-Alloy Steel (HSLA)
65 24.5.3 Steel Castings
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66 24.5.3.1 General
67 24.5.3.2 Design Qualification
68 24.5.3.3 Quality
69 24.5.3.4 Specific Applications
70 24.5.3.5 Repair Welding and Cast-Weld Design
71 24.5.4 Steel and Aluminum Forgings
72 24.5.4.1 General
73 24.5.4.2 Steel Forgings
74 24.5.4.3 Aluminum Forgings and Extrusions
75 24.5.4.4 Specific Applications
76 24.5.4.5 Design Qualification of Structural Forgings
77 24.5.4.6 Quality of Structural Forgings
78 24.5.5 Aluminum
79 24.5.5.1 General Requirements
80 24.5.5.2 Design Stresses
81 24.5.5.3 Connections to Aluminum
82 24.5.5.4 Interior Trim
83 24.6 WElding and Brazing
84 24.6.1 General
85 24.6.1.1 Scope
86 24.6.1.2 Quality
87 24.6.2 Welding and Brazing Prohibitions
88 24.6.3 Welding
89 24.6.3.1 Structural Welding
90 24.6.3.2 Welding Procedure Qualification
91 24.6.3.3 Welder Qualification and Identification
92 24.6.3.4 Weld Type Requirements
93 24.6.3.5 Weld Inspection
94 24.6.3.6 Weld Cleaning Requirements
95 24.6.3.7 Welding Rod or Wire
96 24.6.3.8 Special Welding
97 24.6.3.9 Resistance Welding
98 24.6.3.10 Resistance, Spot Weld and Intermittent Weld Spacing
99 24.6.3.11 Toughness of Welded Assemblies
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100 24.6.4 Torch Brazing
101 24.6.5 Torch Soldering
102 24.6.6 Welding Terms, Symbols and Definitions
103 24.7 Elastomers
104 24.7.1 General
105 24.7.2 Application-Specific Requirements
106 24.7.2.1 Neoprene
107 24.7.2.2 Natural Rubber
108 24.7.3 Tests
109 24.7.4 Life Expectancy
110 24.7.5 Metal Parts
111 24.7.6 Bonding
112 24.8 Glazing Materials
113 24.8.1 Safety Glass
114 24.8.1.1 Type
115 24.8.1.2 Quality
116 24.8.1.3 Marking
117 24.8.2 Plastic Glazing Prohibited
118 24.9 Floor Covering
119 24.10 Wood and Panels
120 24.10.1 Lumber
121 24.10.2 Plywood
122 24.10.3 Panel Contour Tolerance
123 24.10.4 Plymetal
124 24.10.5 Honeycomb Panels
125 24.10.6 Melamine-Faced Aluminum
126 24.10.7 Phenolic Cored Panels for Flooring
127 24.11 Seat Cushion Materials
128 24.11.1 Cushion
129 24.11.1.1 Material
130 24.11.1.2 Physical Properties
131 24.11.2 Upholstery
132 24.11.2.1 Material
133 24.11.2.2 Physical Properties
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134 24.12 Fiberglass-Reinforced Plastic
135 24.12.1 General
136 24.12.2 Components
137 24.12.3 Construction
138 24.12.4 Repair
139 24.12.5 Strength Requirements
140 24.13 Thermoplastic Sheet
141 24.13.1 General
142 24.13.2 Material/Construction
143 24.13.3 Quality
144 24.13.4 Strength Requirements
145 24.14 Piping And Tubing
146 24.14.1 General
147 24.14.2 Air Piping, Tubing, and Fittings
148 24.14.2.1 Type, Size, and Gauge
149 24.14.2.2 Installation
150 24.14.3 Air Conditioning System Piping, Tubing, Fittings and Installation
151 24.14.3.1 Type and Size
152 24.14.3.2 HVAC Piping Installation
153 24.14.4 Brazing and Soldering of Piping, Tubing and Fittings
154 24.14.5 Hydraulic Piping, Tubing and Fittings
155 24.14.5.1 Type, Rating, and Size
156 24.14.5.2 Installation
157 24.15 Pressure Vessels
158 24.16 Air Filters
159 24.16.1 HVAC and Equipment Ventilation Filters
160 24.16.2 High Pressure Air Filters
161 24.16.3 Low Pressure Air Filters
162 24.17 Lubrication Fittings
163 24.18 Paints and Coatings
164 24.18.1 General
165 24.18.2 Materials Not to be Painted
166 24.18.3 Paint Materials
167 24.18.3.1 General
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168 24.18.3.2 Samples and Data
169 24.18.3.3 Primers
170 24.18.3.4 Top coats
171 24.18.3.5 Powder Coat
172 24.18.4 Preparation and Application
173 24.18.4.1 General
174 24.18.4.2 Paint Process Documentation
175 24.18.4.3 Applicator Qualifications
176 24.18.4.4 Carbody
177 24.18.4.5 Exterior Not Visible to Passengers
178 24.18.4.6 Trucks
179 24.18.4.7 Exterior Visible to Passengers
180 24.18.4.8 Stainless Steel
181 24.18.4.9 Interior Painting
182 24.18.4.10 Testing
183 24.18.5 Acoustical Insulation
184 24.19 Flammability, Smoke Emission, And Toxicity Requirements
185 24.20 Raceways and Junction Boxes
186 24.20.1 Scope
187 24.20.2 General Requirements
188 24.20.3 Conduit
189 24.20.3.1 Permitted Conduit Types
190 24.20.3.2 Conduit Installation
191 24.20.3.3 Conduit Connections to Boxes and Enclosures
192 24.20.4 Wireway
193 24.20.4.1 Scope
194 24.20.4.2 General Requirements
195 24.20.4.3 Interior
196 24.20.4.4 Exterior
197 24.20.5 Junction Boxes
198 24.20.5.1 General
199 24.20.5.2 Exterior Junction Boxes
200 24.20.6 Bonding and Grounding Metallic Raceway and Junction Boxes
201 24.21 Wire and Cable
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202 24.21.1 General
203 24.21.2 Samples and Documentation
204 24.21.3 Wire and Cable Type Requirements
205 24.21.3.1 Conductors
206 24.21.3.2 Insulation
207 24.21.3.3 Multi-Conductor Cables
208 24.21.3.4 Ethernet Cable
209 24.21.4 Wire and Cable Application Requirements
210 24.21.4.1 General
211 24.21.4.2 Wire Sizes
212 24.21.4.3 Insulation Level
213 24.21.4.4 High Temperature Wire
214 24.21.4.5 Circuit Shielding
215 24.21.5 Wiring Methods
216 24.21.6 Wiring Installation
217 24.21.6.1 General
218 24.21.6.2 Circuit Separation
219 24.21.6.3 Clearance
220 24.21.6.4 Maintainability
221 24.21.6.5 Wire Handling
222 24.21.6.6 Wiring Location Requirements
223 24.21.6.7 Wire and Cable Entrance and Exit Points
224 24.21.6.8 Wire and Cable Installation in Conduit
225 24.21.6.9 Conduit Fill
226 24.21.6.10 Wire and Cable Installation in Wireway
227 24.21.6.11 Wire Installed in Harnesses
228 24.21.6.12 Wire and Cable Installation by Cleating
229 24.21.6.13 Wiring Within Enclosures
230 24.21.6.14 Spare Wires
231 24.21.6.15 Identification
232 24.21.6.16 Wire Ties, Clamps, and Anchors
233 24.21.6.17 Insulation Resistance
234 24.22 WIRE and Cable connections
235 24.22.1 General
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236 24.22.2 Terminal Boards and Terminal Points
237 24.22.3 Wire Terminations
238 24.22.4 Power Cable Terminations
239 24.22.5 Motor Lead Terminals
240 24.22.6 Cable Connectors
241 24.22.7 Quick-Disconnect Terminals
242 24.22.8 Grounding Return Connections
243 24.22.8.1 Grounding
244 24.22.8.2 Bonding
245 24.22.9 Wire Splicing
246 24.23 Electrical Devices And Hardware
247 24.23.1 General
248 24.23.2 Contactors and Relays
249 24.23.2.1 General
250 24.23.2.2 Contactors
251 24.23.2.3 Relays
252 24.23.2.4 Vital Relays
253 24.23.3 Switches
254 24.23.4 Circuit Breakers
255 24.23.4.1 General
256 24.23.4.2 High-Voltage Circuit Breakers
257 24.23.4.3 Low-Voltage Circuit Breakers
258 24.23.5 Fuses
259 24.23.6 Bus Bars
260 24.23.7 Capacitors
261 24.23.8 Resistors
262 24.23.9 Transformers and Inductors
263 24.23.10 Switch, Circuit Breaker and Fuse Panels
264 24.23.11 Battery Backup Circuits
265 24.23.12 Blower and Other Motors
266 24.24 Electrical And Electronic Devices
267 24.24.1 Reliability Standards
268 24.24.2 Environmental Stress Screening
269 24.24.3 Ability to Repair
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270 24.24.4 Hardware
271 24.24.5 Wiring
272 24.24.6 Optical Fibers
273 24.25 Semiconductor Standards
274 24.25.1 General
275 24.25.2 Ratings
276 24.25.3 Availability and JEDEC Registration
277 24.25.4 Other Prohibitions
278 24.26 Printed Circuit Board Standards
279 24.26.1 General
280 24.26.2 Marking
281 24.26.3 Component Mounting
282 24.26.4 IC and Device Sockets
283 24.26.5 Conformal Coating
284 24.26.6 Keying and Interlocks
285 24.26.7 Circuit Board Connectors
286 24.26.8 Testing
287 24.26.9 Plated-Through Holes
288 24.26.10 Multilayer Boards
289 24.26.11 Enclosures and Racks
290 24.26.12 Extenders
291 24.27 Microprocessor-Based System Hardware
292 24.27.1 Hardware Platform
293 24.27.2 Electrical Isolation and Pre-Processing
294 24.27.3 Program and Data Storage
295 24.27.4 Software
296 24.27.5 Programming
297 24.27.6 Batteries
298 24.27.7 Expansion Capacity
299 24.28 Contract Data Requirements List (CDRL)
300 24.29 Referenced Standards
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# REQUIREMENT COMPLIANT NOT 
COMPLIANT


NOT 
APPLICABLE


COMMENTS


1 25.1 Scope
2 25.2 General Standards and Definitions
3 25.2.1 Encoding
4 25.2.2 Metadata File Formats
5 25.2.3 Metadata File Naming
6 25.2.4 Identifying Part Numbers
7 25.2.5 Part Descriptions
8 25.2.6 Manufacturer References
9 25.2.7 Supplier References
10 25.2.8 Definitions
11 25.3 Part Definition
12 25.4 IPC Configuration TAble
13 25.5 BOM Configuration Table
14 25.6 Maintenance Information
15 25.7 Procurement Information
16 25.8 Software Definition
17 25.8.1 Software Definition Table
18 25.8.2 Software Configuration Table
19 25.8.3 Escrowed Software Definition Table
20 25.9 3D-Model Definition
21 25.10 2D-Drawing Definition
22 25.11 Telemetry
23 25.11.1 Transient Data That Is Not Persisted
24 25.11.2 Data Stored in Databases Managed by an Application With API
25 25.11.3 Data Stored in Databases Not Managed by an Application With API
26 25.11.4 Data That Does Not Meet Any of the Above Criteria
27 25.12 Contract Data Requirements List (CDRL)
28 25.13 Referenced Standards


SECTION 25  - DATA COMMUNICATION INTERFACE WITH WMATA
                   STATEMENT OF COMPLIANCE





		Section 1

		Section 2

		Section 3

		Section 4

		Section 5

		Section 6

		Section 7

		Section 8

		Section 9

		Section 10

		Section 11

		Section 12

		Section 13

		Section 14

		Section 15

		Section 16

		Section 17

		Section 18

		Section 19

		Section 20

		Section 21

		Section 22

		Section 23

		Section 24

		Section 25



WMATA
Attachment B
Compliance Matrix (PDF)


Section 1

		The offeror shall submit the Compliance Matrix with its proposal.  The offeror shall check the Compliant (C),  Not Compliant (NC), or Not Applicable (NA) column for each section or sub-section listed.  If the 'NC or 'NA'  column is checked, then the offeror must provide comments as to why the functional or technical requirement cannot be met (or is not applicable) and propose alternatives, if any, in the Comments column which are equivalent or better for WMATA's consideration. If the 'C' column is checked, then the offeror is acknowledging compliance with all requirements in that section and subsection. The Comments column can be used for any clarifiaction, concerns or additional information.  The Requirements column references the technical specifications section.

