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NOTICE TO PROPOSERS 

Regarding Volume 4, Reference Documents: 

Reference Documents are provided for information only. (See General Provision Section 
1.7.5.)  The goal of the Project is to electrify the Caltrain operating corridor by 2020 in a 
manner that avoids precluding other rail services, including but not necessarily limited to 
freight and potential California High Speed Rail Authority service. To that end, some of 
the Reference Documents provide information regarding these other existing and 
potential services.  
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AGREEMENT BETWEEN THE PENINSULA CORRIDOR JOINT POWERS BOARD 

(JPB) 

AND 

STADLER US, INC. (CONTRACTOR) 
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CONTRACT SUMMARY* 

Board of Directors’ Date of Award: July 7, 2016 

Resolution Number: 2016-36 

Effective Date of Contract:  

Limited-Notice-to-Proceed (LNTP) – August 15, 2016 thru February 28, 2017 

Notice-to-Proceed (NTP) – March 1, 2017 thru August 31, 2021 

Services to be Performed: 

Base Scope of Work: 
Procurement of 96 EMU (sixteen 6-car trainsets) rail vehicles with high and low 
doors for the sixteen 6-car trainsets, and for a car equipped with bathroom within 
each 6-car or future 8-car trainset. The JPB intends to expand each trainset from 6 to 
8 cars after commencement of revenue service. The base scope of work also 
includes mock-ups, spare parts, special tools, test equipment, manuals, training, 
related parts and services in accordance with the Technical Specifications. 
 
Option 1 – Scope of Work: 
Procurement of 96 additional EMU rail vehicles with high and low doors, and for up 
to 16 additional cars equipped with bathrooms. 
 
Term of Contract:  

Sixty (60) months from LNTP 

Contractor’s Key Representative:  

Stadler US, Inc. 
Attn: Martin Ritter 
231 North Avenue West No. 112 
Westfield, NJ 07090 
Phone: 512.578.6012 
Fax: 908.654.0222 
Martin.ritter@stadlerrail.com 

 

Technical Issues: 

Stadler Altenrhein AG 
Attn: Dietmar Schwarz, Project Manager, Technical 
Industrie- und Gewerbepark 
CH-9423  Altenrhein  SG 
Direct: +41 (58) 595 51 95 
Cell: +41 (79) 419 03 90 
Dietmar.Schwarz@stadlerrail.com 
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Contract/Invoice Issues: 

Stadler Altenrhein AG 
Attn: Marcus Wörner, Project Manager, Commercial 
Industrie- und Gewerbepark 
CH-9423  Altenrhein  SG 
Direct: +41 (58) 595 51 10 
Cell: +41 (79) 532 58 16 
Marcus.Woerner@stadlerrail.com 

 

Compensation: 

Base Vehicles - 96: 
Limited-Notice-to-Proceed (LNTP)1 – $41,000,000.00 
Full Notice-to-Proceed (FNTP)2 – $509,899,459.00 
Base Vehicle Total:  $550,899,459.00 
 

Option Cars – 96-3: 
$390,294,450.00 
Option Cars Total:  $390,294,450.00 
 
Allowance: 
Virtual Reality Scope (Ref. TS 23.2.3.2) $400,000.00 

      Allowance Not-to-Exceed Total:  $400,000.00 
 
      Contingency4: 
      Up to 5 percent 
 

1. LNTP Scope of Work: Initial work necessary to advance the contract within the scope of budgetary availability. 

2. FNTP Scope of Work:  all remaining scope-of-work activities including the procurement of the base order of 96 vehicles, in 

accordance with the terms of the contract.  All work will be completed in full compliance with FTA requirements. 

3. Regarding Option Cars, the JPB performed a cost analysis in compliance with Federal Transit Administration requirements. 

Staff concluded that Stadler’s negotiated costs were fair and reasonable for Base Bid and Option vehicles.  During the term 

of the contract, the JPB will determine if they desire to exercise the procurement of the additional option cars,  If exercised, 

the JPB would return to the JPB Board to recommend exercising the Option Cars, if it is in the best interest of the JPB. 

4. Contingency:  The Executive Director, or his designee, is authorized to utilize a contingency of up to 5 percent of the total 

amount authorized by the Board for the EMU vehicle contract.  The status of EMU vehicle contract change orders will be 

reported to the Board on a quarterly basis. 

 

*This Summary is provided for convenience only, and is qualified by the specific terms 
and conditions of the Contract that will control any conflict between this Summary and 
the terms of the Contract. 
  



PCEP Procurement of Bi-Level EMU Vehicles 

_______________________________________________________________________________ 

_______________________________________________________________________________________ 
Contract #14-PCJPB-P-056 Page 5 of 8 (Conformed 6/22/2016) 
 Agreement   

12459348.2 

 
EMU PROCUREMENT CONTRACT 

THIS EMU PROCUREMENT CONTRACT No. 14-PCJPB-P-056 is made and 
entered into this 15th day of August, 2016 (the “Effective Date”), between the 
PENINSULA CORRIDOR JOINT POWERS BOARD (the “JPB”) and Stadler, US, 
Inc. 

 A corporation organized and existing under the laws of the State of 
Delaware, the location of whose principal office is 231 North Avenue 
West No. 112, Westfield, NJ 07090 (hereinafter referred to as the 
“Contractor”).  

If the Contractor is a partnership, each partner executing this Contract binds both itself 
and the Contractor, and each joint venture member or partner and the Contractor shall 
be jointly and severally liable under this Contract. 

RECITALS 

A. On August 21, 2015, the JPB issued a Request for Proposals (RFP) 
for the EMU Procurement (the “Project”) 

B. The Project involves the design, manufacture, delivery, testing, and 
warranty of Electric Multiple Unit rail vehicles for use in the Caltrain service.  

C. On February 17, 2016 and March 10, 2016, the Contractor submitted 
a complete Proposal in response to the RFP's requirements. 

D. The JPB evaluated the proposal in response to the RFP, and has 
selected the Contractor for award of the Contract based on a determination that its 
Proposal provided the best value to the JPB, considering the technical and price factors 
set forth in the RFP.  

E. On June 17, 2016, the Contractor submitted its final technical and price 
proposal, based upon the completion of negotiations. 

NOW, THEREFORE, for good and valuable consideration, the receipt and 
adequacy of which are hereby acknowledged, the parties hereto agree as follows:  

ARTICLE 1 CONTRACT DOCUMENTS; PRECEDENCE  
 

This Contract shall consist of the documents listed below (the “Contract Documents”), 
each of which is incorporated into the Contract by this reference. The individual 
components of the Contract Documents shall be complementary of each other in that 
what is required by any one of them is as binding as if called for by all of them. In the 
event of any inconsistency between or among the Contractor Documents, they are listed 
below in order of precedence.  The Contract Documents include: 

1. Executed Contract Change Orders and Amendments to the Contract 

2. Exercised Options to the Contract 
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3. Contract 

4. Federal Requirements (RFP Volume 6) 

5. Conformed Technical Specifications (RFP Volume 3, Technical 

Specifications)  

6. Warranty (RFP Volume 7)  

7. Special Provisions (RFP Volume 5, Special Provisions) 

8. General Provisions (RFP Volume 4, General Provisions)  

9. Contractor’s final Proposal in response to the RFP, including all forms, 

attachments and certification. 

10. RFP ITP (Volume 1, Instructions to Proposers) 

 
Capitalized terms used throughout the Contract Documents will be interpreted according 
to the definitions set forth in General Provisions, Article GP1.1, which definitions shall 
supersede any inconsistent definitions in other portions of the Contract Documents.  

Reference Documents are included in RFP Volume 9. Unless otherwise specified in the 
Contract Documents, Reference Documents are for information only. 
 
Volume 8 will only apply if the JPB exercises its option to procure Maintenance Services 
pursuant to Article 5 below. 

ARTICLE 2 SCOPE OF WORK; CONTRACTOR REPRESENTATIONS   

2.1  Scope of Work.  The Contractor shall be responsible for performing all Work under 
the Contract and in any Options, approved Contract Change Orders or amendments, all 
in accordance with the Contract Documents.  

2.2  Contractor Representations.  The scope of the Work is set forth in all of the 
Contract Documents.  The Contractor represents and warrants the following: 

 That it has or will obtain all personnel, materials and equipment required to 
perform the Work under this Contract.   

 That it will procure and keep current throughout the duration of this Contract any 
and all licenses, permits, registrations or certificates that are or may be required 
for the performance of Work under this Contract.   

 That it will perform all Work such that the Work will meet the performance 
standards and operating conditions contemplated in the Contract Documents.  

 That it will avoid or mitigate potential delays, and any costs due to delays.   

 That it will perform all Work is a safe manner and in accordance with the JPB’s 
work window and track access requirements, and so as to avoid unplanned 
adverse impacts to the operating railroad; and 

 That it shall at all times comply with applicable Federal, State, and local laws, 
ordinances, and regulations. 

ARTICLE 3 CONTRACT PRICE 

As full compensation for the satisfactory completion of all of the Work, the JPB will pay 
the Contractor the lump sum amounts specified in Special Provision 1.1 of the Contract. 
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The prices for any Options for additional EMUs shall be included in the Contract Price 
only if the JPB exercises said Options. 

ARTICLE 4 TERM; TIME OF PERFORMANCE; NOTICE TO PROCEED 

 
The Contract is effective as of Effective Date.  The Contractor may not commence work 
under this Contract until it is authorized in writing by JPB to do so by a Limited Notice to 
Proceed (“LNTP”).  The details of the NTP process and the time of performance is as set 
forth in Special Provision 1.2. 

Upon the JPB's issuance of a Certificate of Final Completion, and completion of the 
warranty period for all Trainsets and Option EMUs with no outstanding warranty claims, 
this Agreement will expire.  If the JPB has exercised its option for the Maintenance 
Services Agreement, such an Agreement will continue in force as set forth in Article 5, 
below.  

ARTICLE 5 OPTIONS 

The JPB, in its sole discretion, may exercise Options for additional EMUs and for 
Maintenance Services as set forth in Special Provision 1.10.   

ARTICLE 7 COMPLETE CONTRACT 

This Contract, including all volumes and other documents incorporated in this Contract 
or made applicable by reference, constitutes the complete and exclusive statement of 
the terms and conditions of the Contract between the Contractor and JPB.  This Contract 
supersedes all prior representations, understandings, and communications. This 
Contract may be modified or amended only by written instrument signed by both the 
Contractor and the JPB. 

IN WITNESS WHEREOF, the parties have hereunto executed this Contract as of the 
date first above written. 
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PENINSULA CORRIDOR JOINT POWERS  CONTRACTOR: 
BOARD:  (See footnote below)* 
 
Print name:  Print name:   
 
 
Title:     Executive Director                  Title:  
 
 
Signature:      Signature:   
 
 
Date:       Date:   
 

 
Print name:   
 

ATTEST:  
By:                                                     Title:       
 JPB Secretary        
         
        Signature:      
 
      
APPROVED AS TO FORM:     Date:       
 
By:         
         Attorney for the JPB 
         
 
         
 
 
 
Note: If the CONTRACTOR is a Corporation, this Agreement must be executed by two Corporate Officers, 
consisting of:  

(1) the President, Vice President or Chair of the Board, and  
(2) the Secretary, Assistant Secretary, Chief Financial Officer, Assistant Chief Financial 

Officer, Treasurer, or Assistant Treasurer.   
In the alternative, this Agreement may be executed by a single Officer or a person other than an Officer 
provided that evidence satisfactory to the PCJPB is provided demonstrating that such individual is 
authorized to bind the Corporation (e.g. a copy of a certified resolution from the Corporation’s Board or a 
copy of the Corporation’s bylaws). 
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 1. GENERAL 

This Agreement may be subject to one or more financial assistance agreements 
between JPB and the U.S. Department of Transportation, which agreements incorporate 
FTA Master Agreement and Circular 4220.1F, current as of the effective date of any 
such financial assistance agreement.  Contractor and its Subcontractors shall comply 
with all federal laws and regulations identified in FTA Circular 4220.1F or any 
subsequent version of FTA Circular 4220.1F, and/or the most current version of the FTA 
Master Agreement.  Contractor may not perform any act, fail to perform any act, or 
refuse to comply with any JPB requests that would cause the Contractor and/or JPB to 
be in violation of any such federal laws or regulations and/or any of the terms and 
conditions of the FTA Master Agreement.  Any such federal law or regulation, or term 
and condition of the FTA Master Agreement, shall be deemed to control in the event of a 
conflict with any other provision of this Agreement.  Contractor shall require lower tier 
Subcontractors to comply with any federal laws and regulations necessary to assure the 
Contractor’s and/or JPB's full compliance with any of the federal laws or regulations 
identified in FTA Circular 4220.1F and/or any of the terms and conditions of the FTA 
Master Agreement, as they apply at the time of execution of the Contract or as they may 
be modified from time to time.  

 2. ACCESS TO RECORDS 

A. Contractor agrees to provide JPB, the FTA Administrator, the Comptroller General of 
the United States, the California State Auditor, or any of their authorized 
representatives access to any books, documents, papers and records of the 
Contractor which are directly pertinent to this Contract for the purposes of making 
audits, examinations, excerpts and transcriptions. Contractor also agrees, pursuant 
to 49 C. F. R. 633.17 to provide the FTA Administrator or the FTA’s authorized 
representatives, including any FTA Project Management Oversight Contractor, 
access to Contractor's records and construction sites pertaining to a major capital 
project, defined at 49 U.S.C. 5302(3), which is receiving federal financial assistance 
through the programs described at 49 U.S.C. 5307, 5309 or 5311. 

B. Contractor shall permit any of the foregoing parties to reproduce without any cost by 
any means whatsoever or to copy excerpts and transcriptions as reasonably needed. 

C. Contractor shall maintain all books, records, accounts and reports required under 
this Contract for a period of not less than three years after the date of termination or 
expiration of this Contract, except in the event of litigation or settlement of claims 
arising from the performance of this Contract, in which case Contractor agrees to 
maintain same until JPB, the FTA Administrator, the Comptroller General, or any of 
their duly authorized representatives, have disposed of all such litigation, appeals, 
claims or exceptions related thereto. 

 3. FEDERAL CHANGES AND INCORPORATION OF FEDERAL TRANSIT 
ADMINISTRATION (FTA) TERMS  

A This Contract includes, in part, certain Standard Terms and Conditions required by 
DOT, whether or not expressly set forth in the Contract provisions. All contractual 
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provisions required by DOT, as set forth in FTA Circular 4220.1F, revision 3, dated 
February 15, 2011, or latest version in force at the time of Contract award, are 
hereby incorporated by reference. Anything to the contrary herein notwithstanding, 
all FTA mandated terms shall be deemed to control in the event of a conflict with 
other provisions contained in this Contract. Contractor shall not perform any act, fail 
to perform any act, or refuse to comply with any JPB requests which would cause 
JPB to be in violation of the FTA terms and conditions. 

B. Contractor shall at all times comply with all applicable federal laws and regulations, 
including without limitation FTA regulations, policies, procedures and directives, 
including those listed directly or by reference in the Master Agreement between JPB 
and FTA, as they may be amended or promulgated from time to time during the term 
of this Contract.  Contractor's failure to so comply with the Federal Requirements 
shall constitute a material breach of this Contract. 

 4. ENERGY CONSERVATION REQUIREMENTS 

A Contractor shall comply with mandatory standards and policies relating to energy 
efficiency which are contained in the state energy conservation plan issued in 
compliance with the Energy Policy and Conservation Act 42 USC §6321 et seq. 

 5. CIVIL RIGHTS REQUIREMENTS 

A. Nondiscrimination - In accordance with Title VI of the Civil Rights Act, as amended, 
42 U.S.C. § 2000d, section 303 of the Age Discrimination Act of 1975, as amended, 
42 U.S.C. § 6102, section 202 of the Americans with Disabilities Act of 1990, 42 
U.S.C. § 12132, and Federal transit law at 49 U.S.C. § 5332, Contractor shall not 
discriminate against any employee or applicant for employment because of race, 
color, creed, national origin, sex, age, or disability.  In addition, Contractor shall 
comply with applicable Federal implementing regulations and other implementing 
requirements FTA may issue. 

B. Equal Employment Opportunity 

1. Race, Color, Creed, National Origin, Sex - In accordance with Title VII of the Civil 
Rights Act, as amended, 42 U.S.C. § 2000e, and Federal transit laws at 49 
U.S.C. § 5332, Contractor shall comply with all applicable equal employment 
opportunity requirements of U.S. Department of Labor (U.S. DOL) regulations, 
"Office of Federal Contract Compliance Programs, Equal Employment 
Opportunity, Department of Labor," 41 C.F.R. Parts 60 et seq. , (which implement 
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. § 2000e note), and with any applicable 
Federal statutes, executive orders, regulations, and Federal policies that may in 
the future affect activities undertaken in the course of the Contract. Contractor 
shall 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 
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compensation; and selection for training, including apprenticeship.  In addition, 
Contractor shall comply with any implementing requirements 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, Contractor shall refrain from discrimination against present and 
prospective employees for reason of age.  In addition, Contractor shall comply 
with any implementing requirements FTA may issue. 

3. Disabilities - In accordance with section 102 of the Americans with Disabilities 
Act, as amended, 42 U.S.C. § 12112, Contractor shall 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 addition, Contractor shall comply with any implementing requirements FTA 
may issue. 

C. Contractor shall include this Article in each subcontract financed in whole or in part 
with Federal assistance provided by FTA, modified only if necessary to identify the 
affected parties. 

 6. NO GOVERNMENT OBLIGATION TO THIRD PARTIES 

A. Notwithstanding any concurrence by the Federal Government in or approval of the 
solicitation or award this Contract, absent the express written consent by the Federal 
Government, the Federal Government is not a party to this Contract and shall not be 
subject to any obligations or liabilities to JPB, Contractor, or any other party (whether 
or not a party to that Contract) pertaining to any matter resulting from this Contract. 

B. Contractor shall include this Article in each Subcontract and shall not modify the 
Article, except to identify the Subcontractor who will be subject to its provisions. 

 7. PROGRAM FRAUD AND FALSE OR FRAUDULENT STATEMENTS OR RELATED ACTS 

A. 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, shall apply to actions pertaining to this Contract.  Upon execution 
of this Contract, Contractor certifies or affirms the truthfulness and accuracy of any 
statement it has made, it makes, it may make, or causes to be made, pertaining this 
Contract or the FTA assisted project for which this Contract work is being performed.  
In addition to other penalties that may be applicable, 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 
Contractor to the extent the Federal Government deems appropriate. 

B. Contractor also acknowledges that this Contract is 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 and if it makes, or causes to be made, a false, 
fictitious, or fraudulent claim, statement, submission, or certification to the Federal 
Government, the Government reserves the right to impose the penalties of 18 U.S.C. 
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§ 1001 and 49 U.S.C. § 5307on Contractor, to the extent the Federal Government 
deems appropriate. 

C. Contractor shall include this Article in each subcontract financed in whole or in part 
with Federal assistance provided by FTA.  Contractor shall not modify the Article, 
except to identify the Subcontractor who will be subject to the provisions. 

 8. SUSPENSION AND DEBARMENT 

A. This Contract is a covered transaction for purposes of 2 CFR Parts 180 and 1200.   
As such, Contractor shall verify that none of the Contractor, its principals, as defined 
at 2 CFR 180.995, or affiliates, as defined at 2 CFR 180.905, are excluded or 
disqualified as defined at 2 CFR 180.940 and 180.935. 

B. Contractor shall comply with 2 CFR Part 180, Subpart C and shall include the 
requirement to comply with 2 CFR Part 180, Subpart C in any lower tier covered 
transaction it enters into. 

C. By entering into this Contract, Contractor certifies that it shall comply with the 
requirements of 2 CFR Part 180, Subpart C throughout the period of this Contract. 

D. This certification is a material representation of fact relied upon by JPB.  If it is later 
determined that Contractor knowingly rendered an erroneous certification, in addition 
to remedies available to JPB, the Federal Government may pursue available 
remedies, including but not limited to suspension and/or debarment. 

 9. CLEAN WATER AND CLEAN AIR REQUIREMENTS 

A. CLEAN WATER REQUIREMENTS - Contractor shall comply with all applicable 
standards, orders or regulations issued pursuant to the Federal Water Pollution 
Control Act, as amended, 33 U.S.C. 1251 et seq. Contractor shall report each 
violation to JPB.  JPB will, in turn, report each violation as required to FTA and the 
appropriate EPA Regional Office. 

B. CLEAN AIR - Contractor shall comply with all applicable standards, orders or 
regulations issued pursuant to the Clean Air Act, as amended, 42 U.S.C. §§ 7401 et 
seq. Contractor shall report each violation to JPB.  JPB will, in turn, report each 
violation as required to FTA, the appropriate EPA Regional Office, and all other 
agencies having jurisdiction. 

C. Contractor shall include these requirements in each subcontract exceeding $100,000 
financed in whole or in part with Federal assistance provided by FTA. 

 10. COMPLIANCE WITH FEDERAL LOBBYING POLICY 

A. Byrd Anti-Lobbying Amendment, 31 U.S.C. 1352, as amended by the Lobbying 
Disclosure Act of 1995, P.L. 104-65 [to be codified at 2 U.S.C. § 1601, et seq.], 
requires that Contractors who apply or bid for an award of $100,000 or more shall file 
the certification required by 49 CFR Part 20, "New Restrictions on Lobbying." Each 
tier of subcontractors shall certify to the tier above that it will not and has not used 
Federal appropriated funds to pay any person or organization for influencing or 
attempting to influence an officer or employee of any agency, a member of 
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Congress, officer or employee of Congress, or an employee of a member of 

Congress in connection with obtaining any Federal contract, grant or any other 
award covered by 31 U.S.C. 1352.  Each tier shall also disclose the name of any 
registrant under the Lobbying Disclosure Act of 1995 who has made lobbying 
contacts on its behalf with non-Federal funds with respect to that Federal contract, 
grant or award covered by 31 U.S.C. 1352.  Such disclosures shall be forwarded 
from tier to tier up to JPB. In accordance with the Instructions to Proposers, 
Contractor must have submitted Standard Form SF-LLL, "Disclosure of Lobbying 
Activities," with its Proposal.  

 11. BUY AMERICA 

A. Contractor agrees to comply with 49 U.S.C. 5323(j) and 49 CFR Part 661.11, which 
provide that Federal funds may not be obligated unless rolling stock is assembled in 
the United States and the cost of components produced in the United States is more 
than 60 percent of the cost of all components.  In accordance with the Instructions to 
Proposers, Contractor must have submitted a compliant Buy America certificate with 
its Proposal.   

B. Contractor agrees to comply with 49 U.S.C. § 5323(l) and FTA's implementing 
regulation at 49 C.F.R. Part 663. To assist with pre-award audit, Contractor will 
submit documentation which lists 1) component and subcomponent parts of the 
rolling stock to be purchased identified by manufacturer of the parts, their country of 
origin and costs; and 2) the location of the final assembly point for the rolling stock, 
including a description of the activities that will take place at the final assembly point 
and the cost of final assembly. 

C. Contractor will cooperate with JPB in conducting all post-delivery review necessary 
to ensure compliance with the Buy America requirements. 

 12. CARGO PREFERENCE 

A. Contractor shall use privately owned United States-Flag commercial vessels to ship 
at least 50 percent of the gross tonnage (computed separately for dry bulk carriers, 
dry cargo liners, and tankers) involved, whenever shipping any equipment, material, 
or commodities pursuant to this Contract to the extent such vessels are available at 
fair and reasonable rates for United States-Flag commercial vessels 

B. Contractor shall furnish within 20 working days following the date of loading for 
shipments originating within the United States or within 30 working days following the 
date of leading for shipments originating outside the United States, a legible copy of 
a rated, "on-board" commercial ocean bill-of -lading in English for each shipment of 
cargo described in the preceding paragraph to the Division of National Cargo, Office 
of Market Development, Maritime Administration, Washington, DC 20590 and to the  
JPB (through Contractor in the case of a subcontractor's bill-of-lading.) 

C. Contractor shall include these requirements in all subcontracts issued pursuant to 
this Contract when the subcontract may involve the transport of equipment, material, 
or commodities by ocean vessel. 
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 13. FLY AMERICA 

A. Contractor agrees to comply with 49 U.S.C. 40118 (the “Fly America” Act) in 
accordance with the General Services Administration’s regulations at 41 CFR Part 
301-10, which provide that recipients and subrecipients of Federal funds and their 
contractors are required to use U.S. Flag air carriers for U.S Government-financed 
international air travel and transportation of their personal effects or property, to the 
extent such service is available, unless travel by foreign air carrier is a matter of 
necessity, as defined by the Fly America Act.  Contractor shall submit, if a foreign air 
carrier was used, an appropriate certification or memorandum adequately explaining 
why service by a U.S. flag air carrier was not available or why it was necessary to 
use a foreign air carrier and shall, in any event, provide a certificate of compliance 
with the Fly America requirements.  Contractor agrees to include the requirements of 
this section in all subcontracts that may involve international air transportation. 

 14. CONTRACT WORK HOURS AND SAFETY STANDARDS ACT 

A. Contractor agrees to comply with Sections 102 and 107 of the Contract Work Hours 
and Safety Standards Act, as amended (40 U.S.C. §§ 3701 et seq.) and 
implementing U.S. DOL regulations at 29 CFR Part 5 and 29 CFR Part 1926.  

1. Overtime requirements – Neither Contractor nor any Subcontractor contracting 
for any part of the Contract work that requires or involves the employment of 
laborers or mechanics shall require or permit any such laborer or mechanic in 
any workweek in which he or she is employed on such work to work in excess of 
forty hours in such workweek unless such laborer or mechanic receives 
compensation at a rate not less than one and one-half times the basic rate of pay 
for all hours worked in excess of forty hours in such workweek. 

2. Violation; liability for unpaid wages; liquidated damages – In the event of 
any violation of the Article set forth in paragraph 1 of this Section Contractor and 
any Subcontractor responsible therefore shall be liable for the unpaid wages.  In 
addition, Contractor and Subcontractor shall be liable to the United States for 
liquidated damages.  Such liquidated damages shall be computed with respect to 
each individual laborer or mechanic, including watchmen and guards, employed 
in violation of the Article set forth in paragraph 1 of this Section, in the sum of ten 
dollars ($10) for each calendar day on which such individual was required or 
permitted to work in excess of the standard workweek of forty hours without 
payment of the overtime wages required by the Article set forth in paragraph 1 of 
this Section. 

3. Withholding for unpaid wages and liquidated damages – JPB shall upon its 
own action or upon written request of an authorized representative of the 
Department of Labor withhold or cause to be withheld, from any monies payable 
on account of work performed by Contractor or Subcontractor under the Contract 
or any other Federal contract with Contractor, or any other federally-assisted 
contract subject to the Contract Work Hours and Safety Standards Act, which is 
held by Contractor, such sums as may be determined to be necessary to satisfy 
any liabilities of Contractor or Subcontractor for unpaid wages and liquidated 
damages as provided in the Article set forth in paragraph 2 of this Section. 
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4. Subcontracts – Contractor or Subcontractor shall insert in any Subcontracts the 
Articles set forth in this Section and also a Article requiring the Subcontractors to 
include these Articles in any lower tier Subcontracts.  Contractor shall be 
responsible for compliance by any Subcontractor or lower tier Subcontractor with 
the Articles set forth in this Section. 

5. Payrolls and basic records – The records to be maintained hereinabove shall 
be made available by Contractor or Subcontractor for inspection, copying, or 
transcription by JPB and U.S. Dept. of Labor. Contractor and Subcontractor shall 
maintain payrolls and basic records during the course of the work and shall 
preserve them for a period of three (3) years from the completion of the Contract 
for all laborers and mechanics, including guards and watchmen, working on the 
Contract.  Such records shall contain the name and address of each such 
employee, social security number, correct classifications, hourly rates of wages 
paid, daily and weekly number of hours worked, deductions made and actual 
wages paid. 

 15. ACCESS REQUIREMENTS FOR PERSONS WITH DISABILITIES  

Contractor shall comply with: 

 

1. All applicable requirements of section 504 of the Rehabilitation Act of 1973, as 
amended, 29 U.S.C. § 794, which prohibits discrimination on the basis of 
handicaps; 

2. The Americans with Disabilities Act of 1990 (ADA), as amended, 42 U.S.C. § 
12101 et seq., which requires that accessible facilities and services be made 
available to persons with disabilities, including any subsequent amendments to 
that Act; 

3. The Architectural Barriers Act of 1968, as amended, 42 U.S.C. §§ 4151 et seq., 
which requires that buildings and public accommodations be accessible to 
persons with disabilities, including any subsequent amendments to that Act; and 

4. All applicable requirements of the following regulations and any subsequent 
amendments thereto: 

a. U.S. DOT regulations, "Transportation Services for Individuals with 
Disabilities (ADA)," 49 C.F.R. Part 37; 

b. U.S. DOT regulations, "Nondiscrimination on the Basis of Handicap in 
Programs and Activities Receiving or Benefiting from Federal Financial 
Assistance," 49 C.F.R. Part 27; 

c. Joint U.S. Architectural and Transportation Barriers Compliance Board (U.S. 
ATBCB)/U.S. DOT regulations, "Americans With Disabilities (ADA) 
Accessibility Specifications for Transportation Vehicles," 36 C.F.R. Part 1192 
and 49 C.F.R. Part 38; 

d. U.S. DOJ regulations, "Nondiscrimination on the Basis of Disability in State 
and Local Government Services," 28 C.F.R. Part 35; 
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e. U.S. DOJ regulations, "Nondiscrimination on the Basis of Disability by Public 
Accommodations and in Commercial Facilities," 28 C.F.R. Part 36; 

f. U.S. General Services Administration (U.S. GSA) regulations, 
"Accommodations for the Physically Handicapped," 41 C.F.R. Subpart 101-
19; 

g. 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; 

h. U.S. Federal Communications Commission regulations, 
"Telecommunications Relay Services and Related Customer Premises 
Equipment for the Hearing and Speech Disabled," 47 C.F.R. Part 64, Subpart 
F; and 

i. U.S. ATBCB regulations, "Electronic and Information Technology 
Accessibility Standards," 36 C.F.R. Part 1194; and 

j. FTA regulations, "Transportation for Elderly and Handicapped Persons," 49 
C.F.R. Part 609; 

k. Any implementing requirements FTA may issue. 

 16. DISADVANTAGED BUSINESS ENTERPRISE 

A. This contract is subject to the requirements of Title 49, Code of Federal Regulations, 
Part 26, Participation by Disadvantaged Business Enterprises in Department of 
Transportation Financial Assistance Programs.  

B. The contractor shall not discriminate on the basis of race, color, national origin, or 
sex in the performance of this contract.  The contractor shall carry out applicable 
requirements of 49 CFR Part 26 in the award and administration of this DOT-
assisted contract.  Failure by the contractor to carry out these requirements is a 
material breach of this contract, which may result in the termination of this contract or 
such other remedy as JPB deems appropriate.  Each subcontract the contractor 
signs with a subcontractor must include the assurance in this paragraph (see 49 
CFR 26.13(b). 

C. DISADVANTAGED BUSINESS ENTERPRISES (DBE) POLICY.   

 
The JPB is committed to and has adopted a DBE Policy and/or Program for contracts in 
accordance with U.S. Department of Transportation (DOT) regulations. 

 

It is the policy of the JPB to ensure nondiscrimination in the award and administration of 
all contracts and to create a level playing field on which Disadvantaged Business 
Enterprises can compete fairly for contracts and subcontracts relating to the JPB’s 
construction, procurement and professional services activities. To this end, the JPB has 
developed procedures to remove barriers to DBE participation in the bidding and award 
process and to assist DBEs to develop and compete successfully outside of the DBE 
program. 
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Pursuant to 49 CFR §26.13, and as a material term of any agreement with the JPB, the 
Contractor hereby makes the following assurance and agrees to include this assurance 
in any agreements it makes with Subcontractors and Subcontractors  in the performance 
of this contract: 

 

“The Contractor or subcontractor shall not discriminate on the basis of 
race, color, national origin, or sex in the performance of this Agreement. 
The Contractor or subcontractor shall carry out applicable requirements of 
49 CFR Part 26 in the award and administration of U.S. DOT assisted 
contracts. Failure by the Contractor or subcontractor to carry out these 
requirements is a material breach of this Agreement, which may result in 
the termination of this Agreement or such other remedy as the JPB deem 
appropriate.” 

 

Proposers shall cooperate with the JPB in meeting its commitments and objectives with 
regards to ensuring nondiscrimination in the award and administration of JPB’s contracts 
and shall use its best efforts to ensure that barriers to participation of Disadvantaged 
Business Enterprises (DBEs) do not exist.  

 

Additionally, Proposer’s attention is directed to the amendment to the DBE regulation 
issued by the DOT, effective February 28, 2011. One component of the rule is that 
fostering small business participation shall be actively encouraged in federally assisted 
contracts. The JPB will be developing specific strategies to encourage small business 
participation in their contracting activities, which may include requiring Proposers to 
specify specific elements of work for subcontracting that are of a size that small 
businesses, including DBEs, can reasonably perform; requiring that the Proposers solicit 
quotes from SBEs; or setting specific SBE participation goals on specific subcontracts. 
Proposers will cooperate with the JPB in meeting the JPB’s small business commitments 
and objectives in the performance of the contract. 

 

By submitting a Proposal, a Proposer is deemed to have made the foregoing assurance 
and to be bound by its terms. Proposers must give consideration to DBE firms as 
specified in 23 CFR §172.5(b), 49 CFR, Part 26, and this Section. 

 
 

1.   Terms As Used In This Document  

 

 The term “Disadvantaged Business Enterprise” or “DBE” means a for-profit 
small business concern owned and controlled by a socially and economically 
disadvantaged person(s) as defined in Title 49, Code of Federal Regulations 
(CFR), Part 26.5. 
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 The term “Small Business” or “SB” is as defined in 49CFR 26.65. 
 

 

2. Authority and Responsibility 

  

This Contract is subject to 49 CFR, Part 26 entitled “Participation by 
Disadvantaged Business Enterprises in Department of Transportation Financial 
Assistance Programs”.  DBEs and other small businesses are strongly 
encouraged to participate in the performance of contracts financed in whole or in 
part with federal funds.  The Design-Builder must ensure that DBEs and other 
small businesses have the opportunity to participate in the performance of the 
work that is the subject of this solicitation and should take all necessary and 
reasonable steps for this assurance. Proposers and the successful Design-
Builder must not discriminate on the basis of race, color, national origin, or sex in 
the award and performance of subcontracts. 

 

Proposers are encouraged to use services offered by financial institutions owned 
and controlled by DBEs. 

 

 

3. DBE Participation General Information 

 

It is the Proposer’s responsibility to be fully informed regarding the requirements 
of 49 CFR Part 26, and the JPB’s DBE program developed pursuant to the 
regulations. Particular attention is directed to the following: 

 

 A DBE must be a small business firm defined pursuant to 13 CFR 121 and be 
certified through the California Unified Certification Program (CUCP).  The 
CUCP website is found at http://californiaucp.org.  

 A certified DBE may participate as the Design-Builder, subcontractor, 
subcontractor, joint venture partner, as a vendor of material or supplies, or as 
a trucking company. 

 A DBE joint venture partner must be responsible for specific contract items of 
work or clearly defined portions thereof. Responsibility means actually 
performing, managing and supervising the work with its own forces. The DBE 
joint venture partner must share in the capital contribution, control, 
management, risks and profits of the joint venture commensurate with its 
ownership interest. 

 A DBE must perform a commercially useful function pursuant to 49 CFR 
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26.55; that is, a DBE firm must be responsible for the execution of a distinct 
element of the work and must carry out its responsibility by actually 
performing, managing and supervising the work.  To perform a commercially 
useful function, the DBE must also be responsible with respect to materials 
and supplies used on the Agreement, for negotiating price, determining 
quality and quantity, ordering the material, and installing (where applicable) 
and paying for the material itself. To determine whether a DBE is performing 
a commercially useful function, evaluate the amount of work subcontracted 
consistent with industry practices; whether the amount the firm is to be paid 
under the Agreement is commensurate with the work it is actually performing; 
and other relevant factors.   

 A DBE does not perform a commercially useful function if its role is limited to 
that of an extra participant in a transaction, Agreement, or project through 
which funds are passed in order to obtain the appearance of DBE 
participation. In determining whether a DBE is such an extra participant, 
examine similar transactions, particularly those in which DBEs do not 
participate. 

 If a DBE does not perform or exercise responsibility for at least 30 percent of 
the total cost of its Agreement with its own work force, or the DBE 
subcontracts a greater portion of the work of the Agreement than would be 
expected on the basis of normal industry practice for the type of work 
involved, it will be presumed that it is not performing a commercially useful 
function. 

 A Design-Builder who is a certified DBE is eligible to claim all of the work in 
the Agreement toward the DBE participation except that portion of the work to 
be performed by non-DBE subcontractors. 

 

4. Resources 

 

 The CUCP database includes the certified DBEs from all certifying agencies 
participating in the CUCP.  

 

Access the CUCP database from the Department of Transportation, Office of 
Business and Economic Opportunity website at:  
http://www.dot.ca.gov/hq/bep/  

 

 Click on the link in the left menu titled Disadvantaged 
Business Enterprise   

 Click on Search for a DBE Firm link 
 Click on Access to the DBE Query Form located on the 

first line in the center of the page 
 Searches can be performed by one or more criteria 
 Follow instructions on the screen 
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 How to Obtain a List of Certified DBEs without Internet Access: 

 

 If you do not have Internet access, Caltrans also publishes a directory of 
certified DBE firms extracted from the online database. A copy of the 
directory of certified DBEs may be ordered from the Caltrans Publications 
Unit at (916) 263-0822, 1900 Royal Oaks Drive, Sacramento, CA 95815-
3800. 

 

 The JPB DBE Program Office (Office) shall make available upon request a 
listing of DBE firms certified to participate in the JPB’s DBE Program as a 
resource to assist Proposers in soliciting subbids from potential 
SubContractors and Subcontractors. The DBE directory does not in any way 
prequalify the certified firms with respect to licensing, bondability, 
competence or financial responsibility. The Office also maintains a DBE 
resource list of organizations that promote DBE participation in contracts, 
which will be provided upon request. Bidders are encouraged to utilize the 
services offered by these organizations, as well as the services offered by 
financial institutions owned and controlled by DBEs. 

 

 Proposers are encouraged to seek assistance from the JPB by contacting the 
Office via by telephone at (650) 508-7939. 

 

5.    Determining the Amount of DBE Participation 

 

Pursuant to 49 CFR §26.55, DBE participation includes that portion of the 
contract work actually performed by a certified DBE with its own forces. A DBE 
may participate as a prime Contractor, subcontractor, joint venture partner, or 
vendor or supplier of materials or services required by the contract. A DBE's 
participation can only be counted if it performs a commercially useful function on 
the contract as defined in 49 CFR §26.55(c). A DBE performs a commercially 
useful function when it is responsible for execution of the work of the Agreement 
and is carrying out its responsibilities by actually performing, managing, and 
supervising the work involved. There is a rebuttable presumption that if the DBE 
is not responsible for at least 30% of the work with its own forces, or 
subcontracts a greater portion of the work than the normal industry standard, it is 
not performing a commercially useful function. 

 

A Contractor or Consultant who is a certified DBE is eligible to claim all of the 
work in the performance of this contract toward the DBE participation except that 
portion of the work to be performed by non-DBE subcontractors or 
subconsultants. 
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Materials or supplies purchased from DBEs count towards DBE credit.  The 
following conditions apply: 

 

 If the materials or supplies are obtained from a DBE manufacturer, count one 
hundred percent (100%) of the cost of the materials or supplies.  A DBE 
manufacturer is a firm that operates or maintains a factory, or establishment 
that produces on the premises, the materials, supplies, articles, or equipment 
required under the Agreement and of the general character described by the 
specifications. 

 

 If the materials or supplies are purchased from a DBE regular dealer, count 
sixty percent (60%) of the cost of the materials or supplies. A DBE regular 
dealer is a firm that owns, operates or maintains a store, warehouse, or other 
establishment in which the materials, supplies, articles or equipment of the 
general character described by the specifications and required under the 
Agreement are bought, kept in stock, and regularly sold or leased to the 
public in the usual course of business. To be a DBE regular dealer, the firm 
must be an established, regular business that engages, as its principal 
business and under its own name, in the purchase and sale or lease of the 
products in question.  A person may be a DBE regular dealer in such bulk 
items as petroleum products, steel, cement, gravel, stone or asphalt without 
owning, operating or maintaining a place of business provided in this section.   

 

 If  the person both owns and operates distribution equipment for the products, 
any supplementing of regular dealers’ own distribution equipment shall be by 
a long-term lease agreement and not an ad hoc or Agreement-by-Agreement 
basis. Packagers, brokers, manufacturers’ representatives, or other persons 
who arrange or expedite transactions are not DBE regular dealers within the 
meaning of this section. 

 

 Materials or supplies purchased from a DBE, which is neither a manufacturer 
nor a regular dealer, will be limited to the entire amount of fees or 
commissions charged for assistance in the procurement of the materials and 
supplies, or fees or transportation charges for the delivery of materials or 
supplies required on the job site, provided the fees are reasonable and not 
excessive as compared with fees charged for similar services. 

 

 

6. Recommendation for Award of Contract(s)  
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 Evaluation of Proposals the agency shall review all of the information 
submitted by Proposers in accordance with the contract documents to 
determine a recommendation regarding compliance with the DBE program 
requirements for award of contract to the responsible Proposer. Proposers 
shall cooperate with the Office if a request for additional information is made 
during this evaluation process. Failure to respond to such a request may 
result in a Proposal being rejected as nonresponsive. 

 

 Evaluation of Design-Build Proposals. It is recognized that, by the very nature 
of design-build, award of contract to a Design-Build entity will be followed by 
completion of final design documents and solicitation of bids from 
subcontractors to perform the work as final designed. Accordingly, the overall 
percentage of DBE participation will not be known until all work under the 
Contract is subcontracted. Any agency recommendation for award shall 
consider whether opportunities are being facilitated for award to DBE 
subcontractors.  

 

7.    Contract Compliance  

 

 Subconsultants and Subcontractors. Nothing contained in this Agreement or 
otherwise, shall create any contractual relation between the JPB and any 
Subconsultants or Subcontractors, and no subcontract shall relieve the 
Design-Builder of his/her responsibilities and obligations hereunder. The 
Design-Builder agrees to be as fully responsible to the JPB for the acts and 
omissions of its Subconsultants and Subcontracotrs and of persons either 
directly or indirectly employed by any of them as it is for the acts and 
omissions of persons directly employed by the Design-Builder. The Deign-
Builder’s obligation to pay its Subconsultants and Subcontractors is an 
independent obligation from the JPB’s obligation to make payments to the 
Design-Builder. 

 

 Any subcontract entered into as a result of this Contract shall contain all the 
provisions stipulated in this section K to be applicable to Subconsultants and 
subcontractors regardless of tier. 

 

 Substitution of Subconsultants and Subcontractors. The Design-Builder shall 
not terminate a small business Subconsultant or Subcontractor at any tier for 
convenience and then perform the work with its own forces.  

 

 The Design-Builder shall notify the JPB in writing of any request to substitute 
a small business Subconsultant or Subcontractor and provide appropriate 
documentation substantiating the substitution. Any substitution of 
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Subconsultants or Subcontractors on this contract must be approved in 
writing by the JPB in advance of assigning work to a substitute Subconsultant 
or Subcontractor.  Furthermore, a DBE may be terminated only with prior 
written approval from the JPB and only for the reasons specified in 49 CFR 
26.53(f).   

 

 DBE Certification Status. If a DBE Subconsultant or Subcontractor is 
decertified during the life of the contract, the decertified Subconsultant or 
Subcontractor shall notify the Design-Builder in writing with the date of 
decertification. The Design-Builder shall notify the JPB of such an event. If a 
Subconsultant or Subcontractor becomes a certified DBE during the life of the 
contract, the Subconsultant or Subcontractor shall notify the Design-Builder in 
writing of the date of certification. The Design-Builder shall report any 
changes to the JPB within 30 days. 

 

 Close-Out Reporting Requirements.   Prior to final payment, the Contractor 
will be required to submit a final DBE Utilization Report by selecting the “Final 
Audit” reporting designation within the B2GNow database system.  In addition 
to payments to the DBEs, the final report must include payments to and other 
information about all other businesses, including non-DBE subcontractors, 
suppliers of materials, trucking firms, consultants, and others. 

 

8. Good Faith Efforts 

 

 In order to be responsive, a bidder must make good faith efforts to 
meet the DBE participation goal set forth in the contract. The bidder 
must document the good faith efforts it made in that regard. Thus, 
the Bid/Proposal submitted to the District/JPB must be accompanied 
by written documentation prepared by the bidder/proposer 
evidencing all of its sufficient and reasonable good faith efforts 
toward fulfilling the goal. These efforts must be active steps, and 
ones, which could reasonably be expected to lead to sufficient DBE 
participation to meet the contract DBE participation goal. Mere pro 
forma efforts are not acceptable and will be rejected.  

 Good Faith Efforts require that the bidder/proposer consider all 
qualified DBEs, who express an interest in performing work under 
the contract. This means that the bidder/proposer cannot reject a 
DBE as unqualified unless the bidder/proposer has sound reasons 
based on a thorough investigation of the DBE’s capabilities. Further, 
the DBE’s standing within its industry, membership in specific 
groups, organizations or associations and political or social affiliation 
(for example union vs. non-union employee status) is not legitimate 
cause for the rejection or non-solicitation of bids in the 
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Contractor’s/Consultant’s efforts to meet the contract DBE 
participation goal.  

 The following list, which is not exclusive or exhaustive, sets forth the 
types of actions, which indicate good faith efforts on the part of a 
bidder/proposer to meet the DBE goal. The extent and type of 
actions required will vary depending on such things as industry 
practice; the time available for submitting a bid and the type of 
contract involved.  

 Attendance at a pre-bid meeting, if any, scheduled by the Authority to 

inform DBEs of subcontracting opportunities under a given 

solicitation. 

 Advertisement in general circulation media, trade association 

publications, and minority-focus media for at least twenty (20) days 

before bids are due. If 20 days are not available, publication for a 

shorter reasonable time is acceptable. 

 Written notification to capable DBEs that their interest in the contract 

is solicited. 

 Documentation of efforts to negotiate with DBEs for specific sub-

contracts including at a minimum:  

 The names, addresses, and telephone numbers of DBEs that were 

contacted and the date(s) of contact.  

 A description of the information provided to DBEs regarding the 

plans and specifications for portions of the work to be performed.  

 A statement explaining why additional agreements with DBEs 

were not reached.  

 For each DBE the bidder/proposer contacted but rejected as 

unqualified, the reason for the bidder’s/proposer’s conclusion. 

   Documentation of efforts made to assist the DBEs contacted that 

needed assistance in obtaining bonding or insurance required by the 

bidder/proposer or the District/JPB.  

 Documentation of efforts to utilize the services of small business 

organizations, community and contractor groups to locate qualified 

DBEs.  

 Documentation that the bidder/proposer has broken out contract work 

items into economically feasible units in fields where there are 

available DBE firms to perform the work.  
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 Evidence that adequate information was provided to interested DBEs 

about the plans, specifications and requirements of the contract, and 

that such information was communicated in a timely manner.  

 Documentation of any efforts made to assist interested DBEs in 

obtaining necessary equipment, supplies, materials or related 

assistance or services.  

9. Good Faith Efforts Reconsideration  

 Within 3 days of being informed by the District/JPB that it has failed 
to meet the requirements of the contract goal and it has not 
documented sufficient good faith efforts, a bidder/proposer may 
request administrative reconsideration.  The District/JPB will provide 
the bidder/proposer with ONE opportunity for administrative 
reconsideration, before the District/JPB awards the contract. This 
reconsideration will include the following:  

 The bidder/proposer will be permitted to either provide written 

evidence or to present oral argument at a pre-scheduled time that 

the documentation it submitted with its bid/proposer met the DBE 

goal and/or showed good faith efforts to do so. No new evidence 

of good faith efforts may be presented after the bid/proposal 

submission deadline.  

 The District/JPB Reconsideration Officer(s) will review the 

evidence presented by the bidder/proposer and issue a written 

determination that the bidder has: 1) met the DBE goal; 2) not 

met the DBE goal but has made adequate good faith efforts to do 

so; or 3) has not met the DBE goal and the good faith efforts 

made were not adequate.  

 The decision of the District/JPB’s Reconsideration Officer is final 

and may not be appealed to the District/JPB, its funding 

agencies, or the USDOT.  

 The District/JPB will not award a contract to any bidder/proposer 

who does not meet the contract DBE participation goal or show 

good faith efforts to meet that goal. Thus, it is essential that all 

bidders/proposers submit ALL relevant documentation 

concerning the DBE goal and/or good faith efforts in the envelope 

or package containing bid/proposal.  
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1.1 CALMOD PROGRAM BACKGROUND 

The CalMod Program is the JPB’s early investment program in the peninsula rail corridor 
inclusive of: a) implementation of a communications based overlay signal system Positive Train 
Control (CBOSS PTC), which is an advanced signal system that includes federally-mandated 
safety improvements; b) electrification of the existing Caltrain rail corridor between San 
Francisco and San Jose by 2020 (Electrification); and c) replacement of Caltrain’s diesel train 
fleet with electric multiple unit rail vehicles (EMU) compliant with alternative Federal Railroad 
Administration standards. The early investment program will be implemented in a manner to 
avoid precluding other rail services including freight service and potential future California High-
Speed Rail trains. Further information about the CalMod Program is available on the website at 
www.caltrain.com/modernization.  

The Communication Based Overlay Signal System (CBOSS) Positive Train Control (PTC) 
contract was awarded in 2011. Final design is completed and installation is underway. It is 
scheduled for completion and placement into revenue service demonstration in 2015.  

Electrification work (under a separate contract) will include all systems required to complete 
Electrification of the existing operating rail corridor between CP Lick south of the Tamien station 
in San Jose in the south, and the San Francisco 4th and King terminus in the north. The 
Electrification system will consist of 25kVac, 60Hz traction power substations, 25kVac, 60Hz 
switching and paralleling stations, utility service connections, utility relocations, overhead 
contact system (OCS), supervisory control and data acquisition (SCADA), communications, 
central control interface, rail signaling track circuit conversion to be compatible with 25kVac, 
60Hz electrification, CPUC- and FRA-approved rail crossings, operations and maintenance 
facility modifications, and the integration and coordination of these systems with all other 
elements of the CalMod Program including EMU vehicles, CBOSS PTC, and the CHSRA. 

1.2 SYSTEM OPERATION AND TECHNICAL SPECIFICATIONS 

JPB serves the north/south corridor between San Francisco and San Jose, California, with a 
weekday commute service extending further south to Gilroy.  This is a total of 77 miles with 32 
stations, for an average distance between stations of 2.5 miles. Excluding Gilroy, the typical 
service is from San Francisco to Tamien (in southern San Jose), which consists of 49 miles of 
track and 24 stations, for an average station spacing of 2.1 miles. JPB currently operates 92 
trains per weekday schedule, six of which serve Gilroy (three northbound in the morning and 
three southbound in the evening). Service is mixed, with 22 express trains called “Baby Bullets” 
serving only six to eight stations, 42 limited service trains, and 28 local trains. Limited service 
trains have several different profiles including limited-local and skip-stop. Weekend service 
includes 36 trains on Saturday and 32 trains on Sunday. 
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JPB currently operates with 20 trainsets each day. A 21st trainset is rotated into a maintenance 
cycle every week. In addition to this out-of-service trainset, there are spare locomotives and 
coaches available to rotate with vehicles in need of repair. Two trainsets are used as protect 
trainsets. One protect trainset is kept at 4th and King in San Francisco, and the other protect 
trainset is normally kept at San Jose Diridon Station. JPB tries to keep trainsets intact, even 
placing a repaired coach back into its original train, to accommodate the logistics of scheduled 
maintenance at the trainset level. 

JPB operates with 20 locomotives in service, 1 locomotive in maintenance, 2 protect 
locomotives, and 6 spares on any given day. The two basic types of locomotive are the F40 and 
the MP36. All locomotives are equipped with Caterpillar separate head-end power (SEP-HEP) 
generators, except for the five that are equipped with gear driven HEP units, wherein the 
electricity is generated by the primary engine.  

There are currently 134 cars available for service. The fleet is made up of gallery cars built by 
Nippon Sharyo and bi-level cars built by Bombardier.  At 93 vehicles, the gallery cars make up 
the majority of the fleet.  

This Specification addresses the procurement of bi-level Electric Multiple Units (EMUs). The 
EMUs shall be designed to operate in revenue service up to 79mph (127kmh) when initially 
placed into revenue service and up to 110mph (177kmh) when placed into blended systems 
operation with CHSRA vehicles at a later date. 

Name brands, specific equipment, or specific materials may be referenced in this Specification, 
if such equipment has been shown to be successful in previous applications where correctly 
applied and integrated with other equipment. Such references shall not be interpreted as pre-
approval of any Contractor designs or applications. The Contractor is responsible for the 
selection, application, testing and integration of equipment and materials as necessary to 
comply with the specified requirements, and achieve the specified performance. 

The Contractor shall be responsible for the design and integration of all vehicle systems such 
that all specified requirements are achieved without conflict or error within or between systems. 
The Contractor shall ensure that all designers, suppliers, and subcontractors of all tiers are 
informed of all specified requirements and that appropriate engineering management tools are 
utilized to ensure that coordination and communication occurs between the designers of inter-
related systems.  In this regard, the Contractor shall ensure that all of the system suppliers 
receive a complete copy of this specification, not select portions which may pertain to the 
individual systems. All equipment provided under this Contract shall be new. Rebuilt or 
refurbished equipment is prohibited. New equipment damaged during execution of this Contract 
may be restored to new condition only where approved by JPB in writing on a case-by-case 
basis, and all restorations, if approved, shall be performed by the original equipment 
manufacturer. 

Should conflicts exist, or an item or feature is deemed by the Contractor to be inadequately 
described or explained in the Technical Specification, the Contractor shall apply to JPB for 
further written explanation as may be necessary, and shall conform to the written explanation 
provided by JPB. The Contractor shall be responsible to ensure the suitability of the systems, 
devices, apparatus, components and parts for the service intended. 

1.3 SPECIFICATION REVIEW AND TSCM 

The Contractor shall plan the Specification Review Meeting (SRM) no later than 30 calendar 
days following Notice to Proceed (NTP).  At least 15 days prior to the SRM, the Contractor shall 
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submit a report detailing their approach to creating a Technical Specification Compliance Matrix 
(TSCM).  The TSCM will be used to track, display and confirm the Contractor’s compliance to 
each requirement in the Specification.  The TSCM shall have rows and columns as given below. 

1.3.1 TSCM ROW DEFINITION 

The TSCM rows shall represent each requirement in the Technical Specification.  The 
Contractor shall review the specification, paragraph-by-paragraph, and sequentially enter each 
specific requirement into the TSCM (one row per requirement). 

1.3.2 TSCM COLUMN DEFINITION 

There shall be at least five columns associated with each row (requirement).  These columns 
are defined as follows: 

a) The first column shall indicate the relevant specification section for the requirement in 
that row.   

b) The second column shall contain the precise requirement, using the actual specification 
language, and as modified by any approved change orders.  

c) The third column shall contain a brief statement as to how the Contractor intends to 
meet the specified requirement. 

d) The fourth column shall contain an identification of those documents submitted by the 
Contractor requesting approval of the required system design, software design, analysis, 
test procedure, test report, first article inspection, sample, etc.  There shall be a 
Contractor submittal (letter, drawing, analysis, report, etc.) associated with each 
specification requirement, as identified in the approved TSCM.  All Contractor submittals 
are subject to Caltrain review and approval.   

The fourth column shall also contain an identification of the Caltrain document giving 
final approval to the Contractor’s proposed approach to meeting the specified 
requirement, as evidenced by the Contractor’s submittals.   

e) The fifth column should indicate if the requirement is on the California Public Utilities 
Commission (CPUC) Safety Critical Checklist.  

1.3.3 USES OF THE TSCM 

The TSCM will be of benefit to both the JPB and the Contractor.  The Contractor is advised to 
consider the following planned uses of the TSCM when designing, constructing and updating 
the TSCM.   

a) The TSCM will be used to monitor the Contractor’s compliance with each requirement in 
the Technical Specification.  By using the TSCM in both progress and design review 
meetings, all project stakeholders will be assured that no technical requirements have 
been overlooked, or remain unapproved.   

b) It is noted that the CPUC will require a Safety Certification Matrix.  Essentially, the 
CPUC requires documentation indicating that the Contractor has complied with all safety 
critical requirements (those requirements in any way affecting safety) in the specification.  
These requirements are typically identified on the Safety Certification Checklist.  Since 
the Safety Certification Checklist is a subset of all specified requirements, a well-
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formatted and documented TSCM will satisfy the CPUC need for a Safety Certification 
Matrix.   

1.3.4 TSCM SUBMITTAL REQUIREMENTS 

Once the format of the TSCM is approved, the matrix shall be submitted monthly.   

1.4 SERVICE PROVEN DESIGN REQUIREMENTS  

JPB is interested in the procurement of bi-level EMU vehicles that are based on a service-
proven design, modified to JPB-specific requirements. 

The car, system, subsystem and component designs shall be service-proven. JPB will 
assess the definition of "service-proven" according to the risk associated with each particular 
design. In general, a service-proven design will fall into one of the following two category 
classifications: 

1. Designs used in similar service and conditions 

The cars, systems, subsystems, and components that have demonstrated a history of 
satisfactory performance and reliability while installed on more than thirty (30) cars and 
operating for at least three (3) years after Final Acceptance, in similar rail car service, 
environment, and operating condition as those at JPB, without having any Fleet Defect. 

2. Designs not previously used in similar service and conditions 

Those cars, systems, subsystems, and components that do not meet a similar service, 
environment, or operating condition criterion may be proposed for approval if the design is 
basically unchanged from a service-proven design, but which must be varied slightly in 
design or manufacture to meet JPB requirements. The Contractor shall show, in detail, the 
proposed changes in the equipment, and reasons that such changes will not adversely 
affect the equipment’s operation, reliability, and maintainability in the JPB operating 
environment. 

 

JPB requires an exterior door arrangements to support boarding at both low (8” ATOR) and 
high (nominally 50” ATOR) platforms.  It is recognized that current proven designs may 
require substantial modification to meet this requirement, including potential repackaging of 
other systems to accommodate the loss of space to additional doors.  As such, evaluation of 
proposed modifications will take this issue into account, examining the retention of service 
proven designs where possible and the use of service proven components and concepts to 
control risk on new or repackaged elements. 

1.5 FUTURE CARS - COMPATIBILITY 

The cars purchased under this Contract represent a new generation of car design for JPB. As a 
result, the Contractor shall provide to JPB complete information affecting form, fit and function, 
as well as all necessary interface and performance information to enable full operational and 
trainline compatibility with future car orders.  
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1.6 CODE COMPLIANCE AND COMPATIBILITY WITH RAILROAD 
REQUIREMENTS 

EMUs provided under this Contract shall comply with all applicable federal, state and local laws, 
ordinances, and regulations in effect at the time of the tendering of the Contractor’s final offer 
whether such laws, ordinances, and regulations are specifically identified in this Specification or 
not. 

EMUs must comply with (1) FRA conditions of waiver or alternate compliance requirements in 
accordance with applicable FRA rules and regulations, (2) Final Environmental Impact Report 
(FEIR) approved standards for noise, shock and vibration and electromagnetic emissions, (3) 
applicable standards and recommended practices as issued by the American Public 
Transportation Association (APTA), Association of American Railroads (AAR) and Americans 
with Disabilities Act (ADA) 49 CFR 38, and (4) CPUC requirements. 

The train consist shall be fully compatible with all aspects of the JPB rail alignment and 
maintenance shop requirements.  

1.7 CONTRACTUAL SUBMITTALS 

The Contractor shall submit a Contractual Submittals Report [CSR] fifteen (15) working days 
after the SRM for JPB review and approval.  The CSR shall be submitted bi-weekly until the 
CSR is approved by JPB.   

The purpose of the Contractual Submittals Report is to outline, in advance, those major 
submittals (drawings, schematics, analyses, test procedures, samples, etc.) which the 
Contractor intends to provide in order to demonstrate compliance with the Technical 
Specification.   

The CSR shall include the list of documents discussed at the SRM and other documentation 
deemed necessary.   

The CSR list shall be organized per TS section and include the following: 

 Identification (numeric item identifier, its title and TS reference number) 

 Short description of each intended submittal (the description should be sufficient for 
JPB to understand the objective of the item) 

 Anticipated submittal date  

1.8 DEFINITIONS 

The following terms used in the Specification shall be construed as shown below, except where 
it is clear by the context that another meaning is intended.  Defined terms, irrespective of having 
an initial capital letter or not, shall have the meaning provided in this Definitions section: 

ADA  

The Americans with Disabilities Act of 1990.  As used in the 
Technical Specifications, references to ADA requirements or 
compliance means the requirements for accessibility of Rapid Rail 
Vehicles and Systems for people with disabilities, as specified in the 
regulations of the U.S. Department of Transportation, published at 
49 CFR Part 38, Subparts A and E, in effect as of the NTP date  
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Adhesion, Coefficient of 
During rolling contact, the ratio between the longitudinal tangential 
force at the wheel-rail interface and normal force, expressed as a 
percentage. 

Allowable Stress 

The maximum stress permitted in a structure under specified design 
conditions.  The allowable stress is less than the stress causing 
damage because of various factors, including: (a) uncertainty as to 
conditions of service (e.g., loads and forces imposed during the 
lifetime of the structure), (b) non-uniformity of material, (c) 
inaccuracy of stress analyses and (d) Safety Factor. 

Ambiguity Group Size 
The number of components listed in a diagnostic test call-out during 
fault isolation/detection. 

Anticlimber 
A structural reinforcement at each car end to reduce the probability 
of either car in an end-to-end collision from overriding the other. 

AW0, 1, 2, 3, & 4 Refer to Section 2.3.5. 

Base Speed 
The maximum speed at which the traction motors produce full 
tractive effort in motoring. 

Baseline Design 
The design of the car or any of its components, apparatus, systems, 
subsystems, or materials, which has received drawing approval, 
design conformance test approval, and first article approval. 

Blended System 
Infrastructure 

Caltrain will share its system infrastructure with CHSRA to minimize 
impacts to surrounding communities.  Blended System revenue 
service is targeted for 2026-2029. 

Braking, Emergency 
Braking that results in an irrevocable open-loop friction braking 
effort to a stop, at the maximum design friction brake rate. 

Buff Load 
A horizontal compressive load applied to the car, usually along the 
car centerline at the couplers or anticlimbers. 

Cab Car The car with operating cab 

Car Vehicle or EMU when applied to new program 

Caltrain Modernization 
(CalMod) Program 

Caltrain Modernization Program: The program includes 
electrification of the existing JPB corridor, replacement of a portion 
of Caltrain’s diesel trains with high-performance electric trains called 
Electric Multiple Units, and installation of CBOSS Positive Train 
Control, an advanced signal system. 

Caltrain The JPB’s Peninsula Corridor Commute Train Service 
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Carline 
Framing members that extend across the top of a car from one side 
to the other and support the roof and other loads. 

Component 
Parts, devices, and structure(s) performing a distinctive function 
necessary to the operation of a subsystem or system. 

CBOSS 

Communications Based Overlay Signal System Positive Train 
Control is an advanced signal system that will equip the JPB 
Peninsula Corridor with federally-mandated safety technology and 
will increase system capacity to help accommodate future increases 
in ridership demand.  This project is scheduled for revenue service 
in 2015 

Cathodic Protection 
A technique to prevent the corrosion of a metal surface by making 
that surface the cathode of an electrochemical cell. 

Commissioning 
The process of preparing an EMU for revenue service, ensuring that 
all systems function as intended. 

Conditional Acceptance 

A written certificate issued by JPB that signifies that an EMU has 
previously been issued a Substantial Completion Certificate, and 
has subsequently completed burn-in as defined, and is now 
considered accepted by JPB subject to the completion of the open 
items identified in such Certificate. 

Consumable Items 

Those parts, components and materials of a particular system that, 
pursuant to the manufacturer's maintenance manual, are required to 
properly operate such system but will not last the life of the car.  
Typically they may be replaced annually or at more frequent 
intervals.  

Contact Wire 

Conductor in contact with pantograph used by EMUs to collect train 
power requirements. The conductor is suspended from messenger 
or auxiliary messenger wires by the means of hangers and contact 
wire clamps. 

Contract (Agreement): 

The executed contract, including all exhibits and attachments, and 
all provisions required by law to be inserted in the Contract whether 
actually inserted or not. Whenever separate publications are 
referenced in the Contract, it is understood to mean the 
publications, as amended, which are current on the Proposal due 
date, unless otherwise noted. The Contract is the negotiated, written 
agreement executed by JPB and the Contractor, in conformance 
with the Contract Documents, for the performance of the Work 
which incorporates and includes the remaining Contract 
Documents. 
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Contract Documents 

All documents (whether attached to the Contract or incorporated 
into the Contract by reference) which establish the terms, 
conditions, and requirements pursuant to which the Work must be 
performed including, without limitation, the Contract, the Technical 
Specifications, the General Provisions, the Special Provisions, the 
schedule, any Change Orders issued by JPB, the Payment 
Schedule, and the Contractor’s Proposal 

Contract Drawings 

Items such as detail drawings, calculations and catalog cuts which 
are prepared by the Contractor to supplement or detail contract 
drawings or specifications, and which are contractual requirements 
or are prepared at the Contractors option to detail its work 

Contract Specifications 
(Specifications) 

The directions, provisions, and requirements contained, or 
referenced, in the General Provisions and Technical Specifications 
prescribing the nature of the Work, manner of performing the Work, 
or to the quantities and qualities of materials to be furnished or 
incorporated into the Work 

Critical Area 
The region of a structure requiring higher than normal design 
scrutiny and product quality control in that stresses are at or near 
the limits of allowable stresses. 

Critical Path 
In a schedule, a sequence of stages toward the achievement of a 
final task that accounts for all other tasks that must be completed in 
order to accomplish the final task. 

Days Shall mean calendar day(s), unless otherwise designated. 

Deadman Feature 
A device designed to detect a lack of attention or disability of an 
Operator and to automatically apply full-service braking when it 
detects such lack of attention or disability 

Defect 
Any failure or deficiency in any design, materials, or workmanship.  
The term Defect is sometimes also referred to as a Failure. 

Disadvantaged Business 
Enterprise (DBE): 

A disadvantaged business enterprise, as such term is defined in 49 
CFR Part 26. 

Dispatching 
The process of starting a train into revenue service from a terminal 
zone or transfer switch. 

Dynamic Braking 
Braking where the retarding force is produced by the electric 
traction motors reconnected as generators.  Dynamic braking may 
be resistive and/or regenerative. 

Duty Cycle 
The period or percentage of time associated with the activated state 
of operation, occurring during normal cyclic operations, in relation to 
the elapsed time of a full cycle 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS1-10 (Conformed 6/22/16) 

 Section 1 – System Description and General Requirements 

Dwell Time 
The total time from the instant that a train stops in a station until the 
instant it resumes moving. 

Dynamic Envelope 
The largest dimensional cross sectional area generated by a 
moving train under worst-case conditions. 

Endurance Limit 
The maximum stress in a material that can be completely reversed 
an infinite number of times without causing fracture. 

Equal or Approved Equal 
In connection with make or quality of material or equipment in these 
Contract Documents, JPB’s decision that any material or equipment 
proposed by the Contractor is equal to that specified. 

Equipment 

Any and all machinery, vehicles, systems, assemblies, 
subassemblies, products, material fittings, devices, appliances, 
fixtures, apparatus, supplies and parts used by the Contractor or 
provided by the Contractor to the JPB pursuant to the Contract. 

Factor of Safety 
The ratio of the design load to the load that would cause failure of a 
structure. 

Fail-Safe 
A characteristic of a system, component, or device which ensures 
that any single point malfunction affecting safety will cause the 
system to revert to a state that is known to be safe 

Failure Mode and Effect 
Analysis 

A system failure mode and effect analysis is an analysis which 
determines the effects of all types of system subunit failures 
separately and in combinations on the performance output of the 
system. 

Failure Rate 
The frequency of failure, expressed as failures per hour, failures per 
mile, etc. Failure rate per mile is the mathematical reciprocal of 
MDBF. 

Fatigue 
Failure of a structure by progressive fracture under repetitions of 
stress less than the yield stress. 

Fault Tree Analysis: 

A technical management tool for safety and reliability programs. It 
first assumes a specific overall system fault (such as collision) and 
identifies potential subsystem faults that could produce it. Each 
subsystem is broken down into smaller subsystems, and may finally 
be detailed down to an individual wire, connector pin, transistor, 
integrated circuit, etc. Each of these is then examined to determine 
if and how such failure could occur, the probability it would occur, 
and what design approach will eliminate the possibility of 
occurrence. 

Field Modification 
Any change, alteration, adjustment, or modification to the equipment 
or any part not done at the original manufacturer's plant. 
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Final Acceptance: 
A written certificate issued by JPB acknowledging that the 
Contractor has completed all open items and fulfilled all of its 
obligations with respect to a specific EMU. 

First Article Approval 

The examination of and approval by JPB of an initial production 
part, major assembly, subassembly, system, subsystem, apparatus, 
or material, manufactured or assembled by either the Contractor or 
subcontractors.  Successful Design Conformance Testing and First 
Article Inspection are prerequisites to the First Article approval.   

First Article Inspection 
(FAI) 

Refer to Section 20.6. 

Fleet Defect 
Systems which fail to meet reliability goals, after an agreed initial 
time period, shall be treated as Fleet Defect as set forth on TS 
Section 21.3.1 

Form, Fit and Function: 

The physical attributes of a device that allow the device to be used 
in place of another device due to similarities of general shape 
(outline clearances), mounting arrangement (footprint), and 
operation (inputs/outputs) of the device, from all mechanical, power, 
control and information transfer perspectives.   

Gauge, Track 
Distance between the inside face of rails measured 0.625 inch (15.9 
mm) below the top of the running rails at right angles thereto. 

Harmonic Distortion 

Due to the harmonic currents generated by equipment on board the 
rolling stock or in substations, the utility and traction voltage and 
current waveforms are not sinusoidal.  Also, the level of distortion in 
the on-board auxiliary and propulsion inverter outputs.   
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Hazard 

A condition that is a prerequisite to a Mishap. 

a. Category I (SAFE): Condition(s) such that personnel error, 
deficiency or inadequacy of design, subsystem or component 
malfunction will not result in major system degradation and will 
not produce system functional damage or personnel injury. 

b. Category II (MARGINAL): Condition(s) such that personnel 
error, deficiency or inadequacy of design, subsystem or 
component malfunction will degrade system performance, but 
which can be counteracted or controlled without damage or 
injury to personnel. 

c. Category III (CRITICAL): Condition(s) such that personnel error, 
or inadequacy of design, or subsystem component malfunction 
will degrade system performance will result in personnel injury 
and/or substantial damage and/or a hazard requiring immediate 
corrective action for personnel or system survival. 

d. Category IV (CATASTROPHIC): Condition(s) such that 
personnel error, deficiency or inadequacy of design, subsystem 
or component malfunction will severely degrade system 
performance and cause subsequent system loss and/or death or 
multiple injuries to personnel. 

Headway 

The time separation between two trains, both traveling in the same 
direction on the same track.  It is measured from the time the head-
end of the leading train passes a given reference point to the time 
the head-end of the train immediately following passes the same 
reference point. 

Inspector 
The JPB’s authorized representative assigned to make inspections 
of the Work 

Interchangeable 
Said of two modules or components that, although possibly of 
different design, perform identical functions and have identical form, 
fit and function. 

Interface 

The point at which one system component or subsystem comes into 
physical or functional contact with another for the purpose of 
transferring energy and/or information (mechanical, pneumatic, 
hydraulic and/or electrical). 

Interlock 
A condition whereby one function is dependent on the operation of 
another function. 

Irretrievable 
Describes an application of the brakes that cannot be released until 
the train is at zero speed. 
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Jerk 
The time rate of change of acceleration or deceleration, equal to the 
second derivative of velocity with respect to time, normally 
measured in miles per hour per second per second, mphps². 

Load Weighing 
A function that measures rail vehicle passenger weight in order to 
control tractive/braking effort such that a constant effort-to-weight 
ratio for any given controller setting is achieved. 

LRU 

(Line Replaceable Unit) 

A unit/component or subsystem that is normally replaced at CEMOF 
- Centralized Equipment Maintenance and Operations Facility. 

LLRU 

(Lowest Level 
Replaceable Unit) 

The lowest level element, item, or part that can be replaced, but 
cannot be repaired. 

Maintainability 

A characteristic of design and installation, sometimes expressed as 
the probability that an item will be restored to fully functional status 
within a specified period of time when maintenance is performed in 
accordance with prescribed procedures and resources 

Maintenance, Corrective Repair or replacement of components as a result of failure 

Maintenance, Scheduled 
Inspection and repair or replacement of components at intervals 
measured by time or mileage. 

MDBSCF Reference Section 21.3. 

MDBF Reference Section 21.3. 

MTTR Reference Section 21.3. 

No-Motion 
A referenced state of car velocity of 0.5 mph (0.8 km/h) or less with 
a minimum duration of one second. 

Noise Level As defined by the latest version of ANSI S1.4. 

Non-Vital Circuit 
Any circuit the function of which does not affect the safety of train 
operation. A non-vital circuit does not require the use of vital 
components. 

Notice of Termination 
Written notice from the JPB to the Contractor and its surety 
terminating the Contract, or a portion thereof. 

Notice to Proceed 
A written notice given by the JPB to the Contractor fixing the date 
on which the Contractor will be able to undertake the Work 

Payment Schedule 
The schedule of events and deliverables triggering periodic 
payments under the Contract Documents 
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Power Factor Ratio of resistive (real) power to total (apparent) power 

Preliminary Design 
A design stage at which specifications and drawings clearly show all 
major design elements and define requirements for final design. 
Design calculations are substantially complete.  

Propulsion System 
The system of wheels, motors, gears, brakes, controls, and 
appurtenances that propels or retards a EMU in response to control 
signals 

PTE / PTU 
Any device intended to assist in the troubleshooting, testing and 
repair of carborne equipment while the equipment is in-situ on the 
car. 

Product Data 

Written or printed descriptions, cut sheets, illustrations, standard 
schedules, performance charts, instructions, brochures, diagrams, 
or other information furnished by the Contractor to describe 
Materials to be used for some portion of the Work. 

Profile Grade 
A straight line along the centerline of track representing an 
established slope to the horizontal, usually expressed in percent, 
i.e., elevation change divided by horizontal distance travelled. 

Proof (used as a suffix)  
Apparatus is designated as splashproof, dustproof, etc., when so 
constructed, protected, or treated that its successful operation is not 
interfered with when subjected to the specified material or condition 

Purline or Purlin 
A longitudinal roof frame member, extending from one end of the 
car to the other, to which the roof sheets are fastened. 

QMP 
FRA-defined level of advanced maintenance person training defined 
in 49 CFR 238.5. 

QP 
FRA-defined level of basic maintenance person training defined in 
49 CFR 238.5. 

Railroad Equivalent to JPB. 

Redundancy 
The existence of more than one means of independently 
accomplishing a given function. 

Regenerative Braking 

Process of returning the braking energy of the car to the car's 
auxiliary loads or to the OCS through the conversion of kinetic 
energy to electrical energy, including phase-matching of the ac 
waveform to the source waveform. 

Reliability 
The probability of performing a specified function without failure and 
within design parameters for a defined period of time under 
specified operating conditions. 
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Rollback 
Unintended train movement in the direction opposite of the selected 
Master Controller direction. 

Safe 

The condition in which passengers, crew, or maintenance, and 
repair workers are secure from threat or danger, harm, or loss 
arising from improper design, manufacture, assembly, malfunction, 
or failure of the car or any of its components or systems 

Safety-Critical 
Describes any condition, process, or equipment whose failure or 
malfunction may result in personal injury, occupational illness, or 
equipment damage. 

Samples 
Physical examples of materials or workmanship to be supplied, 
which shall, when approved, establish standards by which the Work 
shall be reviewed and approved.  

Service, as in Service 
Use, Service Braking 

The operation of the cars under normal conditions with passengers. 

Schedule 

The schedule prepared by the Contractor, as reviewed and 
accepted by JPB’s Project Manager, which sets forth the logical 
sequence of activities required for the Contractor’s orderly 
performance and completion of the Work in accordance with the 
Contract Documents, including the satisfaction of designated 
milestone dates 

Shop Drawings 

Drawings or sketches prepared by the Contractor, or its Suppliers or 
Subcontractors, for use in its manufacturing facility, assembly 
facility, or shop, to fabricate, assemble, and/or install parts of the 
vehicle, whether manufactured by it from raw materials or 
purchased from others in a ready-to-use condition. Shop Drawings 
are part of “Contractor’s Drawings.” 

Software 

Any and all computer application programs which are incorporated 
in the EMU, or any of them, or in or as part of any system, 
subsystem, assembly, subassembly or components of any EMU (or 
any interfaces or interface system control between or among any of 
these), or which are used by Contractor for diagnostics on or other 
testing of the EMU 

Special Tools 

Any special tools, jigs, dies, fixtures, molds, castings, patterns, 
diagnostic equipment, test equipment, manufacturing drawings and 
similar items that are reasonably necessary to operate and maintain 
the EMUs and not commercially available. 
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Speed 

a. Balancing: The steady-state speed attained by the vehicle or 
train when resisting forces exactly equal tractive forces on level 
tangent track. 

b. Schedule: The average speed of a vehicle or train from terminal 
to terminal obtained by dividing the distance between these 
points by the time taken to make the trip, including time for 
intermediate station stops. 

c. Limit, Civil: The maximum safe speed allowed in a specified 
zone as determined by the physical limitations of the track 
structure. 

d. Limit, Operating: The maximum safe speed allowed in a specific 
area as determined by operating conditions.  

Spin-Slide Wheel spins in propulsion mode and wheel slides in braking modes. 

Start-Up-Spares 
Spares provided by Contractor to support the EMU’s first delivered 
to JPB. 

Static Clearance 
Envelope 

The maximum static dimensions of the vehicle. 

Static Testing 
Those tests performed on the EMU and/or its systems while the 
EMU is powered, but not in motion. 

Stop, Emergency 
The stopping of a train by an irretrievable emergency brake 
application. 

Stop, Service 
The stopping of a train by application of service braking.  Brake 
application can be released and reapplied. 

Subcontractor 

Any individual, firm, partnership, corporation, joint venture, or 
combination thereof, other than employees of the Contractor, that 
have contracted with the Contractor to furnish design, labor, 
equipment and materials for a portion of the Work 

Submittal 
Any written or graphic document or sample prepared by or for the 
Contractor that is required by the Contract Documents to be 
submitted to the JPB by the Contractor 
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Substantial Completion 

A written certificate issued by JPB that signifies that an EMU has 
reached Substantial Completion which includes the completion of all 
production, assembly, furnishing, delivery, inspection, static and 
dynamic testing (except for burn-in) with respect to any EMU to a 
point where such EMU is ready for revenue service without any 
operating restriction that would inhibit an operator’s ability to control, 
monitor, diagnose, or recover an EMU during revenue service 
operations, including, but not limited to, operating restrictions to any 
of the following systems: 

 Trucks and Suspension; 

 Couplers, Drawbars and Draft Gears; 

 Trainlines and Network; 

 Monitoring, Diagnostics and Event Recorder; 

 Primary and Auxiliary Electrical System; 

 Propulsion; 

 Friction Brake; 

 Doors; 

 Heating, Ventilation, and Air Conditioning; 

 Communication System – Passenger Information 

 Positive Train Control 

Subsystem 

A combination of components, parts and controls, whether 
structural, mechanical, pneumatic, hydraulic, electrical and/or digital 
in nature, which, when performing together or taken as a whole 
constitutes or provides a discrete vehicular function.  For purposes 
of this definition, a component, part or other controls comprising a 
given subsystem may also comprise a different subsystem. 

Superelevation 
On a curve, the vertical distance, measured in millimeters (inches), 
that the outer rail is above (in elevation) the inner rail. 

Supplier 

Any individual, firm, partnership, corporation, joint venture, or 
combination thereof, other than employees of the Contractor, that 
supplies a tangible product as a portion of the Work, with services 
usually limited to delivery or required testing, and with 
manufacturing, fabrication, or production facilities located off Site. 

System 

A combination of subsystems components and/or parts whether or 
not mechanical in nature, which, when performing together or taken 
as a whole constitutes or provides a discrete operation, function or 
subdivision of a Car.  For purposes of this definition, a subsystem, 
component, or part comprising a given system may also comprise a 
different system. 

Tamperproof 
Fasteners are designated as tamperproof when they are selected 
such that they cannot be easily loosened with common tools such 
as a flat blade screwdriver, Phillips screwdriver, pliers, or other. 
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Technical Specifications, 
Specifications or 
specifications 

The part of the Contract that details the technical requirements for 
the supply of rail cars and associated equipment, including any 
changes or addenda made 

Tight (used as a suffix) 
Apparatus is designated as watertight, dusttight, etc., when so 
constructed that the enclosing case will exclude the specified 
material. 

Time, Down 
The elapsed time during which equipment is not capable of doing 
useful work because of maladjustment, malfunction, or maintenance 
in progress 

Tractive Effort The tangential component of the wheel/rail force.  

Trainset A configuration of cars to be used in operation. 

Train Conductor 
The individual who is responsible for, among other things, 
performing functions necessary for controlling and monitoring side 
doors. 

Train Delay 
An incident causing a revenue train to be:  a) More than five 
minutes and fifty nine seconds late at its destination terminal; b) 
Annulled (either at its original terminal or en route); or c) Rerouted. 

Train Operator 
The individual who normally occupies the head end cab of a train 
and is responsible for performing functions necessary for train 
movement and monitoring. 

Trainline 
A wire, air pipe, or data bus for transmitting signals and data to all 
cars in a trainset, via a continuous circuit connected through 
appropriate vehicle coupling devices 

Tram 

A condition of ideal truck geometry in which the axles are parallel 
within an established tolerance and the wheels longitudinally in 
alignment, also within a specified tolerance.  The centers of the 
journal bearings represent the corners of a rectangle.  Tram is 
checked by measuring the diagonal and longitudinal distances 
between reference points on the axle bearing housing. 

Vertical Curve 

A vertical curve is a curve between two lengths of a road or railway 
which are at different grades. It is concave upwards at the foot of a 
hill and convex upwards at the summit. It provides a gradual change 
from one slope to the other; usually computed mathematically as a 
parabolic curve. 

Ultimate Tensile Strength 
The maximum tensile stress that a material can sustain under uni-
axial tension, calculated on the basis of the load at rupture and at 
the original unstrained dimensions (cross sectional area). 
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Warp, Track 
The vertical elevation between the plane of any three of four 
railhead contact points (two on each rail) forming a plane and the 
remaining point. 

Wheel Slide 

The condition where the decelerating or braking torque applied to 
an axle is in excess of that which the available level of adhesion can 
support, resulting in a non-zero relative point velocity of the wheel to 
the rail. 

Wheel Spin 
The condition where the torque applied to an axle is in excess of 
that which could support adhesion, resulting in a non-zero relative 
point velocity of the wheel to the rail. 

Work (Project) 

All designs, engineering, manufacturing, operations, materials, 
equipment, parts and labor required to properly, timely and to the 
satisfaction of JPB, provide the completed new Vehicles and 
provide all other items of work indicated or referenced in the 
Contract Documents, including all alterations, amendments or 
extensions thereto made by Change Order; successfully complete 
all required tests and all reliability periods; remedy all defects which 
occur during, at least, the two (2) year warranty period for each of 
the new EMU’s; and complete all necessary repairs and 
modifications resulting from the tests, the reliability periods and 
warranties as required by the Contract Documents. Nothing herein 
shall effect the period or duration of the Warranty Bond or the 
warranties set forth in or required by the Contract Documents. 

Zero Speed Same as No-Motion.  

Vital Circuit 
Vital circuit in train operation is a function which affects the safety of 
train operation.  Vital circuits require the use of vital hardware.   

Yield Stress 
The stress at which a material exhibits a specified deformation or 
set. 

1.9 ABBREVIATIONS/ACRONYMS 

AALA American Association of Laboratory Accreditation 

AAR Association of American Railroads 

AAS Automatic Announcement System 

ABMA American Bearing Manufacturers Association 

ACH Audio Control Head 

ADA Americans with Disabilities Act 

ADAAG ADA Accessibility Guidelines 

AFI Air Filter Institute 

AGMA American Gear Manufacturer’s Association 
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AISC American Institute of Steel Construction 

AISI American Iron and Steel Institute 

AMCA Air Moving & Conditioning Association 

ANSI American National Standards Institute 

APS Auxiliary Power System 

APTA American Public Transportation Association 

AREA American Railway Engineering Association 

AREMA American Railway Engineering and Maintenance-of-Way Association 

ARI Air Conditioning and Refrigeration Institute 

ASCII American Standard Code for Information Interchange 

ASHRAE American Society of Heating, Refrigeration and Air Conditioning Engineers 

ASQ American Society for Quality 

ASME  American Society of Mechanical Engineers 

ASTM  American Society of Testing and Materials 

AFT Auto Transformer Fed  

ATOR Above Top of Rail 

AW0 
The empty 6-car trainset operating weight, including all consumables such as 
fluids 

AW1 
Fully seated passenger load, one Operator and two conductors, and fully occupied 
bike racks (at 15 pounds per bike), plus AW0 weight of empty, ready to run vehicle 

AW2 Standees at four passengers per square meter of suitable standing space plus 
AW1 (Structural mean fatigue load, Propulsion performance load) 

AW3 Standees at six passengers per square meter of suitable standing space plus AW1 
(Braking performance load) 

AW4 Standees at eight passengers per square meter of suitable standing space plus 
AW1 (Structural design load only; not contemplated for revenue operation) 

AWG  American Wire Gauge 

AWS  American Welding Society 

BCCF Back-up CCF 

BCO  Brake Cut Out 

BCU Brake Control Units 

BLS Bureau of Labor Statistics 

BOS Back Office System (PTC) 

BSM Block Signal Mode 

BTE Bench Test Equipment 

BSS  Boeing Specification Support Standard 

CBOSS Communications Based Overlay Signal System 

CalMod Refers to the PCEP 

CAN  Controller Area Network 

CCF Central Control Facility 

CCT Correlated Color Temperature 
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CCTV  Closed Circuit Television 

CCU Communication Console Unit 

CCP Communication Control Panel 

CDS Central Diagnostic System 

CDU Central Display Unit 

CEM  Crash Energy Management 

CFR Code of Federal Regulations 

CEMOF Centralized Equipment Maintenance and Operations Facility  

CGHAZ  Coarse Grain Heat Affected Zone 

CHB Car History Book 

CHSRA California High Speed Rail Authority 

CMM Capability Maturity Model® 

CMMI Capability Maturity Model® Integration 

CMU Communications Management Unit 

COTS  Commercial Off The Shelf 

CP Control Point 

CPLD Complex Programmable Logic Device 

CPS Critical Path Schedule 

CPUC California Public Utilities Commission 

CSR Contractual Submittals Report 

CWI  Certified Welding Inspector 

Db Decibel 

dBA Decibels – 'A' scale 

DC Direct Current 

DCS Data Communication Sub-system 

DDS Database and Directives Server 

DTS Departure Test Server 

DTX Downtown Extension 

DVCS Digital Vehicle Communication System 

DVR  Digital Video Recorder 

EB Emergency Brake 

ECN Ethernet Consist Network 

ECR Engineering Change Requests 

ECU  Electronic Control Unit 

EEPROM Electrically Erasable Programmable Read-only Memory 

EIC Employee In Charge 

EMC Electromagnetic Compatibility 

EMI Electromagnetic Interference 

EMU Electric Multiple Unit 

EPA Environmental Protection Agency 

ETB Ethernet Train Backbone 
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FAI First Article Inspection 

FCC Federal Communications Commission 

FDR Final Design Review 

FEA  Finite Element Analysis 

FEIR Final Environmental Impact Report 

FMECA Failure Modes, Effects, and Criticality Analysis 

FPGA Field-Programmable Gate Array 

fps Frames per Second 

FRA Federal Railroad Administration 

FRP Fiberglass Reinforced Plastic 

FSA  Fire Safety Analysis 

FSB Full Service Brake 

FTA Federal Transit Administration 

GPS  Global Positioning System 

GFCI Ground Fault Circuit Interrupter 

GP General Provisions 

HMI Human Machine Interface 

HPBW Half Power Beam Width 

HRR Hazard Resolution Report 

HVAC Heating Ventilation Air Conditioning 

ICD Interface Control Document 

IEC International Electrotechnical Commission 

IEEE Institute of Electrical and Electronics Engineers 

IETF Internet Engineering Task Force 

I-ETMS Interoperable Electronic Train Management System 

IGBT Insulated Gate Bipolar Transistor 

IP  Internet Protocol 

IPDR In-Process Design Review 

ISO International Standards Organization 

ITC Interoperable Train Control (Standards) 

I-ITCS Interoperable Incremental Train Control System 

JPB Joint Powers Board (See also PCJPB) 

JSON JavaScript Object Notation 

LAN  Local Area Network 

LDTS Local Diagnostic and Test System 

LED Light Emitting Diode 

LLRU Lowest Level Replaceable Unit 

LRU Line Replacement Units 

LVPS Low Voltage Power System 

MC Master Controller 

MCAT Minimally Compliant Analytic Track 
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MCG Master Controller Group 

MD Mandatory Directive 

MDBF Mean Distance Between Failures 

MDBSCF Mean Distance Between System Component Failure 

MDS Monitoring and Diagnostic System 

MMI Man Machine Interface  

MPR Monthly Progress Report 

MPS Master Project Schedule 

MSDS  Material Safety Data Sheets 

MSRP  Manual of Standards and Recommended Practices 

MTIE Manual Track ID Entry 

MTTR Mean Time to Repair 

NBS  National Bureau of Standards 

NDT Non Destructive Testing 

NEC National Electric Code 

NEMA National Electrical Manufacturers Association 

NFPA National Fire Protection Association 

NTP Network Time Protocol 

NTP Notice to Proceed 

NVR Network Video Recorder  

OBC On-board Computer 

OHA Operating Hazard Analysis 

OEM  Original Equipment Manufacturer 

OHA  Operating Hazard Analysis 

OPF Operation Parameter File 

PA Public Address 

PBCO Parking Brake Cut Out 

PCEP Peninsula Corridor Electrification Program 

PCJPB Peninsula Corridor Joint Powers Board (See also JPB) 

PCU Pneumatic Control Unit 

PDR Preliminary Design Review 

PEI Passenger Emergency Intercom 

PHA  Preliminary Hazards Analysis 

PHL Preliminary Hazard List 

PLD Programmable Logic Device 

PMP Project Management Plan 

PQAP Project Quality Assurance Plan 

PQP Project Quality Plan 

PQR  Procedure Qualification Record 

PRM Progress Review Meetings 

PRT Portable Remote Terminal 
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PTC Positive Train Control 

PTCDP PTC Development Plan 

PTCIP  PTC Implementation Plan 

PTE Portable Test Equipment 

PTU Portable Test Unit 

QA Quality Assurance 

QC Quality Control 

QMP  Qualified Maintenance Person 

QoS  Quality of Service 

QP  Qualified Person 

RAMS Reliability, Availability, Maintainability, and Safety 

RHCP Right HandCircularly Polarized 

RIMS Receiver and Interface Module System 

RMS Root Mean Square 

ROW Right of Way 

RPSP Reliability Prediction Summary Plan 

SAE  Society of Automotive Engineers 

SBCO Service Brake Cut Out 

SCADA Supervisory Control And Data Acquisition 

SCAMPI Standard CMMI Appraisal Method for Process Improvement 

SCI Software Configuration Item 

SCMP  Software Configuration Management Plan 

SDD Software Design Description 

SFD  System Functional Description 

SHL System Hazard List 

SLDT System Level Dynamic Tester 

SQA Software Quality Assurance 

SQAP  Software Quality Assurance Plan 

SRM Specification Review Meeting 

SRS Software Requirements Specification 

SSFD Software System Functional Description 

SSHA  Subsystem Hazard Analysis 

SSHL Subsystem Hazard List 

SSPP System Safety Program Plan 

SSS Schedule Server Subsystem 

STI Speech Transmission Index  

SVD Software Version Description 

SVVR Software Verification and Validation Report 

TCU Traction Control Unit 

TIP  Test and Inspection Plan 

TIR Total Indicator Readout 
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TOD Train Operator Display 

TOR  Top of Rail 

TS Technical Specification 

TSCM Technical Specification Compliance Matrix 

UDP  User Datagram Protocol 

UL  Underwriters Laboratory, Inc. 

UPRR Union Pacific Rail Road 

VCU Vehicle Control Unit 

VOC  Volatile Organic Compounds 

USDOT Unite States Department of Transportation  

WAAS Wide Area Augmentation System (GPS) 

WDL Wireless Data Link 

WiFi  Wireless Fidelity (Wireless local area network based on IEEE 802.11) 

WIU Wayside Interface Unit 

WPS  Welding Procedure Specification 

WSRS Wayside Status Relay Service 

VSWR Voltage Standing Wave Ratio 

WTB Wired Train Bus 

XML Extensible Markup Language 

1.10 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7. 

1.11 CITED REFERENCES 

The following standards or references were cited in this Section: 

 

STANDARD TITLE 

None  
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SECTION 1 - SYSTEM DESCRIPTION AND GENERAL 
REQUIREMENTS 
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1.1 CALMOD PROGRAM BACKGROUND 

The CalMod Program is the JPB’s early investment program in the peninsula rail corridor 
inclusive of: a) implementation of a communications based overlay signal system Positive Train 
Control (CBOSS PTC), which is an advanced signal system that includes federally-mandated 
safety improvements; b) electrification of the existing Caltrain rail corridor between San 
Francisco and San Jose by 2020 (Electrification); and c) replacement of Caltrain’s diesel train 
fleet with electric multiple unit rail vehicles (EMU) compliant with alternative Federal Railroad 
Administration standards. The early investment program will be implemented in a manner to 
avoid precluding other rail services including freight service and potential future California High-
Speed Rail trains. Further information about the CalMod Program is available on the website at 
www.caltrain.com/modernization.  

The Communication Based Overlay Signal System (CBOSS) Positive Train Control (PTC) 
contract was awarded in 2011. Final design is completed and installation is underway. It is 
scheduled for completion and placement into revenue service demonstration in 2015.  