		SECTION 1  - PERFORMANCE REQUIREMENTS 

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENTS		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		1.1 Scope

		2		1.1.1 General

		3		1.1.2 Railcar Configuration And Compatibility

		4		1.1.2.1 Compatibility With Existing System And Cars

		5		1.1.2.2 Interchangeability

		6		1.1.3 Design Concepts

		7		1.1.4 Design Options

		8		1.1.5 Design Life

		9		1.1.6 Overhaul Intervals

		10		1.2 Environmental Conditions

		11		1.2.1 General Operating Conditions

		12		1.3 System Voltage Range And Line Current Limits

		13		1.3.1 Line Current Draw

		14		1.4 Dimensions, Clearances, And Track Standards

		15		1.4.1 Dimensions

		16		1.4.2 Clearances

		17		1.4.3 Track Maintenance Standards

		18		1.5 Weight

		19		1.5.1 Weight Requirements And Load Definitions

		20		1.5.2 Weight Balance Criteria

		21		1.5.3 Weight Reporting

		22		1.5.4 Weight Reductions

		23		1.6 Acceleration And Braking Control

		24		1.6.1 Acceleration And Braking Control

		25		1.6.2 Jerk Limit Requirements

		26		1.6.3 Load Weigh Requirements

		27		1.6.4 Brake Blending

		28		1.7 Acceleration And Braking Performance Requirements

		29		1.7.1 Acceleration Requirements

		30		1.7.2 Braking Requirements

		31		1.7.2.1 Dynamic Braking Performance

		32		1.7.2.2 Friction Braking

		33		1.7.2.3 Emergency Braking

		34		1.7.3 Towing Requirements

		35		1.7.4 Duty Cycle Requirements

		36		1.7.4.1 Duty Cycle Definition

		37		1.7.4.2 Propulsion And Dynamic Brake Duty Cycle Requirements

		38		1.7.4.3 Friction Brake Duty Cycle Requirements

		39		1.7.5 Feasibility Analysis - Un-Powered Axles And Trucks

		40		1.8 Electromagnetic Interference And Compatibility

		41		1.8.1 General

		42		1.8.2 EMC/RFI/EMI Design And Control Plan

		43		1.8.3 Methods And Apparatus

		44		1.8.4 Emission Limits

		45		1.8.4.1 Radiated Emission Limits

		46		1.8.4.2 Conductive Emission Limits

		47		1.8.4.3 Inductive Emission Limits

		48		1.8.5 Conducted Interference

		49		1.8.6 Inductive Interference

		50		1.8.7 Cab Signal Interference

		51		1.8.8 Required EMC/RFI/EMI Testing For Subsystems

		52		1.9 Noise, Shock, And Vibration

		53		1.9.1 General

		54		1.9.2 Measurement

		55		1.9.3 Sound Transmission

		56		1.10 Audible Noise Criteria

		57		1.10.1 Equipment Noise Prior To Installation On Car

		58		1.10.1.1 Traction Motors

		59		1.10.1.2 Propulsion System Gearing

		60		1.10.1.3 Auxiliary Equipment

		61		1.10.1.4 Equipment Noise After Installation On Car

		62		1.10.1.5 Effect Of Pure Tones

		63		1.10.2 Car Interior Noise Levels

		64		1.10.2.1 Auxiliary Equipment Noise With Car Stopped

		65		1.10.2.2 Car Moving On At-Grade Ballasted Track

		66		1.10.2.3 Car Moving In Subway

		67		1.10.2.4 Door Operation Noise

		68		1.10.2.5 Carbody Sound Insulation

		69		1.10.3 Car Exterior Noise Levels

		70		1.10.3.1 Car Stopped On At-Grade Ballasted Track

		71		1.10.3.2 Car Stopped In Subway Station

		72		1.10.3.3 Car Moving On At-Grade Ballasted Track

		73		1.10.3.4 Auxiliary Equipment

		74		1.10.3.5 Friction Brake

		75		1.10.4 Shock Criteria

		76		1.10.5 Vibration Criteria

		77		1.11 HVAC Performance

		78		1.12 Software System Adjustability

		79		1.13 Forward Interoperability

		80		1.14 Subsystem Interface Detail

		81		1.15 Contract Data Requirements List (CDRL)

		82		1.16 Referenced Standards
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Section 2

		SECTION 2  - PROGRAM MANAGEMENT AND COMMISSIONING 

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		2.1 General

		2		2.1.1 Contractor's Program Manager

		3		2.1.2 Subcontractor Management

		4		2.2 Communications Protocol

		5		2.2.1 Document Management System

		6		2.2.2 Soft Copy Correspondence

		7		2.2.3 Meetings

		8		2.2.4 Video Conferencing

		9		2.2.5 Software

		10		2.3 Program Management Plan

		11		2.4 Staffing Requirements

		12		2.5 Schedules And Project Control

		13		2.5.1 Master Program Schedule

		14		2.5.2 Project Kick-Off Meeting

		15		2.5.3 Progress Reviews And Reports

		16		2.5.3.1 Monthly Progress Review Meetings

		17		2.5.3.2 Monthly Progress Update Reports

		18		2.5.4 Phase Completion Meetings

		19		2.6 Systems Engineering

		20		2.6.1 General

		21		2.6.2 Staffing Requirements

		22		2.6.3 Systems Engineering Plan

		23		2.6.4 Overall System Description

		24		2.6.5 Supplier System Descriptions

		25		2.6.6 Requirements Allocation And Management

		26		2.7 Configuration Management

		27		2.7.1 General

		28		2.7.2 Configuration Management Plan

		29		2.7.3 Change Control

		30		2.7.4 Configuration Records

		31		2.7.4.1 Serial Numbers

		32		2.7.4.2 Bar Codes And RFID Tags

		33		2.7.4.3 Materials Management System

		34		2.7.5 As-Built Specification

		35		2.8 Deviations And Waivers

		36		2.8.1 Requests For Deviations To The Technical Specification

		37		2.8.2 Waiver For Proven Equipment

		38		2.9 Safety Certification

		39		2.10 Pilot Car Production

		40		2.10.1 Pilot Cars

		41		2.10.2 Pilot Car Production Reviews

		42		2.10.3 Maintainability And Safety Review

		43		2.11 Shipping Authorization

		44		2.12 Railcar Commissioning Process

		45		2.12.1 Inspections And Testing

		46		2.12.2 Warranty Support

		47		2.13 Spare Parts Management

		48		2.14 Design Documentation And Other Deliverables

		49		2.14.1 Contract Overview

		50		2.14.2 Design Specifications And Standards

		51		2.14.3 Contract Data Requirements

		52		2.14.4 Drawings

		53		2.14.4.1 General Requirements

		54		2.14.4.2 Drawing Revisions

		55		2.14.4.3 Arrangement Drawings

		56		2.14.4.4 Dynamic Outline Drawing

		57		2.14.4.5 “As-Built” Drawings

		58		2.14.4.6 Use Of Terminology Of Existing Cars

		59		2.15 Design Reviews

		60		2.15.1 Conceptual Design Review

		61		2.15.2 Preliminary Design Review

		62		2.15.3 Final Design Review

		63		2.15.4 Design Verification Review

		64		2.16 Engineering Mock-Ups, Models, And Materials

		65		2.16.1 Cab, Interior, And Hostler Panel Soft Mock-Up

		66		2.16.2 Full Scale A-Car Design Mock-Up And Training Car

		67		2.16.3 Railcar Models

		68		2.16.4 Prototype Seating

		69		2.16.5 Decorative Material Samples

		70		2.16.6 Car History Books

		71		2.17 Contract Data Requirements List (CDRL)

		72		2.18 Referenced Standards
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Section 3

		SECTION 3  - TEST PROGRAM

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		3.1 Introduction

		2		3.2 Scope and REsponsibilities

		3		3.2.1 General Requirements

		4		3.2.2 Contractor Responsibilities

		5		3.2.2.1 Operational Characteristics Analysis

		6		3.2.2.2 Test Logistics

		7		3.2.2.3 Witnessing and Notification

		8		3.2.2.4 Staffing

		9		3.2.3 Authority Responsibilities

		10		3.2.4 Third Party Test Facilities

		11		3.3 Testing Program

		12		3.3.1 Classification of Tests

		13		3.3.1.1 General

		14		3.3.1.2 Design Qualification Tests

		15		3.3.1.3 Factory Acceptance Tests

		16		3.3.1.4 On-Site Qualification Tests

		17		3.3.1.5 Routine Acceptance Tests

		18		3.3.2 Test Documentation

		19		3.3.2.1 Master Test Plan

		20		3.3.2.2 Test Procedures

		21		3.3.2.3 Test Reports

		22		3.3.3 Test Components

		23		3.3.4 Test Failure and Discrepancy Analysis

		24		3.3.5 Test Instrument Calibration

		25		3.4 Component Design Qualification Tests

		26		3.4.1 General

		27		3.4.2 Equipment Noise Tests

		28		3.4.3 Equipment Shock and Vibration Susceptibility Tests

		29		3.4.4 Coupler Draft Gear and Link Bar

		30		3.4.4.1 Coupler Strength Tests

		31		3.4.4.2 Coupler Centering Ability Test

		32		3.4.4.3 Coupler Gathering Range Test

		33		3.4.4.4 Shear Pin Device Release Strength

		34		3.4.4.5 Coupler Compatibility

		35		3.4.4.6 Electric Coupler Watertightness

		36		3.4.4.7 Cycling Test

		37		3.4.5 Electric Motor Design Qualification Tests

		38		3.4.6 Auxiliary Power Supply (APS) Tests

		39		3.4.7 Low-Voltage Power Supply

		40		3.4.8 Traction Motors

		41		3.4.8.1 Traction Motor Design Qualification Tests

		42		3.4.8.2 Vibration Test

		43		3.4.8.3 Insulation Verification Tests

		44		3.4.9 Gear Unit

		45		3.4.10 Truck

		46		3.4.10.1 General

		47		3.4.10.2 Static, Overload, and Fatigue Tests

		48		3.4.10.2.1 Static Load Test

		49		3.4.10.2.2 Overload Test

		50		3.4.10.2.3 Fatigue Test

		51		3.4.10.3 Primary Suspension Test

		52		3.4.11 Materials Design Qualification Tests

		53		3.4.11.1 Elastomer Tests

		54		3.4.11.2 Fiberglass-Reinforced Plastic Strength Requirements

		55		3.4.12 Flammability, Smoke Emission, and Toxicity

		56		3.4.12.1 Flammability and Smoke Emission

		57		3.4.12.2 Toxicity

		58		3.4.13 Floor Assembly Fire Resistance Test

		59		3.4.14 Electrical and Electronic Components

		60		3.5 Carbody Design qualification Tests

		61		3.5.1 General

		62		3.5.2 Body Compression and Vertical Load Tests

		63		3.5.2.1 General

		64		3.5.2.2 Instrumentation

		65		3.5.2.3 Carbody Compression Test

		66		3.5.2.4 Coupler Anchor Test

		67		3.5.2.5 Vertical Load Test

		68		3.5.2.6 Jacking Test

		69		3.5.2.7 Truck Safety Mechanism Test

		70		3.5.3 Vibration Mode Excitation Test

		71		3.5.4 Suspension Resonance Test

		72		3.5.5 Seat Strength Test

		73		3.5.6 Weight Balance Test

		74		3.6 System Design Qualification Tests

		75		3.6.1 General

		76		3.6.2 Door System

		77		3.6.3 HVAC System

		78		3.6.3.1 Laboratory Proof of Design Tests

		79		3.6.3.2 Ventilation and Duct Sealing Test

		80		3.6.3.3 Air Diffuser Tests

		81		3.6.3.4 Floor Heat Design Test

		82		3.6.4 Propulsion

		83		3.6.5 Friction Brake System

		84		3.6.5.1 System Pressure Test

		85		3.6.5.2 Friction Brake Rate Characteristics Test

		86		3.6.5.3 Brake Unit Fatigue Test

		87		3.6.5.4 Brake System Capacity Test

		88		3.6.5.5 Brake System Endurance Test

		89		3.6.5.6 Holding Brake Test

		90		3.6.6 Automatic Train Control

		91		3.6.6.1 Design Plan and Test Procedures

		92		3.6.6.2 Development Tests

		93		3.6.6.3 Compatibility Tests

		94		3.6.6.4 Design Qualification Tests

		95		3.6.6.5 Design Qualification Demonstration

		96		3.6.7 APS, LVPS, and Battery

		97		3.6.8 Communications Systems

		98		3.6.9 Vehicle Monitoring and Diagnostic System (VMDS)