Electrification work (under a separate contract) will include all systems required to complete 
Electrification of the existing operating rail corridor between CP Lick south of the Tamien station 
in San Jose in the south, and the San Francisco 4th and King terminus in the north. The 
Electrification system will consist of 25kVac, 60Hz traction power substations, 25kVac, 60Hz 
switching and paralleling stations, utility service connections, utility relocations, overhead 
contact system (OCS), supervisory control and data acquisition (SCADA), communications, 
central control interface, rail signaling track circuit conversion to be compatible with 25kVac, 
60Hz electrification, CPUC- and FRA-approved rail crossings, operations and maintenance 
facility modifications, and the integration and coordination of these systems with all other 
elements of the CalMod Program including EMU vehicles, CBOSS PTC, and the CHSRA. 

1.2 SYSTEM OPERATION AND TECHNICAL SPECIFICATIONS 

JPB serves the north/south corridor between San Francisco and San Jose, California, with a 
weekday commute service extending further south to Gilroy.  This is a total of 77 miles with 32 
stations, for an average distance between stations of 2.5 miles. Excluding Gilroy, the typical 
service is from San Francisco to Tamien (in southern San Jose), which consists of 49 miles of 
track and 24 stations, for an average station spacing of 2.1 miles. JPB currently operates 92 
trains per weekday schedule, six of which serve Gilroy (three northbound in the morning and 
three southbound in the evening). Service is mixed, with 22 express trains called “Baby Bullets” 
serving only six to eight stations, 42 limited service trains, and 28 local trains. Limited service 
trains have several different profiles including limited-local and skip-stop. Weekend service 
includes 36 trains on Saturday and 32 trains on Sunday. 
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JPB currently operates with 20 trainsets each day. A 21st trainset is rotated into a maintenance 
cycle every week. In addition to this out-of-service trainset, there are spare locomotives and 
coaches available to rotate with vehicles in need of repair. Two trainsets are used as protect 
trainsets. One protect trainset is kept at 4th and King in San Francisco, and the other protect 
trainset is normally kept at San Jose Diridon Station. JPB tries to keep trainsets intact, even 
placing a repaired coach back into its original train, to accommodate the logistics of scheduled 
maintenance at the trainset level. 

JPB operates with 20 locomotives in service, 1 locomotive in maintenance, 2 protect 
locomotives, and 6 spares on any given day. The two basic types of locomotive are the F40 and 
the MP36. All locomotives are equipped with Caterpillar separate head-end power (SEP-HEP) 
generators, except for the five that are equipped with gear driven HEP units, wherein the 
electricity is generated by the primary engine.  

There are currently 134 cars available for service. The fleet is made up of gallery cars built by 
Nippon Sharyo and bi-level cars built by Bombardier.  At 93 vehicles, the gallery cars make up 
the majority of the fleet.  

This Specification addresses the procurement of bi-level Electric Multiple Units (EMUs). The 
EMUs shall be designed to operate in revenue service up to 79mph (127kmh) when initially 
placed into revenue service and up to 110mph (177kmh) when placed into blended systems 
operation with CHSRA vehicles at a later date. 

Name brands, specific equipment, or specific materials may be referenced in this Specification, 
if such equipment has been shown to be successful in previous applications where correctly 
applied and integrated with other equipment. Such references shall not be interpreted as pre-
approval of any Contractor designs or applications. The Contractor is responsible for the 
selection, application, testing and integration of equipment and materials as necessary to 
comply with the specified requirements, and achieve the specified performance. 

The Contractor shall be responsible for the design and integration of all vehicle systems such 
that all specified requirements are achieved without conflict or error within or between systems. 
The Contractor shall ensure that all designers, suppliers, and subcontractors of all tiers are 
informed of all specified requirements and that appropriate engineering management tools are 
utilized to ensure that coordination and communication occurs between the designers of inter-
related systems.  In this regard, the Contractor shall ensure that all of the system suppliers 
receive a complete copy of this specification, not select portions which may pertain to the 
individual systems. All equipment provided under this Contract shall be new. Rebuilt or 
refurbished equipment is prohibited. New equipment damaged during execution of this Contract 
may be restored to new condition only where approved by JPB in writing on a case-by-case 
basis, and all restorations, if approved, shall be performed by the original equipment 
manufacturer. 

Should conflicts exist, or an item or feature is deemed by the Contractor to be inadequately 
described or explained in the Technical Specification, the Contractor shall apply to JPB for 
further written explanation as may be necessary, and shall conform to the written explanation 
provided by JPB. The Contractor shall be responsible to ensure the suitability of the systems, 
devices, apparatus, components and parts for the service intended. 

1.3 SPECIFICATION REVIEW AND TSCM 

The Contractor shall plan the Specification Review Meeting (SRM) no later than 30 calendar 
days following Notice to Proceed (NTP).  At least 15 days prior to the SRM, the Contractor shall 
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submit a report detailing their approach to creating a Technical Specification Compliance Matrix 
(TSCM).  The TSCM will be used to track, display and confirm the Contractor’s compliance to 
each requirement in the Specification.  The TSCM shall have rows and columns as given below. 

1.3.1 TSCM ROW DEFINITION 

The TSCM rows shall represent each requirement in the Technical Specification.  The 
Contractor shall review the specification, paragraph-by-paragraph, and sequentially enter each 
specific requirement into the TSCM (one row per requirement). 

1.3.2 TSCM COLUMN DEFINITION 

There shall be at least five columns associated with each row (requirement).  These columns 
are defined as follows: 

a) The first column shall indicate the relevant specification section for the requirement in 
that row.   

b) The second column shall contain the precise requirement, using the actual specification 
language, and as modified by any approved change orders.  

c) The third column shall contain a brief statement as to how the Contractor intends to 
meet the specified requirement. 

d) The fourth column shall contain an identification of those documents submitted by the 
Contractor requesting approval of the required system design, software design, analysis, 
test procedure, test report, first article inspection, sample, etc.  There shall be a 
Contractor submittal (letter, drawing, analysis, report, etc.) associated with each 
specification requirement, as identified in the approved TSCM.  All Contractor submittals 
are subject to Caltrain review and approval.   

The fourth column shall also contain an identification of the Caltrain document giving 
final approval to the Contractor’s proposed approach to meeting the specified 
requirement, as evidenced by the Contractor’s submittals.   

e) The fifth column should indicate if the requirement is on the California Public Utilities 
Commission (CPUC) Safety Critical Checklist.  

1.3.3 USES OF THE TSCM 

The TSCM will be of benefit to both the JPB and the Contractor.  The Contractor is advised to 
consider the following planned uses of the TSCM when designing, constructing and updating 
the TSCM.   

a) The TSCM will be used to monitor the Contractor’s compliance with each requirement in 
the Technical Specification.  By using the TSCM in both progress and design review 
meetings, all project stakeholders will be assured that no technical requirements have 
been overlooked, or remain unapproved.   

b) It is noted that the CPUC will require a Safety Certification Matrix.  Essentially, the 
CPUC requires documentation indicating that the Contractor has complied with all safety 
critical requirements (those requirements in any way affecting safety) in the specification.  
These requirements are typically identified on the Safety Certification Checklist.  Since 
the Safety Certification Checklist is a subset of all specified requirements, a well-
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formatted and documented TSCM will satisfy the CPUC need for a Safety Certification 
Matrix.   

1.3.4 TSCM SUBMITTAL REQUIREMENTS 

Once the format of the TSCM is approved, the matrix shall be submitted monthly.   

1.4 SERVICE PROVEN DESIGN REQUIREMENTS  

JPB is interested in the procurement of bi-level EMU vehicles that are based on a service-
proven design, modified to JPB-specific requirements. 

The car, system, subsystem and component designs shall be service-proven. JPB will 
assess the definition of "service-proven" according to the risk associated with each particular 
design. In general, a service-proven design will fall into one of the following two category 
classifications: 

1. Designs used in similar service and conditions 

The cars, systems, subsystems, and components that have demonstrated a history of 
satisfactory performance and reliability while installed on more than thirty (30) cars and 
operating for at least three (3) years after Final Acceptance, in similar rail car service, 
environment, and operating condition as those at JPB, without having any Fleet Defect. 

2. Designs not previously used in similar service and conditions 

Those cars, systems, subsystems, and components that do not meet a similar service, 
environment, or operating condition criterion may be proposed for approval if the design is 
basically unchanged from a service-proven design, but which must be varied slightly in 
design or manufacture to meet JPB requirements. The Contractor shall show, in detail, the 
proposed changes in the equipment, and reasons that such changes will not adversely 
affect the equipment’s operation, reliability, and maintainability in the JPB operating 
environment. 

 

JPB requires an exterior door arrangements to support boarding at both low (8” ATOR) and 
high (nominally 50” ATOR) platforms.  It is recognized that current proven designs may 
require substantial modification to meet this requirement, including potential repackaging of 
other systems to accommodate the loss of space to additional doors.  As such, evaluation of 
proposed modifications will take this issue into account, examining the retention of service 
proven designs where possible and the use of service proven components and concepts to 
control risk on new or repackaged elements. 

1.5 FUTURE CARS - COMPATIBILITY 

The cars purchased under this Contract represent a new generation of car design for JPB. As a 
result, the Contractor shall provide to JPB complete information affecting form, fit and function, 
as well as all necessary interface and performance information to enable full operational and 
trainline compatibility with future car orders.  
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1.6 CODE COMPLIANCE AND COMPATIBILITY WITH RAILROAD 
REQUIREMENTS 

EMUs provided under this Contract shall comply with all applicable federal, state and local laws, 
ordinances, and regulations in effect at the time of the tendering of the Contractor’s final offer 
whether such laws, ordinances, and regulations are specifically identified in this Specification or 
not. 

EMUs must comply with (1) FRA conditions of waiver or alternate compliance requirements in 
accordance with applicable FRA rules and regulations, (2) Final Environmental Impact Report 
(FEIR) approved standards for noise, shock and vibration and electromagnetic emissions, (3) 
applicable standards and recommended practices as issued by the American Public 
Transportation Association (APTA), Association of American Railroads (AAR) and Americans 
with Disabilities Act (ADA) 49 CFR 38, and (4) CPUC requirements. 

The train consist shall be fully compatible with all aspects of the JPB rail alignment and 
maintenance shop requirements.  

1.7 CONTRACTUAL SUBMITTALS 

The Contractor shall submit a Contractual Submittals Report [CSR] fifteen (15) working days 
after the SRM for JPB review and approval.  The CSR shall be submitted bi-weekly until the 
CSR is approved by JPB.   

The purpose of the Contractual Submittals Report is to outline, in advance, those major 
submittals (drawings, schematics, analyses, test procedures, samples, etc.) which the 
Contractor intends to provide in order to demonstrate compliance with the Technical 
Specification.   

The CSR shall include the list of documents discussed at the SRM and other documentation 
deemed necessary.   

The CSR list shall be organized per TS section and include the following: 

 Identification (numeric item identifier, its title and TS reference number) 

 Short description of each intended submittal (the description should be sufficient for 
JPB to understand the objective of the item) 

 Anticipated submittal date  

1.8 DEFINITIONS 

The following terms used in the Specification shall be construed as shown below, except where 
it is clear by the context that another meaning is intended.  Defined terms, irrespective of having 
an initial capital letter or not, shall have the meaning provided in this Definitions section: 

ADA  

The Americans with Disabilities Act of 1990.  As used in the 
Technical Specifications, references to ADA requirements or 
compliance means the requirements for accessibility of Rapid Rail 
Vehicles and Systems for people with disabilities, as specified in the 
regulations of the U.S. Department of Transportation, published at 
49 CFR Part 38, Subparts A and E, in effect as of the NTP date  
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Adhesion, Coefficient of 
During rolling contact, the ratio between the longitudinal tangential 
force at the wheel-rail interface and normal force, expressed as a 
percentage. 

Allowable Stress 

The maximum stress permitted in a structure under specified design 
conditions.  The allowable stress is less than the stress causing 
damage because of various factors, including: (a) uncertainty as to 
conditions of service (e.g., loads and forces imposed during the 
lifetime of the structure), (b) non-uniformity of material, (c) 
inaccuracy of stress analyses and (d) Safety Factor. 

Ambiguity Group Size 
The number of components listed in a diagnostic test call-out during 
fault isolation/detection. 

Anticlimber 
A structural reinforcement at each car end to reduce the probability 
of either car in an end-to-end collision from overriding the other. 

AW0, 1, 2, 3, & 4 Refer to Section 2.3.5. 

Base Speed 
The maximum speed at which the traction motors produce full 
tractive effort in motoring. 

Baseline Design 
The design of the car or any of its components, apparatus, systems, 
subsystems, or materials, which has received drawing approval, 
design conformance test approval, and first article approval. 

Blended System 
Infrastructure 

Caltrain will share its system infrastructure with CHSRA to minimize 
impacts to surrounding communities.  Blended System revenue 
service is targeted for 2026-2029. 

Braking, Emergency 
Braking that results in an irrevocable open-loop friction braking 
effort to a stop, at the maximum design friction brake rate. 

Buff Load 
A horizontal compressive load applied to the car, usually along the 
car centerline at the couplers or anticlimbers. 

Cab Car The car with operating cab 

Car Vehicle or EMU when applied to new program 

Caltrain Modernization 
(CalMod) Program 

Caltrain Modernization Program: The program includes 
electrification of the existing JPB corridor, replacement of a portion 
of Caltrain’s diesel trains with high-performance electric trains called 
Electric Multiple Units, and installation of CBOSS Positive Train 
Control, an advanced signal system. 

Caltrain The JPB’s Peninsula Corridor Commute Train Service 
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Carline 
Framing members that extend across the top of a car from one side 
to the other and support the roof and other loads. 

Component 
Parts, devices, and structure(s) performing a distinctive function 
necessary to the operation of a subsystem or system. 

CBOSS 

Communications Based Overlay Signal System Positive Train 
Control is an advanced signal system that will equip the JPB 
Peninsula Corridor with federally-mandated safety technology and 
will increase system capacity to help accommodate future increases 
in ridership demand.  This project is scheduled for revenue service 
in 2015 

Cathodic Protection 
A technique to prevent the corrosion of a metal surface by making 
that surface the cathode of an electrochemical cell. 

Commissioning 
The process of preparing an EMU for revenue service, ensuring that 
all systems function as intended. 

Conditional Acceptance 

A written certificate issued by JPB that signifies that an EMU has 
previously been issued a Substantial Completion Certificate, and 
has subsequently completed burn-in as defined, and is now 
considered accepted by JPB subject to the completion of the open 
items identified in such Certificate. 

Consumable Items 

Those parts, components and materials of a particular system that, 
pursuant to the manufacturer's maintenance manual, are required to 
properly operate such system but will not last the life of the car.  
Typically they may be replaced annually or at more frequent 
intervals.  

Contact Wire 

Conductor in contact with pantograph used by EMUs to collect train 
power requirements. The conductor is suspended from messenger 
or auxiliary messenger wires by the means of hangers and contact 
wire clamps. 

Contract (Agreement): 

The executed contract, including all exhibits and attachments, and 
all provisions required by law to be inserted in the Contract whether 
actually inserted or not. Whenever separate publications are 
referenced in the Contract, it is understood to mean the 
publications, as amended, which are current on the Proposal due 
date, unless otherwise noted. The Contract is the negotiated, written 
agreement executed by JPB and the Contractor, in conformance 
with the Contract Documents, for the performance of the Work 
which incorporates and includes the remaining Contract 
Documents. 
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Contract Documents 

All documents (whether attached to the Contract or incorporated 
into the Contract by reference) which establish the terms, 
conditions, and requirements pursuant to which the Work must be 
performed including, without limitation, the Contract, the Technical 
Specifications, the General Provisions, the Special Provisions, the 
schedule, any Change Orders issued by JPB, the Payment 
Schedule, and the Contractor’s Proposal 

Contract Drawings 

Items such as detail drawings, calculations and catalog cuts which 
are prepared by the Contractor to supplement or detail contract 
drawings or specifications, and which are contractual requirements 
or are prepared at the Contractors option to detail its work 

Contract Specifications 
(Specifications) 

The directions, provisions, and requirements contained, or 
referenced, in the General Provisions and Technical Specifications 
prescribing the nature of the Work, manner of performing the Work, 
or to the quantities and qualities of materials to be furnished or 
incorporated into the Work 

Critical Area 
The region of a structure requiring higher than normal design 
scrutiny and product quality control in that stresses are at or near 
the limits of allowable stresses. 

Critical Path 
In a schedule, a sequence of stages toward the achievement of a 
final task that accounts for all other tasks that must be completed in 
order to accomplish the final task. 

Days Shall mean calendar day(s), unless otherwise designated. 

Deadman Feature 
A device designed to detect a lack of attention or disability of an 
Operator and to automatically apply full-service braking when it 
detects such lack of attention or disability 

Defect 
Any failure or deficiency in any design, materials, or workmanship.  
The term Defect is sometimes also referred to as a Failure. 

Disadvantaged Business 
Enterprise (DBE): 

A disadvantaged business enterprise, as such term is defined in 49 
CFR Part 26. 

Dispatching 
The process of starting a train into revenue service from a terminal 
zone or transfer switch. 

Dynamic Braking 
Braking where the retarding force is produced by the electric 
traction motors reconnected as generators.  Dynamic braking may 
be resistive and/or regenerative. 

Duty Cycle 
The period or percentage of time associated with the activated state 
of operation, occurring during normal cyclic operations, in relation to 
the elapsed time of a full cycle 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS1-10 (Conformed 6/22/16) 

 Section 1 – System Description and General Requirements 

Dwell Time 
The total time from the instant that a train stops in a station until the 
instant it resumes moving. 

Dynamic Envelope 
The largest dimensional cross sectional area generated by a 
moving train under worst-case conditions. 

Endurance Limit 
The maximum stress in a material that can be completely reversed 
an infinite number of times without causing fracture. 

Equal or Approved Equal 
In connection with make or quality of material or equipment in these 
Contract Documents, JPB’s decision that any material or equipment 
proposed by the Contractor is equal to that specified. 

Equipment 

Any and all machinery, vehicles, systems, assemblies, 
subassemblies, products, material fittings, devices, appliances, 
fixtures, apparatus, supplies and parts used by the Contractor or 
provided by the Contractor to the JPB pursuant to the Contract. 

Factor of Safety 
The ratio of the design load to the load that would cause failure of a 
structure. 

Fail-Safe 
A characteristic of a system, component, or device which ensures 
that any single point malfunction affecting safety will cause the 
system to revert to a state that is known to be safe 

Failure Mode and Effect 
Analysis 

A system failure mode and effect analysis is an analysis which 
determines the effects of all types of system subunit failures 
separately and in combinations on the performance output of the 
system. 

Failure Rate 
The frequency of failure, expressed as failures per hour, failures per 
mile, etc. Failure rate per mile is the mathematical reciprocal of 
MDBF. 

Fatigue 
Failure of a structure by progressive fracture under repetitions of 
stress less than the yield stress. 

Fault Tree Analysis: 

A technical management tool for safety and reliability programs. It 
first assumes a specific overall system fault (such as collision) and 
identifies potential subsystem faults that could produce it. Each 
subsystem is broken down into smaller subsystems, and may finally 
be detailed down to an individual wire, connector pin, transistor, 
integrated circuit, etc. Each of these is then examined to determine 
if and how such failure could occur, the probability it would occur, 
and what design approach will eliminate the possibility of 
occurrence. 

Field Modification 
Any change, alteration, adjustment, or modification to the equipment 
or any part not done at the original manufacturer's plant. 
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Final Acceptance: 
A written certificate issued by JPB acknowledging that the 
Contractor has completed all open items and fulfilled all of its 
obligations with respect to a specific EMU. 

First Article Approval 

The examination of and approval by JPB of an initial production 
part, major assembly, subassembly, system, subsystem, apparatus, 
or material, manufactured or assembled by either the Contractor or 
subcontractors.  Successful Design Conformance Testing and First 
Article Inspection are prerequisites to the First Article approval.   

First Article Inspection 
(FAI) 

Refer to Section 20.6. 

Fleet Defect 
Systems which fail to meet reliability goals, after an agreed initial 
time period, shall be treated as Fleet Defect as set forth on TS 
Section 21.3.1 

Form, Fit and Function: 

The physical attributes of a device that allow the device to be used 
in place of another device due to similarities of general shape 
(outline clearances), mounting arrangement (footprint), and 
operation (inputs/outputs) of the device, from all mechanical, power, 
control and information transfer perspectives.   

Gauge, Track 
Distance between the inside face of rails measured 0.625 inch (15.9 
mm) below the top of the running rails at right angles thereto. 

Harmonic Distortion 

Due to the harmonic currents generated by equipment on board the 
rolling stock or in substations, the utility and traction voltage and 
current waveforms are not sinusoidal.  Also, the level of distortion in 
the on-board auxiliary and propulsion inverter outputs.   
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Hazard 

A condition that is a prerequisite to a Mishap. 

a. Category I (SAFE): Condition(s) such that personnel error, 
deficiency or inadequacy of design, subsystem or component 
malfunction will not result in major system degradation and will 
not produce system functional damage or personnel injury. 

b. Category II (MARGINAL): Condition(s) such that personnel 
error, deficiency or inadequacy of design, subsystem or 
component malfunction will degrade system performance, but 
which can be counteracted or controlled without damage or 
injury to personnel. 

c. Category III (CRITICAL): Condition(s) such that personnel error, 
or inadequacy of design, or subsystem component malfunction 
will degrade system performance will result in personnel injury 
and/or substantial damage and/or a hazard requiring immediate 
corrective action for personnel or system survival. 

d. Category IV (CATASTROPHIC): Condition(s) such that 
personnel error, deficiency or inadequacy of design, subsystem 
or component malfunction will severely degrade system 
performance and cause subsequent system loss and/or death or 
multiple injuries to personnel. 

Headway 

The time separation between two trains, both traveling in the same 
direction on the same track.  It is measured from the time the head-
end of the leading train passes a given reference point to the time 
the head-end of the train immediately following passes the same 
reference point. 

Inspector 
The JPB’s authorized representative assigned to make inspections 
of the Work 

Interchangeable 
Said of two modules or components that, although possibly of 
different design, perform identical functions and have identical form, 
fit and function. 

Interface 

The point at which one system component or subsystem comes into 
physical or functional contact with another for the purpose of 
transferring energy and/or information (mechanical, pneumatic, 
hydraulic and/or electrical). 

Interlock 
A condition whereby one function is dependent on the operation of 
another function. 

Irretrievable 
Describes an application of the brakes that cannot be released until 
the train is at zero speed. 
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Jerk 
The time rate of change of acceleration or deceleration, equal to the 
second derivative of velocity with respect to time, normally 
measured in miles per hour per second per second, mphps². 

Load Weighing 
A function that measures rail vehicle passenger weight in order to 
control tractive/braking effort such that a constant effort-to-weight 
ratio for any given controller setting is achieved. 

LRU 

(Line Replaceable Unit) 

A unit/component or subsystem that is normally replaced at CEMOF 
- Centralized Equipment Maintenance and Operations Facility. 

LLRU 

(Lowest Level 
Replaceable Unit) 

The lowest level element, item, or part that can be replaced, but 
cannot be repaired. 

Maintainability 

A characteristic of design and installation, sometimes expressed as 
the probability that an item will be restored to fully functional status 
within a specified period of time when maintenance is performed in 
accordance with prescribed procedures and resources 

Maintenance, Corrective Repair or replacement of components as a result of failure 

Maintenance, Scheduled 
Inspection and repair or replacement of components at intervals 
measured by time or mileage. 

MDBSCF Reference Section 21.3. 

MDBF Reference Section 21.3. 

MTTR Reference Section 21.3. 

No-Motion 
A referenced state of car velocity of 0.5 mph (0.8 km/h) or less with 
a minimum duration of one second. 

Noise Level As defined by the latest version of ANSI S1.4. 

Non-Vital Circuit 
Any circuit the function of which does not affect the safety of train 
operation. A non-vital circuit does not require the use of vital 
components. 

Notice of Termination 
Written notice from the JPB to the Contractor and its surety 
terminating the Contract, or a portion thereof. 

Notice to Proceed 
A written notice given by the JPB to the Contractor fixing the date 
on which the Contractor will be able to undertake the Work 

Payment Schedule 
The schedule of events and deliverables triggering periodic 
payments under the Contract Documents 
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Power Factor Ratio of resistive (real) power to total (apparent) power 

Preliminary Design 
A design stage at which specifications and drawings clearly show all 
major design elements and define requirements for final design. 
Design calculations are substantially complete.  

Propulsion System 
The system of wheels, motors, gears, brakes, controls, and 
appurtenances that propels or retards a EMU in response to control 
signals 

PTE / PTU 
Any device intended to assist in the troubleshooting, testing and 
repair of carborne equipment while the equipment is in-situ on the 
car. 

Product Data 

Written or printed descriptions, cut sheets, illustrations, standard 
schedules, performance charts, instructions, brochures, diagrams, 
or other information furnished by the Contractor to describe 
Materials to be used for some portion of the Work. 

Profile Grade 
A straight line along the centerline of track representing an 
established slope to the horizontal, usually expressed in percent, 
i.e., elevation change divided by horizontal distance travelled. 

Proof (used as a suffix)  
Apparatus is designated as splashproof, dustproof, etc., when so 
constructed, protected, or treated that its successful operation is not 
interfered with when subjected to the specified material or condition 

Purline or Purlin 
A longitudinal roof frame member, extending from one end of the 
car to the other, to which the roof sheets are fastened. 

QMP 
FRA-defined level of advanced maintenance person training defined 
in 49 CFR 238.5. 

QP 
FRA-defined level of basic maintenance person training defined in 
49 CFR 238.5. 

Railroad Equivalent to JPB. 

Redundancy 
The existence of more than one means of independently 
accomplishing a given function. 

Regenerative Braking 

Process of returning the braking energy of the car to the car's 
auxiliary loads or to the OCS through the conversion of kinetic 
energy to electrical energy, including phase-matching of the ac 
waveform to the source waveform. 

Reliability 
The probability of performing a specified function without failure and 
within design parameters for a defined period of time under 
specified operating conditions. 
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Rollback 
Unintended train movement in the direction opposite of the selected 
Master Controller direction. 

Safe 

The condition in which passengers, crew, or maintenance, and 
repair workers are secure from threat or danger, harm, or loss 
arising from improper design, manufacture, assembly, malfunction, 
or failure of the car or any of its components or systems 

Safety-Critical 
Describes any condition, process, or equipment whose failure or 
malfunction may result in personal injury, occupational illness, or 
equipment damage. 

Samples 
Physical examples of materials or workmanship to be supplied, 
which shall, when approved, establish standards by which the Work 
shall be reviewed and approved.  

Service, as in Service 
Use, Service Braking 

The operation of the cars under normal conditions with passengers. 

Schedule 

The schedule prepared by the Contractor, as reviewed and 
accepted by JPB’s Project Manager, which sets forth the logical 
sequence of activities required for the Contractor’s orderly 
performance and completion of the Work in accordance with the 
Contract Documents, including the satisfaction of designated 
milestone dates 

Shop Drawings 

Drawings or sketches prepared by the Contractor, or its Suppliers or 
Subcontractors, for use in its manufacturing facility, assembly 
facility, or shop, to fabricate, assemble, and/or install parts of the 
vehicle, whether manufactured by it from raw materials or 
purchased from others in a ready-to-use condition. Shop Drawings 
are part of “Contractor’s Drawings.” 

Software 

Any and all computer application programs which are incorporated 
in the EMU, or any of them, or in or as part of any system, 
subsystem, assembly, subassembly or components of any EMU (or 
any interfaces or interface system control between or among any of 
these), or which are used by Contractor for diagnostics on or other 
testing of the EMU 

Special Tools 

Any special tools, jigs, dies, fixtures, molds, castings, patterns, 
diagnostic equipment, test equipment, manufacturing drawings and 
similar items that are reasonably necessary to operate and maintain 
the EMUs and not commercially available. 
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Speed 

a. Balancing: The steady-state speed attained by the vehicle or 
train when resisting forces exactly equal tractive forces on level 
tangent track. 

b. Schedule: The average speed of a vehicle or train from terminal 
to terminal obtained by dividing the distance between these 
points by the time taken to make the trip, including time for 
intermediate station stops. 

c. Limit, Civil: The maximum safe speed allowed in a specified 
zone as determined by the physical limitations of the track 
structure. 

d. Limit, Operating: The maximum safe speed allowed in a specific 
area as determined by operating conditions.  

Spin-Slide Wheel spins in propulsion mode and wheel slides in braking modes. 

Start-Up-Spares 
Spares provided by Contractor to support the EMU’s first delivered 
to JPB. 

Static Clearance 
Envelope 

The maximum static dimensions of the vehicle. 

Static Testing 
Those tests performed on the EMU and/or its systems while the 
EMU is powered, but not in motion. 

Stop, Emergency 
The stopping of a train by an irretrievable emergency brake 
application. 

Stop, Service 
The stopping of a train by application of service braking.  Brake 
application can be released and reapplied. 

Subcontractor 

Any individual, firm, partnership, corporation, joint venture, or 
combination thereof, other than employees of the Contractor, that 
have contracted with the Contractor to furnish design, labor, 
equipment and materials for a portion of the Work 

Submittal 
Any written or graphic document or sample prepared by or for the 
Contractor that is required by the Contract Documents to be 
submitted to the JPB by the Contractor 
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Substantial Completion 

A written certificate issued by JPB that signifies that an EMU has 
reached Substantial Completion which includes the completion of all 
production, assembly, furnishing, delivery, inspection, static and 
dynamic testing (except for burn-in) with respect to any EMU to a 
point where such EMU is ready for revenue service without any 
operating restriction that would inhibit an operator’s ability to control, 
monitor, diagnose, or recover an EMU during revenue service 
operations, including, but not limited to, operating restrictions to any 
of the following systems: 

 Trucks and Suspension; 

 Couplers, Drawbars and Draft Gears; 

 Trainlines and Network; 

 Monitoring, Diagnostics and Event Recorder; 

 Primary and Auxiliary Electrical System; 

 Propulsion; 

 Friction Brake; 

 Doors; 

 Heating, Ventilation, and Air Conditioning; 

 Communication System – Passenger Information 

 Positive Train Control 

Subsystem 

A combination of components, parts and controls, whether 
structural, mechanical, pneumatic, hydraulic, electrical and/or digital 
in nature, which, when performing together or taken as a whole 
constitutes or provides a discrete vehicular function.  For purposes 
of this definition, a component, part or other controls comprising a 
given subsystem may also comprise a different subsystem. 

Superelevation 
On a curve, the vertical distance, measured in millimeters (inches), 
that the outer rail is above (in elevation) the inner rail. 

Supplier 

Any individual, firm, partnership, corporation, joint venture, or 
combination thereof, other than employees of the Contractor, that 
supplies a tangible product as a portion of the Work, with services 
usually limited to delivery or required testing, and with 
manufacturing, fabrication, or production facilities located off Site. 

System 

A combination of subsystems components and/or parts whether or 
not mechanical in nature, which, when performing together or taken 
as a whole constitutes or provides a discrete operation, function or 
subdivision of a Car.  For purposes of this definition, a subsystem, 
component, or part comprising a given system may also comprise a 
different system. 

Tamperproof 
Fasteners are designated as tamperproof when they are selected 
such that they cannot be easily loosened with common tools such 
as a flat blade screwdriver, Phillips screwdriver, pliers, or other. 
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Technical Specifications, 
Specifications or 
specifications 

The part of the Contract that details the technical requirements for 
the supply of rail cars and associated equipment, including any 
changes or addenda made 

Tight (used as a suffix) 
Apparatus is designated as watertight, dusttight, etc., when so 
constructed that the enclosing case will exclude the specified 
material. 

Time, Down 
The elapsed time during which equipment is not capable of doing 
useful work because of maladjustment, malfunction, or maintenance 
in progress 

Tractive Effort The tangential component of the wheel/rail force.  

Trainset A configuration of cars to be used in operation. 

Train Conductor 
The individual who is responsible for, among other things, 
performing functions necessary for controlling and monitoring side 
doors. 

Train Delay 
An incident causing a revenue train to be:  a) More than five 
minutes and fifty nine seconds late at its destination terminal; b) 
Annulled (either at its original terminal or en route); or c) Rerouted. 

Train Operator 
The individual who normally occupies the head end cab of a train 
and is responsible for performing functions necessary for train 
movement and monitoring. 

Trainline 
A wire, air pipe, or data bus for transmitting signals and data to all 
cars in a trainset, via a continuous circuit connected through 
appropriate vehicle coupling devices 

Tram 

A condition of ideal truck geometry in which the axles are parallel 
within an established tolerance and the wheels longitudinally in 
alignment, also within a specified tolerance.  The centers of the 
journal bearings represent the corners of a rectangle.  Tram is 
checked by measuring the diagonal and longitudinal distances 
between reference points on the axle bearing housing. 

Vertical Curve 

A vertical curve is a curve between two lengths of a road or railway 
which are at different grades. It is concave upwards at the foot of a 
hill and convex upwards at the summit. It provides a gradual change 
from one slope to the other; usually computed mathematically as a 
parabolic curve. 

Ultimate Tensile Strength 
The maximum tensile stress that a material can sustain under uni-
axial tension, calculated on the basis of the load at rupture and at 
the original unstrained dimensions (cross sectional area). 
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Warp, Track 
The vertical elevation between the plane of any three of four 
railhead contact points (two on each rail) forming a plane and the 
remaining point. 

Wheel Slide 

The condition where the decelerating or braking torque applied to 
an axle is in excess of that which the available level of adhesion can 
support, resulting in a non-zero relative point velocity of the wheel to 
the rail. 

Wheel Spin 
The condition where the torque applied to an axle is in excess of 
that which could support adhesion, resulting in a non-zero relative 
point velocity of the wheel to the rail. 

Work (Project) 

All designs, engineering, manufacturing, operations, materials, 
equipment, parts and labor required to properly, timely and to the 
satisfaction of JPB, provide the completed new Vehicles and 
provide all other items of work indicated or referenced in the 
Contract Documents, including all alterations, amendments or 
extensions thereto made by Change Order; successfully complete 
all required tests and all reliability periods; remedy all defects which 
occur during, at least, the two (2) year warranty period for each of 
the new EMU’s; and complete all necessary repairs and 
modifications resulting from the tests, the reliability periods and 
warranties as required by the Contract Documents. Nothing herein 
shall effect the period or duration of the Warranty Bond or the 
warranties set forth in or required by the Contract Documents. 

Zero Speed Same as No-Motion.  

Vital Circuit 
Vital circuit in train operation is a function which affects the safety of 
train operation.  Vital circuits require the use of vital hardware.   

Yield Stress 
The stress at which a material exhibits a specified deformation or 
set. 

1.9 ABBREVIATIONS/ACRONYMS 

AALA American Association of Laboratory Accreditation 

AAR Association of American Railroads 

AAS Automatic Announcement System 

ABMA American Bearing Manufacturers Association 

ACH Audio Control Head 

ADA Americans with Disabilities Act 

ADAAG ADA Accessibility Guidelines 

AFI Air Filter Institute 

AGMA American Gear Manufacturer’s Association 
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AISC American Institute of Steel Construction 

AISI American Iron and Steel Institute 

AMCA Air Moving & Conditioning Association 

ANSI American National Standards Institute 

APS Auxiliary Power System 

APTA American Public Transportation Association 

AREA American Railway Engineering Association 

AREMA American Railway Engineering and Maintenance-of-Way Association 

ARI Air Conditioning and Refrigeration Institute 

ASCII American Standard Code for Information Interchange 

ASHRAE American Society of Heating, Refrigeration and Air Conditioning Engineers 

ASQ American Society for Quality 

ASME  American Society of Mechanical Engineers 

ASTM  American Society of Testing and Materials 

AFT Auto Transformer Fed  

ATOR Above Top of Rail 

AW0 
The empty 6-car trainset operating weight, including all consumables such as 
fluids 

AW1 
Fully seated passenger load, one Operator and two conductors, and fully occupied 
bike racks (at 15 pounds per bike), plus AW0 weight of empty, ready to run vehicle 

AW2 Standees at four passengers per square meter of suitable standing space plus 
AW1 (Structural mean fatigue load, Propulsion performance load) 

AW3 Standees at six passengers per square meter of suitable standing space plus AW1 
(Braking performance load) 

AW4 Standees at eight passengers per square meter of suitable standing space plus 
AW1 (Structural design load only; not contemplated for revenue operation) 

AWG  American Wire Gauge 

AWS  American Welding Society 

BCCF Back-up CCF 

BCO  Brake Cut Out 

BCU Brake Control Units 

BLS Bureau of Labor Statistics 

BOS Back Office System (PTC) 

BSM Block Signal Mode 

BTE Bench Test Equipment 

BSS  Boeing Specification Support Standard 

CBOSS Communications Based Overlay Signal System 

CalMod Refers to the PCEP 

CAN  Controller Area Network 

CCF Central Control Facility 

CCT Correlated Color Temperature 
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CCTV  Closed Circuit Television 

CCU Communication Console Unit 

CCP Communication Control Panel 

CDS Central Diagnostic System 

CDU Central Display Unit 

CEM  Crash Energy Management 

CFR Code of Federal Regulations 

CEMOF Centralized Equipment Maintenance and Operations Facility  

CGHAZ  Coarse Grain Heat Affected Zone 

CHB Car History Book 

CHSRA California High Speed Rail Authority 

CMM Capability Maturity Model® 

CMMI Capability Maturity Model® Integration 

CMU Communications Management Unit 

COTS  Commercial Off The Shelf 

CP Control Point 

CPLD Complex Programmable Logic Device 

CPS Critical Path Schedule 

CPUC California Public Utilities Commission 

CSR Contractual Submittals Report 

CWI  Certified Welding Inspector 

Db Decibel 

dBA Decibels – 'A' scale 

DC Direct Current 

DCS Data Communication Sub-system 

DDS Database and Directives Server 

DTS Departure Test Server 

DTX Downtown Extension 

DVCS Digital Vehicle Communication System 

DVR  Digital Video Recorder 

EB Emergency Brake 

ECN Ethernet Consist Network 

ECR Engineering Change Requests 

ECU  Electronic Control Unit 

EEPROM Electrically Erasable Programmable Read-only Memory 

EIC Employee In Charge 

EMC Electromagnetic Compatibility 

EMI Electromagnetic Interference 

EMU Electric Multiple Unit 

EPA Environmental Protection Agency 

ETB Ethernet Train Backbone 
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FAI First Article Inspection 

FCC Federal Communications Commission 

FDR Final Design Review 

FEA  Finite Element Analysis 

FEIR Final Environmental Impact Report 

FMECA Failure Modes, Effects, and Criticality Analysis 

FPGA Field-Programmable Gate Array 

fps Frames per Second 

FRA Federal Railroad Administration 

FRP Fiberglass Reinforced Plastic 

FSA  Fire Safety Analysis 

FSB Full Service Brake 

FTA Federal Transit Administration 

GPS  Global Positioning System 

GFCI Ground Fault Circuit Interrupter 

GP General Provisions 

HMI Human Machine Interface 

HPBW Half Power Beam Width 

HRR Hazard Resolution Report 

HVAC Heating Ventilation Air Conditioning 

ICD Interface Control Document 

IEC International Electrotechnical Commission 

IEEE Institute of Electrical and Electronics Engineers 

IETF Internet Engineering Task Force 

I-ETMS Interoperable Electronic Train Management System 

IGBT Insulated Gate Bipolar Transistor 

IP  Internet Protocol 

IPDR In-Process Design Review 

ISO International Standards Organization 

ITC Interoperable Train Control (Standards) 

I-ITCS Interoperable Incremental Train Control System 

JPB Joint Powers Board (See also PCJPB) 

JSON JavaScript Object Notation 

LAN  Local Area Network 

LDTS Local Diagnostic and Test System 

LED Light Emitting Diode 

LLRU Lowest Level Replaceable Unit 

LRU Line Replacement Units 

LVPS Low Voltage Power System 

MC Master Controller 

MCAT Minimally Compliant Analytic Track 
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MCG Master Controller Group 

MD Mandatory Directive 

MDBF Mean Distance Between Failures 

MDBSCF Mean Distance Between System Component Failure 

MDS Monitoring and Diagnostic System 

MMI Man Machine Interface  

MPR Monthly Progress Report 

MPS Master Project Schedule 

MSDS  Material Safety Data Sheets 

MSRP  Manual of Standards and Recommended Practices 

MTIE Manual Track ID Entry 

MTTR Mean Time to Repair 

NBS  National Bureau of Standards 

NDT Non Destructive Testing 

NEC National Electric Code 

NEMA National Electrical Manufacturers Association 

NFPA National Fire Protection Association 

NTP Network Time Protocol 

NTP Notice to Proceed 

NVR Network Video Recorder  

OBC On-board Computer 

OHA Operating Hazard Analysis 

OEM  Original Equipment Manufacturer 

OHA  Operating Hazard Analysis 

OPF Operation Parameter File 

PA Public Address 

PBCO Parking Brake Cut Out 

PCEP Peninsula Corridor Electrification Program 

PCJPB Peninsula Corridor Joint Powers Board (See also JPB) 

PCU Pneumatic Control Unit 

PDR Preliminary Design Review 

PEI Passenger Emergency Intercom 

PHA  Preliminary Hazards Analysis 

PHL Preliminary Hazard List 

PLD Programmable Logic Device 

PMP Project Management Plan 

PQAP Project Quality Assurance Plan 

PQP Project Quality Plan 

PQR  Procedure Qualification Record 

PRM Progress Review Meetings 

PRT Portable Remote Terminal 
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PTC Positive Train Control 

PTCDP PTC Development Plan 

PTCIP  PTC Implementation Plan 

PTE Portable Test Equipment 

PTU Portable Test Unit 

QA Quality Assurance 

QC Quality Control 

QMP  Qualified Maintenance Person 

QoS  Quality of Service 

QP  Qualified Person 

RAMS Reliability, Availability, Maintainability, and Safety 

RHCP Right HandCircularly Polarized 

RIMS Receiver and Interface Module System 

RMS Root Mean Square 

ROW Right of Way 

RPSP Reliability Prediction Summary Plan 

SAE  Society of Automotive Engineers 

SBCO Service Brake Cut Out 

SCADA Supervisory Control And Data Acquisition 

SCAMPI Standard CMMI Appraisal Method for Process Improvement 

SCI Software Configuration Item 

SCMP  Software Configuration Management Plan 

SDD Software Design Description 

SFD  System Functional Description 

SHL System Hazard List 

SLDT System Level Dynamic Tester 

SQA Software Quality Assurance 

SQAP  Software Quality Assurance Plan 

SRM Specification Review Meeting 

SRS Software Requirements Specification 

SSFD Software System Functional Description 

SSHA  Subsystem Hazard Analysis 

SSHL Subsystem Hazard List 

SSPP System Safety Program Plan 

SSS Schedule Server Subsystem 

STI Speech Transmission Index  

SVD Software Version Description 

SVVR Software Verification and Validation Report 

TCU Traction Control Unit 

TIP  Test and Inspection Plan 

TIR Total Indicator Readout 
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TOD Train Operator Display 

TOR  Top of Rail 

TS Technical Specification 

TSCM Technical Specification Compliance Matrix 

UDP  User Datagram Protocol 

UL  Underwriters Laboratory, Inc. 

UPRR Union Pacific Rail Road 

VCU Vehicle Control Unit 

VOC  Volatile Organic Compounds 

USDOT Unite States Department of Transportation  

WAAS Wide Area Augmentation System (GPS) 

WDL Wireless Data Link 

WiFi  Wireless Fidelity (Wireless local area network based on IEEE 802.11) 

WIU Wayside Interface Unit 

WPS  Welding Procedure Specification 

WSRS Wayside Status Relay Service 

VSWR Voltage Standing Wave Ratio 

WTB Wired Train Bus 

XML Extensible Markup Language 

1.10 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7. 

1.11 CITED REFERENCES 

The following standards or references were cited in this Section: 

 

STANDARD TITLE 

None  
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SECTION 2 - VEHICLE DESIGN APPROACH AND 
PERFORMANCE 
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2.1 GENERAL 

These Specifications are intended to be complete and comprehensive, but do not show all the 
details of the work required to be performed and, therefore, must be supplemented by the 
Contractor based on the Contractor’s experience building Electric Multiple Units (EMUs).  

The requirements and conditions in this Technical Specification (TS) for JPB’s EMU’s are 
intended to represent the minimum acceptable conditions for the design, manufacture, test and 
operation of the vehicle and its subsystems. JPB may accept and allow other proven designs, 
methods and standards to be used to meet the intent of the Contract, provided the alternative 
that is proposed can be shown to have successful, documented, service proven history. In all 
cases, JPB reserves the right to disapprove a proposed design, method or standard without 
cause. 

The vehicle produced under this Contract shall be designed in accordance with the following 
base physical parameters. The Vehicle shall retain the specified parameters defined in this 
section. Tolerances for these dimensions shall be approved by JPB. Modifications and 
alternatives to any of the criteria listed below may be proposed by the Contractor subject to JPB 
approval. 

This Section establishes the functions, system and subsystem performance, and general design 
criteria for the Caltrain EMUs. Included are requirements for train configuration, capacity, 
dimensions, performance, environment, noise and vibration, ride quality, weight, and other 
requirements that impact system and subsystem design. These requirements apply to all 
aspects of the car and the car equipment design. Detailed system and subsystem requirements 
are further defined in the sections explicitly covering those systems and subsystems. 

Quantitative values are stated both in customary North American English units and in metric S.I. 
units. In a case where the stated values for any quantity may be in, or appear to be in, conflict, 
the value in customary English units shall govern unless an explicit clarification in writing is 
given. The Contractor shall notify JPB of any discrepancy prior to implementing changes to the 
Work. 

It is JPB’s preference that the train contain only metric hardware. Inch standard hardware may 
be used, subject to JPB review and approval, and must be identified with suitable labeling.  

The vehicles shall be designed to have a minimum service life of thirty (30) years for the car 
body and truck frame and twenty (20) years for all other systems and subsystems, unless 
otherwise specified. The achievement of design life assumes Caltrain compliance with the 
approved maintainability plan specified in Section 21.5.1, and assumes conventional JPB 
maintenance practices and normal industry-accepted operating procedures. For design 
purposes, the annual average operating distance per car is 90,000 miles (144,841 km), at an 
average service speed of 40 mph (64.4 km/h). 

2.2 OPERATING PHYSICAL ENVIRONMENT 

2.2.1 JPB OPERATION 

Caltrain operates commuter rail passenger service throughout the Peninsula corridor from San 
Francisco to Gilroy under the auspices of the Peninsula Corridor Joint Powers Board (JPB). The 
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northern terminal is at 4th and King Streets in San Francisco where there are local connections 
to Muni bus and streetcar services.  

Union Pacific retains limited rights to operate freight trains over Caltrain tracks.  

Caltrain passenger service is operated and dispatched by Transit America Services, Inc. (TASI) 
under contract to JPB. The dispatch center is located in San Jose at Caltrain’s Central Control 
Facility (CCF). 

Caltrain currently utilizes platforms at 8 inches ATOR and uses mini-high platforms at 22 inches 
ATOR to board ADA passengers. 

Electrification of the alignment between San Francisco and Tamien will enable the introduction 
of bi-level EMU vehicles to meet Caltrain’s continually expanding service. Significant operational 
benefits to be realized from the EMU vehicles include higher acceleration and braking 
capabilities resulting in shorter travel times, higher reliability, a more environmentally-sensitive 
operation, and simplified operating and maintenance procedures. Caltrain is also a key link to 
San Francisco in the California High-Speed Rail network. A blended system operation with 
CHSRA envisions six (6) Caltrain and four (4) CHSRA trains per direction, per peak hour.  

2.2.1.1 Future Level Boarding  

CHSRA trains will run over the same alignment and stop at some of the same stations as JPB 
trains. The bi-level EMU must therefore have the same interface with the infrastructure as the 
future High Speed Rail cars, including clearance envelope, and platform boarding height. 

JPB plans to raise platform heights to approximately 50.5-50.75” ATOR (to interface with a 

vehicle threshold height of 51” ATOR), initially at San Francisco, Millbrae, and San Jose 

stations. Other station platforms on the JPB system may ultimately be raised to the same level. 

These requirements will likely require two sets of doors – one at high level and one at a lower 

level.  

The vehicles are required to be delivered with all higher and lower level sets of doors functional, 

and with controls and features duplicated at all sets of doors, as defined elsewhere in this 

Technical Specification.  

However for an initial period of operation it is likely that JPB’s vehicles will be required to board 

passengers from only the low (8” ATOR) level platforms. Seats shall be installed in front of the 

higher level doors as practicable. These seats shall be easy to remove (reference TS 3.3.8). 

Once the higher level doors are tested, the higher level doors shall be locked and sealed. Once 

any platform is raised to the ~50.5” ATOR level, the doors will be unlocked, any seats will be 

removed, and the doors will be used for level boarding at the ~50.5” ATOR platform.  

The vehicles must also be capable of providing level boarding for passengers with disabilities 

(See section 3) when low level platforms are utilized. JPB currently has ‘mini high’ platforms at 

22” at a single location on the low level station platform and will allow the use of ramps or bridge 

plates from the mini-high platform to the lower level doors.  

To facilitate the scenario where all platforms are raised to the ~50.5” ATOR level, it must be 

possible for JPB to easily de-activate the lower level doors and add additional passenger 

seating in the lower level vestibule area. The Contractor shall submit a conversion plan for JPB 

review and approval. 
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The interior arrangement must consider ADA access to ADA facilities such as toilets and 

wheelchair parking spaces, and bicycle access to bicycle areas, when any of these boarding 

scenarios are in use.  

2.2.2 CALTRAIN’S PROFILE AND ALIGNMENT 

Caltrain’s profile and alignment data are shown in Appendix A in a tabular form.  

The vehicle must be able to operate successfully per the following parameters for the JPB 
corridor: 

 Nominal track gauge: 4 feet 8½ inches 

 Minimum horizontal curve: 288 foot radius (20 degree curve) 

 Maximum track superelevation: 6 inches 

 Operation may be on track maintained to all classes of track per 49 CFR 213.9, for 
speeds of up to 110 mph (177 km/h), as appropriate for each class of track. JPB aims to 
maintain the track to class 5 per 49 CFR 213.9, but requires operation up to 80 mph 
(129 km/h) on class 4 track. JPB will update track to class 6 for operation at 110 mph 
(177 km/h). Refer to FRA Track and Rail and Infrastructure Integrity Compliance Manual 

 Negotiate a No. 8 crossover on 12’ 2” track centers at up to 15 mph (24 km/h) 

 Capable of negotiating a vertical curve of 2,000 feet or greater 

 Maximum grade of up to 4.0% 

2.2.3 CALTRAIN FIXED FACILITIES 

2.2.3.1 Centralized Equipment Maintenance and Operations Facility (CEMOF) 

Details of the Centralized Equipment Maintenance and Operations Facility (CEMOF) are shown 
in Appendix B, Reference Documents.  

The contractor shall advise what additional facilities will be required in order to maintain the 
EMU’s at CEMOF. 

2.2.4 VEHICLE CLEARANCE ENVELOPES 

The vehicle shall remain within the dynamic envelope shown in Appendix C for all specified 
conditions (speed, equipment wear, profile and alignment, track classification, etc). 

In addition, a stationary vehicle will remain within the static envelope shown in Appendix C for 
all conditions. 

2.2.5 ENVIRONMENTAL CONDITIONS 

Normal operation of the vehicles in the Peninsula Corridor (from San Francisco to Gilroy) 
environment shall not in any way impair performance or useful life. Maximum operating speed 
that can be safely operated in environmental conditions identified in these Technical 
Specifications, including operating at crosswinds up to 80mph, is to be demonstrated during the 
design process. 
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The exterior ambient climatic conditions for all design purposes shall be as follows: 

 Maximum Ambient Temperature 105 degrees F (41 degrees C) 

 Minimum Ambient Temperature  28 degrees F (-2 degrees C) 

 Wind maximum speed 80 mph (36 m/s) 

 Average annual rainfall  19.7 in. (500 mm)  

 Maximum rainfall:  14.6 in. (370 mm) per month 

 Humidity  10% to 100% 

 Moisture Acidity levels consistent with the local environment and Contractor-
recommended washing fluid 

 Fog conditions resulting in low adhesion 

The Contractor shall ensure that no equipment damage occurs during manufacture, storage, 
and shipment in conditions that may be more severe than those described above. 

2.2.6 SUPPLY VOLTAGES 

All equipment on the car shall function normally, without failure or degradation of service or in-
service life at any voltage between the maximum and minimum voltages defined for the system 
from which the equipment is supplied for any duration, and shall not be damaged by the 
continuous application of any voltage between zero volts and the minimum or any polarity 
thereof. 

Unless otherwise specified, rated performance shall be delivered at any voltage between 
nominal (Un) and maximum (Umax2) voltages. Between the minimum non-permanent (Umin2) 
and nominal (Un) voltages, measured performance such as motor power output may be reduced 
in proportion to the available voltage in accordance with the inherent physical characteristics of 
that item.  

The performance of control components such as relays, solenoids, magnet valves and power 
supplies shall be fully functional at any voltage between the minimum and the maximum. 

The threshold detection for under voltage shutdown shall be between 85 and 95% of Umin2.   

2.2.6.1 Contact Line  

Nominal Voltage (Un):    25 kVac,  

Frequency:     60Hz +/- 1% 

Variations:      As defined in IEC 60850 

Lowest non permanent voltage (Umin2):  17.5 kVac 

Lowest permanent voltage (Umin1):   19 kVac 

Highest permanent voltage (Umax1):  27.5 kVac 

Highest non-permanent voltage (Umax2):  29 kVac 
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2.3 FUNDAMENTAL DESIGN & PERFORMANCE PARAMETERS 

2.3.1 BASIC TRAIN DESCRIPTION 

The proposed train configuration shall consist of Electric Multiple Unit (EMU) based on a mix of 
self-propelled vehicles and trailer cars, configured as a semi-permanently coupled 8-car 
trainset. The 8-car trainset shall consist of two cab cars, one at each end of the trainset, and six 
intermediate cars without cabs. One car will include a bathroom. Two of the six cars will have a 
dedicated space for bicycles.  Each vehicle shall consist of a central lower level passenger area, 
a central upper level passenger area, and an intermediate area on each side of the central 
passenger areas. This configuration will be referred to as a bi-level EMU throughout this 
Specification. The intermediate areas may be comprised of passenger areas, vehicle equipment 
areas, or cabs, depending on the position of the car in the trainset and the exact layout of the 
Contractor's interior design. Steps and handrails shall be provided for passengers to move 
between the levels in the vehicles and from coach to coach. Bicycle guideways will be provided 
for passengers with the bikes to move between the levels in the vehicles (reference TS 3.3.2.). 

2.3.2 TRAIN CONFIGURATIONS  

This specification is intended for a train consisting of 8 bi-level cars with the propulsion 
equipment distributed over several cars, as needed. All the performance and other requirements 
described in this specification apply to this 8 car train configuration; however, due to the existing 
platform lengths, JPB will (initially) only be able to accommodate 6 car trains.  

In order to guarantee a smooth transition from six to eight car trainsets, the 6 car trainset shall 
be designed and built to provide sufficient traction (propulsion and braking) and auxiliary power 
to comply with the performance requirements of an 8 car trainset, as required by this 
specification. The additional 2 cars would be trailer cars without propulsion and, if possible, 
without auxiliary power supplies (APS). If the basic 6 car trainset is based on distributed APS 
units, one in every car, the trailer cars may include the APSs, as needed. 

Configurations with powered or partially powered option cars can be proposed.  

The performance of the 6 car trainsets shall be limited by software to match the performance of 
the proposed 8 car trainsets. Train performance shall be automatically adjusted as a function of 
cars per train. The number of cars shall be determined by the proposed Train Bus during train 
inauguration and shall vary between 6, 7 or 8 cars.  

In addition to the train controls, the MDS and the train communication and information systems 
shall automatically adapt to the different train lengths. 

2.3.3 PROVISIONS FOR THE MOBILITY IMPAIRED 

Vehicles shall accommodate the mobility impaired in accordance with the requirements of the 
Americans with Disabilities Act of 1990 as published in the Federal Register 49 CFR Part 38. 

The omission of specific requirements in this specification duplicating the requirements of the 
Americans with Disabilities Act does not relieve the Contractor from providing fully ADA-
compliant and accessible vehicle. 
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2.3.4 DIMENSIONS AND CLEARANCES 

The total length of each 8-car trainset shall not exceed 700 feet (213.4 meters). A 6 car train 
shall not exceed 560 feet (170.7 m). The doors shall be positioned such that a 6-car trainset has 
a maximum effective platform length of 510 feet (155.4 meters). 

The vehicle dimensions and clearances shall be selected to operate on the Caltrain alignment 
(see Appendix E and in the Caltrain fixed facilities, see Appendix B in normal and worst case 
operating and environmental conditions.) Under these worst case dynamic conditions, the EMU 
shall not adversely affect nor come in contact with any wayside portion of any station platform. 

The overall dimensions shall be as listed below for a new car, AW0 loaded, new wheels, ready 
for revenue service. The dimensions given are nominal unless otherwise indicated 

2.3.4.1 Car Dimensions 

PARAMETER VALUE NOTES 

LENGTH   

Maximum Length of 6 car train on centerline 
over anti-climber 

Max 560ft 

170m 
 

WIDTH   

Side Sheets-Floor Level:  

Refer to Appendix C 
dynamic envelope 

Side Sheets-Roof Eave:  

Rub Rails:  

Over thresholds:  

Width of side door openings:   Minimum 51” 

1295 mm 
 

Width of end door opening:   Minimum 32” 

762 mm 
 

HEIGHT   

Maximum height of car (including roof 
equipment and pantograph in down position 
(static):   

 
Refer to Appendix C 
dynamic envelope 

Height from top of rail to top of station 
platform:  

 

Refer to section 3.3.3 
Height from top of rail to top of side door step 
(if applicable):  
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PARAMETER VALUE NOTES 

Height-rail to center of coupler head 34.5 in 

876 mm 
 

Minimum vertical clearance above top of rail 
under any and all conditions 

2.75 in 

69 mm 
 

Height-floor to ceiling center (lower level)  Min 78.74 in 

2000 mm 
 

Height-floor to ceiling center (upper level)  Min 78.74 in 

2000mm 
 

Height-floor to ceiling center (intermediate 
level)  

Min 81” 

2057 mm 
 

Height, side door openings to bottom of door 
header:   

Min 78” 

1981 mm 
 

Height, end door opening to bottom of door 
header:   

Min 76” 

1930 mm 
 

Stairwell Head Clearance Min 78 in 

1981 mm 

Over entire width and 
height of stairwell 

Minimum aisle width:   20.75 in 

527 mm 
 

Minimum aisle width, clear (in ADA affected 
areas)  

32 in 

813 mm 
 

 

2.3.4.2 Pantograph Dimensions 

PARAMETER VALUE NOTES 

Maximum height above TOR of the highest 
point on the pantograph in the lockdown 
position:   

 Refer to Appendix C  

Maximum pantograph operating height:   24 ft 

7315mm 
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PARAMETER VALUE NOTES 

Minimum pantograph operating height:   17 ft 

5181mm 
 

Collector head width over horns: 77.95 in 

1980mm 
 

Pantograph Carbon Width 40.55 in 

1030mm 
 

Static pantograph shoe force on contact wire:   

Nominal: 70N  

Adjustment range: 40-120N  

2.3.4.3 Wheel and Truck Dimensions 

PARAMETER VALUE NOTES 

New Diameter:   36 in 

1417 mm 
 

Condemning Limit:  33 in 

1260 mm 
 

Wheel Profile:    Refer to Section 4.3.  

For reference JPB’s 
existing wheel profile 
is shown in Appendix 
F 

2.3.5 CAR WEIGHT, PASSENGER LOADING, AND BIKE LOADING  

The empty 8-car trainset operating weight, including all consumables such as sand and fluids, 
shall not exceed 1,141,000 pounds (518,000 kg). This weight requirement is referred to as 
AW0. Additional car weight definitions are as follows: 

 AW1: Fully seated passenger load, one Operator and two Train Conductors, and fully 
occupied bike racks (at 25 pounds per bike), plus AW0 

 AW2: Standees at four passengers per square meter of suitable standing space plus 
AW1 (Structural mean fatigue load, Propulsion performance load) 

 AW3: Standees at six passengers per square meter of suitable standing space plus 
AW1 (Braking performance load) 
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 AW4: Standees at eight passengers per square meter of suitable standing space plus 
AW1 (Structural design load only, not contemplated for revenue operation) 

For design calculations passenger weight shall be assumed to be 175 lbs (79.5 kg). Bicycle 
weight shall be assumed to be 25lbs (11.3kg). 

Suitable standing space shall be defined as all areas of the aisles, vestibules, and other 
designated standing space where it is possible for passengers to stand. 

The axle load shall not exceed 52’ 100lbs (23’682kg) per axle up to and including AW3. 

Each car shall have a maximum end-to-end imbalance not to exceed 5 percent. The lateral 
weight imbalance shall not exceed 40,000 inch-pounds. 

The Contractor shall provide estimated vehicle weights and passenger loadings. A vehicle 
weight schedule shall be submitted to JPB on a monthly basis, unless the JPB determines the 
predicted weight to be a critical issue, at which time the weight schedule shall be submitted bi-
weekly. 

Each trainset shall include bike racks with a capacity for a minimum of bikes as defined by a 
seats to bike ratio of 8 to 1 (i.e. for every eight seats there must be a place for one bicycle).   

Each trainset must have dedicated cars for bikes.  JPB will not accept distributed bikes 
throughout the trainset. 

Each trainset shall be designed to maximize the amount of seats considering that the ratio of 
seats to bicycles must be kept to at least 8 to 1.  The seat count shall be provided in the ‘as 
delivered state’ – i.e with vestibule spaces adjacent to lower level doors, and vestibule space or 
seats at the mid-level doors, depending on the arrangement that is proposed. After the lower 
level doors are sealed shut (refer to section 12.2), additional seats shall be able to be installed 
in the lower level vestibule areas.  

2.3.6 PERFORMANCE 

2.3.6.1 General 

The following performance shall be met by an 8 car train at nominal line voltage on level tangent 
track. Refer to section 2.3.2 for performance of a 6 car train:   

PARAMETER VALUE NOTES 

Max Operating Speed 
110 mph 

(177 km/h) 
initially 79 mph (127 km/h) 

Base Speed 
>32 mph  

(51.5 km/h) 
 

Nominal Starting Acceleration 
>2.24 mphps 

(1 m/s2) 

Not exceeding an adhesion 
demand of 25% on powered 
axles 

Full Service Brake 
Deceleration (FSB) 

>2.5 mphps 

(1.12 m/s2) 
Braking on all axles 
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Tolerance on nominal acceleration shall be +/-5% 

Tolerance on blended FSB braking shall be +/-10% 

Tolerance on friction only braking shall be +/- 20% 

Tolerance on blended braking shall be as determined by the proportion of dynamic and friction 
brake applied. 

Simulations shall be performed for an AW1-loaded train consist, traveling the entire alignment 
from San Jose to San Francisco in either direction. The simulated alignment shall be based on 
the alignment information in Appendix A.  

The following two operating scenarios shall be simulated:  

1) Initial Service 

Initially the service between San Jose and San Francisco will be limited to a maximum 
operating speed limited of 79 mph on track class 4.  

2) Final Service  

At a later stage, the top speed will be increased to 110 mph on track class 6.  

2.3.6.2 Duty Cycle Ratings 

2.3.6.2.1 Run Time Simulations in Normal Operation 

The Contractor shall demonstrate that both a 6 and an 8 car train can comply with the minimum 
trip times indicated below. The simulation conditions shall be based on the requirements and 
alignment data in Appendix A under normal operating conditions.   

Minimum required trip times: 

OPERATING SPEED 
 ALL STOPS LIMITED TYPE A LIMITED TYPE B 

REFERENCE 423 227 225 

79 mph 

Initial Service 

Travel Time 00:57:39 00:50:09 00:46:45 

Dwell Time 00:12:50 00:07:49 00:05:30 

Total Time 01:10:29 00:57:58 00:52:15 

110 mph 

Final Service 

Travel Time 00:56:44 00:47:21 00:42:41 

Dwell Time 00:12:50 00:07:49 00:05:30 

Total Time 01:09:34 00:55:10 00:48:11 

The reference numbers (423, 227, and 225) indicate different service patterns as indicated in 
Appendix A 
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2.3.6.2.2 Abnormal Service Conditions 

 In addition, a train shall be able to operate without exceeding the traction or friction 
brake equipment design ratings and without producing equipment temperatures in 
excess of those recommended by the manufacturers under the following, abnormal 
conditions:  

 An AW2 loaded train with 33% or less of propulsion equipment disabled shall be able to 
remain in revenue service, operating continuously over the Caltrain system, making all 
station stops and observing all speed restrictions. There shall be no reduction in overall 
vehicle brake effort under this condition. The missing braking effort shall be 
compensated by increasing the dynamic brake effort on the remaining propulsion 
equipment up to an adhesion limit approved by JPB, or by the friction brakes on the 
affected truck.  

 An AW2-loaded train with 33% to 50% of the propulsion equipment disabled shall be 
able to remain in revenue service, operating over the entire Caltrain system, making all 
station stops and observing all speed restrictions from the point of failure until the end of 
the line, followed by an AW0 run to the shop, observing all speed restrictions. This duty 
requires the capability to start on worst case grade. A maximum vehicle speed limit of no 
less than 60 mph may be implemented under these conditions.    

 An AW2-loaded train with 50% to 75% of the propulsion equipment disabled shall be 
capable of moving from the point of failure to the next station where passengers will be 
offloaded, followed by an AW0 run to the shop. The capability to start on the maximum 
grade is not required in this operating condition.  

PROPULSION LOSS RATING BRAKE EFFORT VEHICLE SPEED LIMIT 

<= 33% Stay in service 
indefinitely 

No reduction in overall 
vehicle brake effort 

Prohibited 

>33% < 50% Stay in service until 
the end of line, 

followed by an empty 
run to the shop. 

No reduction in overall 
vehicle brake effort 

Allowed 

>50% <75% Point of failure to the 
next station. AW0 to 

shop 

Braking effort defined 
by carbuilder based 

on brake system 
capacity  

Allowed 

2.3.6.3 Acceleration 

The acceleration rate specified above shall be met for an AW2-loaded train on dry, level, 
tangent track, from a standing start. The maximum acceleration shall be met up to the base 
speed. Above base speed, the acceleration shall taper off following the motor characteristics.  

At weights higher than AW2, acceleration may vary proportionately with vehicle weight.  

The Contractor may propose other tractive effort control principles based on a combination of 
acceleration and speed control.  
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2.3.6.4 Service Brake Requirement 

The service brake rate specified above shall be met for an AW3-loaded train on dry, level, 
tangent track for all entry speeds. 

The train shall be equipped with dynamic brakes as the primary brake system and friction 
brakes to back up the dynamic brakes. The friction brakes shall also provide sufficient holding 
force to secure the train a standstill. For more details on the friction brake requirements refer to 
Section 11.  

If commanded by the master controller, the braking system shall produce a full service brake 
rate as indicated above on level, tangent track for all vehicle weights up to AW3 at all speeds, 
with all wheel diameters from new to fully worn wheels. Friction brake and dynamic brake shall 
follow the blending principals specified in Section 11.2 and 11.3. 

If braking is commanded by the pneumatic brake handle alone, the friction brakes shall apply 
evenly on all trucks.  

If braking is commanded by the master controller and the pneumatic brake is added by use of 
the pneumatic brake handle, then the dynamic brakes shall be reduced in accordance with the 
pneumatic brake command to prevent overbraking the motor trucks. 

The instantaneous brake rate shall not vary from the average commanded rate by more than +/- 
10% of FSB, or temperately reach zero m/s2.  

2.3.6.5 Penalty Brake Requirements 

The penalty brake rate shall be the same as the full service brake rate for all car weights up to 
AW3. Penalty Brake shall be a combination of dynamic and friction brake and follow the same 
blending principles described for service brake above.  

2.3.6.6 Emergency Brake Requirements 

The emergency brake rate shall be no less than 3 mphps (1.34 m/s2) for all car weights up to 
AW3. Refer to Section 11.4 for emergency brake requirements.  

2.3.6.7 Parking Brake 

The parking brake system shall be capable of holding a vehicle loaded to AW3 on the maximum 
grade (as defined in Section 2.2.2 and Section 11.4) indefinitely.  

2.3.6.8 Minimum Safe Brake Rate 

The service and emergency braking system shall be designed and built so that it produces a 
minimum braking rate of no less than 1.0 mphps on level, tangent track under any single-point 
failure condition. 

2.3.6.9 Jerk Limits 

Changes in propulsion and braking effort shall evolve smoothly. The normal jerk limit rate shall 
be adjustable between 1.0 mphps2 and 3.0 mphps2, and shall initially be set to 1.5 mphps2 +/-10 
percent. 

Emergency brake applications shall not be jerk limited, either for power removal or brake 
applications. 
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Decreases in accelerating tractive effort arising from interruptions in the primary power supply 
shall not be jerk limited; however, reapplications of accelerating power after an interruption shall 
be jerk limited. 

2.3.6.10 Mode Change Dead Times 

Single mode changes shall have dead times not exceeding 400 milliseconds. Single mode 
changes are transitions from propulsion-to-coast, coast-to-brake, brake-to-coast, and coast-to-
propulsion. The dead times shall be measured from the time when the Master Controller (MC) is 
moved into the zone corresponding to the new command until the commanded acceleration or 
deceleration reaches either 10 percent of the new command value for an increasing level mode 
change command, or 90 percent of the old command value for a decreasing level mode change 
command. When magnetizing the traction motors, longer dead times may be used, as approved 
by JPB. 

Multiple mode changes, such as propulsion-to–coast-to-brake, shall be measured 
consecutively, adding the jerk-limited power or brake removal time (if it is to take place) to the 
two mode-transition time intervals, as appropriate. 

2.3.6.11 Wheel Slide Protection 

Upon detection of a wheel slide during blended braking, the dynamic braking effort shall be 
reduced on only the affected truck until the wheel slide is corrected. Under conditions of friction-
only braking, the friction braking effort shall be reduced or removed from the affected truck until 
the wheel slide is corrected. After the wheel slide has been corrected, normal service braking 
shall be automatically reapplied to a deceleration rate consistent with providing maximum 
braking performance, without exceeding the jerk limit. A separate friction brake slide control 
system may be provided which shall meet all other spin/slide correction system requirements. 
The wheel slip system shall function properly with all permissible wheel diameters. The 
equipment shall be self-calibrating, requiring no manual adjustment to compensate for wheel 
diameter variations other than for one reference wheel per train. 

2.3.6.11.1  Wheel Slip System Efficiency 

At a coefficient of adhesion of 0.05 or greater, the efficiency of the wheel slip system shall be at 
least 85% over the speed range between maximum and 5 mph (8.0 km/h). The wheel slide 
efficiency shall be defined as the ratio of the theoretical braking distance to the actual braking 
distance, from an initial speed (entry speed) to a final speed. The spin efficiency shall be 
defined as the ratio of the theoretical powering distance to the actual powering distance, from an 
initial speed to a higher speed. 

The theoretical distance is that which is obtained by continuously utilizing the maximum 
available track adhesion. The theoretical distance shall be estimated from recorded acceleration 
data. The instantaneous acceleration shall be measured using an inertial accelerometer. 
“Acceleration versus time” shall be recorded on a digital data logger, while artificially reducing 
the wheel-to-rail adhesion level. The acceleration value immediately before the start of a wheel 
spin or wheel slide shall be used as the rate which available adhesion is capable of supporting. 
By connecting these points of measured acceleration, a theoretical acceleration curve can be 
generated. The theoretical curve can be double integrated to provide distance.  

2.3.7 RESCUE OPERATION 

EMU’s shall include provisions for rescue operation.  Rescue operation includes towing an 
inoperative EMU train with a JPB diesel locomotive and towing an inoperative EMU train with 
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another EMU train.  The requirements of these provisions are described in Sections 3 and 5.2, 
5.3 & 5.4. 

2.4 ELECTROMAGNETIC INTERFERENCE 

2.4.1 GENERAL 

The trains shall be electromagnetically compatible within themselves, with other trains provided 
by the Contractor, with all other trains in operation at the JPB, with the JPB existing and future 
signal system, with the JPB communications systems, with other JPB electronic equipment as 
specified elsewhere within this Specification, and with equipment owned by neighbors of the 
JPB along its right-of-way at any location along the JPB alignment and at any distance from the 
substations.  

The train shall not be capable of any operation that causes unsafe conditions in the signal 
system.  

The Contractor shall conduct a comprehensive Electromagnetic Compatibility (EMC) design and 
test program to ensure that train electromagnetic emissions comply with the emission limits 
specified herein. The train electromagnetic emissions shall also comply with FCC Regulations, 
and 47 CFR, including those related to FCC OET Bulletin 65. 

The requirements of this section apply to the Contractor and any of its subcontractors who are 
supplying equipment that may be a source of EMI, or may be susceptible to EMI.  

The Contractor shall be responsible for allocating appropriate limits to its subcontractors to 
ensure that the overall train limits will be met. 

The Contractor is responsible for managing the EMC activities of its subcontractors. 

The Contractor shall comply with these TS requirements and shall not exceed the impacts 
defined in the Peninsula Corridor Electrification Project Final Environmental Impact Report, 
Section 3.5. 

2.4.2 EMC PLAN 

The Contractor and its Subcontractors shall develop EMC Plans (EMCP) in accordance with 
APTA SS-E-010-98. The Contractor’s plan shall address how it intends to manage its 
subcontractors. Draft EMCPs shall be submitted for approval at PDR.  The Contractor and its 
Subcontractors shall conduct and document activities as described in their approved EMCPs. 

The Contractor’s EMC and electromagnetic interference (EMI) control and test plan shall 
describe the Contractor's approach to ensure that the specified vehicle level EMC and EMI 
requirements are met. JPB approval of the Contractor's EMC documents does not relieve the 
Contractor from the requirement to provide equipment that functions properly in the JPB transit 
system environment. 

To contain EMI emissions wherever possible, the suppression of transients shall be at the 
source of the transient.  
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2.4.3 METHODS AND EQUIPMENT 

The Contractor shall employ design techniques, construction methods, and utilize whatever 
equipment is required to prevent interference caused by internal sources from affecting the 
proper operation of vehicle systems.  

In addition to selecting and coordinating inverter operating frequencies, and using the most 
advanced, state-of-the-art inverter control approaches in order to minimize harmonics to the 
maximum extent possible, the Contractor shall provide necessary on-board balancing, filtering, 
shielding, modulating techniques, and isolation to maintain signal to noise (S/N) ratios to assure 
safe and reliable operation of all equipment. 

Shielding, isolating, balancing, and grounding shall be used, as required, to reduce the 
undesirable effect of interference.  

Electrostatic and magnetic shielding methods shall be employed to minimize the effect of stray 
signals and transient voltages on interconnecting cables.  

Interconnecting power and signal cables shall be physically separated.  

Trainlines shall be located and arranged to minimize voltage induction into trainline circuits due 
to propulsion system, auxiliary power, and overhead contact system current transients. 

2.4.4 EMISSIONS TESTS AND LIMITS  

2.4.4.1 Tests 

The Contractor and its Subcontractors shall perform EMC tests as specified in Section 19.6.1.2, 
19.7.11 & 19.9.15 and to confirm compliance with the limits specified below. 

Conforming to the emission limit requirements does not guarantee elimination of interference; it 
is only the first level in defining the interface between the vehicles and their intended 
environment. The Contractor shall be responsible for reducing the emission limits, as 
necessary, to prevent interference, and shall work jointly with the JPB to insure compatibility. 

2.4.4.2 Radiated Emissions Limits  

The Radiated emissions from the vehicle shall not exceed the limits defined in: 

 EN 50121-3-1 
 47CFR15 (FCC part 15) 

2.4.4.3 Conducted Emissions Limits  

Track Circuits and their immunity levels have not been defined at this stage. Preliminary limits 
are provided in Figure 1 below. These emissions are for any length train, with all individual car 
emissions acting coherently (ie in phase). Final limits, if different, will be established early in the 
design phase.  
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Figure 1 - Preliminary Conducted Emission Limits 

2.4.4.4 Inductive Emission Limits  

Track Circuits and their immunity levels have not been defined at this stage. Preliminary limits 
are provided below. Final limits, if different, will be established early in the design phase. 

FREQUENCY (HZ) EMISSION LIMIT (MV RMS) 

20-500 50 

500-20000 20 

2.4.4.5 Magnetic Fields 

The magnetic field flux density, B, inside the passenger compartments, including cab, at any 
distance from floor level to 6 ft above floor level, shall not exceed 10-3 Teslas. 

2.4.5 EMI DETECTOR 

The Contractor may use an EMI detector, on a per-car basis, as part of EMC control. 

The detection levels, response times, frequencies, and bandwidths shall be compatible with the 
EMI safety analysis and Failure Modes and Effects Criticality Analysis (FMECA).  

The design of this detector shall ensure that no EMI hazard exists while maximizing car 
availability. False EMI detections shall not be permitted.  
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Positive measures shall be taken to prevent the accidental or intentional tampering with the EMI 
Detector detection characteristics and response actions. 

If needed, the EMI detector shall include a self-test feature to assure correct operation of the 
detector. Self-tests shall be performed automatically and periodically, as approved by JPB. 

2.4.6 EMI DESIGN REPORT 

2.4.6.1 Emissions 

The Contractor shall control on-board equipment emissions to achieve the required level of 
EMC for the Caltrain application.  

The Contractor and each Subcontractor shall submit a completed Emissions Report for approval 
at Critical Design Review (CDR). The Emissions Report shall document the design provisions to 
include the following: 

 EMC emission control methods, including inverter control approach to eliminating 
harmonics, input filter design, equipment layout, circuit routing, frequency coordination 
and stability, interconnections, grounding, and shielding.  The methods shall conform to 
IEEE Standard 1100-1992, IEEE Recommended Practice for Powering and Grounding 
Electronic Equipment, unless otherwise approved.  All wires and cables shall be 
classified into groups and rules for physical separation of classes shall be included in the 
control plan. 

 Each supplier of equipment with a rating greater than 5 kW, shall provide:  

o A description of the unit. 
o The emission characteristics as a function of operating mode, voltage and loading, 

including combinations of same.  
o Line (input) filter, output filter, line input impedance, and circuit and operating mode 

considerations. 
o Description of detection of line filter failures. 

The Contractor’s Emissions Report shall combine the Emissions Reports from its 
Subcontractors into a single, unified and consistent document that shows that the simulated and 
calculated combined emission limits for each train configuration in the JPB’s worst case (most 
susceptible) track circuit will be met.  

The document shall also include a description of the EMI detector and a description of the 
electromagnetic environment in the areas for provisional equipment such as signaling and 
CCTV. 

2.4.6.2 Susceptibility 

The Contractor shall control the on-board equipment susceptibility to achieve EMC.  

The Susceptibility Report shall be updated as field tests are conducted, and include: 

 EMI susceptibility control methods, including equipment control design, filtering, layout, 
equipment enclosure design, circuit routing, frequency coordination and stability, 
interconnections, grounding, and shielding. 

 The high voltage and low voltage circuits, classification, arrangement, separation and 
routing. 
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 The high voltage and low voltage grounding arrangement, and provisions for worst-case 
ground voltages within the train. 

 The normal and fault paths for ground currents. 

The Contractor and its subcontractors shall ensure that the vehicle equipment is adequately 
protected against radio frequency emissions from nearby mobile and handheld 
radios/transmitters or cellular telephones that the equipment can encounter during normal 
passenger use, and/or any type of JPB operations.  The vehicle equipment shall also be 
adequately protected against nearby transit and wayside equipment including PTC, CCTV, and 
radio/transmitters. 

The Contractor and its Subcontractors shall demonstrate freedom from Radio Frequency (RF) 
susceptibility by performing laboratory tests on complete individual sub-systems and 
assemblies, and a car level field test, in accordance with Section 19.6.1.2 & 19.7.11.   

The Susceptibility Report shall describe the equipment protections as well as any restrictions on 
equipment operation or maintenance necessary to ensure susceptibility control, or possible 
equipment configurations which could lead to increased susceptibility, such as leaving covers 
off of equipment enclosures. 

2.4.7 HARMONIC DISTORTION 

The design of the propulsion and auxiliary systems shall minimize harmonic distortion.  

Four quadrant converters shall be used to maintain power factor as specified in EN50388. Refer 
Sections 9.5 and 10.4.1. 

Converter switching shall be synchronized and interlaced as necessary to maximize harmonic 
cancellation in all train configurations, including rearrangement when one or more converters 
fails. Harmonic distortion shall not exceed the following limits: 

 

HARMONIC NO FREQUENCY (HZ) 
EMU LIMITS 

RMS AS % OF FUNDAMENTAL 
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HARMONIC NO FREQUENCY (HZ) 
EMU LIMITS 

RMS AS % OF FUNDAMENTAL 

1 60 100 

3 180 1.2 

5 300 0.6 

7 420 0.15 

9 540 0.1 

11 660 0.1 

13 and above 780 and above 0.015 

2.4.8 HARMONIC RESONANCE 

The Contractor shall perform a harmonic compatibility study per section 10 of EN 50388. JPB 
will provide line and sub-station characteristics as input to the model. If the simulations show 
that harmonic resonance in excess of the criteria defined in EN 50388 may occur on the contact 
line at any point in the system, the Contractor shall work with JPB to make the necessary 
modifications to the system, either wayside or on board the train, to minimize or eliminate the 
resonance.  

2.5 NOISE 

In addition to the following requirements regarding noise, the Contractor shall not exceed the 
impacts defined in the Peninsula Corridor Electrification Project Final Environmental Impact 
Report, Section 3.11. 

2.5.1 INTERIOR PASSENGER AREA 

JPB requires a smooth and quiet ride for its passengers. The Contractor is required to 
determine ways to achieve this goal. Interior noise in the passenger area, when measured in 
accordance with ISO 3381, shall not exceed the following: 

VEHICLE STATE LOCATION 

EQUIVALENT 

CONTINUOUS SOUND 

PRESSURE LEVEL 

LPAEQT 

NOTES 
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VEHICLE STATE LOCATION 

EQUIVALENT 

CONTINUOUS SOUND 

PRESSURE LEVEL 

LPAEQT 

NOTES 

Vehicle stationary All locations 68 dBA 

Windows and doors closed, 
all auxiliaries operating 
simultaneously under normal 
operating conditions, no 
passengers. 

Vehicle moving 

Lower level 75 dBA 

Car operating on any line at 
any speed except in tunnels. 

Upper level 70 dBA 

Vestibules and 
intermediate levels 

76 dBA 

2.5.2 INTERIOR, CAB 

Cab noise levels must comply with 49 CFR 229.121. Additionally, the cab must comply with the 
noise levels detailed in Section 2.5.1 above for interior passenger areas (lower level location 
limits) with the exception of during operation of interior and exterior audible warning devices. 
Details to be reviewed during the design review.  

2.5.3 EXTERIOR, WAYSIDE NOISE 

The Contractor is required to minimize exterior noise levels consistent with JPB’s commitment 
to minimize impacts on its neighbors. Features to improve this performance shall be proposed. 
Exterior noise, when measured in accordance with ISO3095, shall not exceed the levels 
indicated in the table below.  

VEHICLE STATE 

EQUIVALENT 

CONTINUOUS 

SOUND PRESSURE 

LEVEL 

LPAEQT 

NOTES 

(MEASURED AT 7.5M FROM COT AND 1.2M 

ABOVE TOR) 

Vehicle stationary 68 dBA 
All auxiliaries operating simultaneously 
under normal operating conditions  

Vehicle moving at constant 
speed < 80km/h (50 mph) 

81 dBA 
Car operating in free field conditions at any 
speed between 5 and 50 mph in any mode 
(power, coast, or brake) 

Vehicle moving at constant 
127 km/h (79 mph) 

87 dBA 
Car operating in free field conditions at any 
speed between 50 and 79 mph in any mode 
(power, coast, or brake)  
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Limit at speed v (km/h) above 80 km/h (50 mph) = 81 + 30 log (v/80) 

 

VEHICLE STATE 

MAXIMUM SOUND 

PRESSURE LEVEL 

LPAFMAX 

NOTES 

(MEASURED AT 7.5M FROM COT AND 1.2M 

ABOVE TOR) 

Vehicle starting to move 82 dBA Vehicle starting out from a station stop 

2.6 SHOCK AND VIBRATION 

In addition to the following, the Contractor shall not exceed the impacts defined in the Peninsula 
Corridor Electrification Project Final Environmental Impact Report, Section 3.11. 

2.6.1 VIBRATION GENERATED BY EQUIPMENT 

Equipment mounted anywhere on the Car, carbody, or trucks shall not cause vertical or 
horizontal vibrations anywhere on the Car floor, walls, ceiling panels, and seat frames in excess 
of: 

 0.10 inch peak-to-peak amplitude between 0 and 1.4 Hz, 

 0.01 g peak acceleration between 1.4 Hz and 14 Hz, and 

 0.045 inches per second peak vibration velocity for the frequency range above 14 Hz. 

2.6.2 EQUIPMENT DESIGN FOR SHOCK AND VIBRATION 

All vehicle equipment shall be designed to operate without damage or degradation of 
performance when subjected to vibration and shocks encountered during normal service at all 
speeds up to 121 mph (10% above maximum running speed). 

Additionally, carbody-mounted equipment, including its mounting hardware, shall be designed 
and tested to meet the shock and vibration requirements of IEC 61373. 

The interior fittings covered by 49 CFR 238.233 and emergency lighting system covered by 49 
CFR 238.115 must also meet the shock requirements of those regulations. 

2.7 Ride Quality 

The ride quality shall be determined and evaluated according to ISO 2631-1:1997(E) for track 
Grade 4 conditions. The combined weighted, vertical, lateral and longitudinal rms acceleration 
values shall not exceed 1.05 ft/sec^2 (0.32 meter/sec^2) over the range of 0.5 Hz to 80 Hz, for 
any load condition and over the full operating speed range including train acceleration and 
braking. The car shall be tested per section 19.9.7 with new wheels on non-corrugated welded 
rail. 
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2.8 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7. 

2.9 CITED REFERENCES 

The following standards or references were cited in this Section: 

STANDARD TITLE 

49 CFR 213.9 
Code of Federal Regulations, "Track Safety Standards; Classes of 
track: operating speed limits" 

49 CFR 38 
Code of Federal Regulations, "Americans with Disabilities Act (ADA) 
Accessibility Specifications for Transportation Vehicles" 

47 CFR Code of Federal Regulations, Telecommunications 

 FRA Track and Rail and Infrastructure Integrity Compliance Manual 

FCC OET Bulletin 65 
Federal Communications Commission, "Evaluating Compliance with 
FCC Guidelines for Human Exposure to Radiofrequency 
Electromagnetic Fields" 

APTA SS-E-010-98 
American Public Transportation Association, "Standard for the 
Development of an Electromagnetic Compatibility Plan" 

49 CFR 229.121 
Code of Federal Regulations, "Railroad Locomotive Safety Standards; 
Locomotive cab noise." 

IEC 61373 
International Electrotechnical Commission, "Railway applications - 
Rolling stock equipment - shock and vibration tests" 

49 CFR 238.233 
Code of Federal Regulations, "Passenger Equipment Safety 
Standards; Interior fittings and surfaces." 

49 CFR 238.115 
Code of Federal Regulations, "Passenger Equipment Safety 
Standards; Emergency lighting." 

ISO 2361-1:1997(E)  
International Organization for Standardization, "Mechanical Vibration 
and shock" 

EN 50388 
Railway applications – Power supply and rolling stock - technical 
criteria for the coordination between power supply (substation) and 
rolling stock to achieve interoperability 
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STANDARD TITLE 

AREMA  
Manual for railway Engineering - Chapter 33 - Electrical Energy 
Utilization 
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4.1 TRUCKS 

4.1.1 GENERAL 

Each vehicle shall be equipped with two, two-axle steel trucks. The trucks shall be in a four-
wheel, roller journal bearing configuration. Either bolster or bolsterless truck design may be 
proposed. Truck weight shall be kept to a minimum consistent with the strength, performance, 
and maintenance accessibility requirements of these Technical Specifications. The suspension 
shall be designed to support safe, comfortable and stable riding at all specified speeds. The 
truck design shall have a successful history of use in similar commuter rail service. The trucks 
shall be designed and the truck frames manufactured by a supplier who has designed and 
manufactured the same trucks previously, or the trucks shall be an adaptation of a design 
manufactured by the supplier. Adaptations are limited to changes in dimensions, materials or 
procedures necessary to comply with this Specification. The trucks and components shall be of 
a design or adaptation of a design meeting the service-proven requirements of Section 1.4.  
 
Reduction of truck weight is desirable to achieve an optimum life cycle cost. The truck 
manufacturer shall coordinate the design with the Vehicle manufacturer in order to achieve a 
completely equipped truck weight as low as possible, while meeting all other requirements of 
this Specification. The complete truck includes all equipment necessary for the truck to operate 
in normal revenue service from the rail up to the car body bolster, including motors, gearing, 
brake rigging, suspension, shock absorbers, cables, hoses and linkages up to the interface 
point on the car body. 
 
Trucks shall conform to all applicable AAR, APTA and FRA requirements, specifications, 
standards, and recommended practices in addition to those explicitly noted in this Specification. 
Other internationally recognized standards, specifications and recommend practices that 
supplement and do not conflict with North American documents may be proposed for the truck 
design. 
 
Motor trucks shall be designed to accommodate the specified propulsion equipment in Section 
10.  The trucks shall be designed to accommodate the friction brake equipment described in 
Section 11. The trucks and the truck-to-carbody interface shall be designed to allow operation 
with the maximum wheel diameter difference between wheelsets within the truck allowable by 
the propulsion system. 
 
A ground brush arrangement shall be provided. It shall prevent current flow through any gear 
box or any journal bearing. These devices shall meet the requirements for electrical grounding 
specified in Section 9.4, and shall be removable with common hand tools. 
 
The trucks shall be designed for ease of maintenance and allow the use of existing JPB shop 
equipment and procedures such as floor jacks, drop tables, truck and vehicle leveling, 
tramming, and wheel truing equipment, including safety tie downs. Use of JPB wheel truing 
equipment shall not require removal of equipment other than access plugs on end caps. 
 
All truck mounted equipment and wearing surfaces shall be designed to have maintenance 
intervals as long as or longer than the existing JPB equipment or as specifically approved by 
JPB. Where attachment design is such that a failure of the mounting could cause an item to fall 
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from the truck, a secondary support shall be provided to contain the item within the truck 
dynamic envelope. Motors and gear boxes shall be provided with secondary supports. The 
trucks shall have the provision for flange lubricators. Lubricators shall be provided at the sole 
discretion of JPB. 
 
For the purpose of hot bearing detection, each bearing adapter shall include two recesses for 
paint and odor heat indicators per Figure 6.1 of AAR M-924. 
 
A truck mock-up or 3D simulation shall be provided for JPB review of the design, truck mounted 
equipment arrangement, and interface to the car body. 
 
The Contractor shall prepare and submit a truck system functional description. The functional 
description shall include narrative descriptions, technical drawings and illustrations as needed to 
describe the arrangement and functionality of the axle, wheelsets, primary and secondary 
suspensions, truck frame, brake equipment, hydraulics, piping and traction equipment as 
applicable.  
 
All valves and cut-out cocks associated with the truck shall be labeled using stainless steel 
identification plates with stamped and painted letters. 

4.1.2 DESIGN AND ANALYSIS 

The Contractor shall follow all of the guidelines provided in the latest revision of APTA RP-M-
009-98 and other standards as detailed below to demonstrate, through design, analysis, and 
testing, that the truck conforms to the requirements of these Technical Specifications. 
 
The Contractor shall prepare and submit, prior to truck and bolster manufacturing and testing, a 
Truck Stress Analysis Report documenting that the design has sufficient strength to endure the 
expected static and fatigue load environment for JPB service. 
 
The stress analysis shall consist at a minimum of a finite element (FE) model, developed using 
commercially available software such as ANSYS, and a stress analysis of the truck structural 
components including, but not limited to, the truck frame, truck bolster, and other load bearing 
parts. The Contractor’s finite element analysis (FEA) engineer shall be made available to review 
the FE model and FEA results with the JPB. Model approval does not preclude model revision 
based upon the FEA results as determined by JPB. The FE model and analysis shall adhere to 
the guidelines in AAR M-1001 Section 7.7. The FEA shall be supplemented as necessary by 
manual or computerized calculations for bolted connections, welded connections, axles and 
other details.  
 
The Contractor shall be responsible for selecting loads, load combinations, and allowable stress 
levels to be used in the stress analysis. These shall be supported by test data or internationally 
recognized standards such as EN 13749, AWS D1.1 and Eurocode 3, Design of Steel Structure 
– Part 1-9: Fatigue. The Contractor shall retain full responsibility for the appropriateness of 
selected loads, allowable stress values, and load validation testing on the pilot cars. 
 
In addition to the non-proprietary sections of the FEA model itself, the FEA input data (including 
loads, boundary conditions and material properties) and output results shall be submitted on 
electronic media in a form that can be easily imported into the model using commercially 
available FEA software for use by JPB. Submittal of the input files shall be required with the 
model and at any time the file is changed. Criteria for final approval of the stress analysis shall 
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include the Contractor's submittal of the fully-configured input data files as required by this 
paragraph. 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 revisions. 
 
As part of the Truck Stress Analysis Report, the Contractor shall submit a separate analysis of 
welds and welded connections that shows their fatigue classifications according to the latest 
revision of AWS D1.1, or approved equal. This analysis shall account for all welding on the 
finished truck frame, including welds attaching brackets, studs, and holders for all truck 
accessories. It shall include drawings of the truck welding locations with the AWS classification 
indicated. Alternatively, the Contractor may submit a proposal to analyze truck fatigue strength 
in accordance with the “hot spot” methodology as specified in Eurocode 3, EN 1993-1-9. 

4.1.3 DESIGN TESTING AND ANALYSIS VALIDATION 

For those portions of the proposed designs which are based on a service-proven truck, the 
Contractor may, with JPB approval, provide data from previous tests, historical data from 
operations, or stress analysis, as required above, to satisfy the corresponding portion of these 
requirements. 
 