		99		3.6.9.1 Event Recorder Crashworthiness

		100		3.6.9.2 VMDS Design Qualification Tests

		101		3.6.10 Network System

		102		3.6.11 Electromagnetic Compatibility Lab Tests

		103		3.6.11.1 General

		104		3.6.11.2 Electromagnetic Emission Tests and Limits

		105		3.6.11.3 Lab Conducted EMI Test

		106		3.6.11.4 Lab Inductive EMI Tests

		107		3.6.12 Train Radio System Design Qualification

		108		3.6.13 Combined Systems Test

		109		3.7 Car Design Qualification Tests

		110		3.7.1 General

		111		3.7.2 Watertightness Test

		112		3.7.3 Carbody Air Leakage Test

		113		3.7.4 Side Door Operation Tests

		114		3.7.5 Climate Room Testing Requirements

		115		3.7.5.1 General

		116		3.7.5.2 Climate Room Test Prerequisites

		117		3.7.5.3 Climate Room Requirements

		118		3.7.5.4 Instrumentation

		119		3.7.5.5 Data Collection

		120		3.7.6 Car Climate Room Heating Tests

		121		3.7.6.1 Pull Up From Dead Cold Condition

		122		3.7.6.2 Pull Up and Steady State without Passengers Test

		123		3.7.6.3 Side Door Cycling Test

		124		3.7.6.4 Layover Heat Test

		125		3.7.6.5 Restricted Air Backup Protection Test

		126		3.7.6.6 Nuisance Tripping Test

		127		3.7.6.7 Carbody Heat Transfer Test

		128		3.7.6.8 Cab Heater Test

		129		3.7.7 Car Climate Room Cooling Tests

		130		3.7.7.1 General

		131		3.7.7.2 Refrigerant Charge Determination

		132		3.7.7.3 Pull Down and Steady State at Design Conditions

		133		3.7.7.4 Side Door Cycling Test

		134		3.7.7.5 Steady State at Elevated Design Conditions and 175 Passengers

		135		3.7.7.6 Steady State at Maximum Operating Conditions

		136		3.7.7.7 Extreme Temperature Test

		137		3.7.7.8 Low Temperature Test

		138		3.7.7.9 Condensate Carry Over Test

		139		3.7.7.10 Partial Cooling Test

		140		3.7.7.11 Summer/Winter Switchover Test

		141		3.7.8 Heated Windshield Test

		142		3.7.9 Lighting Test

		143		3.7.9.1 Intensity Readings

		144		3.7.9.2 Emergency Lighting

		145		3.7.10 Weight Balance Test

		146		3.7.11 Truck Tests

		147		3.7.11.1 Equalization Tests

		148		3.7.11.2 Rollover Resistance Test

		149		3.7.11.3 Truck Rotational Resistance Test

		150		3.7.11.4 Truck Weight

		151		3.7.12 Coupled Car Clearance Test

		152		3.7.13 Parking Brake Test

		153		3.7.14 Noise and Vibration Tests

		154		3.7.15 Horn Test

		155		3.7.16 Car Networks Test

		156		3.8 On-Site Qualification Tests

		157		3.8.1 General

		158		3.8.2 Train Networks

		159		3.8.3 Trainlines

		160		3.8.4 Clearance Test

		161		3.8.5 Truck Stress Validation Testing

		162		3.8.6 Truck Stability Testing

		163		3.8.7 Ride Quality Test

		164		3.8.8 Performance Tests

		165		3.8.8.1 General

		166		3.8.8.2 Instrumentation

		167		3.8.8.3 Propulsion Performance Tests

		168		3.8.8.4 Braking Performance Tests

		169		3.8.8.5 Duty Cycle Confirmation Test

		170		3.8.8.6 Wheel Slip-Slide Test

		171		3.8.8.7 Auxiliary AC Power Supply

		172		3.8.8.8 Power and Energy Consumption

		173		3.8.8.9 Transient Power

		174		3.8.8.10 Ambient Temperature Test

		175		3.8.8.11 Gap Performance Tests

		176		3.8.8.12 ATC Compatibility Test

		177		3.8.9 Spin Simulation Test

		178		3.8.10 Noise and Vibration Tests

		179		3.8.11 Electromagnetic Compatibility Field Tests

		180		3.8.11.1 General

		181		3.8.11.2 Electromagnetic Emission Tests and Limits

		182		3.8.11.3 Field Conducted EMI Test

		183		3.8.12 Battery Capacity

		184		3.8.13 Thermal Mapping

		185		3.8.14 Failure Mode, Effects and Criticality Analysis (FMECA) Validation

		186		3.8.15 Communications and Video Surveillance System Tests

		187		3.8.16 Parking Brake Test

		188		3.8.17 Passenger Emergency Door Operation Test

		189		3.8.18 30 Day Operations Passenger Service Test

		190		3.9 Factory Acceptance Tests

		191		3.9.1 General

		192		3.9.2 Electrical and Electronic Apparatus Tests

		193		3.9.3 Insulation and High-Potential Testing

		194		3.9.4 Traction Power Control Test

		195		3.9.5 Brake Equipment

		196		3.9.6 Communications and Network System Test

		197		3.9.7 Trucks

		198		3.9.8 Couplers

		199		3.9.9 Electric Motors

		200		3.9.10 HVAC System

		201		3.9.11 Auxiliary AC Power Supply

		202		3.9.12 Low-Voltage Power Supply

		203		3.9.13 Battery

		204		3.9.14 Propulsion

		205		3.9.15 Gear Units

		206		3.9.16 ATC Interface Test

		207		3.9.17 Head End Circuits

		208		3.10 Pre-Shipment Factory Acceptance Tests

		209		3.10.1 General

		210		3.10.2 Watertightness Test

		211		3.10.3 Car Weighing

		212		3.10.4 Car and Quad Unit Wiring Test

		213		3.10.5 Pneumatic System Leakage Test

		214		3.10.6 Trainlines and Network System

		215		3.10.7 System Functionality Verification

		216		3.10.8 Door Operators and Controls

		217		3.10.9 HVAC System

		218		3.10.10 Lighting, Headlights, and Taillights

		219		3.10.11 Friction Brake Test

		220		3.10.12 Traction Power Control Test

		221		3.10.13 Communication System Test

		222		3.10.14 Monitoring and Diagnostics System (MDS) Test

		223		3.10.15 Event Recorder Test

		224		3.10.16 ATC System Static Pre-Shipment FAT

		225		3.10.17 Height Control Test

		226		3.10.18 Propulsion and Brake System Dynamic Test

		227		3.10.19 ATC System Dynamic Pre-shipment FAT

		228		3.11 Routine Acceptance Tests

		229		3.11.1 General

		230		3.11.2 Miscellaneous Body Tests and Adjustments

		231		3.11.3 Pneumatic System Leakage Test

		232		3.11.4 Functional Tests

		233		3.11.5 Dynamic Tests

		234		3.11.6 Burn-In Test

		235		3.12 Contract Data Requirements List (CDRL)

		236		3.13 Referenced Standards
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Section 4

		SECTION 4  - SYSTEM SAFETY

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		4.1 Safety Program

		2		4.1.1 General

		3		4.1.2 Safety and Security Management Plan

		4		4.1.3 System Safety/Hazard Resolution Process

		5		4.1.4 Preliminary Hazard List

		6		4.1.5 Preliminary Hazard Analysis/Hazard Tracking Log/CIL

		7		4.1.6 Open Items Log

		8		4.1.7 Follow-Up Analyses

		9		4.1.7.1 Failure Modes, Effects and Criticality Analyses

		10		4.1.7.2 Fault Tree Analyses

		11		4.1.8 Hazard Assessment

		12		4.1.8.1 Hazard Severity and Probability

		13		4.1.8.1.1 Hazard Severity

		14		4.1.8.1.2 Hazard Probability

		15		4.1.8.2 Hazard Risk Index

		16		4.1.9 Hazard Resolution Process

		17		4.1.9.1 Hazard Reduction Precedence

		18		4.1.9.2 General Safety Design Criteria

		19		4.1.10 Fail-Safe Design Requirements

		20		4.1.11 Design Safety for Human Engineering

		21		4.1.12 Safety and Security Certification Program

		22		4.1.13 Safety Oversight

		23		4.2 Flammability, Smoke Emission, And Toxicity Testing Requirements

		24		4.2.1 General

		25		4.2.2 Fire Hazard Analysis

		26		4.2.3 Material Testing Requirements and Matrix

		27		4.2.4 Materials Exempt from Testing Requirements

		28		4.2.5 Materials Requested for Waiver or Deviation

		29		4.2.6 Flammability and Smoke Emission Test Procedures and Performance Criteria

		30		4.2.7 Toxicity Test Procedures and Performance Criteria

		31		4.2.8 Floor Assembly Fire Resistance Testing Criteria

		32		4.2.9 Electrical Fire Safety

		33		4.3 Contract Data Requirements List (CDRL)

		34		4.4 Referenced Standards
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Section 5

		SECTION 5  - QUALITY ASSURANCE

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		5.1 Quality Assurance Requirements

		2		5.1.1 General Requirements

		3		5.1.2 Quality Assurance Program

		4		5.1.2.1 Assessment of Quality Assurance Program

		5		5.1.2.2 Quality Assurance Program Plan

		6		5.1.2.3 Quality Assurance Manual

		7		5.1.2.4 Design Control

		8		5.1.2.5 Purchasing

		9		5.1.2.6 Materials Control

		10		5.1.2.7 Manufacturing and Process Control

		11		5.1.2.8 Inspection and Test

		12		5.1.2.9 Inspection, Measuring, and Test Equipment

		13		5.1.2.10 Inspection and Test Status

		14		5.1.2.11 Nonconforming Material

		15		5.1.2.12 Engineering Change Control

		16		5.1.2.13 Records

		17		5.1.2.14 Qualification of Personnel and Training

		18		5.1.2.15 Quality Assurance Procedures

		19		5.1.3 Quality Control Functions

		20		5.1.3.1 Contractor and Authority Roles

		21		5.1.3.2 Scheduling Inspections

		22		5.1.3.3 Contractor Provisions for Authority Inspection

		23		5.1.3.4 Levels of Inspection

		24		5.1.3.5 Statistical Quality Control

		25		5.1.3.6 Inspection Status

		26		5.1.3.7 Receiving Inspection and Source Inspection

		27		5.1.3.7.1 First Article Inspections

		28		5.1.3.7.2 Pilot Car FAI

		29		5.1.3.7.3 Production Car FAI

		30		5.1.3.8 Inspection of Work In-Process

		31		5.1.3.9 Hold Point Inspection

		32		5.1.3.10 Final Inspections

		33		5.1.3.11 Shipping and Receipt Inspection

		34		5.1.3.12 Retrofit Inspection

		35		5.1.4 Quality Assurance Audits

		36		5.1.4.1 General

		37		5.1.4.2 Contractor Audits of Subcontractors

		38		5.1.4.3 Audits of the Contractor

		39		5.1.4.4 Audit Reports

		40		5.2 Contract Data Requirements List (CDRL)

		41		5.3 Referenced Standards
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Section 6

		SECTION 6  - SOFTWARE QUALITY ASSURANCE

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		6.1 General

		2		6.1.1 Scope

		3		6.1.2 General Requirements

		4		6.2 Contractor And Supplier Qualifications

		5		6.3 Software Documentation

		6		6.3.1 General

		7		6.3.2 CDRL Packages Required by Design Phase

		8		6.3.3 Required Documents - Contractor

		9		6.3.4 Required Documents - Suppliers

		10		6.3.4.1 General Requirements

		11		6.3.4.2 Specific Requirements

		12		6.3.5 Document Delivery Schedule

		13		6.3.6 Commercially Available Software

		14		6.3.7 Configuration Control

		15		6.4 Portable Test Unit Software

		16		6.5 Bench Test Unit Software

		17		6.6 Software Quality Assurance Audits

		18		6.7 SOFTWARE QUALITY METRICS COLLECTION PLAN AND REPORTING

		19		6.8 As-Built Software Documents

		20		6.9 Contract Data Requirements List (CDRL)

		21		6.10 Referenced Standards
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Section 7

		SECTION 7  - RELIABILITY, AVAILABILITY, AND MAINTAINABILITY

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		7.1 General Requirements

		2		7.1.1 RAM Design Criteria

		3		7.1.1.1 Reliability Design Criteria

		4		7.1.1.2 Availability Design Criteria

		5		7.1.1.3 Maintainability Design Criteria

		6		7.2 Reliability, Availability, And Maintainability (RAM) Program

		7		7.3 Reliability Requirements

		8		7.3.1 Reliability Prediction

		9		7.3.1.1 Reliability Block Diagrams And Other Analyses

		10		7.3.1.2 Reliability Critical Items List

		11		7.4 Availability Requirements

		12		7.4.1 Availability Prediction

		13		7.5 Maintainability Requirements

		14		7.5.1 Maintainability Analysis

		15		7.6 RAM Demonstration And Reporting

		16		7.6.1 RAM Demonstration Plan

		17		7.6.2 RAM Progress Reporting

		18		7.6.3 RAM Review Board

		19		7.6.3.1 Dispute Resolution

		20		7.6.4 Failure Reporting Analysis And Corrective Action System (FRACAS)

		21		7.7 RAM Demonstration Tests

		22		7.7.1 Reliability And Availability Demonstration Test

		23		7.7.1.1 Reliability Growth Monitoring

		24		7.7.1.2 Reliability Growth Elements

		25		7.7.1.3 Reliability And Availability Test Completion

		26		7.7.2 Maintainability Demonstration

		27		7.7.2.1 Pilot Car Maintainability Demonstration

		28		7.7.2.2 Revenue Service Demonstration

		29		7.8 Contract Data Requirements List (CDRL)

		30		7.9 Referenced Standards
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Section 8

		SECTION 8  - MANUALS AND TRAINING

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		8.1 Manuals And Catalogs

		2		8.1.1 General

		3		8.1.2 Manuals Program Plan

		4		8.1.3 Manuals Style Guide

		5		8.1.4 Outlines

		6		8.1.5 Design and Format

		7		8.1.5.1 Paper and Binding

		8		8.1.5.2 Indexing

		9		8.1.5.3 Figures

		10		8.1.5.4 Electronic Format

		11		8.1.6 Functional Requirements

		12		8.1.7 Manual Descriptions

		13		8.1.7.1 Operator's Instruction Manual

		14		8.1.7.2 Road Mechanic's Troubleshooting Manual

		15		8.1.7.3 Running Maintenance and Servicing Manual

		16		8.1.7.4 Heavy Repair Maintenance Manual

		17		8.1.7.5 Periodic Inspection Manual

		18		8.1.7.6 Illustrated Parts Catalog

		19		8.1.7.7 Operation and Maintenance Manuals - Portable Test Equipment and Bench Test Devices

		20		8.1.7.8 Illustrated Parts Catalog - Portable Test Equipment and Bench Test Devices