Truck testing procedures and test results shall be submitted per Section 19.6.11 of this 
document. Structural verification and stress analysis validation testing shall include, but not be 
limited to, static and fatigue testing described in APTA RP-M-009-98, Section 7.1, Structural 
Integrity - Qualification Tests, unless otherwise approved by JPB. Alternately, EN 13749 
standard can be used with the vertical, lateral and track warp fatigue load factors raised to 
account for the difference between European and US track.  Quasi-static factor raised from 0.1 
to 0.2, dynamic factor raised from 0.2 to 0.3 and warp raised from 0.5% to 1%. 
 
The information derived from the design analysis shall be used to determine strain gauge 
locations and other criteria for the truck tests. The locations of all strain gauges shall be shown 
on plots of the FEA truck and bolster mesh with dimensions. 
 
The truck static test results for all loads shall be in agreement with FEA predictions within 15%, 
which is a requirement for approval of the model and FEA. In the event that the truck static test 
results depart from the FEA results for any given truck location, then the FEA and/or truck 
design shall be modified until the 15% maximum allowable difference is met. 
 
Truck fatigue testing shall include all of the loads used in the analysis combined to produce the 
maximum stress, and the results shall support the analysis showing that the truck will meet or 
exceed the design life of the vehicle without permanent deformation (as demonstrated by 
residual strain) or cracks. Over-the-road dynamic pilot car testing with an instrumented truck 
shall be conducted to verify that the assumed design loads are conservative to the operating 
environment. 

4.1.4 TRUCK-TO-CAR BODY CONNECTION 

Mechanical safety connections shall be provided between the car body and truck to meet design 
load transfer requirements, minimize dynamic motion transfer between the truck and car body, 
and to meet 49 CFR Part 238.219 and APTA SS-C&S-034-99 Rev 2, Section 5.6. A positive 
means shall be provided such that the truck will be raised with the car body when the car is 
lifted. The truck-to-car body strength calculations shall be part of the truck stress analysis of 
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Section 4.1.2. These connections shall be detachable by conventional hand tools to permit de-
trucking and shall be designed and located in a manner which shall minimize car body damage 
during derailments.  
Truck-to-carbody clearances, including electrical and pneumatic components, shall be 
maintained under all possible operating conditions including track alignment, vehicle design, 
track and vehicle maintenance limits, and any one failed suspension component.  

4.1.5 INSPECTION 

The Contractor shall prepare an inspection procedure for the completed truck frame assemblies. 
A truck assembly shall include all welded and machined portions of the finished truck frame, 
including brackets, studs, and holders for all truck accessories and all threaded and bored 
holes. The procedure shall address, at a minimum, the guideline conditions noted herein and 
the acceptance/rejection criteria being used. When possible, existing industry standards shall be 
utilized. Sufficient detail shall be recorded in the inspection reports to provide JPB with a means 
of assessing the condition of the subsystem or component. All inspection procedures shall be 
submitted prior to the start of such work. 
 
The inspection procedure shall include nondestructive surface inspection. Nondestructive 
surface inspection shall consist of visual (VT) and either fluorescent magnetic particle (MT) or 
fluorescent dye penetrant (PT) methods. Nondestructive surface inspections shall be conducted 
in accordance with the latest revision of AWS D1.1. Any defects found shall be repaired and the 
repair area re-inspected. 

4.1.6 TRUCK CLASSIFICATION PLATE 

Each truck frame and bolster (where used) shall be provided with a permanently attached 
classification plate located on the right hand side of the truck in a conspicuous place after the 
truck is fully assembled. The plate shall include the manufacturer’s name, component serial 
number, date of manufacture, maximum truck load, bearing size, wheel size and type, truck part 
number, and (if applicable) bar code label. The figures shall be not less than 12 mm in height. 
The plate shall be stainless steel and the information stamped and painted. 

4.2 SUSPENSION 

4.2.1 GENERAL 

The vehicle shall have both primary and secondary suspension designed to maximize safe 
vehicle operation and ride quality, minimizing truck maintenance, track wear, ground borne 
vibration, noise and vibration transmitted to the carbody. Both primary and secondary 
suspension systems shall be designed such that they conform to all vehicle-to-wayside 
clearances over the life of the suspension components. Service proven component types and 
material types shall be used for the suspension elements. 
 
Truck frame tram marks shall be provided to ensure that the frame is a true rectangle within 0.8 
mm (1/32 inch) on each side and within 1.6 mm (1/16 inch) on the diagonals. Means to measure 
axle parallelism shall be provided and the parallelism shall be sufficient to ensure the dynamic 
performance of the truck including maintaining tram at all loads between AW0 and AW3. The 
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maximum allowable out-of-tram values for the axles shall be shown by the vehicle dynamic 
analysis not to degrade the wheel/rail dynamic performance requirements of TS 4.2.2. 
 
Truck suspension must be designed to meet the +/- 5/8 inch vertical tolerance of 49 CFR 
38.93(d)(1) as clarified by the United States Access Board Guides on ADAAG for 
Transportation, Subpart E, Commuter Rail Cars and Systems. Vertical mechanical adjustments 
of the secondary suspension to compensate for wheel wear and wear or settlement of other 
truck parts shall be included with no less than four available adjustment positions.  

4.2.2 EQUALIZATION AND DYNAMIC PERFORMANCE 

Equalization performance shall be shown by analysis and test (Section 4.2.4) to meet the 
requirements of APTA SS-M-014 Class G, and FRA Safety Advisory 2013-02. 
 
Dynamic performance shall be demonstrated by analysis and test (Section 4.2.4). The 
Contractor must show, by dynamic analysis using a validated vehicle model, that the truck is 
capable of operating at all speeds up to 125 mph, including operation at any speed less than 10 
mph above the proposed maximum operating speed, and 2 inches above maximum operating 
cant deficiency on the FRA Class track listed for that speed, with the vehicle meeting all aspects 
of APTA SS-M-009 Section 6.3, Track Worthiness, 49 CFR 213.333 and 213.345 over the entire 
range of expected wheel rail friction, and maximum allowable air spring imbalance. The truck 
design shall prevent “hunting” of the truck at all speeds, while at the same time allowing the cars 
to negotiate the curves specified in Section 2.2.2 without causing excessive flange or rail wear. 
For example, wheel treads shall not exhibit double groove type wear patterns or flange wear 
below the condemning thickness (thin flange) before reaching condemnable high flange 
condition. The analysis shall include track geometry data from the actual route to the extent 
possible, and also include the minimally compliant analytic track (MCAT) segments in 40 CFR 
213 Appendix D, Figure 1. New and worn rail profiles as currently exist on JPB track and new 
and worn wheels at the AAR limits (including hollow tread) shall be included in the analysis. 
 
The Contractor shall provide a truck assembly that will resist hunting (nosing) at all speeds up to 
the maximum safe speed defined in Section 2.3.6 and be sufficiently free to turn such that high 
speed truck stability shall remain acceptable for all normal wheel wear and truck assembly wear 
or aging. Truck stabilizing measures and turning stiffness shall not cause abnormal wheel or rail 
wear; that is, more wheel and rail wear than the JPB presently experiences. 
 
As defined in Appendix C.2.3 of ISO 2631-1:1997, ride quality with a functional suspension 
system shall be shown to be no worse than “not uncomfortable” and ride quality with any one 
suspension element degraded (e.g. deflated air springs on one truck) shall be shown to be no 
worse than “a little uncomfortable.” The ride quality shall be demonstrated by both analysis and 
test (Section 4.2.4). 
 
In order to demonstrate by analysis, the above equalization, dynamic performance, and ride 
quality results from a vehicle model using commercially available software such as NUCARS® 
or Vampire shall be provided and validated. The results and the model shall be made available 
for review. 
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4.2.3 HEIGHT CONTROL VALVES 

An arrangement of leveling valves shall be provided to control air spring height through the flow 
of air to and from the air springs. The location and number of height control valves shall be a 
service-proven arrangement. The height control valves shall be service proven. 
 
The suspension system shall be capable of maintaining the top of the car floor at its nominal 
height, and guarantee full ADA compliant level boarding under all passenger loads. Leveling 
sensors shall have a response dead band commensurate with the floor leveling requirements, 
but shall not be susceptible to spring pressure oscillation that can be reasonably perceived by 
passengers. It shall not be necessary or required for the vehicle to be re-leveled due to normal 
wheel wear or suspension creep. Leveling may be necessary after wheel truing or truck 
replacement. Leveling adjustments shall be performed by utilizing the load leveling sensor turn-
buckles to adjust car floor height for each truck, or other method subject to approval by JPB. 
Load leveling sensor adjustment angles shall be set at the predetermined value corresponding 
to proper floor height. The Contractor shall provide a detailed table defining all predetermined 
set points for each leveling sensor. This table shall be part of the Maintenance Manual. 
 
Air spring height shall be controlled by valves on each truck to compensate for changes in 
passenger load and distribution, and shall be arranged to minimize the wheel load difference 
between wheels on a truck to minimize the risk of wheel climb derailment. The maximum 
difference in air spring pressure on a single truck that corresponds to the minimum 
unacceptable risk of wheel climb derailment (as determined by the Contractor) shall be 
analyzed as part of the dynamic analysis in Section 4.2.2. 
 
The air springs on each truck assembly shall be cross-connected through a compensating 
valve, so that a deflation of one air spring will deflate the other. The compensating valve 
activation shall be based on a selected pressure differential between the two air bags in a truck. 
Other piping components shall be provided to isolate an air spring for maintenance, and prevent 
excessive air consumption in the event of an air spring failure. 
 
All height control and compensating valves shall be readily accessible for maintenance. Piping 
shall be arranged to prevent water traps that could cause freezing in the pipes or valves. 

4.2.4 SUSPENSION TESTING AND ANALYSIS VALIDATION 

Truck testing procedures and test results shall be submitted per Section 19.6.11 of this 
document. 
 
Truck suspension component characterization tests shall be conducted to confirm the values 
used in the dynamic model. The data obtained during the tests shall be evaluated and reported 
and the dynamic model revised accordingly. The dynamic analyses shall be repeated if the 
values change. 
 
The equalization test shall be performed per APTA SS-M-014, meet the requirements for Class 
G. As a partial vehicle dynamic model validation, test and analysis results shall agree within 
15% overall. Agreement is required for vehicle model approval. 
 
Testing to demonstrate dynamic performance shall be conducted along the entire route. For 
operation on Class 5 and lower track classifications, accelerometers shall be attached to the 
journal boxes, truck frame ends near the journal boxes, and carbody to show that accelerations 
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remain within safe limits as defined in 49 CFR 213.333 and APTA SS-M-009, Section 6.3, 
including no evidence of truck hunting. For operation on Class 6 and 7 tracks (up to 125 mph), 
instrumented wheelset testing shall be conducted as required per 49 CFR 213.333 and 
213.345. Instrumented wheelsets shall comply with AAR M-1001, Appendix C. 
 
Ride quality testing shall be conducted to demonstrate that the comfort levels of ISO 2631-
1:1997 as listed in Section 4.2.2 are met over the entire system alignment. 

4.3 WHEELS 
Wheels shall be of a wrought steel, 36-inch design and allow safe operation with up to 3 inches 
of diameter wear. Mono-block wheels or resilient wheels may be proposed. New wheel diameter 
shall be no less than 36 inches in diameter, and no greater than AAR tape size 236 (36.1875 
inches). Wheels for the motor trucks shall be supplied in marked sets of four, matched in 
diameter to within ½ tape size. Smaller wheel diameters shall be subject to approval by JPB. 
 
The carbuilder shall use the wheel profile currently in use by JPB, or propose a narrow flange 
wheel profile that supports the vehicles operating characteristics, and optimizes dynamic 
stability and ride quality. The wheel profile shall be a part of the vehicle dynamic analysis and 
testing in Sections 4.2.2 and 4.2.4. If a different wheel profile than currently used by JPB is 
proposed, it must be shown that it will function with both the new and worn rail profiles on the 
system without detrimental effects to existing JPB vehicles in operation due to changes in worn 
rail profile. This shall be demonstrated as part of the dynamic analysis. 
 
Provisions shall be made for hydraulically assisted wheel removal including an internal annular 
groove in the hub, a port connecting the groove to the outside of the hub, a threaded connection 
for the pressure application device at the outer end of the port, and a secure closure for the 
threaded connection. The secure closure device shall be removable with standard tools and be 
of non-metallic, non-corrosive material. 
 
Wheels shall be manufactured from the hardest grade of material listed in AAR M-107/208 that 
is consistent with the friction brake demands (if tread brakes are provided) and wheel loads, and 
have appropriate fracture toughness as tested per ASTM E-399. 
 
The wheel profile, material selection, strength analysis per AAR S-660 (or other internationally 
recognized standard), all material property test results, and manufacturer’s certification 
documents per M-107/208 Section 19, shall be submitted. If wheels with steel tires are used, the 
Contractor shall also submit to JPB copies of all reports required by ASTM A-551. Copies shall 
be incorporated in the Car History Book for each car.  
 
The Contractor and its subcontractors shall perform wheel and axle work for this Contract in 
shops having certification according to the Association of American Railroads Standard AAR M-
1003 (2011). 

4.4 AXLES 
Axles shall comply with AAR Specification M-101, made from Grade F or H material, be 
manufactured in an AAR approved facility, have AAR Standard M-101, Appendix C, axle 
centers and be designed to comply with either EN13103 for non-powered outboard bearing 
axles, EN 13104 for powered outboard bearing axles, or BS 8535 for inboard bearing axles. 
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Steels which contain chromium or molybdenum, with or without nickel, are acceptable provided 
they meet Grade F or H properties, as required. Axle wheel seats shall have sufficient stock to 
allow repair of a damaged wheel seat without exceeding the allowable stress. Full length 
powered and non-powered axles shall each have different numbering sequences.  Axles shall 
be solid. 
 
Wheel seats, bearing seats, gearbox resilient coupling seats, brake disc, and ground brush ring 
seats shall be free from tool marks and scratches, and shall provide for interchangeability of 
axle mounted components. The finish of the axle at the bearing seats shall not exceed 32 μin 
rms surface roughness. The finish of the axle at the wheel seats shall not exceed 63 μin rms 
surface roughness. All other areas of the axle shall have a machined surface finish not 
exceeding 125 μin rms surface roughness. Manufacturing details per EN 13261, or other 
internationally recognized standard, may be used to the extent they exceed the above 
requirements. The tolerance on the wheel, bearing, and coupling seat diameters shall not 
exceed +0.001, -0 inch. Wheel, bearing and coupling or gear seats shall be concentric, with 
runout not exceeding 0.001 inch. All stress relief radii and grooves shall be cold rolled to a bright 
surface by an approved process, but not less than per APTA RP-M-001-98, Section 6. 
 
The axle design analysis document, and all material certifications and manufacturing 
certification documents per M-101, Section 24, shall be included in the car history book. 

4.5 BEARINGS 
Journal bearings shall be No Field Lubrication (NFL) roller bearings or equivalent with plug 
access hole on end caps, if used, to facilitate wheel truing. Bearing shall meet an L10 life of not 
less than 2 million miles at an AW2 car weight. Bearing grease shall be AAR approved, and 
selected to provide the longest possible time interval between re-greasing. The truck shall be 
marked “NFL” as required by AAR. 
 
Journal bearings and journal bearing housings shall be electrically insulated from the truck 
frame by the primary suspension or other means approved by JPB. 

4.6 WHEELSET ASSEMBLY 
Wheel and axle assembly including wheels, axle, brake disc hubs (if used), journal bearings, 
gear box, speed sensor gear ring and ground brush ring shall be assembled by pressing and in 
accordance with the latest standard AAR practice, as applicable. Wheel pressing shall meet the 
latest AAR Manual of Standards and Recommended Practices, Section G-II, Wheel and Axle 
Manual. Wheel press tonnage shall in no case be less than that specified in AAR RP-612. 
Assembly of components onto the axle not controlled by AAR shall comply with the 
manufacturer’s recommendation. Wheels to be mounted on the same axle shall be within ½ 
tape size of each other, or within 0.020 inch diameter. Pressure graphs of all pressed-on 
components such as gear coupling, disc hub, journal bearing, and wheel-to-axle pressings shall 
be furnished to JPB. The assembly procedure and all assembly record documents shall be 
included in the car history book. 
 
The wheel assembly shall also serve as the electrical interface for grounding the car to the 
running rails for the return of propulsion and auxiliary current to shunt the signal system track 
circuits from rail-to-rail. Electrical paths with sufficient capacity to conduct all specified currents 
and possible fault currents shall be provided by external hub-to-tire flexible copper shunts if a 
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one piece steel wheel is not used. Shunts shall be arranged to be easily inspected for integrity, 
and shall be readily removable and replaceable for maintenance purposes and for tire 
replacement. A minimum of four shunts per wheel shall be provided. Shunts shall not interfere 
with wheel truing, and shall be mounted to avoid damage from wayside obstructions. If a 
resilient wheel is provided, a sufficient number of rubber or elastomeric elements shall be 
provided between the tire and hub to prevent slippage and resultant relative rotation between 
the hub and tire, precluding breakage of the flexible copper shunts. If a resilient wheel is used 
the Contractor shall provide all tire and hub surface preparation criteria and materials, and a tire 
slip torque test. 
 
Each full length wheelset assembly shall provide a maximum shunting resistance of 0.01 ohm 
when measured from wheel tread-to-wheel tread.  
 
Each full length wheel-axle assembly shall be supported and rotated on its bearings, and 
concentricity, when measured as near as possible to the center and at each end of each axle, 
shall not exceed 0.003 inch TIR at each location. When the wheel-axle assemblies, full length or 
stub, are rolled on their journal bearings, the wheel treads shall have less than 0.028 inch TIR 
radial runout and less than 0.040 inch TIR lateral. After mounting, full length axle journal 
bearings shall meet AAR and the bearing manufacturer’s requirements for installed lateral 
clearance. Stub axle journal bearing clearances, runout or preload, shall be as determined by 
the Contractor and approved by JPB. Axle assemblies not meeting the above requirements 
shall be rejected. Axles shall also be rejected if they are galled or otherwise scarred when 
pressing to mount wheels, bearings, or gear couplings. In the absence of visible evidence of 
such galling or scarring, the use of pressing force in excess of that specified shall be taken as 
cause for rejection of the assembly. 

4.7 REQUIRED CONTRACT SUBMITTALS 
The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7.  

4.8 CITED REFERENCES 
The following standards or references are cited in this Section: 
 

STANDARD TITLE 

49 CFR 38 Americans with Disabilities Act (ADA) Accessibility Specifications for 
Transportation Vehicles 

49 CFR 213 Track Safety Standards 

49 CFR 238 Passenger Equipment Safety Standards 

AAR M-101 Axles, Carbon Steel, Heat Treated 

AAR M-107/M-208 Wheels, Carbon Steel 

AAR M-924 Journal Roller Bearing Adapters for Freight Cars 

AAR M-1001 Design Fabrication and Construction of Freight Cars 

AAR MSRP G-II Manual of Standards and Recommended Practices, Wheel and Axle 
Shop Manual 
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STANDARD TITLE 

AAR RP-612 Mounting Pressures for Wrought and Cast Steel Wheels on Gear-
Driven and Idler Axles of Locomotives Other Than Steam 

AAR S-660 Procedure for the Analytic Evaluation of Locomotive and Freight Car 
Wheel Designs 

APTA RP-M-009 Recommended Practice for New Truck Design 

APTA SS-C&S-034-99 
Rev 2 

Standard for Design and Construction of Passenger Rolling Stock 

APTA SS-M-014 Standard for Wheel Load Equalization of Passenger Railroad Rolling 
Stock 

ASTM A-551 Standard Specification for Carbon Steel Tires for Railway and Rapid 
Transit Applications 

ASTM E-399 Standard Test Method for Linear-Elastic Plane-Strain Fracture 
Toughness KIc of Metallic Materials 

AWS D1.1 American Welding Society, Structural Welding Code - Steel 

BS 8535 Railway applications – Wheelsets and bogies – Powered and non-
powered axles with inboard bearings – Design method 

EN-13103 Railway applications – Wheelsets and bogies – Non-powered axles – 
Design Method 

EN-13104 Railway applications – Wheelsets and bogies – Powered axles – 
Design Method 

EN 13749 Railway applications – Methods of Specifying Structural Requirements 
of Bogie Frames 

EN-1993-1-9 Eurocode 3:  Design of Steel Structures 

FRA Safety Advisory 
2013-02 

Low-Speed, Wheel-Climb Derailments of Passenger Equipment with 
“Stiff” Suspension Systems 

ISO 2631-1 Mechanical Vibration and Shock – Evaluation of Human Exposure to 
Whole-Body Vibration 

United States Access 
Board 

Guides on ADAAG for Transportation Vehicles, Subpart E – Commuter 
Rail Cars and Systems, Section 1192.93 Doorways (b) Coordination 
with Boarding Platform 

 
 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS 3-i (Conformed 6/22/2016) 

 Section 3 – Carbody and Interior Design  

SECTION 3 - CARBODY AND INTERIOR DESIGN 

3 

Contents 

SECTION 3 - CARBODY AND INTERIOR DESIGN ................................................................ 3-i 

3.1 CAR STRUCTURE ................................................................................................... 3-1 

3.1.1 GENERAL ............................................................................................................... 3-1 

3.1.2 ALTERNATIVE COMPLIANCE REQUIREMENTS ............................................................ 3-2 

3.1.3 CARBODY STRENGTH ............................................................................................. 3-2 

3.1.3.1 Fatigue ............................................................................................................. 3-3 

3.1.3.2 Vertical Loading ............................................................................................... 3-3 

3.1.3.3 Natural Frequency ........................................................................................... 3-3 

3.1.3.4 Buff Strength .................................................................................................... 3-3 

3.1.3.5 Occupant Volume Integrity ............................................................................... 3-3 

3.1.3.6 Strength to Support the CEM System .............................................................. 3-4 

3.1.3.7 Anticlimbing ..................................................................................................... 3-4 

3.1.3.8 Cab End End Frame ........................................................................................ 3-4 

3.1.3.9 Fluid Entry Inhibition ........................................................................................ 3-4 

3.1.3.10 Non-cab End End Frame ................................................................................. 3-4 

3.1.3.11 Truck-to-Carbody Attachment .......................................................................... 3-5 

3.1.3.12 Roof and Side Strength .................................................................................... 3-5 

    3.1.3.13 Interior Fixture Attachment              3-5 

3.1.4 CRASH ENERGY MANAGEMENT (CEM) .................................................................... 3-5 

3.1.4.1 Dynamic Collision Scenarios ............................................................................ 3-6 

3.1.4.2 Dynamic Collision Requirements ..................................................................... 3-7 

3.1.5 ANALYSIS .............................................................................................................. 3-8 

3.1.5.1 Analysis Plans ................................................................................................. 3-8 

3.1.5.2 Static Analysis ................................................................................................. 3-9 

3.1.5.3 Collision Analyses ............................................................................................ 3-9 

3.1.6 TESTING .............................................................................................................. 3-10 

3.1.6.1 Testing Plans ................................................................................................. 3-10 

3.1.6.2 Static Testing ................................................................................................. 3-10 

3.1.6.3 CEM Testing .................................................................................................. 3-11 

3.1.7 EQUIPMENT ATTACHMENT .................................................................................... 3-11 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS 3-ii (Conformed 6/22/2016) 

 Section 3 – Carbody and Interior Design  

3.1.8 JACKING AND HOISTING ........................................................................................ 3-12 

3.2 EXTERIOR EQUIPMENT ........................................................................................ 3-12 

3.2.1 PILOT .................................................................................................................. 3-12 

3.2.2 HORN AND BELL ................................................................................................... 3-12 

3.2.3 SAFETY APPLIANCES ............................................................................................ 3-13 

3.2.4 GUTTERS ............................................................................................................. 3-13 

3.2.5 WINDSHIELD WIPERS AND WASHER....................................................................... 3-13 

3.2.6 BETWEEN-CAR BARRIERS ..................................................................................... 3-13 

3.3 INTERIOR DESIGN ................................................................................................ 3-13 

3.3.1 ADA ACCESSIBILITY/ACCOMMODATION ................................................................. 3-13 

3.3.2 CIRCULATION ....................................................................................................... 3-14 

3.3.3 THRESHOLD HEIGHT / PLATFORM INTERFACE ......................................................... 3-15 

3.3.4 INTERIOR LIFTS .................................................................................................... 3-15 

3.3.5 RESTROOM .......................................................................................................... 3-15 

3.3.6 LININGS AND FINISHES .......................................................................................... 3-16 

3.3.7 SEATING ARRANGEMENT ...................................................................................... 3-16 

3.3.8 SEATS ................................................................................................................. 3-17 

3.3.9 FLOOR STRUCTURE AND FLOOR COVERING ........................................................... 3-17 

3.3.10 BICYCLE STOWAGE .............................................................................................. 3-18 

3.3.11 LUGGAGE STOWAGE ............................................................................................ 3-18 

3.3.12 WORK TABLES ..................................................................................................... 3-18 

3.3.13 CONVENIENCE OUTLETS ....................................................................................... 3-18 

3.4 WINDOWS AND GLAZING .................................................................................... 3-18 

3.5 EQUIPMENT LOCKERS AND ACCESS PANELS ................................................. 3-19 

3.6 LOCKS AND KEYS ................................................................................................ 3-19 

3.7 EMERGENCY LADDER ......................................................................................... 3-19 

3.8 REQUIRED CONTRACT SUBMITTALS................................................................. 3-20 

3.9 CITED REFERENCES ............................................................................................ 3-20 

 

 

 

 

 

 



PCEP Procurement of Bi-Level EMU Vehicles 

 

Contract #14-PCJPB-P-056 TS 3-1 (Negotiations 5/20/2016) 

 Section 3 – Carbody and Interior Design  

3.1 CAR STRUCTURE 

3.1.1 GENERAL 

The vehicles shall be designed and manufactured in compliance with 49 CFR 238 requirements 
applicable to Tier I Passenger Equipment and with all applicable APTA standards and 
recommended practices, including APTA SS-C&S-034-99, Rev. 2, “Standard for the Design and 
Construction of Passenger Railroad Rolling Stock”. 

Alternative structural compliance may be offered according to the waiver defined in FRA Docket 
Number FRA-2009-0124 as revised (revision accepted in January of 2016). The requirements 
for alternative structural compliance are outlined in Section 3.1. including a summary comparing 
the differences between compliant and alternatively conventional cars is provided in Table 3.1. 

For conventional designs, add-on CEM features, such as energy absorbing couplers and 
crushable elements, are required.  The add-on CEM system design, and the manner in which it 
will be evaluated, shall be as agreed upon between the contractor and the JPB. 

JPB will consider cab ends covered with fiber-reinforced plastic panels to provide stylized end 
contours, provided the overall design meets all structural requirements in this section, all 
applicable FRA regulations, and the fiber-reinforced plastic requirements of TS Section 16.12. 

Where dissimilar metals are joined they shall be protected against electrolytic corrosion, as 
specified in TS Section 16.3.3.4. 

The Contractor shall provide a complete System Functional Description (SFD) for all systems, 
subsystems, components and devices, contained within this specification section.  The SFD 
shall be in the form of a narrative description, with attendant electrical schematics (if applicable) 
and mechanical drawings, sufficient for the JPB to fully understand every aspect of the design 
and operation of the equipment specified in this section, and to make an engineering-based 
decision as to its acceptability for the Caltrain application.  
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Table 3.1.  Summary Comparison of Requirements that differ between Conventional and 
Alternatively Compliant Tier 1 Cars  

Specification 
Section 

Tier I Conventional Alternatively Compliant  

3.1.3.4 Buff 
Strength  

800 kips on the line of 
draft without yield 

 Minimum, 337 kips on the line of 
draft 

3.1.3.5 
Occupant 
Volume 
Integrity  

800 kip buff strength 
(3.1.3.4) 

 800 kips on the collision load path 
without yield, or 

 1000 kips on the collision load path 
with plastic strains less than 5%, or 

 1200 kips on the collision load path 
without crippling 

 Limited deformation in collision 
scenarios 

3.1.3.6 
Strength to 
Support the 
CEM 
System 

NA  No yield for the maximum design 
collision load of the CEM system 

3.1.3.7 
Anticlimbing 

100 kip vertical load on 
coupler carrier and end 
beam without yield 

 Limited vertical displacement in the 
collision scenarios 

3.1.3.9  
Fluid Entry 
Inhibition 

Skin equivalent to 0.5 
in., 25 ksi steel 

 Skin equivalent to 0.5 in., 25 ksi 
steel, except all material, including 
crush elements, may be included in 
the calculation 

3.1.3.11 
Truck-to-
Carbody 
Attachment  

Ultimate strength for 
the individually applied 
loads: 2g vertical; 250 
kips in any horizontal 
direction 

 Resist without yielding the 
individually applied loads: 3g 
vertical, 1g lateral; 5g longitudinal 
with restrictions, or (instead of 5g 
requirement) 

 Truck must remain attached after 
the dynamic impact associated with 
a particular collision scenario 

3.1.2 ALTERNATIVE COMPLIANCE REQUIREMENTS 

An alternatively compliant car must provide a carbody that satisfies the FRA waiver 
requirements applicable to this procurement and defined in various vehicle subsystem sections 
below.  The requirements of the waiver for the JPB system are also defined in FRA Docket 
Number FRA-2009-0124.   

3.1.3 CARBODY STRENGTH 
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3.1.3.1 Fatigue 

The stresses in the carbody structure, including base metal, welded joints, and, if present, 
bolted joints, for AW1 loading, shall be less than 0.67 times the allowable stress range for 
fatigue based on 10,000,000 cycles.  

3.1.3.2 Vertical Loading 

The maximum stress in the car body under an AW3 load shall be less than 50% of the specified 
minimum yield strength of the material, and less than 50% of the buckling stress. 

3.1.3.3 Natural Frequency 

The natural frequency of the car body, loaded to AW3 and simply supported at the bolsters, 
shall be greater than 2.5 times the natural frequency of the car body as supported by the 
secondary suspension system. 

3.1.3.4 Buff Strength 

There shall be no yield or buckling in any carbody structural member for a load applied at each 
end of the car at the coupler buff stops or coupler mounting face equal to: 

a) 800,000 lb, if the vehicle is to be Tier I compliant (reference 49 CFR 238.203), or 

b) A minimum of 337,000 lb., for an alternatively compliant car. 

If the car was originally designed to meet a larger buff strength than that specified above, then 
that buff strength shall be used as the Caltrain acceptance criteria. 

3.1.3.5 Occupant Volume Integrity 

3.1.3.5.1 Strength 

a) Tier I Conventional.  There are no additional occupant volume strength requirements for 
Tier I conventional cars. 

b) Alternatively compliant.  There are three options for this case: 
1) 800,000 pounds applied on the collision load path without permanent 

deformation of the occupied volume, or 
2) 1,000,000 pounds applied on the collision load path without exceeding either of 

the following two conditions:    

 (A) Local plastic strains no greater than 5 percent; and 

 (B) Vehicle shortening no greater than 1 percent over any 15-foot length of 
the occupied volume, or 

3) 1,200,000 pounds applied on the collision load path without crippling the body 
structure. 

3.1.3.5.2  Performance in Collision Scenarios 

Occupant volume integrity shall also be demonstrated by meeting the requirements of Section 
3.1.4. 
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3.1.3.6 Strength to Support the CEM System 

For an alternatively compliant car, the occupant volumes of the carbody shall be designed to 
resist, without yield, the maximum load corresponding to the design energy absorption of the 
crush zone.  Highly localized areas of stress exceeding yield may be permitted provided: 

a) Elastic-plastic analysis shows the affected areas to be small, as determined by the JPB, 
with plastic strain not exceeding 1% 

b) With removal of the simulated load there is no permanent set in the overall dimension of 
the occupied volume 

Only loads associated with the design energy absorption system (pushback coupler, primary 
energy absorbers, fuses, etc.) need be considered in this evaluation. 

3.1.3.7 Anticlimbing 

There shall be a mechanism at each car end to prevent anticlimbing as follows: 

a) For a Tier I conventional car, a coupler and end beam capable of resisting a vertical load 
in either the up or down direction of 100,000 lbs without yielding in any component.  The 
coupler carrier shall be capable of resisting a vertical load downward load of 100,000 lb. 
without yield for any position of the coupler.  (49 CFR 238.205 and 238.207) 

b) For an alternatively compliant car, pushback couplers shall be included that satisfy the 
collision displacement requirements of TS Section 3.1.4.2.2  

If pushback couplers are included with the cars, the coupler carrier and the end beam shall not 
inhibit the ability of the pushback coupler to achieve its design stroke and energy absorption in 
the event of a collision.  

3.1.3.8 Cab End End Frame  

The cab end of the cab car shall contain protective structure that satisfies the requirements of 
49 CFR 238.211 and 238.213 with respect to the forward facing end, and collision and corner 
posts or equivalent structure.  Note that the use of Appendix F of Part 238 to satisfy the 
requirements of this section is permissible particularly for alternatively compliant cars. 

If collision and corner posts are included as part of the end structure, they shall be welded to 
both the top and bottom flanges of the end beam structure to provide structural continuity 
between the posts and the underframe. 

3.1.3.9 Fluid Entry Inhibition 

a) Tier I conventional.  The skin covering the forward-facing end of the cab car shall satisfy 
the requirements of 49 CFR 238.209. 
Alternatively compliant.  The skin covering the forward-facing end of the cab car shall 
satisfy the requirements of 49 CFR 238.209.  The sum of the thicknesses of elements 
(e.g., skin and structural elements) between the front of the trainset to just in front of the 
engineer, when projected onto the plane just in front of the engineer, may also be used 
to satisfy this requirement.   

3.1.3.10 Non-cab End End Frame  

All non-cab ends shall contain protective structure as follows: 

a) For a Tier I conventional car, satisfy the requirements of 49 CFR 238.211 and 238.213 
for collision and corner posts, respectively 
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b) For an alternatively compliant car, collision posts are not required at non-cab ends 
provided the collision deflection and deformation requirements of TS Section 3.1.4.2.2 in 
the CEM section for anticlimbing are satisfied. Non-cab ends are required to have corner 
posts that meet the requirements of 49 CFR 238.213 

Where collision and corner posts are included as part of the end structure, as prescribed above, 
they shall be welded to both the top and bottom flanges of the end beam structure to provide 
structural continuity between the posts and the underframe. 

3.1.3.11 Truck-to-Carbody Attachment 

a) Tier I conventional.  The truck-to-car body attachment shall meet the requirements of 49 
CFR 238.219. 

b) Alternatively conventional.  There are two options for this case: 
 

1) The car shall have a truck-to-carbody attachment with strength sufficient to resist, 
without yielding, the following individually applied, quasi-static loads on the mass 
of the truck at its CG:  
(i) 3g vertically downward; 
(ii) 1g laterally, along with the resulting vertical reaction to this load; and 
(iii) Except as provided in paragraph (2) of this section, 5g longitudinally, 

along with the resulting vertical reaction to this load, provided that for the 
nominal initial conditions in the scenario 2 described in 3.1.4.1:  

I. The average longitudinal deceleration at the CG of the 
equipment during the impact does not exceed 5g; and  

II. The peak longitudinal deceleration of the truck during the 
impact does not exceed 10g. 

2) As an alternative to demonstrating compliance with paragraph (c)(1)(iii) of this 
section, the truck shall be shown to remain attached after a dynamic impact under 
the nominal initial conditions in the scenario 2 described in 3.1.4.1. 

3.1.4.12 Roof and Side Strength 

The vehicle shall be fully compliant with the rollover and side strength requirements of 49 CFR 
238.215 and 238.217, as well as the roof and transverse strength requirements of APTA S-034-
99, Rev. 2, Sections 5.2 and 5.4.  Note that demonstration for some of these requirements must 
be carried out with finite element analysis per Section 3.1.5. 

3.1.3.13 Interior Fixture Attachment 

Attachment of interior fixtures shall meet the requirements in 49 CFR 238.233. Interior 
fixtures must also comply with APTA PR-CS-S-006-98, Rev. 1, “Standard for Attachment 
Strength of Interior Fittings for Passenger Railroad Equipment,” and those portions of APTA 
PR-CS-S-034-99, Rev. 2, “Standard for the Design and Construction of Passenger Railroad 
Rolling Stock,” relating to interior fixtures. 

3.1.4  CRASH ENERGY MANAGEMENT (CEM) 

The design and evaluation of the CEM system, if the alternatively compliant approach is 
selected, shall follow the requirements of this section. The Contractor must provide a CEM 
design concept as part of the PDR that includes a list of collision scenarios, the sequence of 
operation of the various components of the CEM system, the target load-crush curve, the target 
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energy absorption, the target maximum crush load, and the target maximum crush to achieve 
the energy absorption. 

Elements designed to absorb energy shall be designed to be replaceable to the extent possible. 

3.1.4.1 Dynamic Collision Scenarios 

There are four collision scenarios that require evaluation in the case of an alternatively 
compliant vehicle.  Scenarios 1, 2 and 4 are specific to this procurement. 

Scenario 1: Collision between like 8-car trains at 4 mph Scenario 2: Collision between like 
8-car trains at 22 mph  

Scenario 3: Collision between an EMU train and a conventional locomotive-leading train at 
20 mph (there are three configurations related to this scenario, see 3.1.4.1.3).(  

Scenario 4: Collision between an 8-car train and a deformable object that represents a 
grade crossing vehicle at 68 mph (waiver only) 

The definition of the scenarios and the requirements associated with each are described below. 

3.1.4.1.1 Scenario 1 

Evaluation of this scenario is intended to ensure that the cars are not damaged as a result of a 
hard coupling.  The scenario includes the following characteristics: 

a) The cars in the moving train configuration represent the train to be operated by the JPB, 
with a cab car at the leading end and all cars at AW0. The cars have the coupler load-
displacement characteristics of the final design. 

b) The moving train has a speed of 4 mph 
c) The initially standing train is identical to the moving train. The standing train cars have 

only a single degree of freedom in the longitudinal direction. 
d) All cars are initially on level, tangent track 
e) Couplers of impacting cars are closed (not coupled) and centered 
f) No cars are braked 

3.1.4.1.2 Scenario 2 

This scenario corresponds to Design Collision Scenario 1, C-1, in EN15227:2008.  The collision 
scenario includes the following characteristics: 

a) The cars in the moving train configuration represent the train to be operated by the JPB, 
with a cab car at the leading end and all cars at AW0. The subject cars have the crush 
characteristics of the final design. 

b) The moving train has a speed of 22 mph (36 km/hr) 
c) The initially standing train is identical to the moving train.  
d) All cars are initially on level, tangent track 
e) Couplers of impacting cars are closed (not coupled) and centered 
f) No cars are braked. 

3.1.4.1.3 Scenario 3 

This collision scenario corresponds to one as required by the ETF 001-.04 for alternatively 
compliant cars this collision scenario includes the following characteristics: 

a) The subject cars in the moving train configuration represent the shortest and longest 
train to be operated, with a cab car at the leading end and all cars at AW0. The subject 
cars have the crush characteristics of the final design.   
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b) The moving train has a speed of 20 mph. 
c) The initially standing train with a locomotive at the lead (impacted) end and five identical 

trailing cars. The locomotive is rigid, except for the coupler response, as defined in the 
ETF 001-.04, with the geometry as defined in the ETF 001-04  and a mass of 260,000 
lbs. The trailing cars each have a mass of 95,000 lbs. The standing train cars have only 
a single degree of freedom in the longitudinal direction. 

d) All cars are initially on level, tangent track 
e) Couplers of impacting cars are closed (not coupled) and centered 
f) No cars are braked 

There are three initial position configurations that require evaluation for this scenario: 

1) The centerlines of the cars in the moving and standing trains are aligned 
2) The cars of the moving train are displaced 3 inches vertically and 3 inches laterally with 

respect to the standing train 
3) One car end at the first coupled interface of the moving train is offset vertically and 

laterally by 2 inches relative to the other car at that interface 

3.1.4.1.4 Scenario 4 

This scenario corresponds to Design Collision Scenario 3, C-1, in EN15227:2008.  The collision 
scenario includes the following characteristics: 

a) The cars in the moving train configuration represent the train to be operated by the JPB, 
with a cab car at the leading end and all cars at AW0. The subject cars have the crush 
characteristics of the final design. 

b) The moving train has a speed of 68 mph (110 km/hr) 
c) The initially standing deformable object shall have geometry and stiffness response 

defined in Section C.3 of EN15227:2008.  The deformable object shall weigh 33,000 lbs 
(15,000 kg) with the center of mass located 69 in. (1,750 mm) above top of rail. 

d) The deformable object and all cars are initially on level, tangent track 
e) The center coupler at the impacting end of the train shall be omitted 
f) If considered, the coefficient of friction at the object surface shall be taken as 0.2 
g) No cars are braked and the deformable object shall have zero friction to the ground 

3.1.4.2 Dynamic Collision Requirements 

3.1.4.2.1 Scenario 1 

There shall be no permanent deformation in the couplers or in any other component, including 
the carbody. 

3.1.4.2.2 Scenarios 2 through 4 

Crush 

These requirements apply for all three collision scenario configurations (2 through 4). 

For each vehicle in the subject train: 

a) There shall be no more than 10 in. of permanent deformation into the occupied volume 
(both operators’ and passenger compartments) 

b) Vehicle shortening shall be less than 1% over any 15 ft length of occupied volume 

For each seat in the cab after car body deformation has ceased in the simulated dynamic 
collision scenario: 
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c) There shall be no intrusion into the space that is a minimum of 12 inches from each seat 
edge, for all cab seat positions.  Walls or other items originally within this defined space 
shall not further intrude more than 1.5 in. towards the seat under evaluation. 

d) There shall be a clear exit path for the occupants of the cab 
e) The vertical height of the cab shall not be reduced by more than 20% 
f) For the purpose of demonstrating compliance with this part, the operating console shall 

not have moved closer to the engineer’s seat by more than 2 in. 

Anticlimbing 

These requirements apply for the collision scenario configurations (2 through 4) applicable to 
the particular alternatively compliant approach used. 

At the colliding interface for all times during the collision: 

a) The relative difference between the vertical displacements of the car ends shall not be 
greater than 4 inches 

b) The tread of any wheel in the lead car of the moving train shall not lift from the simulated 
track by more than 4 inches 

At each coupled interface of the moving train for all times during the collision: 

c) The relative difference between the vertical displacement of the car ends shall not be 
greater than 4 inches 

d) The tread of any wheel in the lead car of the moving train shall not lift from the simulated 
track by more than 4 inches 

3.1.5 ANALYSIS 

The following reports, at a minimum, are required as part of the analysis of the carbody: 

a) Carbody stress analysis plan (including manual and finite element analyses) 
b) CEM system description and analysis plan 
c) Carbody stress analysis report (including the finite element analysis report and the 

manual stress analysis report) 
d) CEM system analysis report 

The JPB reserves the right to ask for additional reports should the need arise (as determined by 
the JPB).   

Analysis methodologies shall follow recognized industry practice.  In addition to APTA S-034, 
use of the following structural codes, or approved equal, are required: 

e) Steel Construction Manual, AISC, Fourteenth Edition 
f) Aluminum Design Manual, The Aluminum Association, 2010. 
g) Specification for the Design of Cold-Formed Stainless Steel Structural Members, ASCE 

8-02. 

3.1.5.1 Analysis Plans 

The carbody and CEM system analysis plans shall include, at a minimum, the following: 

a) A general description of the structure (carbody or CEM system) 
b) The approach to simulating material stress-strain responses, including the effects of 

strain rate and fracture, if incorporated, with tentative values for the various materials 
c) The analysis approach(es), including the proposed manual approach and computer 

programs  
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d) Model characteristics such as the material idealization (e.g. piecewise linear elastic-
plastic); any assumptions regarding structural idealizations (e.g. use of beam elements, 
welds modeled as tie-constraints, etc.); and, for finite element analyses, approximate 
element sizes and types 

e) Descriptions of the load cases, including reference to the relevant Technical 
Specification requirement(s), and the loads and boundary conditions (with diagrams) 

f) The planned output of the analyses and how these will be used to evaluate whether 
requirements are met 

Commercial industry-recognized computer programs (such as ANSYS, Abaqus,  and LS-DYNA) 
must be used for finite element analysis. 

3.1.5.2 Static Analysis 

A stress analysis shall be performed showing compliance with the structural requirements of 49 
CFR 238 and APTA SS-C&S-034. It shall include, but not be limited to, analysis of the following 
subsystems:   

a) carbody (vertical loading, end compression loading, side loading, and natural frequency) 

b) anticlimber  

c) coupler carrier  

d) forward facing end skin  

e) collision posts, corner posts, structural shelf (if provided)  

f) roof and side rollover strength, side structure and sheathing  

g) truck-to-carbody connection  

Finite Element Analysis (FEA) software shall be utilized as the main analysis tool.  Hand 
(manual) calculations may be permitted if approved by the JPB, and, if approved, would be 
acceptable for analysis of collision and corner post base shear strength, for bolted and welded 
connections, and for buckling strength. 

If the alternative compliance approach is used, and the crippling strength option is used to 
demonstrate occupant volume strength, the crippling strength must be demonstrated through 
quasi-static analysis.  This may be done with an implicit or explicit finite element computer 
program.  If explicit analysis is used, output parameters shall be provided that show the analysis 
is equivalent to a quasi-static analysis (Reference Appendix D to this technical specification for 
guidance on using the crippling strength analysis approach.) 

The analyses shall be submitted to JPB for review and approval prior to the start of testing and 
construction. The truck-to-carbody connection analysis may be submitted separately from the 
primary stress analysis report. The stress analysis shall also show compliance with the jacking 
and hoisting requirements given below. 

3.1.5.3 Collision Analyses 

A full, three-dimensional, finite element analysis is required to demonstrate compliance with the 
collision scenario requirements of Sections 3.1.4.2 if the alternative compliance approach is 
used. The carbody and CEM structures of the lead car of the subject train shall be modeled in 
their entirety. The lead end of the first trailing car shall also be fully modeled.  The model details 
(e.g. the mesh and material properties) for each element of the energy absorption system shall 
be the same as used to validate the models by test (see Section 3.1.7.)  Details of the other car 
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bodies and ends and CEM systems must be included only if they would experience permanent 
deformation as a result of the collision scenario. Yaw and pitch degrees of freedom shall be 
included in the moving train and the model shall include a simulation of the vertical interaction 
with the track sufficient to calculate the possibility and magnitude of wheel lift.  A one-
dimensional, lumped-mass model may be used to simulate Scenario 1 related to hard coupling. 

The report on the collision scenario analyses shall include, at a minimum, the following: 

a) Velocity vs. time plots for the center of mass of each of the cars 
b) Secondary impact velocity corresponding to the center of mass of each of the cars 

(Scenario 3 only) 
c) Acceleration vs. time plots for the center of mass of each of the cars  
d) Load-crush response of each end that absorbs energy 
e) Energy absorption vs. crush of each end that absorbs energy 
f) Images of the deformed geometry from different angles (e.g. side, top, bottom, and 

isometric) at three-to-four values of crush, including the maximum design crush 
g) Contour plots showing the plastic strain in occupied volumes (cab and passenger 

compartments) at the maximum design crush 
h) Contour plots showing longitudinal, vertical, and lateral deformation where needed to 

evaluate applicable requirements (e.g. floor-to-ceiling deformation, deformation with 
respect to the operator’s seat) 

i) Plots of whole model internal, kinetic, and artificial (hourglass) energy 

3.1.6 TESTING 

The following reports are required as part of the testing of the carbody structure, as appropriate 
to the approved design approach(s): 

a) Carbody testing plan 
b) CEM system testing plan 
c) Carbody testing report 
d) CEM system testing report 

3.1.6.1 Testing Plans 

The carbody and CEM system testing plans shall include, at a minimum, the following: 

a) A detailed description of the testing approach(es), including test location, fixtures, 
instrumentation, test procedures, and deliverables for each load case 

b) Descriptions of the load cases, including reference to the relevant Technical 
Specification requirements 

The plans must be approved by JPB before testing may begin. 

3.1.6.2 Static Testing 

Static testing shall be conducted with a structurally complete car shell that represents the final, 
approved design fabricated to the final approved fabrication processes and tolerances.  The test 
car shall also include loading to simulate the weights and (distributed) locations of underfloor 
and above-floor equipment that may affect the overall results.  If a CEM system is included, only 
those elements that are part of the load path for static loads need be included in the test car 
shell.  
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Tests shall be conducted on each structurally unique carshell.  If the carshell structures, with 
respect to the requirements of the Technical Specification, are essentially identical, then only 
one carshell need be tested. 

Instrumentation, including load cells, strain gages, displacement gages, and video cameras 
shall be included such that these devices permit evaluation of whether the Technical 
Specification requirements are met. 

The required carbody static tests (Reference Section 19.8.1) include: 

a) Vertical Load:  The car is loaded to AW3 and supported at the trucks 
b) Buff Strength:  A longitudinal load of 800 kips, 337 kips, or other value (depending on the 

car design approach taken) is applied at the buff stops.  A minimum of 200 strain gages 
shall be applied and monitored during the test.  The locations of these gages shall be 
part of the test plan, and subject to JPB approval. 

c) Collision and Corner Posts:  
(i) Collision post elastic tests: longitudinal load applied at 30 inches above the top of 

the underframe for the cab end (if posts are present) and at 18 inches above the 
top of the underframe for the non-cab end 

(ii) Corner post elastic tests – longitudinal: longitudinal load applied at 18 inches 
above the top of the underframe 

(iii) Corner post elastic test – lateral: lateral load applied at 18 inches above the top of 
the underframe 

(iv) Collision post elastic-plastic test: longitudinal load applied at 30 inches above the 
top of the underframe for the cab end (if posts are present.) 

d) Diagonal jacking test 

3.1.6.3 CEM Testing 

Testing is required for each distinct structural element of the CEM system.  Dynamic tests are 
required for the push-back coupler and the elements designed for energy absorption. Structural 
fuses may be tested dynamically or quasi-statically.  All tests must be conducted on full-scale 
test articles that represent the final, approved design fabricated to the final approved fabrication 
processes and tolerances. 

Dynamic tests shall be conducted at an impact speed of 20 mph.  with an impact mass that 
ensures that at least 90% of the design energy absorption for the particular element is achieved 
Instrumentation shall accurately measure load and displacement of the end of the impacted test 
article.  At least two high speed digital video cameras shall be used to record the deformation 
during the test.  Strain gages are not required for these tests, per se, but are required for quasi-
static tests. 

3.1.7 CORRELATION BETWEEN ANALYSIS AND TEST 

For tests required to demonstrate compliance with this section 3.1, the results of those tests 
shall be compared to the results of their companion analyses.  The criteria for correlation 
between analysis and test results shall be agreed upon between the car builder and the jpb for 
each test. 

For static tests, correlation shall be determined by using strain gage and displacement gage 
results.  The exact number of gages required for the correlation shall be agreed upon between 
car builder and the JPB for each test. 
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for dynamic tests, correlation shall be determined by using peak load, energy absorption and 
crush mode results. 

3.1.8 EQUIPMENT ATTACHMENT 

The attachment of major equipment to the carbody shall meet the requirements of APTA SS-
C&S-034, Section 5.7. An analysis that shows compliance with the APTA SS-C&S-034, Section 
5.7 requirements shall be submitted to JPB for review and approval. 

3.1.9 JACKING AND HOISTING 

The carbody structure shall be designed so that jacks or cradles may be used for lifting the car 
at the jacking pads. Eight jacking pads per car shall be installed on the side sill in approved 
locations, to prevent damage to the carbody structure when lifting a car. The bottom of all jack 
pads shall have a non-skid surface (as an integral part of the pad) to provide frictional 
resistance against incidental horizontal loading between the jack pad and jack head. 

There shall be no permanent deformation when the car is symmetrically jacked from any 
combination of pads with the car at AW0 with the trucks attached. 

The empty carbody, with trucks attached (AW0), shall be capable of being lifted on the outboard 
most diagonally opposite jack pads without resultant permanent deformation on any element of 
the carbody structure. 

Lifting lugs capable of being used to right an overturned vehicle shall be provided. 

3.2 EXTERIOR EQUIPMENT 

3.2.1 PILOT 

A pilot shall be provided under the cab end of each vehicle. The lower two inches of the pilot 
shall be easily replaceable with fasteners. The height of the pilot above top-of-rail, as measured 
statically on level, tangent track at any weight between AW0 and AW3 and any state of wheel 
wear, shall meet the requirements of 49 CFR 229.123. 

The pilot shall resist a longitudinal load of 50,000 pounds applied at the base of the pilot in line 
with the running rail without permanent deformation. In addition, the pilot shall resist a 
longitudinal load of 20,000 pounds applied at the base of the pilot located at track centerline 
without permanent deformation. The pilot shall also resist a lateral load of 30,000 pounds 
applied at the lower outboard edge of the pilot without permanent deformation. The pilot support 
structure shall be designed to yield at a maximum of one half the yield load of the associated 
undercar structure. A stress analysis of the pilot and supporting structures shall be submitted to 
JPB for review and approval.  The pilot shall not interfere with the design operation of the CEM 
system, if used. 

3.2.2 HORN AND BELL 

A horn shall be provided at the cab end of each cab car, with controls located on the cab 
console. Horns shall comply with 49 CFR 229.129 and shall be located under the car. They 
shall be tilted to direct sound and be provided with a shield or deflector to prevent accumulation 
or packing of debris in the cone. Horn volume shall be set by the Contractor and be adjustable 
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by maintenance personnel, and horn control shall allow operation of the FRA required 2 long, 1 
short and 1 long blast pattern. 

The cab end of each cab car shall be equipped with an electronic warning bell, the design and 
location of which shall be provided to JPB for review and approval. The warning bell shall be 
controlled by a console mounted pushbutton switch in the cab. Pressing the switch one time 
shall activate the warning bell; pressing it a second time shall deactivate the warning bell.  The 
warning bell shall also activate when the horn is activated. 

3.2.3 SAFETY APPLIANCES 

Each vehicle shall be equipped with safety appliances fully compliant with 49 CFR 231.14, 49 
CFR 238.229 and 238.230.   

3.2.4 GUTTERS 

Water-deflecting gutters shall be installed on the roof along the entire side of the vehicle, and 
over the cab windows and body end doors. The gutter shall discharge at each side of each side 
doorway, clear of the doorway, adjacent windows, indicator lights, loop steps, and handholds. 

3.2.5 WINDSHIELD WIPERS AND WASHER 

Windshield wipers and washers shall be provided for all of the cab windshields, including the 
observer’s windshield (if applicable). At least 80 percent of the width without hitting the 
windshield frame, and 60 percent of the height of the total windshield area shall be swept. The 
windshield wipers shall be functional at all car speeds. The wipers and washers shall be 
operational in both the active and inactive cab. 

The wiper control switch shall be located on the cab console and switch positions shall be OFF, 
INTERMITTENT, LOW and HIGH. The washer control switch shall also be located on the cab 
console. 

3.2.6 BETWEEN-CAR BARRIERS 

Per 49 CFR 38.109, between-car barriers must be provided to prevent passengers from 
inadvertently walking off the platform and falling between the cars, and to discourage intentional 
end-of-car access. 

3.3 INTERIOR DESIGN 

The carbuilder shall work in conjunction with JPB’s selected Interior Designer from the 
conceptual design phase through material, texture and color selection and into the final vehicle 
design.   

3.3.1 ADA ACCESSIBILITY/ACCOMMODATION  

EMUs shall provide ADA-compliant access and comply with 49 CFR 38, Subpart E, Commuter 
Rail Cars and Systems. In a situation in which no specific standard is found in Part 38, the 
vehicle shall meet the Federal ADA nondiscrimination obligation and universal access by 
designing and building the car to be compliant with the standards available for comparable 
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elements in buildings and facilities. The carbuilder shall refer to U.S. Access Board Accessibility 
Guidelines (ADAAG) for design features not contained in Part 38, except where doing so is 
infeasible because of particular geometric constraints of the rail car design, rail car safety, or 
operational considerations unique to rail transportation. 

Design for ADA accessibility shall be submitted for review at all three phases of the design 
review process.  

3.3.2 CIRCULATION  

Interior circulation, handrails and stanchions shall meet the requirements of 49 CFR 38.97.  In 
addition, the vehicle shall provide easy access and circulation within the vehicle and between 
vehicles. Bicycle guideways will be provided for passengers with the bikes to move between the 
levels in the vehicles. Doorways shall meet the requirements of 49 CFR 38.93.  Floors, steps 
and thresholds shall meet the requirements of 49 CFR 38.99.  A minimum of 2 wheelchair 
spaces shall be provided in each car for use by persons in wheelchairs or mobility devices.  
Each space shall meet the requirements of 49 CFR 38.95(d). These areas may be equipped 
with foldable seats or leaning cushions to accommodate other passengers when a wheelchair or 
mobility aid user is not occupying the area. Companion seating shall be provided adjacent to the 
wheelchair spaces. A minimum clear aisle width of 32 inches shall be maintained in accessible 
areas of the vehicle and any doorways to adjoining vehicles.  

Standing areas will be designed to allow the passengers a comfortable and safe ride. 
Stanchions, seat handholds and hand rails shall be provided to provide safe boarding, on-board 
circulation, seating and standing assistance and alighting at stops and during train movements. 
Such stanchions and hand rails shall be positioned to permit sufficient turning and maneuvering 
space for wheelchair and other mobility aids, and bicycles where permitted. 

Each priority seating position and wheelchair/mobility device area shall contain signs indicating 
these areas/seats are for persons with disabilities and other passengers must make such seats 
available to persons they are designated for.  Priority seating signs shall meet the requirements 
of 49 CFR 38.105.  

The Contractor shall also provide threshold markings. Step nosing and step edges shall have a 
band of color(s) running the full width of the step or threshold which contrasts from the step 
tread and riser or adjacent floor  such that it is easily identifiable by visually impaired 
passengers, per 49 CFR 38.99.  The means to do this shall be submitted to JPB for review and 
approval. 

Stairwells shall provide a minimum of 78 inches of head clearance over the entire width and 
height of the stairwell. 

Vestibule areas must be clear of obstruction to allow passengers preparing to alight to 
congregate. 

There must be guideways in suitable places to allow for easy and safe movement of the 
bicycles between the vehicle levels.  The guideway will: 

(a) be positioned in the stairwell such that bicycle owner can maintain control of the bicycle at 
all times, and 

(b) allow easy placement on or removal of the bicycle from the guideway.  
 
There will be a sign or signs placed near each guideway in visible areas warning owners to hold 
and maintain control of their bicycles while using the guideway. 
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The guideway design must be presented to JPB for review process. 

Each car shall be designed such that all passengers, including those using wheelchairs, can 
board or alight at any station even if the boarding station platform height is different from the 
alighting station platform height.  This can be accomplished via a designated wheelchair 
boarding platform (22” ATOR mini high and/or 50.5 to 50.75” ATOR high block). In addition, 
restroom cars shall be designed such that all passengers can access the restroom regardless of 
the platform height at which they boarded. If the Contractor chooses to provide ADA services on 
the lower level, a means to transfer wheelchair passengers to/from the lower level must be 
provided inside the car.  

3.3.3 THRESHOLD HEIGHT / PLATFORM INTERFACE  

EMUs shall be compatible with JPB’s existing platform height (8 inches ATOR) and existing 
mini-highs (22 inches ATOR). In addition, EMUs must be compatible with JPB’s future level 
boarding platform height of approximately 50.5 to 50.75 inches  ATOR.   Each car shall be 
capable of serving both platform heights during the transition from the existing platform height to 
the future platform height.  

For compatibility with the existing platform height, vehicles will require an intermediate step 
between the platform height and the lower level boarding threshold height, at approximately 16 
inches ATOR.  This intermediate step must be either removable or retractable to support 
conversion to a high-door-only modification once all JPB platforms have been raised to 50.5 to 
50.75”. The vertical face of this intermediate step will be located at approximately 61 inches 
from car centerline. In addition, a ramp or bridge plate must be provided to interface with JPB’s 
current mini-high platforms to load wheelchair passengers.  The ramp or bridge plate must 
comply with 49 CFR 38.95. The entire platform interface system must also be usable during the 
transition from the current platform height to the level boarding platform height. 

For future level boarding, the gap between the platform and the vehicle threshold must meet 
ADA requirements:  have a maximum horizontal gap of 3.0 (76 mm) with a vertical displacement 
of no more than plus or minus 5/8 inch (15 mm).  In addition, the threshold height and floor 
height above the trucks will be 51 inches ATOR. The manufacturing tolerance for the portion of 
the threshold that interfaces with the platform shall be plus or minus 1/8 inch maximum. 
Changes to the floor heights up to 53” ATOR will be considered by JPB. 

For information, the JPB existing platform edge is at 5’4” from track centerline and the future 
high platform edge will be at 6’0” from track centerline.  In order for the vehicle to meet the static 
envelope requirements of Appendix C and serve the future high platform, an automatic bridge 
plate will be required.  The automatic bridge plate requirements are outlined in Section 12.2.12. 

Design of the threshold height and platform interface shall be submitted for review at all three 
phases of the design review process.  

3.3.4 INTERIOR LIFTS 

If used, interior lifts shall comply with the car lift requirements of 49 CFR 38.95. 

3.3.5 RESTROOM 

One ADA compliant restroom shall be provided on each trainset.  The restroom shall include a 
fresh water system, a waste retention system, a flushing toilet, a wash basin, one or more 
stainless steel mirrors, a trash receptacle, a soap dispenser, an electric hand dryer, a toilet 
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paper dispenser, a baby changing table and a ventilation system of at least 150 cfm capable of 
maintaining a negative pressure of ½ inches of water within the room with the door closed.   A 
door lock with an integral “VACANT/OCCUPIED” sign shall be provided.The water system and 
waste retention tank shall be sized for one day worth of waste storage for  passengers and be 
fitted with two camlock type drain receptacles, one on each side of the car, compatible with 
existing JPB servicing equipment.  The restroom shall be equipped with a vacuum operated 
toilet and wash basin drain system or approved equal with tank sizes calculated to meet the 
conditions indicated.  The calculations shall be presented to JPB for review and approval.  Each 
restroom will be equipped with a smoke detector.  The restroom shall be lockable from the 
outside using a crew key.  Locking the restroom shall activate an illuminated “out of order” sign 
located on, above or adjacent to the restroom door. 

3.3.6 LININGS AND FINISHES 

The ceiling, side walls, and bulkhead walls shall be finished with integrally colored melamine, 
thermoplastic sheet, and/or fiberglass reinforced plastic, applied and mechanically fastened in a 
manner to permit ready removal for maintenance. Exposed fasteners are not permitted in the 
passenger area without specific JPB approval. Where fiberglass reinforced plastic is used, it 
shall be Tedlar covered. The Tedlar shall be applied using the in-mold process, or as approved 
by JPB. Linings shall be of sufficient strength and adequately supported to resist damage. 
Window masks shall be retained by elastomeric glazing strips around the windows. Edge radii 
design of the window masks, as well as the installation procedures, shall prevent stress 
cracking. All finishes shall be graffiti resistant, where the graffiti resistance of a particular finish 
is questioned the Contractor shall submit test reports based on ASTM D6578 Standard Practice 
for Determination of Graffiti Resistance for review by JPB. For each of the interior finishes the 
Contractor shall submit a repair procedure to JPB for review and approval.   

Painted surfaces are not permitted anywhere in the interior of the car except on door posts, door 
headers, door panels, and upper cornice cover panels. The paint and paint process are subject 
to JPB approval. 

Supporting technical datasheets and MSDS for liners, masks and associated trim pieces, 
bulkheads, end walls, windscreens, and other vehicle surfaces shall be provided by the 
Contractor. Supporting MSDS sheets for each material shall be submitted to JPB for review and 
approval. 

3.3.7 SEATING ARRANGEMENT  

The Contractor shall present a minimum of three (3) seating arrangements to JPB for review 
and approval. Each of the proposed seating arrangements shall meet the requirements of the 
Contract. If a seating arrangement includes transverse seats that face each other, a work table 
must be placed between the seats as a means to compartmentalize passengers in a collision 
scenario.   

Provisions shall be incorporated into the areas around the low level doors such that when JPB 
completes their transition to high level platforms, the doors can be sealed shut and seats can be 
installed in the previously unoccupied spaces in front of the doors. 

This modification shall not jeopardize the vehicle structural integrity and floor design. 
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3.3.8 SEATS 

Seats shall be based on a service proven design used in rail transit applications. They shall 
conform to 49 CFR 238.233 and APTA SS-C&S-016-99 Rev. 2, “Standard for Seating in 
Commuter Rail Cars,” including 8g dynamic testing, structural testing for seat strength, 
passenger safety and structural attachment. The seats shall reflect high standards of quality, 
comfort and appearance. Seatback covers shall be formed thermoplastic sheet with anti-graffiti 
coating, or as approved by JPB. 

The seat design must allow easy replacement of the seats. In addition, the seat installation 
design will allow for easy replacement of the seats with bike racks.  Reference also TS 3.3.10. 

Seats shall have modular, replaceable, leather-like covered seat cushions, seatbacks, and 
headrests. Seat fabric shall conform to 49 CFR 238.103, Appendix B. Seat cushion assemblies 
shall be designed to define two (2) individual passenger placements. The seat cushion 
assembly shall be readily removable from the seat without special tools. The seat back cushion 
shall be a construction of approved fire retardant foam such as Chestnut Ridge XL or approved 
equal. The seat bottom cushion shall be constructed of approved fire retardant silicone foam 
over a fabric seat suspension such as Entransit or approved equal. Flip seats, if used, shall be 
of a similar design as standard seat utilizing the same fabric and cushioning. Flip seat design 
will stay in the “last commanded position” and require a force of 5 lbf or less to raise or lower, 
unless approved by JPB. 

Prior to placing a quantity order for seats, the Contractor shall furnish to JPB one complete seat 
of each type for JPB approval. Each sample shall include test reports showing compliance with 
this specification. 

3.3.9 FLOOR STRUCTURE AND FLOOR COVERING 
The floor shall be constructed so that all applicable noise, vibration, strength, and fire endurance 
rating requirements of Section 19.6.2 are met. The floor design shall be tested in accordance 
with ASTM E119 to demonstrate a 30 minute endurance rating.   

The floor shall be suitably supported by the car framing to provide a structurally sound and 
sealed installation which shall not deform permanently under passenger loads up to AW3. The 
floor deck shall not deflect more than 1/250 of the shortest span between supports, up to a 
maximum of 1/16 inches, from a load equal to the sum of dead loads plus a uniformly arranged 
AW3 passenger load. The installed floor deck shall be flat and level from end-to-end in each 
seating level without waviness or buckles. Floor joints shall not be visible or discernible under 
the floor covering. The floor structure shall be resistant to the effects of water and cleaning 
fluids. 

The floor decking shall be constructed of phenolic composite floor panels or approved equal. 
The requirements for the phenolic floor panels are given in Section 16.9.7. All exposed edges of 
the panels, interior holes, interior cutouts and joints between panels shall be machined smooth 
and free of sharp edges and burrs. The floor material shall be non-vermin supporting and shall 
not rot, corrode or absorb moisture. 

The floor covering shall be of a high performance, resilient, rubber material resistant to damage 
and wear, and shall be securely bonded to the floor with a thermosetting adhesive 
recommended by the floor covering manufacture. Joints shall be watertight and minimized and 
filled using a process approved by JPB. The coefficient of friction of the floor covering shall not 
be less than 0.60 when tested in accordance with ASTM D2047. Floor covering designs and 
materials shall be provided to JPB for review and approval. 
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3.3.10 BICYCLE STOWAGE 

Bicycles shall be accommodated by the number of racks necessary to meet the capacity 
requirements of Section 2.3.5.  The storage configuration shall include a mix of vertical and 
horizontal stowage spaces. Stowage locations shall provide positive restraint of the bicycle, 
compliant with the carbody impact, shock, and vibration criteria and compliant with 49 CFR 
238.233 for attachment strength, and shall not interfere with passenger ingress or egress. For 
strength calculation purposes, the mass of each bicycle shall be 50 lbs (23 kg). 

Bike racks will be installed only on the dedicated bike cars (reference TS 2.3.1). 

The bike rack design must allow easy replacement of the bike racks. In addition, the bike rack 
installation design shall allow for easy replacement of the bike racks with seats.  Reference also 
TS 3.3.8.   

3.3.11 LUGGAGE STOWAGE 

The Contractor shall propose briefcase size overhead racks for JPB consideration.  Overhead 
storage racks shall provide longitudinal and lateral restraint for stowed articles. Overhead 
storage racks shall be attached to the car body with sufficient strength to resist loads compliant 
with 49 CFR 238.233. 

3.3.12 WORK TABLES 

If the JPB selects a seating plan with work tables, the work tables shall meet APTA PR-CS-S-
018-13, Fixed Workstation Tables in Passenger Rail Cars. Work tables shall be designed in 
such a manner as to provide an aesthetically pleasing, cleanable, stable work surface for 
writing, and retaining computers or food.  The edge treatment shall be resilient material and 
provide a marine edge to retain fluid spills. The table profile shall consider entrance and exit to 
the window seats. The design, location and mounting of the work tables shall be submitted to 
JPB for approval. 

3.3.13 CONVENIENCE OUTLETS  

Each window side seat shall be equipped with a convenience outlet. Each outlet shall be a dual-
duplex, tamper-resistant receptacle mounted flush to the sidewall liner. Position and orientation 
of the outlet shall be such that it is easily accessible to passengers. 

3.4 WINDOWS AND GLAZING 

All windows shall meet the requirements of 49 CFR 223 and 49 CFR 238.221 and be capable of 
withstanding all normal operating conditions without leakage or failure, including external and 
internal pressure differentials caused by head-on pressures and passing trains while the 
vehicles are at maximum operating speed. The windows shall not leak water, either into the 
interior of the Vehicle or into the Vehicle or door structure. Glass and glazing shall comply with 
Section 16.7, Glazing Material. The JPB requires enhanced solar performance that controls the 
amount of heat, light, and UV rays allowed to pass into the passenger and cab areas. The 
maximum solar energy transmittance shall not exceed 50 percent as measured by ASTM E424.  
The window assembly shall be gray tint with a visible light transmittance of 28 percent +4 
percent. 
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Side facing windows shall be FRA Type II glazing. 

Emergency exit windows shall be provided and shall meet the requirements of 49 CFR 238.113. 
In addition, rescue access windows shall be provided per 49 CFR 238.114. Dual function 
windows, meaning a window that is intended to serve as both an emergency window exit and a 
rescue access window, are permitted, provided they meet both 238.113 and 238.114. Each 
emergency access/exit shall provide an unobstructed opening of at least 26 inches horizontally 
and 24 inches vertically.  

All interior window surfaces exposed to passengers shall be the tempered side of the laminated 
safety glass and shall be covered with JPB approved vandal and graffiti-resistance film. Such 
film shall have no bubbles or ripples after application. The vandal film shall be replaceable 
without removing the glass or seals.  

The size, shape, interior film treatment and mounting of all windows shall be provided, and 
demonstration of removal and replacement of each window type is required as part of the 
design review. 

3.5 EQUIPMENT LOCKERS AND ACCESS PANELS 

Lockers shall be made from a rigid, durable, mar-resistant material. Lockers must be completely 
enclosed, including the ceiling. Panels facing the passenger areas shall be flush with surface 
and be finished in the same material as adjacent walls/panels. Lockers separating or isolating 
electrical equipment greater than 300 V and related wiring from passenger and crew areas shall 
meet the requirements set forth in the latest version of NFPA 130.  

All lockers shall be provided with crew key locks to ensure security. Access panels shall be 
hinged. Overhead access panels shall incorporate a safety mechanism or retention system to 
prevent injury when the panels are lowered. Lockers extending to the floor shall be sealed at the 
floor level to prevent water or cleaning solutions from entering the locker. All access covers shall 
be recessed to be flush with the adjacent panel surface and finished with identical materials. 

3.6 LOCKS AND KEYS 

All key types shall be approved by JPB. A crew key shall allow access to the car and the cab.  
An operator’s key shall allow access to the master controller. A maintenance key shall allow 
access to all compartments, equipment lockers, electrical lockers and access panels/covers. 
The crew key and the maintenance key shall also allow access as specified elsewhere in this 
specification. 

3.7 EMERGENCY LADDER 

Each vehicle shall be equipped with an emergency ladder to facilitate passenger de-training 
down to ground level.  The ladder shall be stored and easily removable from an equipment 
locker.  The ladder shall be of a compact design that is easy to deploy and made for safe, 
effective and intuitively obvious use by passengers.  The design of the ladder shall permit 
passenger egress through any of the side doors.  The ladder shall have provisions for adjusting 
to differing elevations of the car with respect to the ground. 

The treads of the ladder shall be at least 16 inches wide, with a step tread depth of at least 3 
inches, and shall incorporate a permanent non-skid surface or coating.  Non-skid surfaces 
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adhesively bound to the tread steps are not acceptable.  In addition, there shall be at least 8 
inches of toe clearance on all treads when deployed.  The ladder shall safely accommodate a 
450-pound person and be usable from any side door. 

3.8 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 

that demonstrate compliance with this section. Refer to section 1.7. 

3.9 CITED REFERENCES 

The following standards or references were cited in this Section: 

 

STANDARD TITLE 

49 CFR 238 Code of Federal Regulations, “Passenger Equipment Safety 
Standards” 

APTA SS-S&S-034-99, 
Revision 2 

Standard for the Design and Construction of Passenger Railroad 
Rolling Stock 

FRA Docket FRA-2009-
0124 

Waiver of compliance with certain provisions of 49 CFR Part 238 

RSAC ETF Alternative 
Compliance 
Requirements  

Technical Criteria and Procedures for Evaluating the Crashworthiness 
and Occupant Protection Performance of Alternatively-Designed 
Passenger Rail Equipment for Use in Tier I Service 

ASCE 8-02 Specification for the Design of Cold-Formed Stainless Steel Structural 
Members 

49 CFR 229 Code of Federal Regulations, “Railroad Locomotive Safety Standards” 

49 CFR 231 Railroad Safety Appliance Standards 

49 CFR 38 Code of Federal Regulations, "Americans with Disabilities Act (ADA) 
Accessibility Specifications for Transportation Vehicles" 

ASTM D6578 Standard Practice for Determination of Graffiti Resistance 

APTA SS-C&S-016-99, 
Revision 2 

Standard for Seating in Commuter Rail Cars 

ASTM E119 Standard Test Methods for Fire Tests of Building Construction and 
Materials 

ASTM D2047 Standard Test Method for Static Coefficient of Friction of Polish-Coated 
Flooring Surfaces as Measured by the James Machine 
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STANDARD TITLE 

APTA PR-CS-S-018-13 Fixed Workstation Tables in Passenger Rail Cars 

49 CFR 223 Safety Glazing Standards – Locomotives, Passenger Cars and 
Cabooses 

NFPA 130 Standard for Fixed Guideway Transit and Passenger Rail Systems 

Steel Construction 
Manual 

American Institute of Steel Construction, Fourteenth Ed., 2011 

Aluminum Design 
Manual 

The Aluminum Association, 2015 

EN15227 Railway applications – Crashworthiness requirements for railway 
vehicle bodies, January 2008 
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5.1 GENERAL 
The coupler system shall be service proven and shall meet the requirements of all applicable 
FRA regulations, and APTA and AAR Standards and Recommended Practices. All like vehicle 
types shall have identical coupler systems. The coupler system shall be either a conventional 
system, using an APTA Type-H Tightlock coupler or an automatic system that will make all 
mechanical, pneumatic, and electrical trainline connections. Semi-permanent couplers, such as 
drawbars, may also be proposed for use at non-cab ends of cars.  
 
The coupler connections shall permit operation of up to eight vehicles in a train under normal 
conditions through electric and pneumatic trainlines. If automatic couplers are used, coupler 
controls shall be located in each operator’s cab and outside the vehicle near each automatic 
coupler. 
 
The coupler and draft gear shall have the strength needed to allow, under emergency 
conditions, a train of eight vehicles with an AW3 passenger load to push or pull an inoperable 
train of up to eight vehicles with an AW3 passenger load, without damage to the coupler or its 
anchorage. 
 
Pushback couplers shall meet all the requirements of APTA PR-CS-RP-019-11, Pushback 
Couplers in Passenger Rail Equipment. 
 
The Contractor shall provide a complete System Functional Description (SFD) for all systems, 
subsystems, components and devices, contained within this specification section.  The SFD 
shall be in the form of a narrative description, with attendant electrical schematics and 
mechanical drawings, sufficient for the JPB to fully understand every aspect of the design and 
operation of the equipment specified in this section, and to make an engineering-based decision 
as to its acceptability for the Caltrain application.  

5.2 CONVENTIONAL COUPLERS 
Where conventional couplers are provided, they shall be of an APTA Type-H Tightlock design. 
Electric and pneumatic connections shall be made through use of inter-car jumpers utilizing 
AAR pneumatic fittings and Amtrak style electric connectors. 
 
There shall be no permanent deformation in the couplers or in any other component during a 4 
mph collision.  Reference Section 3.1.4.1.1 for the parameters of this collision scenario. 

5.2.1 MECHANICAL 

5.2.1.1 Coupler and Yoke 

Type-H Tightlock couplers and yokes shall comply with APTA Recommended Practice RP-M-
003-98. Each coupler shall have an automatic horizontal centering device that aligns an 
unloaded coupler to carbody centerline. It shall be possible for two cars to automatically couple 
on a maximum degree horizontal curve shown on the Caltrain profile and alignment charts. An 
override of the centering device shall be provided to allow coupling in tight curves. 
The gathering range of the coupler shall not be less than 3 3/8 inches in all directions with the 
coupler at the nominal operating height. The coupler gathering range shall be sufficient for two 
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cars to automatically couple on tangent track when each coupler is maintained within the 
tolerance stated in Section 5.2.1.3, and each coupler is positioned at the opposite limit of the 
gathering range.  Tests shall be conducted to confirm the gathering range. 

5.2.1.2 Draft Gear 

The draft gear shall have rubber cushioning which shall be effective in both buff and draft in 
normal train operation.  
 
For alternative structural compliance designs, a push-back, release function shall be 
incorporated.  The draft gear shall not engage non-recoverable energy absorption below 4 mph 
(reference CEM collision Scenario 1 of Section 3.1.4.1.1). At speeds over 4 mph, the coupler 
will push back and engage the energy absorption device. The Contractor shall provide 
calculations detailing the energy management of this feature.  A telltale device shall be 
incorporated to provide obvious indication that the function has been triggered. 
 
For Tier I compliant structural designs, the above requirements shall apply if a CEM coupler 
design is offered. 

5.2.1.3 Coupler Carrier 

Each coupler shall have a carrier that maintains nominal coupler height while allowing vertical 
dynamic motion. The coupler carrier shall be designed to adequately and consistently support 
the coupler through its full range of vertical and horizontal movement, and shall maintain the 
coupler at a nominal height of 34.5” ATOR. The coupler carrier and centering device shall be 
adjustable to allow maintenance personnel to correct for wheel, truck, suspension, and carbody 
wear. The coupler location shall be maintained within ±0.75 inches vertically and ±0.75 inches 
horizontally of its nominal, centered position on level, tangent track with new wheels under all 
static conditions from AW0 to AW3. Coupler adjustment shall not be required more frequently 
than 92-day intervals. 

5.2.1.4 Uncoupling Lever 

Uncoupling levers shall be provided that comply with APTA Standard SS-M-016-06 and 49 CFR 
238. The uncoupling lever shall not cause unintentional uncoupling as a result of any possible 
coupler movement. 

5.2.1.5 Energy Absorption 

For alternative structural compliance designs, an energy absorption feature shall be provided 
that will automatically engage when the push-back release function is triggered. The minimum 
stroke of the system shall be sufficient to allow the anti-climbers to fully engage. The device 
shall have a replaceable cartridge or be of a self-resetting hydraulic design.  
 
For Tier I compliant structural designs, the above requirements shall apply if a CEM coupler 
design is offered. 
 
The Contractor shall submit all energy-absorption system design information, including an 
energy-absorption analysis and actual test results showing applied force, compression distance 
traveled, and calculations demonstrating the performance of the energy absorption system. 
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5.2.2 ELECTRICAL 
Electrical connectors shall be provided at the cab ends to maintain trainline continuity when 
EMU’s are coupled. Intercar jumper cable assemblies shall be provided for each connector.  
The control system shall automatically reconfigure the trainlines and car ends after the cars are 
coupled and intercar jumpers connected.  
 
The Contractor shall provide an special MU jumper cable between locomotive and the EMU to 
release the EB brakes and activate any other trainlines as needed to fully use the pneumatic 
brake pipe to safely tow and brake a dead 8 car EMU with functioning pneumatic brakes for 
maintenance and emergency operations. 

5.2.3 PNEUMATIC 
Pneumatic hoses shall be coupled manually and shall comply with applicable AAR standards. 
Each end of each vehicle shall be equipped with a 1-1/4 in self-locking ball type AAR approved 
angle cock on the air brake trainline pipe. Each end of every vehicle shall be provided with a 1 
inch self-vented cut-out cock with a locking handle on the main reservoir trainline pipe. The 
system shall be compatible with JPB locomotives for rescue. Unintentional uncoupling and 
break-aparts shall cause emergency brakes to be applied. 

5.3 AUTOMATIC COUPLERS 
Where automatic couplers are provided, they shall provide fully automatic mechanical, electrical 
and pneumatic connections between mating cars. 
 
There shall be no permanent deformation in the couplers or in any other component during a 4 
mph collision.  Reference Section 3.1.4.1.1 for the parameters of this collision scenario. 

5.3.1 MECHANICAL COUPLER 

5.3.1.1 General 

The mechanical coupler shall be slack free and self-locking. The coupler shall be supported 
such that nominal coupler height is maintained while allowing vertical dynamic motion.  
The Contractor shall provide technical specifications, drawings, schematics, maintenance 
instructions and any other information requested by JPB to determine the suitability of the 
mechanical head. 
 
The Contractor shall provide all special tools, as necessary for the maintenance and repair of 
the coupler and coupler mechanism. 

5.3.1.2 Geometric Requirements 

The coupler, drawbar, and draft gear shall be designed and constructed such that coupled cars 
shall be able to negotiate the horizontal and vertical curves on all classes of track, as specified 
in Section 2.2.2. This requirement shall remain valid when one car has worn wheels and 
deflated air springs and the other has new wheels and the air springs are at their up-stop limits. 
 
The coupler support and centering device shall be adjustable to allow maintenance 
personnel to correct for wheel, truck, suspension, and carbody wear. The coupler location 
shall be maintained within ±0.75 inches vertically and ±0.75 inches horizontally of its nominal 
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position on level, tangent track with new wheels under all static conditions from AW0 to AW3. 
Coupler adjustment shall not be required more frequently than 92-day intervals.  
 
The gathering range of the coupler shall not be less than 3 3/8 inches in all directions with the 
coupler at the nominal operating height. The coupler gathering range shall be sufficient for two 
cars to automatically couple on tangent track when each coupler is maintained within the 
above stated tolerance, and each coupler is positioned at the opposite limit of the gathering 
range.  Tests shall be conducted to confirm the gathering range.  

5.3.1.3 Coupler Head 

The coupler head shall be slack free and self-locking. 

5.3.1.4 Strength 

The coupler, draft gear and anchorage to the carbody shall comply with the requirements of 
APTA PR-CS-RP-019-12. This shall include a draft strength capable of handling the normal and 
rescue operations described in Section 2.3.7. 
 
All parts of the coupler assembly on which it is possible for a person to stand shall withstand a 
vertical load of 400 lbf (1780 N) without deformation. 

5.3.1.5 Energy Absorption 

For alternative structural compliance designs, an energy absorption feature shall be provided 
that will automatically engage when the push-back release function is triggered. The minimum 
stroke of the system shall be sufficient to allow the anti-climbers to fully engage. The device 
shall have a replaceable cartridge or be of a self-resetting hydraulic design.  
 
For Tier I compliant structural designs, the above requirements shall apply if a CEM coupler 
design is offered. 
 
The Contractor shall submit the energy-absorption system design information, including an 
energy-absorption analysis and actual test results showing applied force, compression distance 
traveled, and calculations demonstrating the performance of the energy absorption system. 

5.3.1.6 Self Centering 

Each coupler shall have an automatic horizontal centering device that aligns an unloaded 
coupler to carbody centerline. An override of the centering device must be provided to allow 
coupling in tight curves. When coupled, the centering device shall not prevent coupler 
movement necessary for normal operation.  

5.3.1.7 Draft Gear 

The draft gear shall have cushioning which shall be effective in both buff and draft in normal 
train operation.  
 
For alternative structural compliance designs, a push-back, energy absorbing function shall be 
incorporated. The draft gear shall not engage non-recoverable energy absorption below 4 mph 
(reference CEM collision Scenario 1 of Section 3.1.4.1.1).  At speeds over 4 mph, the coupler 
will push backand engage the energy absorption device.  The Contractor shall provide 
calculations detailing the energy management of this feature. A telltale device shall be 
incorporated to provide obvious indication that the function has been triggered 
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For Tier I compliant structural designs, the above requirements shall apply if a CEM coupler 
design is offered. 

5.3.2 ELECTRICAL COUPLER 

5.3.2.1 Electric Coupler Head 

Each coupler assembly shall be provided with an electrical coupler head or heads.  The 
electrical portion of the coupling equipment shall perform the following functions: 
 
a) Sense the uncoupled state and control the car relays needed to establish the adjacent car 

end as a train end 

b) When coupled to another vehicle, sense the coupled state and control the car relays to 
establish the car end as middle, or coupled end 

c) Sense an unintentional uncoupling through the use of a loop circuit and apply emergency 
brakes in the train 

d) Provide for isolation by Cab control or local manual control 
 

There shall be a minimum of 10 percent spare contacts in the electric coupler head. 
 
Electric coupler contacts and trainlines shall be symmetrically arranged about the vertical 
centerline so that they may be reversed with respect to any other car and the specified functions 
will not be affected. 
 
The electrical coupler heads shall be heated, if required, to operate correctly over the full 
temperature range described in Section 2.2.5, environmental conditions.    
 
The mounting of the electric coupler head on the mechanical coupler shall provide for easy 
removal and replacement of the entire assembly without the removal of any other adjacent 
component. 
 
The Contractor shall submit a design analysis report on the electrical coupler to confirm 
compliance with the requirements of this Section.  

5.3.2.2 Trainline Circuits 

The circuit assignments shall be selected by function such as, but not limited to, ATC, Door, 
Communications and MU Operation (propulsion, braking, auxiliary power and battery, cab 
control, data bus network, etc.). 

5.3.2.3 Electrical Contact Requirements 

Butt-type or pin and socket contacts shall be used.  
 

5.3.2.3.1 Butt Contacts 

Butt-type contacts for high energy (battery level) signals shall be silver plated.  Contacts for low 
energy (train bus, etc.) signals shall be gold plated. 
 
The contact tips shall be replaceable by removal through the front of the coupler block without 
disassembling the coupler or its wiring. 
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The contacts shall mate with a wiping action. Fritting currents shall be employed where 
necessary to maintain low resistance pin contact for data bus and other low voltage, low current 
sensitive circuits.  The disconnect operation shall be rapid to avoid damage by arcing. 
 

5.3.2.3.2 Pin and Socket Contacts 

The electrical coupler head shall be retractable. The electric heads shall not mate until 
mechanical coupling has been achieved, and shall un-mate prior to mechanical uncoupling. 
 
Guide pins shall be provided to ensure that pin and sockets are correctly aligned. 
 
Contacts shall have sufficient lead-in to ensure that they will always mate correctly under worst 
case conditions of guide pin wear. 
 
Fritting currents shall be employed where necessary to maintain low resistance pin contact for 
data bus and other low voltage, low current sensitive circuits.   
 
Electric coupler head mating forces and speed shall not be greater than necessary.  
 
The Contractor shall supply details of the design that describes how misalignment and mis-
mating of contacts is avoided.   

5.3.2.4 Contact Springs 

No current shall flow through the contact springs.  

5.3.2.5 Current Interruption Protection 

To prevent electric coupler pin contacts from arcing during uncoupling, a separate set of 
switching functions shall be included for the automatic disconnect of all circuits which might 
cause arcing damage, prior to separation of the current carrying contacts. 

5.3.2.6 Connections 

Each contact, except spares, shall be permanently marked to identify its actual circuit 
designation by engraving its identification on the contact block. Spares shall be identified with 
decals only, designating "SPARE" and its number. 
 
Connections to the back of the electrical coupler contacts shall be non-corroding, designed to 
prevent interference between adjacent connections, and shall be accessible for maintenance.   
Cable entry to the electrical coupler shall be waterproof. 
 
Connections from the electrical coupler head to the carbody mounted trainline junction box shall 
be by means of flexible cables with multi-way, locking type connectors at the carbody ends. 
 
Sufficient conductors shall be provided to wire all coupler contacts, including all spares, back to 
the junction box.   
 
The method of connection and support shall minimize stress in all operating positions and shall 
prevent chafing of the cables.  Strain relief bushings shall be used in this regard. 
 
The connections shall permit removal and replacement of the complete electrical coupler 
without disturbing the mechanical and pneumatic portions of the coupler. 
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5.3.2.7 Housing 

The housing shall be provided with an opening on the bottom, covered with a removable plate of 
sufficient size to make connections and to inspect and repair the terminals, cross-connections 
and other internal parts of the coupler.  

5.3.2.8 Contact Holder 

The electrical coupler contact block shall be of a non-hygroscopic material, of adequate strength 
to withstand, without damage, mechanical forces imposed by normal revenue service.  
 
The design of the insulating block, contacts and edge seals shall preclude the entry of water 
and debris of any kind into the electrical housing, and shall be mechanically stable over the full 
range of temperatures defined in Section 2.2.5.   
 
An elastomeric gasket shall be attached to the perimeter of the electric coupler contact block. 
When the electrical heads mate during coupling, the gasket material shall form a waterproof 
seal to protect the contacts. This gasket shall also form a waterproof seal with the electrical 
head cover when it is in the closed position. 
 
Dielectric strength shall meet the requirements of Section 16.17.3 for wiring insulation 
resistance from pin-to-pin and from pin-to-ground. Creepage distance between adjacent 
contacts and between the contacts and any metal part connected to the carbody shall be in 
accordance with EN50124. 
 
The contact block shall be removable for repairs or replacement. 

5.3.2.9 Electric Coupler Cover 

Each electric coupler shall be provided with a waterproof cover which shall protect the coupler 
contacts from dirt, dust, water and ice when it is closed in the uncoupled position. The cover 
shall be spring-closed and shall automatically open as the electric heads mate during coupling 
and shall close as the electric heads separate during uncoupling. The cover shall not be 
damaged by maintenance personnel using the cover as a step. A prop rod or other hold-open 
device shall be provided. 

5.3.2.10 Electrical Isolation 

Electrical isolation shall be possible without mechanically uncoupling by activating the Trainline 
Isolation Bypass switch in the cab. This shall cause the electric heads to retract after proper 
electrical isolation has occurred automatically. It shall not be necessary to return the Trainline 
Isolation Bypass switch to its normal position in order to mechanically uncouple using the 
“UNCOUPLE” pushbutton. 

5.3.2.11 Non-Cab End 

5.3.2.11.1 Electrical Connections 

Intercar electrical connections utilizing semi-permanent jumper cables with connectors at each 
end, connected to car junction boxes are required.  Since the disconnection of the inter-car 
connectors is a manual process, means shall be provided to safely remove all circuits with 
potential differences of more than 50 volts and/or currents in excess of 10 amps prior to 
disconnection. 
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5.3.3 PNEUMATIC COUPLER 
The coupler shall be capable of making all necessary connections for trainlining the main 
reservoirs and the control pressure (brake pipe). Car-to-car brake pipe connections shall be 
made automatically when couplers are fully engaged mechanically and locked. Connections 
shall be provided in the coupler for the control pressure pipe, main reservoir pipe and any other 
connections necessary for the automatic coupling and uncoupling of the cars. Manually 
operated, self-locking, non-vented cut-out cocks shall be provided at each end of each 
pneumatic pipe that is trainlined.  
  
A readily replaceable, self-closing valve shall be provided which shall automatically close off the 
emergency pipe and main reservoir pipe when cars are uncoupled and open between coupled 
cars. The design of the coupler and controls shall ensure that during intentional uncoupling the 
emergency brakes shall apply on the cars being parked. The uncoupling operation shall not 
cause an emergency brake application on the controlling car and shall not result in the loss of 
brake pipe air. Unintentional uncoupling and break-aparts shall cause emergency brakes to be 
applied. 
 
Provisions shall be made to prevent undesired buildup of air pressure in the uncoupling cylinder 
due to uncoupling valve leakage. 
 
The air connections at the rear of the coupler head shall be tapped for standard iron pipe size 
connections. All piping and fittings on or about the coupler shall be of approved materials. The 
air line at the face of the coupler shall be free-flow connected by means of spring loaded rubber 
gasketed bushings or approved equal. These gaskets shall be retained to prevent their 
becoming dislodged during uncoupling. 
 
All piping and fittings on or about the coupler shall be of approved materials. 
 
To prevent debris from entering the pneumatic trainlines, a tappet valve shall be provided in the 
face of the coupler for each pneumatic trainline.  The tappet valve shall automatically open upon 
mechanical coupling and automatically close upon mechanical uncoupling. 

5.3.4 CONTROL 

5.3.4.1 General 

Coupler design shall permit automatic coupling when bringing cars together. If the displacement 
of the couplers is within the gathering range specified, coupling shall occur when the couplers 
come into full contact. 
 
Coupler control shall be arranged so that the complete uncoupling operation can be performed 
only from an active coupler control station at the uncoupling location.  
 
Single point failures in the uncoupling control shall not produce uncoupling. Uncoupling must be 
manually initiated, and protected by a key-switch.  Uncoupling shall only be possible at no 
motion. 
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5.3.4.2 Coupler Control 

The electric and pneumatic control system shall provide the functional features to permit 
automatic coupling and uncoupling of the cars from within the adjacent cab car-end. Manual, 
electric and pneumatic coupling and uncoupling features shall also be provided.  
 
Auxiliary equipment shall be supplied as part of the coupler equipment to energize in both cars 
the activating relays and magnet valves performing the following functions: 
 
a) Sense the uncoupled state and operate the drum switch accordingly, or equivalent. Close 

the loop circuits and open all other switched trainline circuits; close the air trainlines and 
open the coupler hook. 

b) Sense the coupled state and operate the drum switch accordingly, or equivalent. Open the 
looping circuits, restore continuity of trainlines and open the air trainlines. Manual means 
must also be provided by which specified air and electric trainlines can be opened or closed  

c) Provide a manual means by which specified trainlines can be broken. 