		21		8.1.7.9 Wiring Diagrams and Pin-to-Pin Manual

		22		8.1.7.10 Carborne ATC Maintenance Manual and Carborne ATC Parts Catalog

		23		8.1.7.11 Radio Maintenance Manual and Radio Parts Catalog

		24		8.1.7.12 Operation and Maintenance Manuals – Onboard Displays

		25		8.1.8 Submission Schedule and Quantities

		26		8.1.8.1 Draft Manuals and Parts Catalogs

		27		8.1.8.2 Final Draft Manuals and Parts Catalogs

		28		8.1.8.3 Final Published Manuals and Parts Catalogs

		29		8.1.9 Revisions

		30		8.1.10 Manual Support System

		31		8.1.11 In-Process Reviews

		32		8.1.12 Audits

		33		8.1.13 Contractor Internal Review and Approval

		34		8.1.14 Use of Suppliers

		35		8.2 Training

		36		8.2.1 General

		37		8.2.2 Objectives

		38		8.2.3 Number of Trainees

		39		8.2.4 Training Course Format

		40		8.2.5 Training Course Content

		41		8.2.5.1 Maintenance Training

		42		8.2.5.2 Operations Training

		43		8.2.6 Cab Simulator

		44		8.2.7 Training Course CDRLs

		45		8.2.8 Training Materials

		46		8.2.8.1 Instructor and Student Guides

		47		8.2.8.2 Training Aids

		48		8.2.8.3 Training Material Updates

		49		8.2.9 Instructor Qualifications

		50		8.2.10 Student Testing and Evaluation

		51		8.2.11 Authority-Provided Resources

		52		8.2.12 Training Bulletins

		53		8.3 Contract Data Requirements List (CDRL)

		54		8.4 Referenced Standards
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Section 9

		SECTION 9  - SPECIAL TOOLS AND TEST EQUIPMENT

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		9.1 General

		2		9.2 Portable Test Devices

		3		9.2.1 General

		4		9.2.2 PTU Description

		5		9.2.3 PTU Software

		6		9.2.4 PTU Function

		7		9.2.5 PTU Quantity and Delivery

		8		9.2.6 Systems Requiring PTU

		9		9.2.7 PTU Access to Vehicle

		10		9.2.7.1 Single Location

		11		9.2.7.2 Subsystem PTU Local Service Ports

		12		9.2.7.3 Network PTU Universal Port

		13		9.2.7.4 Cabling

		14		9.2.8 PTU Features for Specific Systems

		15		9.2.8.1 ATC System

		16		9.2.8.2 Propulsion System

		17		9.2.8.3 Friction Brake System

		18		9.2.8.4 Communications System

		19		9.2.8.5 HVAC System

		20		9.2.8.6 Coupler

		21		9.2.9 Network PTU - Protocol Analyzer

		22		9.2.10 PTU Demonstration

		23		9.3 Bench Testers

		24		9.3.1 General

		25		9.3.2 Bench Testers Required

		26		9.3.3 Bench Tester Requirements

		27		9.3.4 Bench Tester Function

		28		9.3.5 Repairability

		29		9.3.5.1 Repairability of LLRUs

		30		9.3.5.2 Repairability of Electronic Devices

		31		9.3.5.3 Repairability of Microprocessor Devices

		32		9.3.6 Bench Tester Features for Specific Systems

		33		9.3.6.1 Friction Brakes

		34		9.3.6.2 High-Voltage Propulsion and APS

		35		9.3.6.3 Traction Motors

		36		9.3.6.4 Auxiliary Motors

		37		9.3.7 Bench Test Equipment Demonstration (at domestic U.S. supplier location)

		38		9.3.8 Bench Tester Installation and Commissioning (at the Authority’s designated facility)

		39		9.3.9 Bench Tester Use During Warranty Period

		40		9.4 Required Documentation For Testers

		41		9.4.1 Documentation to Accompany the Test Equipment

		42		9.4.2 Tester Operation and Maintenance Manuals

		43		9.5 Special Tools

		44		9.5.1 General

		45		9.5.2 Special Tools Documentation

		46		9.5.3 Special Tools CDRLs

		47		9.5.4 Coupler Checking Gauges

		48		9.6 Contract Data Requirements List (CDRL)

		49		9.7 Referenced Standards
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Section 10

		SECTION 10  - CARBODY

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		10.1 General

		2		10.1.1 Carbody Design

		3		10.1.2 Watertightness and Drainage

		4		10.1.3 Carbody Material

		5		10.1.4 Equipment Accessibility

		6		10.1.5 Electrical Safety

		7		10.2 Exterior finish and Painting

		8		10.2.1 Exterior Finish - Unpainted

		9		10.2.2 Exterior Finish - Painted

		10		10.2.3 Other Painting

		11		10.3 Constructon Criteria

		12		10.3.1 General

		13		10.3.2 Welding

		14		10.3.3 Final Appearance

		15		10.3.4 Structural Elements

		16		10.3.5 Camber

		17		10.4 Stress Levels And Design Considerations

		18		10.4.1 Strength Requirements

		19		10.4.2 Jacking

		20		10.4.3 Truck Connections

		21		10.4.4 Fluctuating/Dynamic Loads

		22		10.4.5 Natural Frequency

		23		10.4.6 Vibration

		24		10.4.7 Stress Analysis

		25		10.4.7.1 Preliminary Stress Analysis

		26		10.4.7.2 Final Stress Analysis

		27		10.4.8 Finite Element Analysis (FEA)

		28		10.4.8.1 Finite Element Analysis Model

		29		10.4.8.2 Finite Element Analysis Report

		30		10.4.8.3 Comparison with Carbody Tests

		31		10.4.9 Crashworthiness Analysis and Verification

		32		10.5 Underfloor Equipment

		33		10.6 Carbody Structure

		34		10.6.1 Underframe

		35		10.6.2 End Underframe and Anti-climber

		36		10.6.2.1 End Underframe

		37		10.6.2.2 Anti-Climber

		38		10.6.3 Side Walls

		39		10.6.4 Car End Structures

		40		10.6.4.1 Structural Requirements

		41		10.6.4.2 Appearance Requirements

		42		10.6.5 Roof

		43		10.7 Equipment Enclosures

		44		10.7.1 Underfloor Equipment

		45		10.7.1.1 Underfloor Boxes

		46		10.7.1.2 Underfloor Equipment Supports

		47		10.7.1.3 Underfloor Equipment Signs

		48		10.7.2 Roof-Mounted Equipment

		49		10.7.3 Interior Equipment Lockers

		50		10.8 Doorways

		51		10.8.1 Side Doors

		52		10.8.2 Door Closing Force

		53		10.8.3 Exterior End Doors

		54		10.8.3.1 End Door Panel

		55		10.8.3.2 Hardware and Sealing

		56		10.8.3.3 Thresholds

		57		10.8.4 Gap Reducers

		58		10.9 Between-Car Barriers

		59		10.10 Exterior Accessories

		60		10.10.1 Skirting

		61		10.10.2 Air Grilles

		62		10.10.3 Rain Drainage

		63		10.10.4 Exterior Handhold and Steps

		64		10.10.4.1 Handholds

		65		10.10.4.2 Loop Steps

		66		10.10.4.3 ACI Tags

		67		10.11 Flooring

		68		10.11.1 Floor Panels

		69		10.11.2 Floor Covering

		70		10.11.3 Alternate Floor Panel Configuration – Priced Option

		71		10.12 Insulation

		72		10.12.1 Thermal Insulation

		73		10.12.2 Acoustical Insulation

		74		10.13 Windows

		75		10.13.1 General

		76		10.13.2 Window Characteristics

		77		10.13.3 Side Windows

		78		10.13.4 Door Windows

		79		10.13.5 Cab Side Window

		80		10.13.6 Car End Windows

		81		10.14 Seats

		82		10.14.1 General

		83		10.14.2 Alternate Seating Configuration – Priced Option

		84		10.14.2.1 Option Seating Design

		85		10.14.2.2 Option Seating Installation

		86		10.14.3 Seat Construction

		87		10.14.4 Seat Supports

		88		10.14.5 Cushion Inserts

		89		10.14.6 Seat Handgrips

		90		10.14.7 Strength Criteria

		91		10.15 INTERIOR FITTINGS

		92		10.15.1 General

		93		10.15.2 Interior Fasteners

		94		10.15.3 Stanchions and Handrails

		95		10.15.4 Modesty Panels

		96		10.15.5 Moldings

		97		10.15.6 Lighting Fixture Supports

		98		10.15.7 Ceiling

		99		10.15.8 Window Masks

		100		10.15.9 Lining Panels

		101		10.15.10 Access Panels

		102		10.15.11 Door Pockets

		103		10.15.12 Valance Door Arrangement

		104		10.15.13 Lining Repair Procedures

		105		10.15.14 Disabled User Accommodations

		106		10.16 Interior Accessories

		107		10.16.1 Locks and Keys

		108		10.16.1.1 Control Key

		109		10.16.1.2 Door Key

		110		10.16.1.3 Other Keys

		111		10.16.1.4 Lock Type

		112		10.16.2 Fire Extinguisher

		113		10.17 Interior Signage

		114		10.17.1 Interior Sign Materials

		115		10.17.2 Interior Sign Style

		116		10.17.3 Interior Car Numbers

		117		10.17.4 Interior Door Labeling

		118		10.17.5 Maps and Advertising Cards

		119		10.17.6 Passenger Notices

		120		10.18 Exterior Signs

		121		10.18.1 Logotype

		122		10.18.2 Exterior Car Number

		123		10.18.3 Exterior Sign Materials

		124		10.19 Rapid Identification Coating

		125		10.20 Contract data Requirements List (CDRL)

		126		10.21 Referenced Standards
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Section 11

		SECTION 11  - OPERATOR’S CAB

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		11.0 General

		2		11.0.1 Configuration

		3		11.0.2 General Prohibitions and Requirements

		4		11.0.3 Equipment Access

		5		11.1 Layout

		6		11.1.1 Cab Layout

		7		11.1.2 Hostler Control Area Layout

		8		11.1.3 Layout Review

		9		11.2 Cab Doors

		10		11.3 Cab Seating

		11		11.3.1 Operator's Seat

		12		11.3.2 Auxiliary Seat

		13		11.3.3 Seating Design

		14		11.4 Functional Arrangement

		15		11.4.1 Operator's Cab Arrangement

		16		11.4.2 Hostler Control Area Arrangement

		17		11.5 Controls And Indicators

		18		11.5.1 General Requirements

		19		11.5.1.1 Human Engineering

		20		11.5.1.2 Lighting

		21		11.5.1.3 Identification

		22		11.5.1.4 Displayed Status

		23		11.5.1.5 Switches

		24		11.5.2 Train Operation Controls And Indications

		25		11.6 Operator's Console

		26		11.6.1 Console Controls

		27		11.6.1.1 General

		28		11.6.1.2 Control Lock

		29		11.6.1.3 Mode-Direction Switch

		30		11.6.1.4 Master Controller

		31		11.6.1.5 Deadman Feature

		32		11.6.2 Train Control Display

		33		11.6.3 Console Annunciation

		34		11.6.3.1 Overspeed Alarm

		35		11.6.3.2 Signal Buzzer

		36		11.7 Auxiliary Control Panel

		37		11.8 Overhead Auxiliary Panel

		38		11.9 Operator's Circuit Breaker Panel

		39		11.10 Trainline Circuit Breaker Panel

		40		11.11 Daily Safety Test Panel

		41		11.12 Left Door Control And Emergency Stop Panel

		42		11.13 Emergency Equipment Locker

		43		11.13.1 Emergency Ladder

		44		11.13.2 Shoe Insulating Paddles

		45		11.13.3 Ladder Plate

		46		11.14 Equipment Locker

		47		11.14.1 ATP Cut-Out Switch

		48		11.15 Hostler Panel

		49		11.15.1 Hostler Panel Location

		50		11.15.2 Hostler Panel Controls

		51		11.15.2.1 Control Lock

		52		11.15.2.2 Hostler Controller

		53		11.15.2.3 Reverse

		54		11.15.2.4 Car Wash

		55		11.15.2.5 Hostler Door Controls

		56		11.16 Auxiliary Panel

		57		11.17 Warning Devices

		58		11.17.1 General

		59		11.17.2 Road Horn

		60		11.17.3 Yard Horn

		61		11.18 Other Equipment

		62		11.18.1 Windshield Wiper

		63		11.18.2 Visor/Shade

		64		11.18.3 Fire Extinguisher

		65		11.18.4 Communications Control Panel

		66		11.19 Contract Data Requirements List (CDRL)

		67		11.20 Referenced Standards
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Section 12

		SECTION 12  - COUPLER AND DRAWBAR

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		12.0 General

		2		12.0.1 Arrangement

		3		12.0.2 Strength Requirements

		4		12.0.3 Geometric Requirements

		5		12.0.4 Coupler Operation

		6		12.0.4.1 Coupling

		7		12.0.4.2 Uncoupling

		8		12.0.5 Drawbar

		9		12.0.6 Material

		10		12.0.7 Drainage

		11		12.1 Mechanical Coupler

		12		12.2 Draft Gear And Energy Management Features

		13		12.2.1 Draft Gear

		14		12.2.2 Overload Release Features

		15		12.3 Coupler Support And Centering Device

		16		12.3.1 Coupler Support

		17		12.3.2 Centering Device

		18		12.3.3 Wear Plates And Lubrication

		19		12.4 Pneumatic Coupler

		20		12.5 Electric Coupler Head

		21		12.5.1 General

		22		12.5.2 Reliability

		23		12.5.3 Loop Circuits

		24		12.5.4 Contacts

		25		12.5.5 Protection

		26		12.5.6 Connections

		27		12.5.7 Spare Trainlines

		28		12.5.8 Trainline Data Monitoring

		29		12.6 R-End Electric Jumper Cables

		30		12.7 Electrical Trainline Isolation

		31		12.8 Coupler Adaptors

		32		12.9 Step

		33		12.10 Contract Data Requirements List (CDRL)