5.3.4.3 Automatic Coupling/Uncoupling 

5.3.4.3.1 Coupling  

When contact with a second coupler is made, the couplers shall automatically couple 
mechanically and pneumatically (if applicable).  
 
Once mechanically coupled, the ISOLATE/TRAINLINE switch in one coupled cab should be 
momentarily moved to the TRAINLINE position to make the electrical trainlines in the opposite 
cab. This operation should be repeated in the other coupled cab to complete the coupling 
process.  
 
Coupling of a live train to a “dead” (no air) train should commence with the electrical coupling, 
and not require that the dead train be fully pneumatically charged before the electric portions of 
the couplers functionally engage.  This may be affected via the use of a pilot valve on the live 
train.  The rationale for this requirement is to energize the air compressor controls on the dead 
train so as not to rely on the live train alone to pneumatically charge the dead train.  All of this 
shall occur automatically upon coupling.   
 
Once a cab is detected as coupled, it shall no longer be an Operating cab.  
 

5.3.4.3.2 Uncoupling  

The uncoupling operation shall be electrically controlled from the adjacent Operator's console. 
During uncoupling, the emergency brakes shall be automatically applied on the cars to be 
parked and remain released on the cars to be moved. 
 
In the event of an unintentional uncoupling, an emergency brake application to all sections of 
the train shall be caused by exhausting the emergency pipe. 
 
The uncoupling control shall be interlocked such that its activation is restricted to a powered 
Operator's console with the car speed below the no-motion detection point of the no-motion 
detection system. The couplers shall be controllable only from the cab control panels adjacent 
to the point of separation. Coupler control shall not be trainlined. The uncoupling sequence shall 
be as follows: 
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d) A cab adjacent to the coupler where the uncoupling is to occur is activated. 
e) The UNCOUPLE pushbutton in the active cab is depressed and latches electrically after a 

predetermined length of time (adjustable). This causes the electric heads to retract after 
proper electrical isolation has occurred automatically. Subsequently, mechanical uncoupling 
is initiated. Once this sequence commences, it shall continue to the fully uncoupled state 
even if the UNCOUPLE button is released. It shall not be necessary to operate the car in 
forward, to buff the couplers, to achieve mechanical uncoupling. 

f) The reverser is placed in REVERSE and the train backs away from the opposing, uncoupled 
portion of the train. 

 

5.3.4.3.3 Manual Operation Requirements 

Devices shall be provided to permit the cars to be mechanically uncoupled without the use of 
tools in the event of a power loss or control failure.  Sufficient mechanical advantage shall be 
provided to allow JPB personnel to manually operate these devices in an emergency using a 
force of 60 pounds or less. 
 
It shall be possible to manually turn the drum switch to effect electrical isolation. 
All manual functions shall be independent and be capable of being operated in any sequence or 
combination.   
 
If a manually retractable electric coupler head is provided, it shall not require more than 35 
pounds force to engage or disengage. 

5.4 COUPLER ADAPTER 
If automatic couplers are provided, the Contractor shall supply coupler adapters for coupling to 
the existing diesel fleet.  Each cab car shall be equipped with one coupler adapter to allow it to 
be connected to a conventional AAR Type-E, F, or H coupler. The removable adapter shall have 
a maximum weight of 65 pounds and be located outside of the car and in a position such that it 
will require minimal effort for the Operator to remove, install and replace the adapter in its 
holder. It shall be able to withstand 100,000 pounds in buff or draft without permanent 
deformation. The operator shall be able to manually install or remove the adapter alone and 
without tools. It is anticipated that the adapter will be used during emergency or rescue 
situations only. 

5.5 REQUIRED CONTRACT SUBMITTALS 
The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7. 

5.6 CITED REFERENCES 
The following standards or references were cited in this Section: 
 

STANDARD TITLE 

EN50124 European Standard, “Railway applications. Insulation coordination. 
Basic requirements. Clearances and creepage distances for all 
electrical and electronic equipment” 
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STANDARD TITLE 

APTA RP-M-003-98 American Public Transportation Association, “Recommended 
Practice for the Purchase and Acceptance of Type H-Tightlock 
Couplers” 

APTA SS-M-016-06 American Public Transportation Association, “Standard for Safety 
Appliances for Rail Passenger Cars” 

49 CFR 238.205 Code of Federal Regulations, “Rail Passenger Equipment Safety 
Standards” Anti-climbing mechanism. 

49 CFR 238.207 Code of Federal Regulations, “Passenger Equipment Safety 
Standards” Link between coupling mechanism and car body. 

APTA PR-CS-RP-019-12 American Public Transportation Association, “Recommended 
Practice for Pushback Couplers in Passenger Rail Equipment” 
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6.1 GENERAL 

A full width Operator’s cab shall be located in the F-End of each cab car. 

The cab shall provide ready access to control devices for operating the train in an ergonomic, 
climate-controlled environment. The cab shall provide a desk-style console for the Master 
Controller, brake handle and other associated vehicle controls, switches, indicators, displays, 
alarms and communications equipment.  The Operator’s seat shall swivel and be height-
adjustable to assist in Operator access and provide an ergonomic fit for all Operators between 
the 5% female and the 95% male. Refer to Section 6.3.1 for additional Operator’s seat 
requirements. 

The interior of the cab shall present a clean, pleasing appearance, and shall be free of sharp 
edges and protrusions. 

Any pneumatic component mounted in the cab or cab area shall vent outside of the cab or 
passenger compartment. 

The Operator’s space, seat, and control devices shall permit Operators to perform train 
operations safely and efficiently. 

6.2 ARRANGEMENT 

The relationship between the Operator and the windshield shall be designed to optimize the 
field of view while minimizing the windshield area to the extent practical. The cab layout shall 
provide the Operator with an effective field of view to the right and left of the direction of travel. 
An Operator line of sight analysis shall be prepared to show lines of sight out of the windshield 
and cab side windows for a 95th percentile male and a 5th percentile female when seated. 
Viewing angles shall be maximized to the extent possible and line-of-sight obstructions shall be 
minimized to the extent possible.  

Space shall be allocated in the cab area for the Operator’s personal effects. 

Outside mirrors shall be provided on each side of the vehicle to allow rearward sight down the 
side of the consist while seated in the Operator’s seat. Mirrors shall be independently 
adjustable. The mirrors shall not interfere with the clearance diagrams referenced in Section 
2.3.4.1.   As an option, rear facing side cameras on each side of the cab, may be proposed.  If 
proposed, exterior rear facing cameras shall be manually adjustable and enclosed in a durable, 
weather-proof housing. 

A human factors/ergonomics study shall be prepared for the cab. This study shall incorporate 
the range of 95th percentile male to 5th percentile female. This study shall present details of the 
interaction and reach of the range of Operators in relation to all cab controls, while the Operator 
is seated. 

Drawings, including isometric views, of the complete cab design and arrangement shall be 
provided. 

6.2.1 CONSTRUCTION 

The cab shall be designed such that all devices and equipment are integrated (built-in and flush-
mounted) into the console, walls, ceilings, or floor. The design shall group controls and 
instruments for function, maintenance, and servicing. All equipment shall be attached with 
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machine screws to either tapping plates, tapped holes in a sufficiently robust metal console 
desktop, or accessible captive nuts. 

Cab construction details shall be included in the design and arrangement drawings. 

6.2.2 CAB PARTITION 

A cab partition shall be provided separating the cab area from the passenger area. 

6.2.3 CAB DOOR 

The cab door shall be lockable.  The cab door shall be equipped with a panic bar for emergency 
egress from the cab to the passenger compartment, a window, a privacy roller shade, a kick 
plate on both sides, and a closable air grille on the lower half of the door for air circulation. 

6.2.4 CAB FLOOR 

The cab floor shall have the same floor construction and floor covering as the passenger 
compartment, unless directed otherwise by JPB. 

6.2.5 SIDE LININGS 

The side linings in the cab shall be of similar construction to the side linings in the passenger 
compartment. 

6.2.6 CEILING 

The ceiling shall be of similar construction to the ceiling in the passenger compartment. 

6.2.7 FOOT REST 

A retractable, adjustable (from the 5% female to the 95% male) foot rest shall be provided. 

6.2.8 CAB WINDSHIELD 

The cab windshield shall be laminated safety glass, meeting the impact requirements of 49 CFR 
223 for Type I glazing and the requirements of 49 CFR 238.221.  

Details of the cab windshield design, arrangement and installation, as well as the performance 
of the heating element shall be provided.  Refer to Section 13.3.7 for windshield heater 
requirements. 

6.2.9 CAB SIDE WINDOWS 

The cab side facing windows shall be waterproof sliding windows, and shall allow easy opening 
and closing. Side facing windows shall meet the requirements of 49 CFR 238.113 for 
emergency exit windows (including marking and instructions) and shall provide an unobstructed 
opening of at least 26 inches horizontally and 24 inches vertically. These windows shall not be 
assumed accessible to passengers and shall not be considered as emergency exit windows for 
the passenger compartment. 
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Cab side windows shall be laminated safety glass, meeting the impact requirements of 49 CFR 
223 for Type II glazing and the requirements of 49 CFR 238.221.  

6.3 CAB EQUIPMENT 

6.3.1 OPERATOR’S SEAT 

The Operator’s seat shall be designed for Operators ranging between a 5th percentile female 
and a 95th percentile male as defined by MIL-STD-1472, Rev H, with appropriate longitudinal, 
vertical and swivel adjustments as necessary.  The Operator’s seat design shall meet the 
requirements of APTA PR-CS-S-011-99.  

6.3.2 CAB AUXILIARY SEAT 

An additional folding auxiliary seat (jump seat), normally in the up position, shall be provided.  
The location of the jump seat shall be proposed by the Contractor. 

6.3.3 COAT HOOK 

Two coat hooks shall be provided in the cab. 

6.3.4 AIR COMFORT 

The cab shall have an independent air comfort system or shall have an Operator-adjustable 
damper that allows conditioned air from the main passenger HVAC units to enter the cab. 

6.3.5 VISOR 

Sun visors shall be provided for the cab windshield(s) and cab side windows. 

6.3.6 CAB LIGHT 

Cab lighting shall be provided in accordance with Section 15.3. 

6.3.7 FIRE EXTINGUISHER 

Each cab shall be equipped with a UL certified rechargeable fire extinguisher, containing 10 lbs. 
of ABC dry chemical and equipped with a pressure gauge. 

6.3.8 EMERGENCY KIT 

An emergency kit shall be provided in the cab. This shall include a first aid kit, flashlight, 
crowbar, and emergency flares (fuses).  Note that this emergency kit is separate and in addition 
to the passenger emergency equipment specified in Section 21.6.12.1. 
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6.3.9 CCTV SYSTEM 

Each cab shall be equipped with at least one forward facing camera; more if needed to capture 
the required field of view. The recorded field of view shall be a 180-degree arc in front of the 
vehicle. The forward facing camera(s) shall be able to clearly record railroad signal colors on 
signal gantries above the track, and on signal posts adjacent to the track, at a distance from 50 
feet up to 2000 feet in front of the train, day or night. The cab shall also be equipped with an 
inward facing video camera. The cab CCTV system shall be integrated with the video and audio 
surveillance system specified in Section 14.8. 

6.3.10 REFRIGERATOR 

A crew refrigerator, for chilled bottled water storage, shall be provided within the cab area. The 
refrigerator shall be rail industry proven for rolling stock applications; any power conversion from 
the vehicle battery or ac power bus necessary to drive the refrigerator shall be fully contained 
within the refrigerator design and cabinet. 

6.3.11 WASTE RECEPTACLE 

A waterproof waste receptacle shall be provided. 

6.3.12 SPEEDOMETER 

A speedometer shall be provided, with color, font size, font type and illumination methods 
approved by the JPB during the design review phase.  The Contractor may propose 
incorporating the speedometer into the Train Operator’s Display (TOD). If the speed indication is 
displayed on the TOD, a backup method must be available to operate the train even if the TOD 
failed. The speedometer shall meet the requirements of 49 CFR 229.117. 

6.3.13 WINDSHIELD WIPER/WASHER 

Windshield wiper/washer controls shall be provided in the cab (reference TS 3.2.6). 

6.3.14 CAB AUTOMATED MONITORING 

An alerter system shall be provided in accordance with 49 CFR 238.237. 

6.3.15 CAB HEATER 

A rotary switch, or other approved means, shall be provided for the cab heater. The switch shall 
have three, maintained positions corresponding to heater operation: “Off”, “Low, and “High”. If 
more than one means of supplying heat to the cab are provided (such as tapping off heated air 
from the passenger compartment via a cab blower), the Cab Heater Switch shall control all cab 
heat sources. The cab heater shall also have a rotary switch for control of the fan speed. Fan 
speed switch positions shall be “Low”, “Medium”, and “High”. 
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6.4 CAB CONSOLE 

Primary console features shall be positioned to be accessible and functional from the Operator’s 
seated position with all primary operating controls and displays mounted within the Operator’s 
console desk. Normal operation shall not require awkward or unnatural positioning, extension, 
or excessive movement by the Operator. 

Secondary controls, switches, and features not used for train operation shall be placed on 
panels more remote, but still fully accessible to the Operator. Electrical and control enclosures 
shall be designed to preclude the intrusion of water and dust. The cab must be designed and 
constructed such that it can be cleaned regularly without damage to any cab equipment. 

All device (switches, indicator lamps, control mechanisms, gauges, alarms, speedometer, etc.) 
names or identifications shall be permanently engraved or etched into the console surface in a 
contrasting color.   

To the extent possible, indicator lights shall be grouped together in a panel. The use of quick 
disconnects shall be maximized to facilitate removal and replacement of components. 

The cab console shall also incorporate a fixed train order clipboard within easy reach of the 
Operator. 

The Contractor shall submit drawings of the cab identifying all controls, their functions and 
ergonomic considerations.  

6.4.1 CONSOLE CABINET CONSTRUCTION 

The console cabinet shall be of durable corrosion resistant construction, and shall have a non-
glare, scratch resistant, and mark-resistant coating.  

6.4.2 SWITCHES AND CONTROLS 

Switches and controls shall be of durable construction and shall be service proven in the rail 
transit industry. Certain controls may be proposed for incorporation into the Train Operator’s 
Display (reference Section 8.2.5). 

All console switches shall be heavy-duty push-button, rocker or rotary (spring return to center), 
or toggle switches. Guards shall be provided on switches to prevent inadvertent activation of 
critical circuits. The function and position of each console switch shall be clearly identified and 
visible at night and when the vehicle is operating in direct sunlight. Switches and controls shall 
not pose a hazard to the Operator.  It shall not be possible to cause a device or system failure 
or unsafe condition via the operation of any single switch or combination of switches.  Improper 
operation or sequencing of switches may be cause for device or system lockout, however.   

6.4.3 CONSOLE INDICATORS 

The indicating lights of the control console shall be LED type and shall illuminate only in the lead 
(active) cab of the vehicle, unless indicated otherwise in this specification. The indicating lights 
shall be of adjustable brightness, controlled through one dimming knob. 

There shall be a console light test switch that shall cause all cab console indicators to illuminate. 
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6.4.4 COMMUNICATIONS GROUP 

A communications control panel shall be provided that provides the Operator with the cab 
communication functions specified in Section 14.  

6.4.5 TRAIN OPERATOR’S DISPLAY (TOD) 

A Train Operator’s Display (TOD) shall be provided within the cab console in accordance with 
Section 8.2.5.  A PTC CDU will be provided in accordance with section 17.4.7. Loss of the TOD 
shall not disable the train from performing in revenue service. 

6.4.6 BRAKE GAUGES 

Brake gauges shall be provided in accordance with 49 CFR 229.53. 

6.4.7 PRIMARY CONTROL CONSOLE 

At a minimum, the following features shall be provided at the primary control console: 

DESCRIPTION 
INDICATOR 

LIGHT 
SWITCH 

AUDIBLE 

ALARM 

Master Controller - - - 

Direct Pneumatic Brake Control Handle - - - 

Key Switch - Rotary - 

Reverser - - - 

Train Operator’s Display - - - 

Speedometer  - - 

PTC/Alerter Acknowledge Switch/Button - Momentary - 

Horn Operating Handle/Button - Momentary - 

Bell Operating Handle/Button - Momentary - 

Emergency Brake Button  Mushroom, 
latching, 
twist to 
unlatch 

 

PTC Central Display Unit Multiple - - 

Communications Group  Multiple Multiple- - 

Analog Brake Pressure Gauges - - - 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS 6-7 (Conformed 6/22/16) 
Section 6 – Cab Layout and Vehicle Controls 

 

6.4.8 OPERATOR’S MAIN SWITCH PANEL 

At a minimum, the following features shall be located on the Operator’s Main Switch Panel on 
the Operator’s console, at a location approved by JPB: 

DESCRIPTION 
INDICATOR 

LIGHT 
SWITCH 

AUDIBLE 

ALARM 

Headlight / Auxiliary / Light Switch - Rotary - 

Auxiliary Flashing Light Pushbutton - Momentary - 

Cab Heat (Off – Low – High) Yes Rotary - 

Cab Heater Fan (Low – Medium – High) - Rotary - 

Fresh Air Intake (Normal – Closed) - Toggle - 

Windshield Wiper (Off, Int., Low, High)  - Rotary - 

Windshield Washer (Off, On) - Rotary - 

Heated Windshield Control (Off – On) Yes Toggle - 

Compartment Ceiling Lights (Off – On) - Toggle - 

Cab Console Lights (Off – On) - Toggle - 

Uncoupling Switch (Off – On) 

(active only in energized cab) 

- Rotary - 

Lamp Test Button for All Indicator Lights - Momentary - 

Dimmer for All Indicator Lights, Gauge Lights and TOD - Rotary - 

Door Controls Multiple Momentary - 

Cab HVAC - Toggle - 

Manual Sanding Control - Momentary - 

Auxiliary Power On switch (layover mode) Yes Momentary 
on/off 

- 

Communications Buzzer - - Yes 

Car Wash; Off – On Yes Latching 
Pushbutton 

- 
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DESCRIPTION 
INDICATOR 

LIGHT 
SWITCH 

AUDIBLE 

ALARM 

Parking Brakes Applied Yes Momentary  

Pantograph Raise  Momentary  

Pantograph Lower  Momentary  

Track Brakes - Momentary - 

Brakes Released Indicator Green - - 

Brakes Applied Indicator Amber - - 

Door Closed Indicator Green - - 

VCB Reset/Close Yes  

(on when 
VCB open) 

Momentary  

*The parking brake switch need not be located on the main switch panel 

6.4.9 SEALED SWITCH PANEL (SSP) 

At a minimum, the following features shall be located on the Operator’s Sealed Switch Panel, at 
a location approved by JPB. Bypass switches shall only be active in the active cab: 

DESCRIPTION 
INDICATOR 

LIGHT 
SWITCH 

AUDIBLE 

ALARM 

Door Interlock Bypass Flash Green Toggle*# - 

Zero Speed (No Motion) Bypass Yes Toggle*# - 

Propulsion/Brake Interlock Bypass Yes Momentary - 

Positive Train Control Bypass Yes Toggle*# - 

Exterior Speakers On/Off - Rotary - 

Legend: * Sealed # Guarded Switch 

6.4.10 ADDITIONAL TRAIN AND CAR CONTROLS 

At a minimum the following additional cab controls and indications shall be provided within 
reasonable reach of the Operator. The controls detailed below shall take into account 
ergonomics and ease of operation. The layout and arrangement of these controls in the cab 
shall be as approved by the JPB.  
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6.4.10.1 Parking Brake Control 

A momentary push-button, or other approved means, shall be provided for the application of the 
parking brake, in accordance with Section 11.  

An indicator shall be provided to inform the Operator that the parking brake has been applied for 
the entire train.   

6.4.10.2 Pantograph Control 

Pantograph control shall be provided to lower and raise any pantograph on the train. One 
pantograph only shall be up at any time in normal operating mode. The rear most pantograph 
shall be raised as the default pantograph.  

Means shall be provided in which to manually (no electrical power on car) raise and lower the 
pantograph. 

Refer to section 9.3.2.1 for additional pantograph control functions. 

6.4.10.3 Lighting Controls 

A means for activating cab compartment lights shall be provided in one location. This includes 
all cab lighting methods listed in Section 15.3. 

6.4.10.4 Door Controls 

Vehicle door controls shall be positioned for safe actuation with right side door controls on the 
right side of the console and left side door controls on the left side of the console.  Refer to 
Section 12.2 for a description and function of the required controls. 

6.4.10.5 Car Wash Mode 

The car shall be equipped with a car wash button. 

The car wash mode pushbutton shall be illuminated whenever car wash mode is energized by 
the latching pushbutton.  The car wash mode shall be capable of being enabled or disabled only 
when the reverser switch is in the FWD or REV position and the master controller is in the Full 
Service Brake position.  The car wash mode shall not be activated or deactivated with the 
master controller in any other position.  De-activation of the car wash mode shall allow the 
return of the master controller to normal operation, as described in Section 6.6. 

In car wash mode, the master controller shall control the vehicle in the following manner: 

 The alerter shall be operational 

 The maximum attainable speed in propulsion mode, regardless of the acceleration rate 
commanded, shall be adjustable between 2 and 3 mph and shall be initially set to 3 mph  

 The deceleration rates commanded by the master controller shall be the same as 
provided in Section 11 

 The coast mode shall be operational 

6.4.10.6 Vehicle Layover Mode  

By activating the “Auxiliary Power On” push button and subsequently keying the cab off within 
10 seconds, the train shall go into the “layover mode”. In layover mode all auxiliary services 
remain operational. Interior lights, HVAC and the doors shall remain operational in their last 
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commanded state: e.g. If the doors are commanded closed, they shall remain closed, if 
released, passengers shall be able to enter and leave the train and if the doors are commanded 
open they shall stay open.  

If the “Auxiliary Power On” push button is activated while the cab is keyed off, the train shall go 
into the “service mode”. In service mode all lights are on, all doors are operational and HVAC is 
on, allowing cleaning personnel to work on the train. This mode shall automatically drop out 
after a JPB selectable time delay. It shall be possible to set this delay from 30 min to 3 hrs. If the 
service mode times out, the lights shall turn off, all doors shall close and the HVAC shall go into 
layover mode. 

When activated, the “Auxiliary Power On” push button shall illuminate in all cabs. If pushed 
again in any cab while illuminated, the layover or service mode shall drop out after an adjustable 
time limit, initially set to 5 minutes to allow the crew to leave the train. If the layover or service 
mode is canceled and the cab remains keyed off, the doors shall close, lights shall turn off and 
the HVAC shall go into layover mode at the time the timer times out.   

If any cab is keyed up, the layover or service modes shall be canceled automatically.  

Refer to section 13 for HVAC Layover mode. 

6.5 MISCELLANEOUS CAB EQUIPMENT 

6.5.1 EMERGENCY BRAKE VALVE 

An emergency brake valve shall be installed within reach of the auxiliary seat.  Refer to Section 
11 for detailed emergency brake valve requirements. 

6.5.2 ELECTRIC LOCKER 

The cab may incorporate electric lockers as the Contractor’s design allows; cab electric lockers 
shall be subject to the same requirements as any other interior locker. 

6.5.3 ODOMETER 

One odometer per vehicle shall be provided. Vehicle mileage shall be derived from a 
conditioned output from the speed sensor circuitry.  The odometer display shall be located in a 
concealed location within the Cab area or an adjacent locker, easily accessible by maintenance 
personnel.  The Contractor may also propose incorporating the odometer into the diagnostic 
system.  Mechanical wheel/axle odometers are acceptable for this purpose.   

6.5.4 110 VAC GFCI OUTLET 

A dual-110 Vac, 20A GFCI outlet shall be provided in the cab. 

6.5.5 CIRCUIT BREAKER PANELS 

The battery voltage and 480 Vac circuit breaker panels shall be located in the cab. Circuit 
breakers shall be of durable construction, using circuit breakers service proven for the rail transit 
industry.  Refer to Section 16 for detailed circuit breaker requirements. 
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6.5.6 SILENT ALARM 

A concealed silent alarm switch shall be mounted in each Operator’s cab and shall provide 
annunciation to JPB’s Centralized Equipment Maintenance and Operations Facility (CEMOF) 
upon activation. The method of providing the annunciation shall be proposed by the Contractor 
and shall be capable of notifying CEMOF of the necessary vehicle data to allow CEMOF 
personnel the ability to quickly determine which EMU has activated the silent alarm and its 
location. The placement of the switch shall be as approved by JPB, and it shall be in a location 
not readily observable by passengers. The switch shall have both normally open and normally 
closed contacts. 

6.6 MASTER CONTROLLER GROUP 

The Master Controller Group (MCG) consists of a Key Switch, Reverser Switch, and Master 
Controller and shall be supplied as a single integrated unit. The MCG shall be of a robust, spill-
resistant and ergonomically friendly design, mounted to be operated by the left hand. The 
Contractor shall provide a design description of the master controller, including installation and 
outline drawings. 

6.6.1 REVERSER SWITCH 

Each MCG shall be equipped with a three-position (“Forward”, “Neutral”, “Reverse”) Reverser 
Switch. The Reverser Switch may be activated only from the “Neutral” position by inserting a 
standard railroad locomotive Reverser handle-key. The handle-key shall be used to move the 
Reverser Switch mechanism to the “Forward” or “Reverse” positions and shall be maintained 
within those positions. Alternate methods of activating the Reverser Switch may be proposed. 
The Reverser Switch movement shall be subject to the interlocking conditions explained in 
Section 6.6.3. 

6.6.2 MASTER CONTROLLER OPERATING MODES 

The MCG shall be designed to operate in conjunction with the requirements of Section 6.6.1 
and Section 6.6.3. The MCG shall control both propulsion and blended braking through a single 
handle Master Controller (MC). The MC handle will allow for movement in the longitudinal 
direction from the Operator’s position. The design of the handle and movement force shall take 
into account ease of operation, ergonomics, and movement forces. 

Calculations for forces required to overcome detents and move between detents shall be 
provided. 

Typical detent positions and corresponding operating modes are as described; alternate 
positions or operating modes may be proposed. 

DETENT POSITION OPERATING MODE 

Emergency Initiates the emergency brake application (reference Section 11).  
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DETENT POSITION OPERATING MODE 

Full Service Brake Initiates a full service brake application (reference Section 11). 

This position is also used for recovering from PTC penalty brake 
applications as well as recharging the Brake Pipe after an emergency 
brake application. 

Minimum Brake Initiates the minimum safe brake application (reference Section 11). 

Coast No brake application or propulsion demand shall be initiated. 

Minimum Power Initiates a propulsion command for the minimum determined tractive 
effort or acceleration level. 

Maximum Power Initiates a propulsion command for the maximum determined tractive 
effort or acceleration level allowable (reference Section 10). 

The MC shall provide for continuously variable handle positions between the “Maximum Power” 
and “Minimum Power” positions as well as the “Full Service Brake” and “Minimum Brake” 
positions.  

The Contractor shall determine how the MC operating modes interface with external systems. 
This shall be described in a Master Controller Group design and integration plan.  

6.6.3 INTERLOCKING 

Each MCG shall be provided with a two-position Key Switch to select the cab status. The Key 
Switch shall be mechanically interlocked with the Master Controller and Reverser Switch such 
that neither the Master Controller Handle nor the Reverser Switch can be moved when the Key 
Switch is in the OFF position. The Key Switch shall incorporate an electromechanical interlock, 
preventing the Key Switch from moving out of the OFF position when any other Key Switch in 
the train is in the ON position. 

KEY SWITCH POSITION REQUIREMENTS 

OFF All cab controls shall be non-functional, except the speedometer, lamp 
test pushbutton, pantograph down, silent alarm, the TOD (when 
activated in the maintenance mode), the layover mode, the cab-to-cab 
intercom, and the radio.  
 
A car with the console Key Switch OFF shall respond to all trainlined 
control commands. The key shall be removable only in this switch 
position. 

ON Console controls shall be functional and all other consoles throughout 
the train shall be disabled. The key shall not be removable in this 
position. 

The Key Switch shall control the Auxiliaries as described herein.  
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6.6.4 ALTERNATIVE ELECTRONIC MASTER CONTROLLER 

The MCG described above may be assumed to be of a traditional design with internal cam 
switches and signal encoding devices. The Contractor may propose an alternative electronic 
design. The alternative design proposed may deviate from operating mode and functionality 
requirements described above. 

Any alternative design MCG shall use technologies which are currently in use within the 
passenger rail industry and conform to 49 CFR 229 and 238 and shall still comply with all 
applicable standards for vital and non-vital electronic systems listed within this Technical 
Specification. 

6.7 PNEUMATIC BRAKE HANDLE  

A brake handle, controlling the brake pipe pressure, shall be mounted on the right side of the 
driver. Refer to section 11 for the brake handle functionality.  

6.8 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7 

6.9 CITED REFERENCES 

The following standards or references were cited in this Section: 

STANDARD TITLE 

49 CFR 223 Code of Federal Regulations, “Safety Glazing Standards – 
Locomotives, Passenger Cars and Cabooses.” 

49 CFR 238 Code of Federal Regulations, “Passenger Equipment Safety 
Standards.” 

49 CFR 229 Code of Federal Regulations, “Railroad Locomotive Safety Standards.” 

49 CFR 238.221 Code of Federal Regulations, “Passenger Equipment Safety 
Standards” Glazing. 

49 CFR 238.113 Code of Federal Regulations, “Passenger Equipment Safety 
Standards” Emergency Window Exits. 

MIL-STD-1472 Department of Defense Design Criteria Standard Human Engineering 

APTA PR-CS-S-011-99 Standard for Cab Crew Seating Design and Performance 
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STANDARD TITLE 

49 CFR 238.327 Code of Federal Regulations, “Passenger Equipment Safety 
Standards” Automated Monitoring 

49 CFR 229.53 Code of Federal Regulations, “Railroad Locomotive Safety Standards” 
Brake Gauges. 
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SECTION 7 - TRAINLINES AND NETWORKS 

 

Contents 
 

SECTION 7 - TRAINLINES AND NETWORKS .......................................................................... i 

7.1 GENERAL ................................................................................................................... 1 

7.1.1 SCOPE ..................................................................................................................... 1 

7.1.2 WEB SERVICES ......................................................................................................... 1 

7.2 TRAIN CONTROL NETWORK ARCHITECTURE ....................................................... 1 

7.3 TRAINLINES ............................................................................................................... 2 

7.3.1 DISCRETE TRAINLINES ............................................................................................... 2 

7.4 TRAIN CONTROL NETWORKS .................................................................................. 3 

7.4.1 DESIGN AND COMPLIANCE ......................................................................................... 3 

7.4.1.1 Single Common Resource .................................................................................. 3 

7.4.1.2 Standards-Based Design .................................................................................... 3 

7.4.1.3 Network Devices/End Devices/Network Components ......................................... 3 

7.4.1.4 Multiple Sources ................................................................................................. 3 

7.4.1.5 Interface and Configuration Definitions ............................................................... 3 

7.4.1.6 Replaceability and Upgradability ......................................................................... 4 

7.4.1.7 Expandability ...................................................................................................... 4 

7.4.1.8 Bandwidth Margin ............................................................................................... 4 

7.4.1.9 Physical Circuits.................................................................................................. 4 

7.4.1.10 Full-Time Operation ............................................................................................ 4 

7.4.1.11 Alternative Network Designs ............................................................................... 4 

7.5 WIRELESS DATA LINK .............................................................................................. 4 

7.5.1 GENERAL .................................................................................................................. 4 

7.5.2 REDUNDANCY ........................................................................................................... 4 

7.5.3 PTC CELLULAR MODEM AND ANTENNA ...................................................................... 4 

7.5.4 WI-FI MODEM AND ANTENNA ..................................................................................... 5 

7.5.5 GPS CAPABILITY ....................................................................................................... 5 

7.5.6 OPTION FOR UPGRADE TO PASSENGER WI-FI ............................................................. 5 

7.5.7 ANTENNAS ................................................................................................................ 6 

7.6 NETWORK SECURITY ................................................................................................ 7 

7.6.1 SECURITY PRINCIPLES ............................................................................................... 7 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS7-ii (Conformed 6/22/2016) 
Section 7 – Trainlines and Networks 

7.6.1.1 General ............................................................................................................... 7 

7.6.1.2 Applicability ......................................................................................................... 7 

7.6.1.3 Coverage ............................................................................................................ 7 

7.6.2 SECURITY ANALYSIS .................................................................................................. 8 

7.6.2.1 General ............................................................................................................... 8 

7.6.2.2 Coverage ............................................................................................................ 8 

7.7 NETWORK DOCUMENTATION .................................................................................. 8 

7.7.1 IMPLEMENTATION DESCRIPTION ................................................................................. 8 

7.7.2 SOFTWARE DOCUMENTATION .................................................................................... 8 

7.7.3 INTERFACE DOCUMENTATION ..................................................................................... 8 

7.8 REQUIRED CONTRACT SUBMITTALS...................................................................... 9 

7.9 CITED REFERENCES ................................................................................................. 9 

 

 

 

 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS7-1 (Conformed 6/22/2016) 
Section 7 – Trainlines and Networks 

7.1 GENERAL 

7.1.1 SCOPE 
This section addresses all digital data communications capabilities aboard the Caltrain EMU 
and between the Caltrain EMU and external data communications resources. It also specifies 
certain wayside and/or back-office capabilities that: shall be delivered by the Contractor, shall 
be integrated into JPB’s information technology infrastructure, and shall interface with the 
Caltrain EMU. 

7.1.2 WEB SERVICES 
For purposes of this Specification, the phrase "web services" shall mean communication that is 
both:  
 

1) Implemented on the basis of widely accepted, IETF-standardized web protocols, and 

2) Specifically, implemented using a text-based open standard designed for human-
readable data interchange which, for each interface, shall be either XML or JSON, in 
conjunction with other customarily associated protocols. It is not necessary that either 
XML or JSON be used exclusively, but each distinct interface shall use one or the other. 
Documentation of each web-services interface shall be by means of a separate Interface 
Control Document that includes one or more valid and well-formed schemes. 

7.2 TRAIN CONTROL NETWORK ARCHITECTURE 

All vehicle intelligent systems shall communicate with each other by means of a redundant 
vehicle and train control network, compliant with existing, service-proven vehicle standards such 
as TCN, CAN, CANOpen, CANPowerline, or Ethernet as defined in the most recent (at the time 
of the submittal of the Contractor’s final proposal or BAFO) edition of IEEE 1473, ISO 11898, 
IEC 61375-3-3, SAE J2284/3, SAE J2411, EN 50325-4, IEC 61375-1, IEC 61375-2-5, IEC 
61375-3-4 and/or any other relevant, service-proven, and established vehicle standards as 
approved by JPB. 

This network shall also be used to synchronize all sub-system clocks within the vehicle with the 
official time signal, as received by the GPS system, using a standard such as Network Time 
Protocol (NTP).  

The Contractor shall provide a complete System Function Description (SFD) of the vehicle and 
train data networks. 

The Contractor shall provide a wired train bus (WTB) to communicate between vehicles. Such a 
WTB shall comply with the type T architecture described in IEEE 1473 and IEC Standard 
61375, most recent versions. Alternatively, or in conjunction with a WTB, the Contractor may 
provide an Ethernet-based Train Control Network in compliance with the Ethernet portions of 
IEC 61375. If an Ethernet-based train control network architecture is chosen, then the Network 
shall include a redundant Ethernet Train Backbone (ETB), generally as specified in IEC 61375-
2-5 and as further specified herein, and a redundant Ethernet Consist Network (ECN), generally 
as specified in IEC 61375-3-4 and as further specified herein.  Ethernet data transfers shall not 
be used for vital or Safety Critical (as determined by the JPB) functions.   
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Other networks, such as CAN-Powerline, with the specified functionality and redundancy, may 
be proposed by the carbuilder.  

The selected networking architecture shall be able to reliably accommodate the required 
throughput of all devices attached to the network. 

7.3 TRAINLINES  

Trainlines shall consist of discrete wires for selected signals as specified in Section 7.3.1 and a 
data network for all other trainlined control signals and all monitoring and diagnostic data. A 
separate Ethernet data network may be used for diagnostics and digitized audio, video and 
communications signals.  

The identification of certain trainline signals and functions in this Specification is not necessarily 
exhaustive. The Contractor shall develop a report identifying all trainline and intra-vehicle 
signals and functions. The report shall indicate the method for transmission of each signal; e.g., 
discrete trainline, TCN (WTB/MVB), CAN, or Ethernet.  

Alternative architectures may be proposed provided that the functional requirements of this 
section are met.  

The Contractor shall provide a means to monitor and diagnose trainline faults at a car level. 

7.3.1 DISCRETE TRAINLINES 

As a minimum, the trainline functions listed below shall be implemented using discrete 
trainlines. Checked redundancy between trainlines and the train and/or vehicle bus shall be 
provided for all of the discreet, trainlined commands whose information is also carried on a 
vehicle or train bus. For each of these signals, the controlling car shall recognize a permissive 
condition only if the trainline signals and the network signals agree. Lack of concurrence shall 
be transmitted to the Diagnostic System and shall be indicated on the train operator’s display 
(TOD).  

1) Two Emergency brake trainlines (EB loop) 

2) Brake trainline (low for any brake command) 

3) Motoring train line (high for any power command) 

4) Door close command 

5) Door closed and locked indication 

6) Door open right  

7) Door open left 

8) Brake released indication 

9) Forward trainline 

10) Reverse trainline 

11) Vacuum Circuit Breaker (VCB) trip  
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7.4 TRAIN CONTROL NETWORKS  

7.4.1 DESIGN AND COMPLIANCE  

7.4.1.1 Single Common Resource  

The Train Control Network shall constitute a single, unified common resource that carries traffic 
for, and provides services to, multiple onboard systems, but is functionally and physically 
independent from any other on-board system. Specification sections for other on-board systems 
describe the traffic to be carried for, and the services to be utilized by, those systems. 

7.4.1.2 Standards-Based Design 

The network design shall be entirely protocol standards-based at all layers of the OSI and 
TCP/IP (for Ethernet-based portions of the Network) models, (with the exception of the top-most 
Application layer of the OSI) except where explicitly stated otherwise, or in specific cases in 
which the Contractor conclusively shows strict adherence to the OSI and/or TCP/IP models to 
be impractical or not viable. Non-standards based solutions may be proposed. At the top-most 
Application layer, standards-based solutions shall be utilized as practical. If the Contractor’s 
design does not fit well with either the OSI and/or TCP/IP models, the Contractor may submit 
alternative solutions. 

7.4.1.3 Network Devices/End Devices/Network Components 

For purposes of Section 7, the following definitions shall apply: 

 A Network Device is any distinct entity that is part of the Network, mediates data 
transmission on the Network, and is not an End Device. Switches, routers and gateways, 
are examples of Network Devices.  

 An End Device is an entity that transmits and receives data on the Network, but whose 
main role is to perform some other function. This is the sense in which the term is used 
throughout IEC 61375-3-4. An example of an End Device is a propulsion system 
controller. 

 A Network component is anything else that is part of the Network, but is not a Network 
Device or an End Device. 

7.4.1.4 Multiple Sources 

All Network Devices shall be either generic industrial devices, suitable for railroad applications 
and available in substantially the same form from multiple suppliers, or, where necessary, rail 
industry-specific devices of a category available from multiple rail industry suppliers, where 
substitution of the product of a different supplier requires only minimal reconfiguration of device 
settings. All other Network components shall be available in substantially the same form from 
multiple suppliers. 

7.4.1.5 Interface and Configuration Definitions 

All Network interfaces shall be structured in a universal fashion, not tied to the needs of a 
particular supplier. All Network interfaces and all Network Device configurations shall be 
documented to a level of detail sufficient to permit future suppliers, other than the Contractor, to 
provide compatible and interoperable equipment. All such documentation shall be provided to 
JPB for Interoperability Purposes. 
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7.4.1.6 Replaceability and Upgradability 

The Network shall be designed so that additions or changes to any vehicle system, including all 
data communications systems, can be easily incorporated by JPB at a later stage. 

7.4.1.7 Expandability 

The Network shall be designed to allow for the future addition of systems, system functions, and 
trainline functions that are not now specified, without adverse impact on the specified systems, 
system functions, and trainline functions. 

7.4.1.8 Bandwidth Margin 

On average, no link or segment of the Network shall carry traffic amounting to more than 60% of 
the capacity of that link or segment, or more than 75% of the capacity under the maximum peak 
data traffic condition for that link or segment as of the completion of qualification testing. 

7.4.1.9 Physical Circuits 

The Contractor shall pay strict attention to EMI, shielding, grounding, impedance and 
impedance matching, attenuation, terminations, static and dynamic voltage differences between 
equipment, common mode voltage conditions, and balancing with respect to ground and noise 
sources when designing physical circuits. To the maximum extent possible, Network Devices 
and Network cables shall be physically isolated from sources of EMI. 

7.4.1.10 Full-Time Operation 

All Network capabilities shall be functional whenever the Low Voltage (battery) is available.  

7.4.1.11 Alternative Network Designs 

JPB may accept alternative network design approaches if these are deemed to be beneficial to 
JPB and are justified by clear technical reasoning, service experience, and comprehensive 
testing. 

7.5 WIRELESS DATA LINK 

7.5.1 GENERAL 

The Network shall include a wireless data link between the Network and JPB’s data 
infrastructure.  

7.5.2 REDUNDANCY  

Wireless data links shall be managed in such a way that, in the event that the wireless data link 
failed or is unavailable, traffic is automatically routed over another available wireless data link in 
the same consist. 

7.5.3 PTC CELLULAR MODEM AND ANTENNA 

The Contractor shall be responsible for the design, modeling, simulation, implementation, 
testing, verification, and validation for all cellular antennas in accordance with Section 7.5.7.  
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There shall be one cellular antenna on the roof of each cab car.  The Contractor shall provide a 
cellular modem for each cellular antenna, which shall be used for PTC data communication with 
the On-Board Computer (OBC) as specified in Section 17.2.1.  

7.5.4 WI-FI MODEM AND ANTENNA 

The Contractor shall be responsible for the development, design, integration, optimization, 
testing, verification, and validation of all required on-board Wi-Fi network devices.  The Wi-Fi 
network shall enable various files to be uploaded or downloaded at terminals and at yards 
(video advertisements, PIS audio files, monitoring and diagnostics data, CCTV video and APC 
files etc.).  The Contractor shall develop and provide a detailed Interface Control Document 
(ICD) in accordance with Section 7.7.3 that shall clearly and comprehensively define the 
interface between the onboard Wi-Fi network devices and the Wi-Fi access points at the 
terminals and in the yard.  The finalized approved submittal of the ICD shall become the 
intellectual property of JPB. JPB will provide the technical information of the wayside access 
point during the initial phase of the Contract.  

The Contractor shall be responsible for the design, modeling, simulation, implementation, 
testing, verification, and validation for all Wi-Fi antennas in accordance with Section 7.5.7. 

The Contractor shall provide an option to use Wi-Fi for PTC initialization by including a Wi-Fi 
antenna with adequate cabling running to the Communications Management Unit (CMU).   

7.5.5 GPS CAPABILITY 

The Contractor shall be responsible for the design, implementation, installation, testing, 
verification, and validation of an onboard GPS system as specified in Section 8.2.3.   The 
Contractor shall be responsible for the design, modeling, simulation, implementation, testing, 
verification, and validation for all GPS antennas in accordance with Section 7.5.7.   

7.5.6 OPTION FOR UPGRADE TO PASSENGER WI-FI 

The Contractor shall make all necessary onboard provisions for a future upgrade that provides 
broadband passenger Wi-Fi service.  To this end, the Contractor shall be responsible for the 
design, modeling, and simulation (but not procurement or installation of an) onboard 5.8 GHz 
antennas in accordance with Section 7.5.7 for the train-to-ground link necessary to realize 
passenger Wi-Fi.  The train-to-ground link shall be assumed to be in compliance with the 
WiMAX 802.16e standard.  Accordingly, the Contractor shall make provisions for a WiMAX 
802.16e onboard radio as an upgrade option.  The actual radio shall not be procured at this 
time, but space, location, power and mounting provisions shall be provided.  In the exact 
manner, the Contractor shall make provisions for passenger Wi-Fi access points (802.11g or 
802.11n compliant) on the train that shall link to the WiMAX radio.  The actual hardware of the 
Wi-Fi access point electronics shall not be procured at this time, but space, location, power and 
mounting provisions shall be provided. All Ethernet cables and power to the equipment locations 
shall be pre-installed. The Contractor shall design the interface for this upgrade, detailing the 
interface between the passengers’ Wi-Fi devices to the Wi-Fi access points to the WiMAX radio 
transceiver to the 5.8 GHz antennas on the roof.  The Contractor shall include all details of this 
interface in the interface control document specified in Section 7.7.3.  The Contractor shall 
provide a separate Ethernet backbone to be dedicated exclusively to passenger Wi-Fi data 
transfer.  Alternatively, the Contractor may propose separate VLANs on a single physical 
network.  The Contractor shall provide all wiring necessary for this future upgrade.  The 
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Ethernet backbone for passenger Wi-Fi shall be designed with a sufficiently high throughput so 
as to match or exceed the throughput of the 802.11g Wi-Fi access points.    

7.5.7 ANTENNAS 

The Contractor shall be responsible for the design, placement, implementation, and integration 
of all required antennas.  These shall include the following  

a) GPS antennas (L band 1100-1600 MHz) 

b) Cellular antennas (700 – 900 MHz)  

c) Wi-Fi antennas (2.4, 5.8 GHz) for uploads and downloads at terminals and the yard  

d) PTC radio antennas (217-223 MHz) 

e) Voice antennas (157-163 MHz)   

f) Wi-MAX antennas (5.8 GHz) for passenger Wi-Fi [Note:  The actual 5.8 GHz antennas 
for passenger Wi-Fi will not be procured at this time, however, the Contractor shall be 
responsible for the design, modeling, simulation, locations, and orientations of these 
antennas to optimize the train-to-ground connection needed for passenger Wi-Fi, and to 
resolve any and all interference issues that may exist with the rest of the antenna 
identified in Section 7.5.6] 

All of these antennas will be sharing limited roof space, and most will be operating both as 
transmitters and as receivers, therefore, it is necessary to carefully design the spatial 
distribution and orientation of these antennas in order to optimize performance and to mitigate 
interference.  The ground plane of each antenna is part of the antenna system.  Further, the 
structure of the EMU will cause scattering, reflections, diffractions, etc.   

The Contractor shall be responsible to conduct detailed and thorough electromagnetic modeling 
and simulation efforts using FEKO or some other similar and approved 3D full-wave 
electromagnetic CAD software tool.  Each of the following required performance parameters 
shall be evaluated by electromagnetic modeling and simulation. 

Simulation results shall be provided.  These results shall include radiation patterns for each 
antenna at the low end, high end, and middle of the bandwidth (as well as at other frequencies 
of interest as requested by JPB); VSWR versus frequency, realized gain versus frequency, S-
parameter coupling coefficients between antennas versus frequency, and axial ratio versus 
frequency.  The Contractor shall provide simulation results of other relevant performance 
parameters as deemed necessary by JPB.  These may include graphs of impedance versus 
frequency (real or imaginary), Smith charts, etc.   

For each antenna, the performance of each parameter shall comply with the requirements 
specified below across the specified bandwidth of that particular antenna.   

The coupling between each antenna shall be evaluated in terms of S-parameters.  The coupling 
(Sij) between each antenna shall be lower than -60 dB from 0 to 6 GHz.  Each receiver shall 
include a harmonic BPF with at least 40 dB rejection in the reject band to minimize coupling 
between antennas. 