		34		12.11 Referenced Standards
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Section 13

		SECTION 13  - DOOR OPERATION AND CONTROL

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		13.0 Side Door Operation

		2		13.0.1 General

		3		13.0.2 Door System Availability

		4		13.0.3 Door Control Selector Switch

		5		13.0.4 Door/Train Speed Interlock

		6		13.0.5 Door/Traction Interlock

		7		13.0.6 Circuit Separation

		8		13.0.7 Compatibility

		9		13.0.8 Door/Master Controller Interlock

		10		13.0.9 Door Operator Cut-Out Switch and Lock

		11		13.0.10 Door/Traction Interlock Bypass

		12		13.0.11 Door-Control Cut-Out Switch

		13		13.0.12 Network and Trainline Commands

		14		13.0.12.1 Normal Control

		15		13.0.12.2 Selective Reopen/Reclose

		16		13.0.12.3 Selective Closing for Terminal Operation

		17		13.0.12.4 Door Toggling

		18		13.0.13 Power Source and System Control

		19		13.1 Side Door Operators

		20		13.1.1 Operators and Controls

		21		13.1.2 Location, Access, and Adjustment

		22		13.1.3 Door Closing Force

		23		13.1.4 Door Opening and Closing Time

		24		13.1.4.1 Limit Switches

		25		13.1.5 Door Locking

		26		13.2 Door Control Switches

		27		13.2.1 Cab Controls

		28		13.2.2 Hostler Panel Controls

		29		13.2.3 Crew Switches

		30		13.2.4 Emergency Door Operation

		31		13.2.4.1 Emergency Door Recovery

		32		13.3 Door Signal Lights

		33		13.3.1 Exterior Door Signal Lights

		34		13.3.2 Doors-Closed Indicator

		35		13.3.3 Service Indicator Lights

		36		13.4 Door Warning Audio And Visual Indicators

		37		13.4.1 Door Warning Operation

		38		13.4.2 Door Warning Audio System

		39		13.4.3 Door Warning Lighting

		40		13.5 Obstruction Detection System

		41		13.6 Door Diagnostics

		42		13.7 VMDS Interface

		43		13.8 Contract Data Requirements List (CDRL)

		44		13.9 Referenced Standards
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Section 14

		SECTION 14  - TRUCKS

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		14.1 General

		2		14.1.1 Configuration

		3		14.1.2 General Design Requirements

		4		14.1.3 Existing Wheel-Equipment

		5		14.1.4 Emergency De-trucking

		6		14.2 Design Considerations

		7		14.2.1 General

		8		14.2.2 Safety

		9		14.2.3 Service Life

		10		14.2.4 Ride Quality

		11		14.2.5 Maintenance Requirements

		12		14.2.6 Motion Restrictions

		13		14.2.7 Truck Side Bearing

		14		14.2.8 Truck Equalization

		15		14.2.9 Corrosion Protection

		16		14.3 Truck Dynamic Analysis

		17		14.3.1 Dynamic Analysis Model

		18		14.3.2 Dynamic Analysis Model Verification

		19		14.3.3 Design Demonstration Using Dynamic Analysis Model

		20		14.3.4 Truck Dynamic Analysis Parameters to be Evaluated

		21		14.3.4.1 Wheel Unloading

		22		14.3.4.2 Vehicle Overturning

		23		14.3.4.3 Wheel Climb

		24		14.3.4.4 Track Panel Shift

		25		14.3.4.5 Gauge Widening Forces and Ground-Borne Vibrations

		26		14.3.4.6 Truck Rotation and Stability

		27		14.3.4.7 Natural Frequency

		28		14.4 Design Criteria for Strength

		29		14.4.1 General

		30		14.4.2 Specific Load Cases

		31		14.4.2.1 Static Loads

		32		14.4.2.2 Overloads

		33		14.4.2.3 Fatigue Loads

		34		14.4.3 Stress Analysis

		35		14.4.3.1 Manual Calculations

		36		14.4.3.2 Finite Element Model and Analysis

		37		14.5 Suspension

		38		14.5.1 Primary Suspension

		39		14.5.2 Secondary Suspension

		40		14.5.3 Leveling/Height Control

		41		14.6 Truck Frame Design

		42		14.6.1 General

		43		14.6.2 Cast Steel Or Cast Weld Truck Frame

		44		14.6.3 Design Requirements

		45		14.6.3.1 Bolster Radius Rods

		46		14.6.3.2 Connection To Carbody

		47		14.6.3.3 Dimensional Tolerance - Tram

		48		14.6.3.4 Wear Adjustment

		49		14.6.3.5 Safety Supports

		50		14.6.3.6 Moving Contact Surfaces

		51		14.6.3.7 Dielectric Barriers

		52		14.6.3.8 Articulated Trucks

		53		14.7 Wheels

		54		14.8 Axles

		55		14.9 Journal Bearings

		56		14.9.1 General

		57		14.9.2 Journal And Truck Frame Numbers

		58		14.10 Flange Lubricators

		59		14.11 Manufacturing Procedures And Inspections

		60		14.11.1 Press Records

		61		14.12 Contract Data Requirements List (CDRL)

		62		14.13 Referenced Standards
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Section 15

		SECTION 15  - PROPULSION

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		15.1 General

		2		15.1.1 Calculations

		3		15.1.2 Electrical Protection

		4		15.2 Propulsion System Functionality

		5		15.2.1 General

		6		15.2.2 Configuration

		7		15.2.3 Adjustability

		8		15.2.4 Duty Cycle Rating

		9		15.2.5 Interference Limits

		10		15.2.6 Performance Characteristics

		11		15.2.7 Electric Brake Capabilities

		12		15.2.8 Direction Change

		13		15.2.9 Wheel Spin Correction

		14		15.2.10 Routine Switching

		15		15.2.11 Vehicle Monitoring And Diagnostic System Interface

		16		15.2.12 Energy Consumption Statistics

		17		15.3 Electromagnetic Interference

		18		15.4 Traction Motors

		19		15.4.1 General

		20		15.4.2 Traction Motor Design

		21		15.4.3 Traction Motor Mounting

		22		15.4.4 Duty Rating

		23		15.4.5 Load Sharing

		24		15.4.6 Insulation

		25		15.4.7 Filtration Of Ventilating Air

		26		15.4.8 Shaft Coupling

		27		15.4.9 Bearings

		28		15.4.10 Motor And Rotor Balance

		29		15.4.11 Electrical Connections

		30		15.4.12 Traction Motor Maintainability

		31		15.5 Gear Units

		32		15.5.1 General

		33		15.5.2 Bearings

		34		15.5.3 Gears

		35		15.5.4 Lubrication

		36		15.5.5 Inspection Openings

		37		15.5.6 Plugs

		38		15.5.7 Gear Unit Grounding

		39		15.5.8 Speed Sensing

		40		15.6 Acceleration And Braking Controls

		41		15.6.1 General

		42		15.6.1.1 Automatic Train Control

		43		15.6.1.2 Manual Train Control

		44		15.6.2 Master Controller And Hostler Panel

		45		15.6.3 Mode Direction Switch And Control Lock

		46		15.6.4 Acceleration And Braking Control Interfaces

		47		15.6.4.1 Train Direction

		48		15.6.4.2 Mode And Rate Selection

		49		15.6.4.3 Motor Brake Selection

		50		15.6.5 Trainline Circuit Protection

		51		15.6.6 Acceleration Control

		52		15.6.7 Braking Control

		53		15.6.8 Car Wash Speed Control

		54		15.7 Components And Systems

		55		15.7.1 Input Filter

		56		15.7.2 High-Speed Circuit Breaker

		57		15.7.3 Filter Discharge Switch

		58		15.7.4 Third Rail Sensing

		59		15.7.5 Cooling System

		60		15.7.6 Undercar Equipment

		61		15.7.7 Door/Traction Interlock

		62		15.7.8 Arrangement Of Control Components

		63		15.7.9 Braking Resistors

		64		15.7.10 Contactors

		65		15.7.11 Control Logic

		66		15.7.12 Tractive Effort Measurement

		67		15.7.13 Undervoltage/Overvoltage Protection

		68		15.7.14 Knife Switch

		69		15.7.15 Propulsion Cut-Out Switch

		70		15.7.16 Odometer

		71		15.8 Propulsion Wiring

		72		15.9 Contract Data Requirements List (CDRL)

		73		15.10 Referenced Standards
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Section 16

		SECTION 16  - FRICTION BRAKING SYSTEM

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		16.1 General

		2		16.1.1 Systems Integration

		3		16.1.2 Performance Calculations

		4		16.2 VMDS Interface

		5		16.3 Acceleration And Braking Controls

		6		16.3.1 Network and Trainline Control Interface

		7		16.3.2 Emergency Brake Control Interfaces

		8		16.3.2.1 Emergency Brake Control Trainline

		9		16.3.3 Friction Brake Status Interfaces

		10		16.3.3.1 Brake Check (Applied)

		11		16.3.3.2 Brake Released

		12		16.4 Friction Brake Functions/Features

		13		16.4.1 System Description

		14		16.4.2 Fail-Safe Design

		15		16.4.3 Performance Tolerances

		16		16.4.4 Compressed Air Supply

		17		16.4.4.1 Air Compressor Unit

		18		16.4.4.1.1 Air Compressor

		19		16.4.4.1.2 Cooling and Drying Apparatus

		20		16.4.4.1.3 Filter Dryer

		21		16.4.4.1.4 Safety Valves

		22		16.4.4.1.5 Control Circuits

		23		16.4.4.2 Main Reservoir

		24		16.4.4.3 Low Main Reservoir Pressure Control

		25		16.4.4.4 Supply Reservoirs

		26		16.4.4.5 Aluminum Reservoirs

		27		16.4.5 Main Reservoir Pipe

		28		16.4.6 Emergency Brake Application

		29		16.4.6.1 Emergency Relay

		30		16.4.6.2 Emergency Stop Button

		31		16.4.6.3 Status Indicators

		32		16.4.7 Emergency Braking

		33		16.4.7.1 BCP Control Valves in Emergency Braking

		34		16.4.7.2 Load-Weigh Compensation in Emergency Braking

		35		16.4.7.3 Wheel Slip-Slide Correction/Protection in Emergency Braking

		36		16.4.7.4 Differential Pressure Detection in Emergency Braking

		37		16.4.8 Service Braking

		38		16.4.8.1 Brake Cylinder Pressure

		39		16.4.8.2 Wheel Slip-Slide Control Valves

		40		16.4.8.3 Electronic Control Unit

		41		16.4.8.3.1 Control Logic

		42		16.4.8.3.2 Load-Weigh Compensation in Service Braking

		43		16.4.8.3.3 Wheel Slip-Slide Correction/Protection

		44		16.4.8.3.4 Brake Status Lights and Checks

		45		16.4.8.3.5 Adjustments

		46		16.4.9 Power Knockout

		47		16.4.10 Disc Brakes/Calipers

		48		16.4.11 Friction Disc and Pad Service Lives

		49		16.4.12 Holding Brake (Also referred to as Parking Brake)

		50		16.4.12.1 Performance

		51		16.4.12.2 Mounting

		52		16.4.12.3 Design

		53		16.4.13 Pressure Gauges

		54		16.4.14 Pressure Test Fittings

		55		16.4.15 Brake Cylinder and Friction Brake Cut-Out Provisions

		56		16.4.16 Cut Out Handles

		57		16.4.17 Flexible Connections

		58		16.4.18 Line Supports

		59		16.4.19 Maintenance Intervals

		60		16.5 Brake Bench Testers

		61		16.6 Contract Data Requirements List (CDRL)

		62		16.7 Referenced Standards
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Section 17

		SECTION 17  - AUXILIARY POWER

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		17.1 Power Supply

		2		17.1.1 General

		3		17.1.2 Primary Power Source

		4		17.1.2.1 Contactors

		5		17.1.3 Auxiliary Power System (APS)

		6		17.1.3.1 General Configuration

		7		17.1.3.2 Capacity

		8		17.1.3.3 Efficiency

		9		17.1.3.4 Power Circuit Devices

		10		17.1.3.5 Fault Tolerance and Protection

		11		17.1.3.6 Self-Test

		12		17.1.3.7 Regulation and Control

		13		17.1.3.8 Line Filter

		14		17.1.3.9 Cooling

		15		17.1.3.10 Diagnostics

		16		17.2 Low-Voltage DC Power Supply And Battery

		17		17.2.1 Low-Voltage Power Supply

		18		17.2.1.1 General

		19		17.2.1.2 Capacity

		20		17.2.1.3 Fault Tolerance and Protection

		21		17.2.1.4 Regulation and Control

		22		17.2.2 Battery

		23		17.2.2.1 General

		24		17.2.2.2 Battery Type and Configuration

		25		17.2.2.3 Maintenance

		26		17.2.2.4 Voltage Drop

		27		17.2.2.5 Battery Capacity

		28		17.2.2.6 Over-Temperature Protection

		29		17.2.2.7 Battery Box

		30		17.2.2.7.1 Box Construction

		31		17.2.2.7.2 Battery Tray, Roll-Out System, and Locks

		32		17.2.2.8 Battery Circuit Breaker

		33		17.2.2.9 Battery System Circuit Breaker

		34		17.2.2.10 Load Shedding

		35		17.2.2.11 Essential Loads

		36		17.3 Battery System Circuit Grounding

		37		17.3.1 Grounding Arrangement

		38		17.3.2 Grounding Bus Plates

		39		17.4 Convenience Outlets

		40		17.5 Control And Circuit Breaker Panels

		41		17.5.1 General

		42		17.5.1.1 Switches

		43		17.5.1.2 Circuit Breakers

		44		17.5.1.3 Fuses

		45		17.5.2 Operator’s Circuit Breaker Panel

		46		17.5.3 Auxiliary Power Breaker Panels

		47		17.6 Third Rail Contact Shoe Assembly

		48		17.6.1 General

		49		17.6.2 Third Rail Shoes

		50		17.6.3 Third Rail Shoe Holder Assembly

		51		17.6.4 Third Rail Shoe Fuses

		52		17.6.5 Third Rail Shoe Testing

		53		17.7 Vehicle Ground

		54		17.8 VMDS Interface

		55		17.9 Contract Data Requirements List (CDRL)

		56		17.10 Referenced Standards
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Section 18

		SECTION 18  - HEATING, VENTILATION, AND AIR CONDITIONING (HVAC) SYSTEM

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		18.1 General

		2		18.1.1 General Arrangement

		3		18.2 HVAC Units

		4		18.3 Heating System

		5		18.3.1 Overhead Heat

		6		18.3.2 Overhead Heat Protection

		7		18.3.3 Floor Heat

		8		18.3.4 Layover Heat

		9		18.3.5 Cab Heat

		10		18.3.6 Heated Windshield

		11		18.4 Ventilation

		12		18.4.1 Ventilation Blowers

		13		18.4.2 Ventilation System Description

		14		18.4.3 Air Diffusers

		15		18.4.4 Air Grilles

		16		18.4.5 Air Filters

		17		18.4.6 Air Ducts

		18		18.4.6.1 CFD Model and Analysis

		19		18.4.6.2 Ventilation System Prototype

		20		18.4.7 No Fresh Air Intake Provision

		21		18.4.8 Smoke Detector

		22		18.5 Cooling System

		23		18.5.1 General

		24		18.5.2 Cooling Design Criteria

		25		18.5.3 Air Conditioning Evaporator Section

		26		18.5.4 Compressor/Condenser Section

		27		18.5.5 Insulation

		28		18.5.6 HVAC Piping Design and Installation and Testing

		29		18.5.7 Refrigerant

		30		18.5.7.1 Refrigerant Type

		31		18.5.7.2 Refrigerant Sampling

		32		18.5.8 HVAC System Clean-Up

		33		18.6 Heating and Cooling Control System

		34		18.6.1 HVAC System Activation

		35		18.6.2 HVAC System Deactivation

		36		18.6.3 HVAC Automatic Controls

		37		18.6.3.1 HVAC Control Enclosure

		38		18.6.3.2 Wiring and Terminations

		39		18.6.3.3 Components

		40		18.6.3.4 Functional Description

		41		18.6.3.5 Mode-Indicating Panel

		42		18.6.3.6 Fault and Diagnostic Information

		43		18.6.3.7 Connection of PTU

		44		18.6.4 Winter/Summer Mode Selection

		45		18.6.5 Interior Car Temperatures

		46		18.6.6 Alternative Humidity Control

		47		18.7 Design Review Requirements

		48		18.8 VMDS Interface

		49		18.9 Contract data Requirements List (CDRL)

		50		18.10 Referenced Standards
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Section 19

		SECTION 19  - LIGHTING

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		19.1 Interior Lighting

		2		19.1.1 General

		3		19.1.2 General Fixture and Lamp Requirements

		4		19.1.3 Power Source and Control

		5		19.1.4 Intensity

		6		19.1.5 LED Overhead Fixtures

		7		19.1.6 Threshold Lights

		8		19.1.7 Cab Lighting

		9		19.1.8 Hostler Control Area Lighting (B-car)

		10		19.1.9 Overhead Lighting Control

		11		19.1.10 Overhead LED Lighting Power Supplies

		12		19.2 Exterior Lights

		13		19.2.1 Headlights, Tail Lights, and Running Lights

		14		19.2.2 Indicators

		15		19.2.3 Source

		16		19.2.4 Design

		17		19.2.5 Control

		18		19.3 Emergency Lights

		19		19.3.1 Location

		20		19.3.2 Control

		21		19.3.3 Power

		22		19.4 Maintenance lighting

		23		19.5 Contract Data Requirements List (CDRL)

		24		19.6 Referenced Standards
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Section 20

		SECTION 20  - AUTOMATIC TRAIN CONTROL

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		20.1 GeneraL

		2		20.1.1 Design

		3		20.1.2 Design Reporting

		4		20.1.3 Packaging of Equipment

		5		20.1.4 Component Protection

		6		20.1.5 Adjustments

		7		20.1.6 Test Points

		8		20.1.7 Environmental Requirements

		9		20.2 Automatic Train Protection

		10		20.2.1 Reception and Decoding

		11		20.2.1.1 Receiver

		12		20.2.1.2 Timing Coordination

		13		20.2.1.3 Code-Rate Detectors

		14		20.2.1.4 Decoding Requirements

		15		20.2.2 Overspeed Protection

		16		20.2.2.1 Speed Sensors

		17		20.2.2.2 Vital Rollback Protection

		18		20.2.2.3 Speed Enforcement

		19		20.2.2.4 Daily Safety-Test Provisions

		20		20.2.2.5 Daily Safety-Testing Process

		21		20.2.2.6 Daily Safety-Test Design Review

		22		20.2.2.7 Interface to Car System

		23		20.2.3 Door Control

		24		20.2.4 Door Enable

		25		20.2.5 Automatic-Manual Circuits

		26		20.2.5.1 Automatic Mode Train Operation

		27		20.2.5.2 Manual with ATP Mode Operation

		28		20.2.5.3 Manual with ATP Cut-Out Mode Operation

		29		20.2.6 Braking Interface

		30		20.2.7 Microprocessor-Based ATP System

		31		20.2.7.1 General

		32		20.2.7.2 Hardware

		33		20.2.7.3 Inputs and Outputs

		34		20.2.7.4 Vital System Requirements

		35		20.2.7.5 Software

		36		20.3 Automatic Train Operation

		37		20.3.1 General

		38		20.3.2 Automatic Speed Regulation

		39		20.3.2.1 Speed Sensing

		40		20.3.2.2 Speed Measurement

		41		20.3.2.3 Speed Comparison

		42		20.3.2.4 Motoring/Braking Control Logic

		43		20.3.2.5 Rate Control

		44		20.3.2.6 Interfacing

		45		20.3.3 Maximum Train Speed in Manual Mode of Operation

		46		20.3.4 Program Station Stop (PSS)

		47		20.3.4.1 PSS System Description

		48		20.3.4.2 PSS Indicators

		49		20.3.4.3 PSS Markers

		50		20.3.4.4 PSS Marker Validation

		51		20.3.4.5 PSS Monitoring

		52		20.3.4.6 Track Map

		53		20.3.4.7 Marker Reception Test Provisions

		54		20.4 Automatic Train Supervision

		55		20.4.1 Train-to-Wayside Communications

		56		20.4.2 TWC Transmission and Reception Test Provisions

		57		20.5 Test and Diagnostic Requirements

		58		20.6 Power Supply

		59		20.7 Microcomputer

		60		20.8 VMDS Interface

		61		20.9 Communications Based Train Control

		62		20.10 Contract Data Requirements List (CDRL)

		63		20.11 Referenced Standards
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Section 21

		SECTION 21  - NETWORK AND TRAINLINE CONTROL

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		21.1 Scope

		2		21.2 General

		3		21.3 Network Communications and Trainline Architectures

		4		21.3.1 General

		5		21.3.2 Train Control Network (E-TCN)

		6		21.3.2.1 E-TCN Ethernet Train Backbone (ETB)

		7		21.3.2.2 E-TCN Ethernet Consist Network

		8		21.3.3 Network Logical Control Unit

		9		21.3.4 Train Communication and Diagnostic Network (E-TCDN)

		10		21.3.4.1 E-TCDN Ethernet Train Backbone (ETB)

		11		21.3.4.2 E-TCDN Ethernet Consist Network

		12		21.3.5 Discrete Trainline Network

		13		21.3.6 Test Points

		14		21.4 Network Design

		15		21.4.1 General

		16		21.4.1.1 Protocols

		17		21.4.1.2 Traffic Levels

		18		21.4.1.3 General Network Requirements

		19		21.4.1.4 EMC

		20		21.4.2 Ethernet Switches

		21		21.4.3 End Devices

		22		21.5 Fault Tolerance, Safety, and Security

		23		21.5.1 General Requirements

		24		21.5.2 Hazard Analysis

		25		21.5.3 Vehicle Communication and Control System Vulnerability Assessment

		26		21.6 Obsolescence and Expansion

		27		21.6.1 Replacements and Upgrade

		28		21.6.2 System Expansion

		29		21.6.3 Interoperability

		30		21.7 Systems Integration

		31		21.7.1 Systems Integrator

		32		21.7.2 Systems Integrator Responsibilities

		33		21.8 PTU Protocol Analyzer

		34		21.9 Network Troubleshooting

		35		21.9.1 General

		36		21.9.2 Data Network Troubleshooting Plan

		37		21.10 Contract Data Requirements List (CDRL)

		38		21.11 Referenced Standards
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Section 22

		SECTION 22  - COMMUNICATION – PA, INTERCOMS, SCREENS, VIDEO SURVEILLANCE

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		22.1 General

		2		22.1.1 Scope

		3		22.1.2 General Requirements

		4		22.1.3 Duty Cycle

		5		22.1.4 Power

		6		22.1.5 Environmental Conditions

		7		22.1.6 Federal Communications Commission Rules

		8		22.2 PASSENGER INFORMATION SYSTEM

		9		22.2.1 Exterior Destination Sign

		10		22.2.1.1 General

		11		22.2.1.2 Display Capability

		12		22.2.1.3 Display Controls

		13		22.2.2 Interior Passenger Information Displays

		14		22.2.2.1 General

		15		22.2.2.2 Information Video Control System

		16		22.2.2.3 Windscreen Information Displays

		17		22.2.2.4 Low/High Ceiling Transition Information Displays

		18		22.2.2.5 Route Map Area Information Displays

		19		22.2.3 Audio Announcement System

		20		22.2.3.1 General

		21		22.2.3.2 Power Amplifiers and Speaker Control

		22		22.2.3.3 Speaker General Requirements

		23		22.2.3.4 Interior PA Speakers

		24		22.2.3.5 Exterior Speakers

		25		22.2.3.6 Cab Microphone

		26		22.2.3.7 Left Cab Microphone

		27		22.3 Passenger Call Stations

		28		22.3.1 General

		29		22.3.2 Passenger Call Station Functional Description

		30		22.3.3 Passenger Call Station Speaker and Microphone

		31		22.3.4 Cab Speakers

		32		22.4 Communications Control Panel And Radio Equipment

		33		22.4.1 Communications Control Panel

		34		22.4.2 Cab-Mounted Radio Equipment

		35		22.4.3 Train Radio Functionality

		36		22.4.4 Radio Antenna

		37		22.5 Video Surveillance System

		38		22.5.1 General

		39		22.5.2 Cameras

		40		22.5.3 Camera Locations

		41		22.5.4 Video Storage and Transmission

		42		22.5.5 Viewing Live and Recorded Video

		43		22.5.5.1 From the Cab TCD

		44		22.5.5.2 From a File on the PTU or on the Wayside

		45		22.5.5.3 From the Cab CCTV Monitor

		46		22.5.5.4 Operator Platform Monitoring (Priced Option)

		47		22.6 Interior Advertising Displays

		48		22.6.1 General

		49		22.6.2 Advertising Video Control System

		50		22.6.3 Door Pocket Advertising Displays

		51		22.6.4 Window Valence Advertising Displays

		52		22.6.5 Advertising System Wayside Workstation

		53		22.7 Contract DAta Requirements List (CDRL)

		54		22.8 Referenced Standards
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Section 23

		SECTION 23  - MONITORING AND DIAGNOSTICS

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		23.1 General

		2		23.1.1 Scope

		3		23.1.2 General Requirements

		4		23.1.3 Duty Cycle

		5		23.1.4 Power

		6		23.1.5 Environmental Conditions

		7		23.2 Vehicle Monitoring And Diagnostic System

		8		23.2.1 General

		9		23.2.2 Other VMDS Functionality

		10		23.2.3 Monitored Subsystems

		11		23.2.4 Faults, Data Classification, and Attributes

		12		23.2.5 Train Control Display

		13		23.2.5.1 Train Control Display Operating Screen

		14		23.2.5.2 Train Control Display Maintenance Screen

		15		23.2.5.3 Train Control Display Indications

		16		23.2.6 Left Cab Maintenance Screen

		17		23.3 Vehicle/Track Dynamic Performance Monitor

		18		23.4 Event Recorder

		19		23.5 Train/Wayside Data Tranfer

		20		23.5.1 General

		21		23.5.2 Transfer Locations

		22		23.5.3 Data Transfer

		23		23.5.4 Carborne TWDT Equipment

		24		23.5.5 Wayside TWDT Components

		25		23.6 Contract Data Requirements List (CDRL)

		26		23.7 Referenced Standards
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Section 24

		SECTION 24  - MATERIALS AND WORKMANSHIP

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		24.1 General

		2		24.1.1 Scope

		3		24.1.2 Quality

		4		24.1.3 Standards

		5		24.1.4 Material Availability in the U.S.

		6		24.1.4.1 Cleaning Agents

		7		24.1.4.2 Maintenance Materials

		8		24.1.5 Storage of Materials

		9		24.1.6 Prohibited Materials

		10		24.1.7 Material Reporting Requirements

		11		24.1.8 Dissimilar Materials

		12		24.2 Standards of Workmanship

		13		24.2.1 Workers

		14		24.2.2 Use of Drawings and Procedures

		15		24.2.3 Use of Manufacturing Tools and interchangeability

		16		24.2.4 Prohibited Practices

		17		24.2.5 Metal Fabrication

		18		24.2.6 Machining

		19		24.3 Joining

		20		24.3.1 General

		21		24.3.2 Joint Fitting

		22		24.3.3 Metal-to-Metal Connections

		23		24.3.4 Wood-to-Metal Connections

		24		24.3.5 Wood-to-Wood Connections

		25		24.4 Fasteners

		26		24.4.1 General

		27		24.4.1.1 Scope

		28		24.4.1.2 Design

		29		24.4.1.3 Material

		30		24.4.1.4 Plating

		31		24.4.1.5 Prohibited

		32		24.4.2 General Requirements for Threaded Fasteners

		33		24.4.2.1 Standards

		34		24.4.2.2 Head Types

		35		24.4.2.3 Identification

		36		24.4.2.4 Maintenance Access

		37		24.4.2.5 Thread Projection

		38		24.4.2.6 Bolt Hole Size

		39		24.4.2.7 Tapping Plates

		40		24.4.3 Special Requirements for Structural Fasteners

		41		24.4.3.1 Scope

		42		24.4.3.2 Material and Property Class (or Grade)

		43		24.4.3.3 Minimum Size

		44		24.4.3.4 Required Documentation

		45		24.4.3.5 Additional Requirements for Safety-Related Fasteners

		46		24.4.4 Coatings other than Zinc

		47		24.4.5 Self-Locking Nuts and Washers

		48		24.4.5.1 Self-Locking Nuts

		49		24.4.5.2 Washers

		50		24.4.6 Torquing

		51		24.4.7 Other Fasteners

		52		24.4.7.1 Quick-Release Fasteners

		53		24.4.7.2 Rivets and Lock Pins

		54		24.4.8 Location- and Application-Specific Requirements

		55		24.4.8.1 Interior - Exposed to Passengers

		56		24.4.8.2 Exterior - Exposed to Passengers

		57		24.4.8.3 Access Required

		58		24.4.8.4 Heat Producing Equipment

		59		24.5 Metal

		60		24.5.1 Stainless Steel

		61		24.5.1.1 Austenitic Stainless Steel

		62		24.5.1.2 Ferritic Stainless Steel

		63		24.5.1.3 Stainless Steel Testing

		64		24.5.2 High-Strength Low-Alloy Steel (HSLA)

		65		24.5.3 Steel Castings

		66		24.5.3.1 General

		67		24.5.3.2 Design Qualification

		68		24.5.3.3 Quality

		69		24.5.3.4 Specific Applications

		70		24.5.3.5 Repair Welding and Cast-Weld Design

		71		24.5.4 Steel and Aluminum Forgings

		72		24.5.4.1 General

		73		24.5.4.2 Steel Forgings

		74		24.5.4.3 Aluminum Forgings and Extrusions

		75		24.5.4.4 Specific Applications

		76		24.5.4.5 Design Qualification of Structural Forgings

		77		24.5.4.6 Quality of Structural Forgings

		78		24.5.5 Aluminum

		79		24.5.5.1 General Requirements

		80		24.5.5.2 Design Stresses

		81		24.5.5.3 Connections to Aluminum

		82		24.5.5.4 Interior Trim

		83		24.6 WElding and Brazing

		84		24.6.1 General

		85		24.6.1.1 Scope

		86		24.6.1.2 Quality

		87		24.6.2 Welding and Brazing Prohibitions

		88		24.6.3 Welding

		89		24.6.3.1 Structural Welding

		90		24.6.3.2 Welding Procedure Qualification

		91		24.6.3.3 Welder Qualification and Identification

		92		24.6.3.4 Weld Type Requirements

		93		24.6.3.5 Weld Inspection

		94		24.6.3.6 Weld Cleaning Requirements

		95		24.6.3.7 Welding Rod or Wire

		96		24.6.3.8 Special Welding

		97		24.6.3.9 Resistance Welding

		98		24.6.3.10 Resistance, Spot Weld and Intermittent Weld Spacing

		99		24.6.3.11 Toughness of Welded Assemblies

		100		24.6.4 Torch Brazing

		101		24.6.5 Torch Soldering

		102		24.6.6 Welding Terms, Symbols and Definitions

		103		24.7 Elastomers

		104		24.7.1 General

		105		24.7.2 Application-Specific Requirements

		106		24.7.2.1 Neoprene

		107		24.7.2.2 Natural Rubber

		108		24.7.3 Tests

		109		24.7.4 Life Expectancy

		110		24.7.5 Metal Parts

		111		24.7.6 Bonding

		112		24.8 Glazing Materials

		113		24.8.1 Safety Glass

		114		24.8.1.1 Type

		115		24.8.1.2 Quality

		116		24.8.1.3 Marking

		117		24.8.2 Plastic Glazing Prohibited

		118		24.9 Floor Covering

		119		24.10 Wood and Panels

		120		24.10.1 Lumber

		121		24.10.2 Plywood

		122		24.10.3 Panel Contour Tolerance

		123		24.10.4 Plymetal

		124		24.10.5 Honeycomb Panels

		125		24.10.6 Melamine-Faced Aluminum

		126		24.10.7 Phenolic Cored Panels for Flooring

		127		24.11 Seat Cushion Materials

		128		24.11.1 Cushion

		129		24.11.1.1 Material

		130		24.11.1.2 Physical Properties

		131		24.11.2 Upholstery

		132		24.11.2.1 Material

		133		24.11.2.2 Physical Properties

		134		24.12 Fiberglass-Reinforced Plastic

		135		24.12.1 General

		136		24.12.2 Components

		137		24.12.3 Construction

		138		24.12.4 Repair

		139		24.12.5 Strength Requirements

		140		24.13 Thermoplastic Sheet

		141		24.13.1 General

		142		24.13.2 Material/Construction

		143		24.13.3 Quality

		144		24.13.4 Strength Requirements

		145		24.14 Piping And Tubing

		146		24.14.1 General

		147		24.14.2 Air Piping, Tubing, and Fittings

		148		24.14.2.1 Type, Size, and Gauge

		149		24.14.2.2 Installation

		150		24.14.3 Air Conditioning System Piping, Tubing, Fittings and Installation

		151		24.14.3.1 Type and Size

		152		24.14.3.2 HVAC Piping Installation

		153		24.14.4 Brazing and Soldering of Piping, Tubing and Fittings

		154		24.14.5 Hydraulic Piping, Tubing and Fittings

		155		24.14.5.1 Type, Rating, and Size

		156		24.14.5.2 Installation

		157		24.15 Pressure Vessels

		158		24.16 Air Filters

		159		24.16.1 HVAC and Equipment Ventilation Filters

		160		24.16.2 High Pressure Air Filters

		161		24.16.3 Low Pressure Air Filters

		162		24.17 Lubrication Fittings

		163		24.18 Paints and Coatings

		164		24.18.1 General

		165		24.18.2 Materials Not to be Painted

		166		24.18.3 Paint Materials

		167		24.18.3.1 General

		168		24.18.3.2 Samples and Data

		169		24.18.3.3 Primers

		170		24.18.3.4 Top coats

		171		24.18.3.5 Powder Coat

		172		24.18.4 Preparation and Application

		173		24.18.4.1 General

		174		24.18.4.2 Paint Process Documentation

		175		24.18.4.3 Applicator Qualifications

		176		24.18.4.4 Carbody

		177		24.18.4.5 Exterior Not Visible to Passengers

		178		24.18.4.6 Trucks

		179		24.18.4.7 Exterior Visible to Passengers

		180		24.18.4.8 Stainless Steel

		181		24.18.4.9 Interior Painting

		182		24.18.4.10 Testing

		183		24.18.5 Acoustical Insulation

		184		24.19 Flammability, Smoke Emission, And Toxicity Requirements

		185		24.20 Raceways and Junction Boxes

		186		24.20.1 Scope

		187		24.20.2 General Requirements

		188		24.20.3 Conduit

		189		24.20.3.1 Permitted Conduit Types

		190		24.20.3.2 Conduit Installation

		191		24.20.3.3 Conduit Connections to Boxes and Enclosures

		192		24.20.4 Wireway

		193		24.20.4.1 Scope

		194		24.20.4.2 General Requirements

		195		24.20.4.3 Interior

		196		24.20.4.4 Exterior

		197		24.20.5 Junction Boxes

		198		24.20.5.1 General

		199		24.20.5.2 Exterior Junction Boxes

		200		24.20.6 Bonding and Grounding Metallic Raceway and Junction Boxes

		201		24.21 Wire and Cable

		202		24.21.1 General

		203		24.21.2 Samples and Documentation

		204		24.21.3 Wire and Cable Type Requirements

		205		24.21.3.1 Conductors

		206		24.21.3.2 Insulation

		207		24.21.3.3 Multi-Conductor Cables

		208		24.21.3.4 Ethernet Cable

		209		24.21.4 Wire and Cable Application Requirements

		210		24.21.4.1 General

		211		24.21.4.2 Wire Sizes

		212		24.21.4.3 Insulation Level

		213		24.21.4.4 High Temperature Wire

		214		24.21.4.5 Circuit Shielding

		215		24.21.5 Wiring Methods

		216		24.21.6 Wiring Installation

		217		24.21.6.1 General

		218		24.21.6.2 Circuit Separation

		219		24.21.6.3 Clearance

		220		24.21.6.4 Maintainability

		221		24.21.6.5 Wire Handling

		222		24.21.6.6 Wiring Location Requirements

		223		24.21.6.7 Wire and Cable Entrance and Exit Points

		224		24.21.6.8 Wire and Cable Installation in Conduit

		225		24.21.6.9 Conduit Fill

		226		24.21.6.10 Wire and Cable Installation in Wireway

		227		24.21.6.11 Wire Installed in Harnesses

		228		24.21.6.12 Wire and Cable Installation by Cleating

		229		24.21.6.13 Wiring Within Enclosures

		230		24.21.6.14 Spare Wires

		231		24.21.6.15 Identification

		232		24.21.6.16 Wire Ties, Clamps, and Anchors

		233		24.21.6.17 Insulation Resistance

		234		24.22 WIRE and Cable connections

		235		24.22.1 General

		236		24.22.2 Terminal Boards and Terminal Points

		237		24.22.3 Wire Terminations

		238		24.22.4 Power Cable Terminations

		239		24.22.5 Motor Lead Terminals

		240		24.22.6 Cable Connectors

		241		24.22.7 Quick-Disconnect Terminals

		242		24.22.8 Grounding Return Connections

		243		24.22.8.1 Grounding

		244		24.22.8.2 Bonding

		245		24.22.9 Wire Splicing

		246		24.23 Electrical Devices And Hardware

		247		24.23.1 General

		248		24.23.2 Contactors and Relays

		249		24.23.2.1 General

		250		24.23.2.2 Contactors

		251		24.23.2.3 Relays

		252		24.23.2.4 Vital Relays

		253		24.23.3 Switches

		254		24.23.4 Circuit Breakers

		255		24.23.4.1 General

		256		24.23.4.2 High-Voltage Circuit Breakers

		257		24.23.4.3 Low-Voltage Circuit Breakers

		258		24.23.5 Fuses

		259		24.23.6 Bus Bars

		260		24.23.7 Capacitors

		261		24.23.8 Resistors

		262		24.23.9 Transformers and Inductors

		263		24.23.10 Switch, Circuit Breaker and Fuse Panels

		264		24.23.11 Battery Backup Circuits

		265		24.23.12 Blower and Other Motors

		266		24.24 Electrical And Electronic Devices

		267		24.24.1 Reliability Standards

		268		24.24.2 Environmental Stress Screening

		269		24.24.3 Ability to Repair

		270		24.24.4 Hardware

		271		24.24.5 Wiring

		272		24.24.6 Optical Fibers

		273		24.25 Semiconductor Standards

		274		24.25.1 General

		275		24.25.2 Ratings

		276		24.25.3 Availability and JEDEC Registration

		277		24.25.4 Other Prohibitions

		278		24.26 Printed Circuit Board Standards

		279		24.26.1 General

		280		24.26.2 Marking

		281		24.26.3 Component Mounting

		282		24.26.4 IC and Device Sockets

		283		24.26.5 Conformal Coating

		284		24.26.6 Keying and Interlocks

		285		24.26.7 Circuit Board Connectors

		286		24.26.8 Testing

		287		24.26.9 Plated-Through Holes

		288		24.26.10 Multilayer Boards

		289		24.26.11 Enclosures and Racks

		290		24.26.12 Extenders

		291		24.27 Microprocessor-Based System Hardware

		292		24.27.1 Hardware Platform

		293		24.27.2 Electrical Isolation and Pre-Processing

		294		24.27.3 Program and Data Storage

		295		24.27.4 Software

		296		24.27.5 Programming

		297		24.27.6 Batteries

		298		24.27.7 Expansion Capacity

		299		24.28 Contract Data Requirements List (CDRL)

		300		24.29 Referenced Standards
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Section 25

		SECTION 25  - DATA COMMUNICATION INTERFACE WITH WMATA

						                   STATEMENT OF COMPLIANCE

		#		REQUIREMENT		COMPLIANT		NOT COMPLIANT		NOT APPLICABLE		COMMENTS

		1		25.1 Scope

		2		25.2 General Standards and Definitions

		3		25.2.1 Encoding

		4		25.2.2 Metadata File Formats

		5		25.2.3 Metadata File Naming

		6		25.2.4 Identifying Part Numbers

		7		25.2.5 Part Descriptions

		8		25.2.6 Manufacturer References

		9		25.2.7 Supplier References

		10		25.2.8 Definitions

		11		25.3 Part Definition

		12		25.4 IPC Configuration TAble

		13		25.5 BOM Configuration Table

		14		25.6 Maintenance Information

		15		25.7 Procurement Information

		16		25.8 Software Definition

		17		25.8.1 Software Definition Table

		18		25.8.2 Software Configuration Table

		19		25.8.3 Escrowed Software Definition Table

		20		25.9 3D-Model Definition

		21		25.10 2D-Drawing Definition

		22		25.11 Telemetry
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COMBINED GLOSSARY OF DEFINITIONS 

 

As used throughout this Contract, except to the extent otherwise expressly specified, the 
following terms shall have the meanings set forth below:  

 

ACCEPTANCE:  The formal written acceptance by the Authority that all work, or a specific portion 
thereof, under the Contract has been satisfactorily completed. 

 
ACCEPTANCE, CONDITIONAL (CONDITIONAL ACCEPTANCE):  Formal written notice from the 
Authority, that the work has not been fully or finally accepted, but with a defined set of conditions 
identified for achieving final acceptance. 

 
AMENDMENT: Written instructions issued prior to the date set for receipt of proposals or Best and 
Final Offers to clarify, revise, add or delete provisions to the Request for Proposals.  

 

APPROVED EQUAL: An item, material, or method offered as a substitute for that designated herein, 
for which approval in writing has been obtained from the Authority. The burden of proof that a substitute 
is, in fact, equal shall rest with the Contractor. 

 

AUTHORITY or WMATA or METRO: The Washington Metropolitan Area Transit Authority, created 
effective February 20, 1967, by Interstate Compact by and between Maryland, Virginia and the District 
of Columbia pursuant to Public Law 89-774, approved November 6, 1966.   

 

BEST AND FINAL OFFERS (BAFO):  A revision to the initial proposal submitted at the Contracting 
Officer’s request, generally following discussions with offerors in the competitive range. After review 
of BAFO, the Contracting Officer will render a determination as to the successful offeror for purposes 
of Contract award.  

 

BOARD OF DIRECTORS:  The Board of Directors of the Washington Metropolitan Area Transit 
Authority.  

 

BRAND NAME: Identification of an item that is produced or controlled by one or more entities, 
including trademarks, manufacturer names, or model names or numbers that are associated with a 
manufacturer.  

 

BREACH: An unexcused and unjustifiable failure or refusal of a party to satisfy one or more terms of 
the Contract which, if material, may constitute a basis for termination for default.  
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CHANGE or CHANGE ORDER:  A written alteration issued, upon agreement of both parties or 
unilaterally by the Authority, to modify the Contract, generally directing changes to the Scope of Work, 
schedule and/or Contract terms.  

 

CLAIM: A written demand or assertion by the contractor seeking, as a legal right, the payment of 
money, adjustment or interpretation of contract terms, adjustment to schedule, or other relief, arising 
under or relating to this contract.  

 

CLARIFICATIONS: Exchanges between the Authority and one or more offerors of a limited nature, 
whereby offerors may be given the opportunity to explain certain aspects of their proposals or to 
resolve minor irregularities, informalities or clerical errors.  

 

COMPETITIVE RANGE: Those initial proposals that are determined by the Contracting Officer to have 
a reasonable chance of being selected for award and that may be selected for negotiations or 
discussions to the extent that he or she deems appropriate. Proposals not in the competitive range 
are given no further consideration.  Offerors will be notified of exclusion from the competitive range. 

 

CONSTRUCTIVE CHANGE:  An act or omission by the Authority that, although not identified as a 
Change Order, does in fact cause a change to the Contract.  

 

CONTRACT OR AGREEMENT: The written agreement executed between the Authority and the 
contractor awarded pursuant to this solicitation.   

 

CONTRACT ADMINISTRATOR:  the Authority’s representative designated to serve as its primary 
point of contact for pre-award activities relating to the solicitation as well as such post-award activities 
as are set forth in this Contract. 

 

CONTRACTING OFFICER: An employee with authority duly delegated from the powers of the Chief 
Procurement Officer to legally bind the Authority by signing a Contractual instrument. The Contracting 
Officer is the Authority’s primary point of contact for award, administration, and final settlement.  

 

CONTRACTING OFFICER TECHNICAL REPRESENTATIVE (COTR): The person to whom the 
Contracting Officer delegates the authority and responsibility for post award administration of the 
Contract. The Contracting Officer’s Technical Representative is the Authority’s primary point of contact 
with the Contractor.  

 

CONTRACTOR: The individual, partnership, firm, corporation, or other business entity that is 
contractually obligated to the Authority to furnish, through itself or others, the supplies and services 
described in this Contract, including all incidentals that are necessary to complete the work in 
accordance with this Contract. 
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CONTRACT PRICE: The amount payable to the Contractor under the terms and conditions of this 
Contract based on lump sum prices, unit prices, fixed prices, or combination thereof, with any 
adjustments made in accordance with this Contract.  

 

DATA:  Recorded information, regardless of form or the media on which it may be recorded, including 
technical data and computer software.   

 

DAY: Calendar day, except where the term business day, work day or like term is used.  

 

DESIGNER: The individual, partnership, firm, corporation or other business entity that is either the 
contractor, or employed or retained by the contractor, to manage and perform the design services for 
this contract. 

 

DESCRIPTIVE LITERATURE: Information provided by an offeror, such as cuts, illustrations, 
drawings, and brochures that shows a product’s characteristics or construction of a product or explains 
its operation.  The term includes only that information needed to evaluate the acceptability of the 
product and excludes other information for operating or maintaining the product.  

 

DISCUSSIONS: Negotiations or exchanges relating to the solicitation between an offeror and the 
Authority that may occur after establishment of the competitive range and before award, that may, at 
the Contracting Officer’s discretion, result in the offeror being allowed to revise its proposal by 
submitting a Best and Final Offer (BAFO).  

 

DRAWINGS: Fabrication, erection, layout, setting, schematic, and installation drawings prepared for 
permanent structures, equipment, and systems that it designed to comply with this Contract. 

 

EQUIVALENT: Of equal or better quality and/or performance to that specified in this Contract as 
determined by the Authority. 

 

EVALUATION CRITERIA: Those factors to be considered by the Authority, in determining the 
successful proposal.  

 

EXPLANATION: Additional information or clarification provided by the Contracting Officer to one (1) 
or more prospective offerors in response to an inquiry relating to the solicitation, that will be binding 
upon the Authority, only to the extent specified in this Contract. 
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FINAL ACCEPTANCE:  Final acceptance of the work occurs when the work is fully, completely, and 
finally accomplished in strict compliance with the Contract to the satisfaction of the Authority.  

 

FINAL PAYMENT: The last payment to the contractor for work performed under this contract.  

 

FORCE MAJEURE: An unforeseen event or circumstance, beyond the control of, and not occasioned 
by the fault or neglect of, the Contractor or the Authority, that gives rise to a delay in the progress or 
completion of the Contract, including, without limitation, acts of God, acts of war or insurrection, 
unusually severe weather, fires, floods, strikes, freight embargoes or other events or circumstances 
of like nature. 

 

GOVERNMENT:  The government of the United States of America. 

 

INDUSTRY STANDARDS: Drawings, documents, and specifications or portions thereof published 
by industry organizations. Industry standards are not part of the contract unless specifically listed in 
the statement of work. 

 

LEGAL REQUIREMENTS: All federal, state and local laws, ordinances, rules, orders, decrees, and 
regulatory requirements such as: building codes, mechanical codes, electrical codes, fire codes, 
Americans with Disabilities Act Accessibility Guidelines (ADAAG), and other regulations of any 
government or quasi-government entity that are applicable to this contract. 

 

MILESTONE: A specified date in this contract by which the contractor is required to complete a 
designated portion or segment of the work.  

 

MINOR IRREGULARITY:  A variation from the solicitation contained in a proposal that does not affect 
the price or other material term of the Contract.   A minor irregularity does not confer a competitive 
advantage or benefit not enjoyed by other offerors and does not adversely impact the Authority’s 
interests.  

 

NOTICE TO PROCEED (NTP): Written notice issued by the Authority establishing the date on which 
the Contractor may commence work and directing the Contractor to proceed with all or a portion of 
the work.  

 

OFFEROR: A party submitting a proposal in response to this solicitation. 
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OPTION: A unilateral right in the Contract by which, for a specified time, the Authority may elect to 
purchase, at a predetermined price, additional supplies, services and/or work called for by the 
Contract or to extend the term of the Contract. 

  

ORGANIZATIONAL CONFLICT OF INTEREST (OCI): A circumstance when the nature of the work 
to be performed under a proposed contract or a subcontract may, without some restriction on future 
activities result in an unfair competitive advantage to the Contractor or subcontractor; because of (1) 
unequal access to information, (2) biased ground rules or (3) impaired objectivity. 

 

PERIOD OF PERFORMANCE: The period of performance is from the date of Notice to Proceed (NTP) 
through five years after final acceptance of the last car delivered, including all options if exercised and 
any additional quantities ordered, as defined in the Acceptance of Supplies article.  

 

PRE-AWARD SURVEY:  An evaluation of a prospective Contractor’s capability to perform a proposed 
Contract, including an assessment of matters relating to its responsibility.  

 

PRODUCT DATA: Information furnished by the Contractor to describe materials used for some portion 
of the work, such as written or printed descriptions, illustrations, standard schedules, performance 
charts, instructions, brochures, and diagrams.  

 

PROPOSAL: A submission by an offeror to the solicitation that, if accepted by the Authority, would 
bind the offeror to perform the resultant Contract.   

 

RECORDS: Books, documents, accounting procedures and practices, and other data, regardless of 
type and regardless of whether such items are in written form, in the form of computer data, or in any 
other form. 

 

REVISION: A change to a proposal made by an offeror, at the request of or as allowed by the Contract 
Officer, as a result of discussions. Best and Final Offers are one form of revision. 

 

SAFETY SENSITIVE:  FTA regulations at 49 C.F.R. § 655.4 define “safety sensitive functions” as any 
of the following duties when performed by WMATA as a grant recipient, or any of its contractors: (a) 
Operating a revenue service vehicle, including when it is not in revenue service; (b) Operating a 
nonrevenue service vehicle, when required to be operated by the holder of a commercial driver’s 
license (CDL); (c) Controlling dispatch or movement of a revenue service vehicle; (d) Maintaining 
(including repairs, overhaul and rebuilding) a revenue service vehicle or equipment used in revenue 
service; and (e) Carrying a firearm for security purposes. WMATA’s definition of safety sensitive 
functions extends beyond FTA’s requirements and includes (f) Employees and contractors who 
maintain escalators and elevators (including repairs, overhauls and rebuilding) and (g) Station 
managers. 
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SERVICES: The performance of work by a person or legal entity under contract with the Authority, 
including without limitation: maintenance; overhaul; repair; servicing; rehabilitation; salvage; 
modernization or modification of supplies, systems or equipment; routing, recurring maintenance of 
real property; housekeeping; operation of Authority-owned equipment, facilities and systems; 
communication services; Architect-Engineering services; professional and consulting services; and 
transportation and related services.  

 

SIMILAR: Generally the same, but not necessarily identical.   

 

SITE: The areas that are occupied by or used by the Contractor and subcontractors during 
performance of this Contract. 

 

SOLICITATION: This Request for Proposals (RFP).  

 

SUBCONTRACT: An agreement between the Contractor and another party, or between other 
subcontractors at any tier, to perform a portion of this Contract through the acquisition of specified 
supplies, materials, equipment or services.  

 

SUBCONTRACTOR: An individual, firm, partnership, corporation, or other business entities that have 
a contractual obligation with the Contractor or other subcontractors.  

 

SUBMITTAL: Written or graphic document or samples prepared for the work by the Contractor or a 
subcontractor and submitted to the Authority by the Contractor, including but limited to drawings, 
product data, samples, certificates, schedules of material, or other data. 

 

SUBSTITUTION: An item offered by the Contractor of significant difference in material, equipment, or 
configuration, which functionally meets the requirements of the Contract, but is submitted in lieu of 
item specified therein, as determined by the Authority.   

 

SUPPLIER: A subcontractor who is a manufacturer, fabricator, supplier, distributor, or vendor.  

 

SUPPLIES: The end item(s) required to be furnished by the Contractor in fulfillment of its obligation 
under this Contract as well as any and all related services and required performance.  

 

TECHNICAL SPECIFICATIONS:  The portion of this Contract or Request for Proposals that describes 
specifically what is to be done by the Contractor.  It may include technical specifications, performance 
outcomes, dates and time of performance, quality requirements, etc.  
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WMATA SAFETY MANUAL: A compilation of the appropriate safety and reporting requirements for 
the project as specified in the contract.  

 

WMATA SAFETY AND SECURITY CERTIFICATION PROGRAM PLAN: A compilation of the 
appropriate system safety and security certification requirements for the contract.  

 

WORK:  All of the services of any kind, as well as any and all goods, supplies, equipment, labor, and 
material, of any type and nature to be furnished and/or performed pursuant to a Contract to accomplish 
the Contract’s stated objectives in a timely and fully satisfactory manner.  
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