In each case, the antennas (after being mounted and connected on the vehicle shall maintain a 
VSWR of 2:1 or better over the frequency band of the system.   

Each antenna shall be connected to a low loss coaxial cable with 50 ohms characteristic 
impedance and a nominal attenuation not to exceed 3.5 dB/100 feet. 
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The GPS antennas shall be RHCP (AR < 1.5) patch antennas with small form factors.  The 
realized gain (taking into account VSWR and conductive and dielectric losses) of the train-
mounted antenna in the zenith shall be at least 2.5 dBi across the bandwidth.  The HPBW in the 
XZ and YZ planes shall each be at least 90 degrees over the entire bandwidth.  

Cellular antennas and Wi-Fi antennas used at terminals and in the yard shall be omnidirectional 
(within 3 dB) and vertically polarized (AR > 10).  Each shall have a realized gain not lower than 
0 dBi across their respective bandwidths.   

The PTC and voice antennas shall be either directional or omnidirectional.  Omnidirectional 
antennas shall have a realized gain of at least 0 dBi across their respective frequency bands.  
Directional antennas shall have a realized gain of at least 2.5 dBi across their respective 
frequency bands.  PTC and voice antennas shall be vertically polarized (AR > 10).   

The Contractor shall provide highly directional or bi-directional, vertically polarized (AR > 10) 
WiMAX antennas (5.8 GHz band) for the train-to-ground link necessary for the option of future 
passenger Wi-Fi.  The effective isotropic radiated power (EIRP) of the WiMAX antennas in 
transmit mode shall be at least 3 dBi and at most 6 dBi across the channel bandwidth.  WiMAX 
antennas specifically dedicated as receivers shall have a gain of at least 6 dBi.  The horizontal 
HPBW of all WiMAX antennas shall be at least 40 degrees, and the vertical HPBW shall be at 
least 15 degrees.  The antennas shall be directed along the ROW in both directions. 

Innovative filtering techniques to enhance isolation between antennas may be proposed for JPB 
review and approval.  Other performance enhancing design techniques may be proposed. 

The Contractor may use MIMO, diversity techniques, beamforming, and other design 
techniques to optimize the performance of all RF systems. 

All antennas shall be compliant with 47 CFR 15.247. 

7.6 NETWORK SECURITY  

7.6.1 SECURITY PRINCIPLES 

7.6.1.1 General 

The Network shall be secured against unauthorized access and attack, both from the vehicle 
itself and from the wayside. Security measures shall be consistent with industry best practices 
at the time of design. Security measures shall be designed and implemented such that their 
effect on reliability, availability, and basic system operation is minimized. Connection points 
shall be controlled physically behind locked doors with controlled key access. All networking 
protocols used shall have built-in integrity checks. All wireless access points shall be separate 
from control networks.  

7.6.1.2 Applicability 

Security requirements shall apply both when the vehicle is in revenue service and when the 
vehicle is out of service for maintenance or storage. 

7.6.1.3 Coverage 

Security measures employed shall include (but not necessarily limited to) the following, as 
appropriate:  physical security; access control lists; access logs; user/device authentication; 
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encryption; hardware keys in conjunction with passwords; intrusion detection/prevention; 
antivirus techniques; isolation of security-critical functions; secure operating systems; and 
secure coding practices.  

7.6.2 SECURITY ANALYSIS 

7.6.2.1 General 

The Contractor shall provide a Network Security Analysis identifying all potential system 
vulnerabilities, associated risks (including exploit likelihood and consequences), 
countermeasures applied, and resulting mitigated risk. The Network Security Analysis shall be 
consistent with the most relevant standards and best practices of the industry, such as APTA 
WP-xxx-0x-13, ISA/IEC-62443, ISO/IEC-270xx, and ISO/IEC-27033.  

7.6.2.2 Coverage 

Exploits to be considered shall include (but are not necessarily limited to) the following, as 
appropriate: vandalism; eavesdropping; device/user impersonation; dictionary attacks; replay 
attacks; message modification; session hijacking; buffer overflow; denial of service; jamming 
(physical layer denial of service); virus/worm infection; unauthorized software installation; and 
unauthorized root/administrator access. 

7.7 NETWORK DOCUMENTATION  

7.7.1 IMPLEMENTATION DESCRIPTION 

A comprehensive, detailed technical description of the trainline and network implementation 
shall be provided as the System Functional Description (SFD). It shall be a unified document, 
updated frequently, and structured to serve as a permanent reference. The content shall 
include, but shall not be limited to:  network protocols, device addressing plans (e.g., TCN 
variables listing, static IP addresses and subnet masks, CAN message IDs, etc.), fault 
tolerance, degraded operating modes, redundancy arbitration, error detection, and the 
inauguration process. .  The SFD shall be in the form of a narrative description, with attendant 
electrical schematics and mechanical drawings, sufficient for the JPB to fully understand every 
aspect of the design and operation of the equipment specified in this section, and to make an 
engineering-based decision as to its acceptability for the Caltrain application. Refer to Section 
18.1.3 for additional requirements. 

7.7.2 SOFTWARE DOCUMENTATION 

The Contractor shall also provide a Software Requirements Specification (SRS), detailed to the 
extent that this document will be sufficient for the system programmers to have all the 
information they require to develop the system code.  The SRS shall conform to Standard EN 
50128. Refer to Section 18.1.3 for additional requirements.  

7.7.3 INTERFACE DOCUMENTATION 

The Contractor shall develop a detailed Interface Control Document (ICD) that clearly and 
comprehensively defines the interface between the onboard radios, transceivers, networking 
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devices, and the wayside and back office.  In particular, the Contractor shall define the interface 
between the onboard antennas (provided by the Contractor) and the wayside antennas (to be 
provided by JPB).  The Contractor shall further define the interfaces between all onboard 
networking devices and the equipment connected to those devices.  The Contractor shall 
include in the ICD the physical network and interfaces of the upgrade option for passenger Wi-
Fi.  The finalized approved submittal of the ICD shall become the intellectual property of JPB.   

7.8 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7. 

7.9 CITED REFERENCES 

The following standards or references were cited in this Section: 

STANDARD TITLE 

IEEE STD 1473-2010 IEEE Standard for Communications Protocol Aboard Passenger Trains 

ISO 11898-X Controller Area Network (CAN) Series of Standards 

IEC 61375-3-3 Electronic railway equipment – Train communication network (TCN) – 
Part 3-3:  CANopen Consist Network (CCN) 

SAE J2284/3 High-Speed CAN (HSC) for Vehicle Applications at 500 KBPS 

SAE J2411 Single Wire CAN Network for Vehicle Applications 

EN 50325-4 Industrial communication subsystem based on ISO 11898 (CAN) for 
controller-device interfaces. CANopen. (i.e. CiA 301) 

IEC 61375-1 Electronic railway equipment – Train communication network (TCN) – 
Part 1:  General Architecture 

IEC 61375-2-5 Electronic railway equipment – Train communication network (TCN) – 
Part 2-5:  Ethernet Train Backbone (ETB) 

IEC 61375-3-4 Electronic railway equipment – Train communication network (TCN) – 
Part 3-4:  Ethernet Consist Network (ECN) 

APTA WP-XXX-0X-13 
[See note 1] 

Securing Control and Communications Systems in Rail Transit 
Environments:  Part IIIa:  Attack Modeling Security Analysis White 
Paper.   

ISA/IEC 62443 Industrial Network and System Security 

ISO/IEC-270XX [See 
Note 2] 

Series of Information Security Standards 
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STANDARD TITLE 

ISO/IEC-27033 Information technology – Security techniques – Network security 

-1:2009: Network security overview and concepts 
-2:2012: Guidelines for the design and implementation of network 

security 
-3:2010: Reference networking scenarios – threats, design 

techniques, and control issues 
-4:2014:  Securing communications between networks using security 

gateways 
-5:2013: Securing communications across networks using Virtual 

Private Networks (VPNs) 

IEEE 802.11 Wireless LAN Medium Access Control (MAC) and Physical Layer 
(PHY) Specifications 

n:  Wi-Fi (54 Mbps) 

g:  Wi-Fi (108 Mbps) 

IEEE 802.16e Local and Metropolitan Area Networks – Part 16:  Air Interface For 
Fixed and Mobile Broadband Wireless Access Systems – Amendment 
2:  Physical and Medium Access Control Layers for Combined Fixed 
and Mobile Operation in Licensed Bands (aka – Mobile WiMAX) 

 

Note 1. The white paper is being finalized and is expected to be published by the APTA CCSWG 
(Control and Communications Security Working Group) in 2015.  Caltrain will provide the 
complete APTA number once the paper is published. 
(Otherwise it will be removed from the Technical Specifications.) 

Note 2. ISO/IEC-270XX is a series of Cybersecurity standards. These standards include 
ISO/IEC 27001, -27002, -27003, -27004, -27005, -27006, -27034, -27036, and -27033. 
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8.1 GENERAL 

The Monitoring and Diagnostics System (MDS) shall consist of hardware and software 
components.  The system shall make it possible for the train crew and maintenance personnel 
to efficiently, rapidly and accurately determine the cause of an existing or impending serious 
problem and take corrective or preventive action. 

8.2 MONITORING & DIAGNOSTICS SYSTEM (MDS) 

The Monitoring and Diagnostic System (MDS) shall be a physically-distributed, functionally-
integrated system which monitors signals and events within the train, within any given vehicle, 
and within selected subsystems on that vehicle.  The MDS shall store the collected subsystem, 
vehicle, and train data in non-volatile memory, located within the selected subsystems and at a 
central data storage point on each vehicle.   

The MDS of each vehicle shall be provided with a Local Diagnostic and Test System (LDTS) for 
each individual subsystem as required herein.  A Central Diagnostic System (CDS), shall 
integrate the individual LDTS of the various subsystems and sensors on the vehicle, as well as 
collect and store the vehicle MDS data. 

The MDS shall be an independent system using the data network described in Section 7.4 to 
transfer data from any subsystems to the CDS on each car.  Train-related MDS data shall be 
transferred to and stored in each CDS via the data network. Any failure of the MDS system shall 
have no impact on the operation of the vehicles or the train consist.  

The MDS shall be configured to allow accessing data collected by the individual MDS of any 
vehicle in a train consist from any TOD and PTU. With regard to this requirement, Contractor 
shall propose TOD/PTU “screens” displaying MDS data. The fault information of each vehicle 
shall be resident in the vehicle of origin. Each vehicle MDS shall retain a record of coupling 
history with other vehicles.  The coupling and uncoupling of vehicles shall not prevent the MDS 
system from operating properly and the MDS system shall automatically detect the coupling and 
uncoupling of other vehicles. 

The MDS shall collect, analyze, and report information regarding the train, vehicle and 
subsystems to the crew and maintenance personnel. It shall be possible for a maintainer to 
address any status, fault log, or data record from any monitored subsystem on the TODs and 
PTUs. All fault diagnostic codes, input descriptions, output descriptions and parameter names 
shall be clearly identifiable via the TOD/PTU using standard English descriptions, as noted on 
the TOD/PTU screens to be proposed by the Contractor.  . 

Signals and parameters recorded shall be converted to SI engineering units except for speed 
and distance, which shall be in mph, and feet or miles, respectively.  

The MDS shall be capable of classifying failure conditions as critical and non-critical faults (see 
Section 8.2.4.1). The Contractor shall propose a list of same. Each aspect of the system 
(including the subsystem diagnostics, the LDTS within each of the subsystems noted above) 
shall have sufficient memory capacity to save all retained fault data for a minimum of seven 
days without losing data to overwrites. Diagnostic data shall be stored in non-volatile memory. 
Battery-backed RAM is not permitted for non-volatile data storage except where explicitly 
allowed. The Contractor shall provide data storage and compression schemes. 

The MDS shall have the capability for remote access via a secure wireless link at specific 
locations. 
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The Contractor shall prepare a System Functional Description (SFD) of the MDS and Event 
Recorder systems, including TOD hardware, as well as the information required in Sections 
8.2.1, 8.2.2 and 8.2.5. As a minimum, the SFD shall include: 

 Functional description and specification of the system 

 Mechanical specifications of the system 

 Software design description 

 Mechanical assembly drawings with weights, dimensions, and parts lists 

 Electrical schematic drawings for system interconnections 

 Electrical schematic drawings for each device and assembly  

 Installation drawings 

The Contractor shall also provide a Software Requirements Specification (SRS), detailed to the 
extent that this document will be sufficient for the MDS and Event Recorder system 
programmers to have all the information they require to develop the system code.  The SRS 
shall conform to EN 50128.   

Refer to Section 18.1.3 for additional requirements.  

8.2.1 MDS PHYSICAL REQUIREMENTS 

The MDS shall be subject to all design and documentation requirements in Section 18.3 which 
apply to microprocessor-controlled systems, including spare hardware input and output and 
spare memory provisions. 

8.2.2 MDS SUBSYSTEM REQUIREMENTS 

All subsystems equipped with a microprocessor shall process their own fault and event logging 
and send the information to the MDS over the vehicle networks. Subsystems without a 
processor, such as vacuum circuit breakers (VCB), pantograph, etc., shall be monitored by the 
MDS directly. Subsystem parameters to be recorded by the MDS system shall be recorded with 
adequate resolution to aid troubleshooting and fault finding. 

Fault logs and data logs shall be addressable by the PTU or TOD for troubleshooting purposes. 
Fault information, along with operating status information, shall automatically be provided to the 
MDS. 

PTU and TOD shall interface with the MDS in a format compatible with internet browsers.  

8.2.3 GPS TIME AND LOCATION 

A Global Positioning System (GPS) shall be provided for use by the Automatic Announcement 
System (AAS), MDS, and any other systems on the vehicle other than PTC that require position 
and time information.  The GPS shall provide the vehicle/train time which shall be passed on to 
all relevant vehicle control electronics via the Ethernet network using a protocol such as the 
Network Time Protocol (NTP).   

The GPS antenna shall mount on the roof, optimized for satellite access.  The antenna location 
shall be coordinated with the radio antenna to avoid interference.  The GPS antenna may be 
shared with one of the PTC GPS antennas; however, sufficient signal strength must be 
delivered to each GPS receiver taking into account a 3 dB split loss.  No GPS antenna cable 
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may be split more than once before a GPS receiver.  See Section 7.5.7 for antenna 
requirements. 

In lieu of a separate GPS system for distributing date and time information, the Contractor may 
configure the PTC system to distribute its clock and location information on the Ethernet 
network (refer to Section 17.3.4). The contractor must investigate this feasibility with the GPS 
provider. 

The GPS shall be augmented with Wide Area Augmentation System (WAAS) to improve the 
overall accuracy of the system.  Irrespective of the availability of WAAS, the navigational 
information provided by the GPS instrumentation shall be used in a mathematical algorithm with 
the navigational information provided by the tachometer to precisely update the location of the 
train relative to the JPB track database, so that on-board equipment can use this information in 
the algorithms to predict movement violations. 

In the event of the loss of GPS signal for any reason, the vehicle shall automatically revert to an 
alternate approach to calculating train location for the active route.  One such approach would 
be to calculate distance travelled from the last known location, such as a station.  This method 
shall be referred to as “dead reckoning”.  Dead reckoning calculations shall be updated at every 
known location, such as passenger stations.   

The Contractor has no design scope with respect to the GPS or WAAS networks which are 
owned and/or operated by the USDOT. 

8.2.4 MDS INTEGRATION 

8.2.4.1 Fault and Event Recording  

Diagnostic and failure reporting shall be provided at levels of detail appropriate for the operating 
and maintenance functions being supported.   

Events are defined such that they are not necessarily related to any fault, but may be useful in 
the interpretation of fault data. Examples of events are power on, power off, and activation of 
crew key switches. 

Required operating and maintenance functions include the following: 

a) Operating Failure Identification and Correction 

The Monitoring and Diagnostic System shall provide the Operator and other train crew 
members, as appropriate, with information concerning failures affecting train operation 
that they should be aware of, either because the failure is safety-related, the failure 
affects crew operating procedures, or the failure is correctable by the Operator or a train 
crew member. 

Any active fault shall be hyperlinked to a trouble screen identifying the ten most probable 
causes of the fault. Descriptions of all probable causes shall be in English, with wording 
as approved by JPB. 

b) Status Assessment 

The Monitoring and Diagnostic System shall provide sufficient information to enable 
maintenance personnel to assess, prior to entry into service, the operational readiness 
and suitability for service of each vehicle. 
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c) Troubleshooting 

The Monitoring and Diagnostic System shall provide detailed data sufficient to guide 
maintenance personnel using troubleshooting procedures to isolate and diagnose faults 
down to the lowest level replaceable unit (LLRU) using the TOD as the primary man 
machine interface (MMI).  This capability shall be built into the vehicle borne monitoring 
and Diagnostic System hardware and embedded software to the greatest extent 
practical; however, use of Portable Test Unit (PTU) will be permitted, subject to JPB 
approval on a case-by-case basis. 

d) Intelligent Failure Screening 

Each subsystem shall have sufficient diagnostic intelligence to enable it to distinguish 
between actual subsystem failures and apparent failures caused by failure of another 
subsystem.  For example, inverter failures causing loss of three-phase power to an 
HVAC system shall not be reported as an HVAC system failure.  Power-up and shut-
down sequencing among subsystems shall not generate failure messages.   

In addition, repeated instances of the same failure shall be handled such that LDTS 
memory is not filled with multiple occurrences of the same failure. However the number 
of such failures shall be logged.  A system that maintains full records of the first three, 
and last three occurrences of the same failure, and a count of the total number of same 
failures, but overwrites any other instances of the same failure would satisfy this 
requirement. The contractor may propose alternate methodology that is consistent with 
the intention of this requirement to not overwrite important data related to the nature of 
the failure, and to not fill the LDTS memory with useless information. 

As a minimum the following information shall be included with each fault: 

 Train number 

 Vehicle number 

 Subsystem ID 

 Fault code 

 Number of occurrences, giving the mileage at each fault 

 Date and time 

 GPS position or dead reckoning location at time of failure 

 Vehicle mileage at time of failure 

 Flag indicating whether the fault has been downloaded, with separate flags for 
downloads by the Wireless Data Link (WDL) and the PTU 

Together with each fault, all relevant signals and parameters related to the fault shall be 
recorded for at least 2 seconds before and 0.5 seconds after the fault occurrence. The sampling 
rate of these environmental data shall be coordinated with the processing cycles of the 
respective signals not to lose any valuable data, but shall be no less than 50 Hz.  

If the fault memory is full, the oldest faults shall be overwritten.  

The information provided to the MDS by each subsystem and a description of the fault or event, 
data logging capabilities and trigger conditions shall be described in the SFD. 
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8.2.4.2 Fault and Event Classification  

All faults and events shall be classified into logical categories of severity and other relevant 
groups. Fault classifications shall be proposed by the Contractor.  

8.2.4.3 CDS Redundancy  

If a CDS system of a train fails, measures shall be taken not to lose the MDS functionality of the 
individual vehicle or subsystem in the consist.   

8.2.5 TRAIN OPERATOR DISPLAY (TOD) 

A display, as part of the MDS network described above, shall be provided in each cab. It shall 
be automatically activated in the active cab. In the non-activated cab, it shall be possible to 
activate the TOD manually and allow accessing all screens, including the maintenance screens 
at all times (PTU functionality). The display shall provide automatic brightness adjustment and 
shall be easily readable under all adverse lighting conditions including bright sunlight. The TOD 
shall use touch-screen technology. 

The display shall default to the operating screen upon power up and while the vehicle is in 
motion, showing important information such as system status and conditions of all subsystems 
monitored to the driver. Failures shall be annunciated by highlighting the subsystem shown on 
the display in which a fault occurred.  

If the vehicle is at standstill, additional screens may be activated by the driver to display more 
information, assisting the driver in failure reset or isolation.  

8.2.5.1 TOD Operating Screen 

The purpose of the Operating Screen is to provide pertinent, real-time information to the 
Operator during normal operation of the vehicle.  Information provided on the Operating Screen 
shall be a subset of information collected from the vehicle and vehicle subsystems and analog 
sensors. The operating screen layout shall be established together with JPB.  

8.2.5.2 TOD Maintenance Screen(s) 

The maintenance screens for each car in the train shall be accessible from the Operator’s 
screen on any TOD in the train. Before access is granted to the maintenance screens, the user 
must enter the correct maintenance password. Once the display is in “maintenance mode”, no 
viewing restrictions shall apply.  One maintenance screen shall provide a graphical display of 
the subsystem status for each subsystem on each car on the train, one vehicle at a time and 
one subsystem at a time. Each subsystem shall be subdivided into its major components. The 
same color scheme used on the Operator’s screen for car status shall be used on the 
maintenance screen for subsystem and subsystem component status. Where details of a 
subsystem cannot be displayed on a single screen, additional maintenance screens may be 
accessed from the subsystem screen. 

The fault logs of all subsystems of all cars in the train shall be accessed on a separate 
maintenance screen. The ability to filter and sort fault logs, at least by date, by time, and by fault 
type, shall be provided. 

One maintenance screen shall allow a maintainer to select and scroll through customized 
subsets of historical or status data, such as a time frame of interest or specific data from 
different subsystems for display on the same screen. 
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One maintenance screens shall allow the maintainer to initiate self-tests of all subsystems and 
view the results without changing screens. Testing shall be disabled unless the cab reverser is 
in neutral. 

One maintenance screen shall allow access and scroll through the MDS's internal fault logs. It 
shall be possible to use one vehicle’s MDS as a PTU for any other MDS in a consist. 

8.2.5.3 TOD Fault Screen(s) 

The purpose of the Fault Screen is to provide pertinent information to the Operator or field 
personnel concerning conditions that affect the immediate operation of the vehicle. 

This screen shall display specific information concerning system status and failures within the 
consist. Information displayed on this screen shall be a subset of train summary failure and 
status data, and shall enable the train crew or maintenance personnel to identify the precise 
location and nature of failures affecting train operation. Information to be displayed shall be 
proposed by the Contractor. 

Fault location information shall be graphical, supplemented by text, including car number and 
sufficient additional detail to pinpoint the fault. Possible corrective measures shall be listed per 
other requirements in this section. 

8.3 SELF-TEST  

Each intelligent subsystem shall perform self-tests at power-on to assess system readiness for 
service. Self-testing shall include LDTS functions. Self-test failures shall be logged as a fault 
and reported to the MDS. Additional means of initiating a self-test is described in Section 8.2.5.2  
above.  

8.4 EVENT RECORDER  

Independent of the monitoring and diagnostic system described in Section 8.2, each cab car 
shall be equipped with a fully electronic data recorder system which shall record times, speeds, 
distances traveled, and both analog and digital events and faults as described further below. 
The Contractor shall procure, install and integrate the Event Recorder as defined herein. Unless 
explicitly stated otherwise, the event recorder shall comply with the requirements of 49 CFR 229 
and IEEE 1482.1-2013.  These requirements may be met by the design of the data storage 
devices themselves, by placing the device in an enclosure meeting the requirements, by 
judicious placement of the device within the carbody envelope, or by a combination of these 
methods.  The crashworthiness requirements of Section 4 of IEEE 1482.1 may be interpreted as 
applying, as a minimum, to only the core memory module of the event recorder system. 

The primary purpose of this recorder is to provide documentation in support of accident 
investigations. It must be a tamper-proof, self-contained design. 

Detailed environmental and mechanical requirements are described in Section 2.2.5. 

The event recorder shall be able to store a minimum of 48 hours of data, including signals from 
the spare channels, in non-volatile memory. This memory shall not require battery backup for 
data retention and shall remain intact for a period at least one year after removal from the car.  

The event recorder shall be based on a family of service proven designs, with at least 5 years 
successful operating history in revenue service on rail vehicles. The Contractor shall prepare an 
SFD and SRS for the event recorder equipment. 
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The Event Recorder shall consist of a main recorder unit, crash hardened memory module, 
airbrake manifold and any other interface modules required to receive required monitored 
signals from other systems on the car and/or consist.  One Event Recorder per cab car shall be 
provided. The Event Recorder shall be a stand-alone, self-contained device, independently 
operated, and powered from the Car’s low voltage power supply.  The Event Recorder shall be 
a solid-state, microprocessor-based unit.  The system shall include any required sensors, 
transducers, pressure switches, power supplies, and an isolation module. 

The Event Recorder shall operate continuously as long as battery power is available. 

The Event Recorder shall record, at minimum, the following information: 

 All applicable signals referenced in Table 1 of IEEE 1482.1 

 Signal A15 of Table 2 – Sanding T/L 

 Signal A18 of Table 2 – Dynamic brakes enabled 

 Signal A35 of Table 2 – Application and operation of dynamic brake 

 Signal A36 of Table 2 – Wheel spin/slide 

 Signal A67 of Table 2 – Door enable bypass 

 Five spare isolated digital channels 

 Four spare analog channels 

 Two spare frequency channels 

In order to satisfy the additional PTC data storage requirements of 49 CFR 236, signals 
indicated in Section 17.4.4 shall be recorded. 

Additionally, the On-Board Computer (OBC) shall store operational information in the Crash-
Hardened Event Recorder, including: 

 GPS Information 

 Location 

 Travel Direction 

 Status of Brake Systems 

 Forward and Reverse Train Line Status 

 PTC Cutout Status 

 I-ITCS Power Knockdown Request Status 

 PA Alert Status 

 Alarm Status 

 Enforceable Mandatory Directives List with Status 

 Departure Test Status 

Finally, the onboard Database and Directives Server (DDS) will also store operational 
information in the CHER, including: 

 DDS State and Configuration Information 

 Fault Status 

 Mandatory Directive Status Changes 

 EMP Message Failures 
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The following data retrieval capabilities shall be provided:  

a) Event data memory module removal 

b) Data retrieval via a USB or Ethernet port using a laptop computer 

Downloaded data shall be capable of being evaluated on an office computer.  It shall not be 
possible to erase the data via the USB or Ethernet port of the recorder.  The contractor shall 
supply all necessary cabling and software to transfer, evaluate, display and print the data in 
either tabular or graphic form. 

The event recorder shall be located in the car interior in an electric locker away from areas 
designed to deform as part of the CEM design. The locker shall require a crew key for access. 
The installation shall be such that the event recorder is tamper-resistant and waterproof; 
however, installation shall be such that the USB or Ethernet port is readily accessible once the 
recorder is installed. 

A terminal board with locations for all event recorder signals, including spares, shall be 
provided. 

Connections to the event recorder inputs shall be made at this terminal board. The Contractor 
shall provide a list of signals to be made available at this terminal board. 

8.5 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7.  

8.6 CITED REFERENCES 

The following standards or references were cited in this Section: 

STANDARD TITLE 

49 CFR 229 Railroad Locomotive Safety Standards 

49 CFR 236 Rules, Standards, and Instructions Governing the Installation, 
Inspection, Maintenance, and Repair of Signal and Train Control 
Systems, Devices, and Appliances 

IEEE 1482.1-2013 Standard for Rail Transit Vehicle Event Recorders 

EN 50128 Railway applications - Communication, signaling and processing 
systems - Software for railway control and protection systems 
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9.1 GENERAL 

Electrical and electronic control apparatus shall conform to the standards listed below. 
Additionally all electrical systems shall be in compliance with the relevant FRA, APTA, NEMA 
and NEC requirements. Any deviations shall be brought to the attention of JPB.  

The Contractor shall coordinate the design of all circuits and equipment to prevent damage or 
disturbance caused by electrical noise and transients. All circuits and equipment shall be 
designed and protected so that the sustained presence of any voltage from zero to the 
maximum possible will not cause damage to any part of the car or cause unsafe operation. 
Reduced catenary voltage is not expected during normal operation, but the car shall protect 
itself should such conditions occur. The Contractor shall be responsible for proper systems 
integration and function of the auxiliary power system.   

All electric equipment, wiring, connections, and other devices shall be selected to function 
properly and safely under the worst-case combination of ambient conditions, equipment 
operating tolerances, train length, and voltage drop in wiring, connections, and the coupler. 

No wiring with a nominal voltage greater than 480Vac shall be run within the passenger area, 
except as specifically authorized by JPB. Where authorized, such wiring shall be run in 
grounded conduits. 

The Contractor shall provide complete System Functional Descriptions (SFDs) for all systems, 
subsystems, components and devices, as appropriate for the purposes of an SFD, contained 
within this section.  The SFD shall be in the form of a narrative description, with attendant 
electrical schematic and mechanical drawings, sufficient for the JPB to fully understand every 
aspect of the design and operation of the equipment specified in this section, and to make an 
engineering-based decision as to its acceptability for the Caltrain application.   

The Contractor shall also provide a Software Requirements Specification (SRS) for all auxiliary 
equipment controlled by software, detailed to the extent that his document will be sufficient for 
the system programmers to have all the information they require to develop the system code.  
The SRS shall conform to EN 50128.   

Refer to Section 18.1.3 for additional requirements.   

9.2 OPERATING VOLTAGES 

9.2.1 PRIMARY VOLTAGE 

The primary line voltage is described in Section 10.1 for the propulsion system. The same 
requirements apply to the auxiliary equipment. 

9.2.2 AUXILIARY VOLTAGES  

The auxiliary power systems shall comply with IEC 61287-1, IEC 60571, or IEEE Std 1476-2000 
and consist of the following voltages: 
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9.2.2.1 AC Auxiliary Voltages 

 Intercar, single phase ac, 60 Hz main transformer auxiliary winding voltage trainline (if 
applicable as a power source to drive the APS and LVPS on each car.  Reference 
Section 9.5) 

 480V +/- 5%, 60Hz +/- 1%, Three Phase 

 120V +/- 5%, 60Hz +/- 1%, Single Phase 

9.2.2.2 DC Auxiliary Voltage 

 72 Vdc, +25% -30%, direct current, for trainline interfaces/controls 

9.3 POWER COLLECTION 

There shall be a minimum of two pantographs per train suitable for use with the JPB catenary 
system. The pantographs shall be connected through a 25kVac roof connection to allow 
operation of the train with either pantograph raised. The roof mounted main breakers (VCBs) 
near each pantograph shall be interlocked such that only one pantograph will be physically 
connected to the 25kVac roof connection at any one time. It shall be possible to bypass this 
interlock with a sealed bypass switch. 

A system may be provided without a 25 kVac roof bus connection between the two end 
pantographs; however, in such case, each power unit must have two pantographs. Under no 
condition shall the loss of a single pantograph result in the loss of any traction and auxiliary 
power.  

9.3.1 GAPPING OPERATION  

System and phase separation shall be automatically detected as per EN 50388.  

9.3.1.1 Trolley Bus Crossing  

The Caltrain alignment will have a unique wayside configuration, wherein the 25 kVac overhead 
catenary system (OCS) will physically cross a 600 Vdc trolleybus line. The trolleybus overhead 
wire alignment will cross the OCS at an angle of approximately 50 degrees, as can be seen in 
Figure A at the end of this section. This allows crossing this intersection with the pantograph 
raised, but not energized. The OCS through this intersection will be isolated for 15m to 30m. 
The wayside location will be provided to the vehicle controls by the onboard PTC equipment. 
The crossing speed of this intersection will be approximately 10 mph. The track alignment in this 
area follows a slight curve, resulting in a higher rolling resistance. As a result, coasting through 
this intersection may not be a reliable solution in all cases.  

The Contractor shall propose an automated control of the train’s carborne 25 kVac equipment in 
order to safely cross this intersection without accidently energizing the isolated section. It shall 
not be possible to stall the train with the active pantograph in the isolated section. The controls 
shall automatically coordinate the corresponding VCBs and pantograph, allowing the second 
pantograph to raise and provide power to the train from the pantograph which is outside of the 
insulated section. It is acceptable if such a switch over sequence will occur only if the train 
speed is determined to be too low to coast through the intersection. After passing this 
intersection the train shall default back to the normal operating configuration.  
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9.3.1.2 OCS Phase Brakes  

The approach described above for the trolley bus crossing shall also be applied when crossing 
OCS phase breaks. The wayside location of the phase breaks will be provided by the PTC.  

9.3.2 PANTOGRAPH 

The pantograph, mounted on insulators, shall be designed for a nominal 25 kVac volt system 
and shall be fully suitable for bidirectional operation at any speed up to 120mph at the defined 
wire contact heights, under all weather and wind conditions. The pantograph shall be able to 
carry the maximum current to provide the necessary propulsion and auxiliary power at any line 
voltage as specified in Section 10.1. All pantographs shall be interchangeable.  

The pantograph shall be raised pneumatically or electrically. In case air is not available on the 
train, an auxiliary air compressor, operated by battery power, shall allow raising a pneumatic 
pantograph.  

In its stowed position, a pantograph shall never be pulled up by the aerodynamics of the train.  

If an actively lowered pantograph is provided, the pantograph shall be secured in its lowered 
position by a mechanical latch. In an abnormal operating condition, it shall be possible to 
manually lower the pantograph to the lowered and locked position.  

The pantograph shall incorporate an automatic safety-drop feature to reduce damage to the 
pantograph itself and the overhead wire during and after contacting an obstruction. The safety-
drop feature shall include a shear-pin and cabling to automatically lower the pantograph 
whenever the pantograph head contacts an obstruction. The cable shall be completely 
corrosion- and water- proof and shall be sealed at both ends to prevent entrance of water or 
other contaminants. The pantograph shall operate over the following minimum operating range: 

 Minimum Operating Height: 5181 mm (17 feet) 

 Maximum Operating Height: 7315 mm  (24 feet) 

The pantograph width, including horns, shall be 1980 mm.   

The catenary wire contact force shall be easily adjustable between 40N and 120N and initially 
set to 70N. The selected contact pressure shall be kept constant over the entire working range 
of pantograph. 

The pantograph collector head shall be constructed of approved corrosion resistant, lightweight 
materials. A floating shoe head assembly with spring support shall be provided. The head and 
shoes shall be designed to result in long life carbon strips and minimal catenary wire wear. In 
case of pantograph bouncing, the design shall prevent arcing damage between the carbon 
strips and any other parts of the pantograph assembly. End horns shall be designed as part of 
the current collection path, to accommodate situations wherein the catenary might ride off the 
carbon shoe. The shoe device shall contain a replaceable carbon insert and an aluminum horn 
at each end. The shoe device and insert shall be replaceable with common hand tools. 

9.3.2.1 Pantograph Controls  

It shall be possible to raise and lower all pantographs in a train consist from the activated cab. 
Additionally, provisions shall be made to lower, raise, and cut out a single pantograph locally. A 
pantograph down command shall open the main circuit breaker (VCB) immediately.  
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There shall be the means to raise the pantograph and close the VCB without main reservoir air 
pressure on the vehicle to start up the APS and provide power to the auxiliary equipment.  

9.3.3 SURGE ARRESTOR  

A surge arrestor mounted near the pantograph shall protect all primary voltage equipment from 
voltage transients.  

9.3.4 MAIN CIRCUIT BREAKER 

A suitable high voltage vacuum circuit breaker (VCB), suitable for railroad applications, shall 
protect all high voltage equipment including the transformer from traction power over current 
and overvoltages. The breaker shall be rated up to 30 kVac, 60Hz. The main circuit breaker 
may be equipped with a grounding switch (reference Section 9.3.5).  

Sensing of the primary current and monitoring its magnitude, its rate of rise, and its RMS (root 
mean square) average over time shall be employed to sense primary circuit faults. Thresholds 
for each of these parameters shall be adjustable. 

Under normal operating conditions the tractive effort shall be reduced to zero and the auxiliary 
power draw shut off, before opening the VCB. 

For fault current clearing the maximum trip time shall be less than 80ms  

The VCB shall be opened automatically upon detection of OCS voltage loss for more than 3 
seconds.  

A VCB tripped due to over current or OCS line voltage loss shall not reset automatically.  

9.3.5 GROUNDING SWITCH 

A grounding switch shall ground the high voltage equipment before and after the Main Circuit 
Breaker if the pantograph is lowered and the main breaker is opened.  

9.3.6 FILTER CIRCUITS 

Filter circuits shall be used wherever needed to comply with the EMI requirements of the 
vehicles. 

9.4 GROUNDING 

The grounding system on the car shall be service proven on similar trucks and track conditions.  
It shall meet the requirements of APTA standard SS-E-005-98, Standard for Grounding and 
Bonding. All grounding system components shall meet the requirements of Section 16.18.7. The 
Contractor shall submit a complete grounding scheme (both safety grounds and power returns). 

All equipment on the vehicle, including resiliently mounted equipment, the truck frame, and 
truck-mounted equipment, shall be safety grounded to the car structure. The car structure shall 
be safety grounded to the axles. 

The car structure shall not be used as a normal circuit return path for any electrical equipment. 
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9.4.1 POWER RETURN 

An approved primary power ground return system, isolated from the carbody, shall be used for 
return of the main transformer primary winding current to the running rails. The primary power 
return shall use axle ground brushes on all axles acting as parallel conduction paths to minimize 
any adverse consequences of a localized poor wheel-to-rail contact.  

Each ground brush with its cables and connections shall be sized such that 50% of ground 
brushes on a car are capable of continuously carrying the total primary return current, without 
damage. Special efforts shall be made to prevent damage by vibration to the ground return 
connections. 

9.4.2 SAFETY GROUND 

All electrical equipment on the car shall be safety grounded to the carbody using ground pads. 
No stray current shall pass through the gear unit bearings, traction motor bearings, or journal 
bearings. This shall include both normal current and overload current due to insulation failures 
in the traction motor. 

With the loss of one safety ground brush, the remaining brushes shall carry the maximum fault 
current until cleared by a respective protective device without exceeding manufacturer’s ratings. 
Under such conditions, the rise in carbody voltage shall not exceed 50 volts. 

9.4.3 GROUND FAULT PROTECTION 

Ground fault protection shall be provided for the propulsion and auxiliary systems.  

9.5 AUXILIARY POWER SUPPLY 

The Contractor may propose a trainlined intercar auxiliary power supply system, at for example 
1000 Vac, 60 Hz single phase, powered by an auxiliary winding of the main transformer.  This 
power trainline would power the APS and LVPS on each car. If this approach is proposed, the 
auxiliary equipment must be fully functional at all line voltage variations as defined in Sections 
10.1.1 and 10.1.2. Additionally, the Contractor shall demonstrate how APS voltage interruptions 
are avoided due to pantograph bouncing, or other short term line voltage interruptions. 

If the APS is operated from a secondary AC power source, the power factor shall automatically 
be corrected to be 1, with a maximum tolerance of +/- 1%.  

Alternatively, a solution drawing power from the regulated intermediate dc link between line- and 
propulsion inverters to power the APSs in each power car may be proposed. This solution shall 
provide continuous auxiliary power during short line voltage interruptions, while the train is 
moving sufficiently fast, by means of automatic regenerative braking, converting kinetic energy 
of the train into electrical power sufficient to maintain the intermediate link voltage at the normal 
operating range. If such a solution is provided, the 480V ac 60 Hz, three phase ac auxiliary 
inverter output shall be trainlined to provide auxiliary power to unpowered, trailing cars. 

APS and LVPS shall be part of the vehicle control and diagnostic network.  

The Contractor shall provide a power consumption calculation for all ac and dc auxiliary loads 
per APS and LVPS.  
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9.5.1 AUXILIARY THREE PHASE INVERTER (APS) 

An IGBT-based APS shall provide the auxiliary power outputs defined in Section 9.2.2.1. The 
output voltage and frequency shall allow the use of standard industrial motors, control devices 
and other 60 Hz auxiliary equipment. Total harmonic distortion shall not exceed 10% under any 
operating conditions and dv/dt of the output voltage shall not exceed 10V/µs. The total phase-
to-phase voltage imbalance shall not exceed 1% for symmetrical loads. For unsymmetrical 
loads, the APS shall be designed to handle a phase current imbalance of at least 20%.  

With an activated or standby cab in a train, the APS shall automatically start-up with the 
presence of primary power.  

Each auxiliary inverter shall have output protection for overvoltage, undervoltage, overcurrent, 
overtemperature, phase loss, DC imbalance, excessive distortion, switching device failure and 
ground fault protection. Protective measures shall be self-resetting to the extent possible. 
Lockout due to repeated occurrences of the same fault may be proposed. 

The ac neutral shall not be grounded unless required by other vehicle design considerations, 
subject to authorization by JPB. 

Auxiliary Power supplies shall be designed to provide full rated output power over the full OCS 
voltage range from 17.5kV to 29kV. 

9.5.1.1 Auxiliary Inverter Controls 

The auxiliary inverters shall maintain a constant voltage-to-frequency ratio even if the supply 
voltage drops, or if the APS has to restart due to line voltage interruptions.  

All ac loads and wiring shall be protected by adequate circuit breakers.  

The inverter controls shall continuously check for the occurrence of internal and external 
anomalies, and shall place the inverter system in a non-vulnerable configuration before 
damaging levels can be reached. A limited number of automatic restarts shall be possible 
before the APS shuts down protectively.  

9.5.1.2 Convenience Outlets 

120 Vac duplex convenience outlets at every row of seats shall be provided for the use by 
passengers with laptops or similar electronic equipment. Outlets in the passenger area shall be 
limited to a maximum current of 2A per outlet to discourage recharging of electric bicycle 
batteries or similar high-power applications. Automatic reset shall occur when the overload is 
removed.   

Outlets in lockers and the cab shall be designed for 20 A to be used by the cleaning crew.  

Convenience outlets shall be protected by GFCI (ground fault circuit interrupter). 

9.5.2 72 VDC POWER SUPPLY (LVPS) 

All vehicle control circuitry shall be powered from the low voltage distribution system (LVPS) 
with a galvanically isolated nominal output voltage of 72 Vdc. Other dc voltages may be 
proposed by the Contractor for JPB consideration. 

The ripple of the dc output shall not exceed 5%.  

The low voltage system negative return wiring shall be insulated from the vehicle body. A single 
point resistive/capacitive grounding to the carshell shall be provided in order to eliminate 
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common mode voltages), preclude the battery minus trainline from carrying a portion of the 
traction current, and to shunt high-frequency to EMI ground. 

The LVPS shall be powered from the trainlined 480Vac or shall be an integrated unit as part of 
the Auxiliary Inverter. The low voltage power shall be galvanically isolated from any other 
voltages on the train.  

The LVPS shall have sufficient capacity to charge the battery and provide sufficient power for all 
low voltage consumers in a car, regardless of the input voltage and battery terminal voltage.  

The LVPS output shall be current limited by reducing the output voltage while maintaining the 
maximum output current. An output short circuit shall not damage the LVPS, and shall not 
require resetting. 

Each LVPS shall have protection for output overvoltage, undervoltage, overcurrent, 
overtemperature, excessive ripple, IGBT failure and ground fault protection. Protective 
measures shall be self-resetting to the extent possible. Lockout due to repeated occurrences of 
the same fault may be proposed. 

Dedicated circuit protection shall be provided to protect all low voltage circuits.  

The LVPS shall be operational whenever primary power is available to allow recharging the 
battery even if the battery is fully discharged.  

LVPS loads, other than the battery charging, shall be shed by an adjustable delay timer if the 
train is keyed off. This will allow train crews to safely leave the train with all lights on and low 
voltage circuits operational, as needed for door controls etc.  

The Contractor shall propose a concept to power up some lights or all of the LVPS loads upon 
entering the car. The concept shall allow a person to reach the cab and activate the layover 
mode as described in section 6.4.10.6. 

The DC power  supplies shall be designed to provide full rated output power over the full OCS 
voltage range from 17.5kV to 29kV. 

9.5.2.1 DC Output  

The LVPS shall have a separate output to power all low voltage loads independent of the 
battery condition. In case of LVPS failure or loss of input power, the dc output loads shall be 
automatically transferred to the battery without disruption of the low voltage during the transfer. 

9.5.2.2 Battery Charging 

The LVPS shall have a battery charging output providing a battery charging current control as 
defined by the battery supplier. The battery charging current shall be battery temperature 
compensated. Overcharging of the battery shall be prevented.  

9.5.3 APS AND LVPS COOLING 

Unless the APS and LVPS are part of the propulsion inverter cooling circuit, they shall be 
convection cooled. Force-ventilated equipment may be proposed, if the equipment uses 
maintenance-free, self-cleaning filters.   
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9.6 BATTERY 

A nickel cadmium (NiCd) storage battery with translucent cell cases of an NFPA 130 compliant 
high temperature rated material shall be provided. The cell case shall ensure that the electrolyte 
level can be visually checked. The battery shall be rated for emergency duty cycle service (ref. 
Section 9.6.2) in the indicated operating environment over a normal service life of not less than 
ten (10) years. 

During LVPS failure or shutdown, the battery shall supply power to the control and emergency 
lighting loads as described below.  

Discharge beyond the rating of the battery shall not permanently damage the cells or reduce 
capacity. 

The battery bank shall be equipped with a water refilling system to refill all cells in one 
operation. Each cell shall be protected from being overfilled.  

9.6.1 INSTALLATION  

The battery shall be installed in a welded, stainless steel or steel-reinforced fiberglass reinforced 
plastic (FRP) battery box that will have bottom drainage and be ventilated with outside air. 

The battery box shall include a latched stainless steel, roller bearing-mounted, roll-out tray 
allowing ready accessibility from the side of the car for maintenance and inspection of the 
battery. 

The box shall be accessible from the side of the car. 

A two-pole battery circuit breaker shall be located outside and adjacent to the battery box in a 
separate enclosure. The breaker shall be rated to interrupt the maximum battery dc fault 
current. It shall be connected to the B+ and B- leads from the battery terminals. The breaker 
shall be arranged to trip due to over current or battery over-temperature.  

It shall be possible to manually disconnect the battery.  

9.6.2 EMERGENCY LOADS 

In the event of an LVPS fault, non-emergency loads shall be shed in a controlled manner. 
Emergency power shall be provided by the battery. Emergency loads shall include, as a 
minimum, the following: 

 Signaling equipment 

 Communications 

 Emergency lighting 

 Exterior lighting  

 Windshield wipers 

 Door control 

 Propulsion and braking control  

 Diagnostics  
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9.7 AUXILIARY POWER DISTRIBUTION 

All ac and low voltage circuits shall be protected by circuit breakers. All high voltage circuits 
shall be protected by high voltage circuit breakers. The Contractor may propose to protect some 
high voltage circuits by fuses if a circuit breaker is impractical.  

Local circuit protection shall be coordinated with main source protection such that faults or 
overloads protected locally shall trip the local protection only.  

Circuits shall be segregated according to system and/or function with each circuit fed by its own 
circuit breaker. 

Each system or circuit fed from a circuit breaker shall have its own return wiring. Each circuit 
return wire shall be connected via its own separate terminal to a return bus located in the same 
electric locker that contains the circuit breaker that supplies the circuit. 

In addition to segregation by system or function, the vehicle electrical circuits shall be physically 
and functionally segregated according to the operating voltages. As a minimum, high voltage, 3-
phase ac, low voltage dc, signal, communication and network control circuits shall be 
segregated from each other. Where circuits of different voltages must function together, 
component location and physical barriers shall prevent interaction. 

9.8 SHOP CONNECTION 

The maintenance facility does not have 25 kVac OCS power. Each maintenance track is 
equipped with a 480 Vac shop power connector at each end. Each of these two shop 
connectors shall power 3 cars out of a 6 car train (or 4 cars for an 8 car train).    

When the train is in the shop, 480Vac shop power shall be used to safely power all auxiliary 
equipment, including battery charging. The carborne receptacles shall be connected using an 
approved transfer switch or similar means to positively interlock the auxiliary power inverter and 
the receptacles to prevent back feeding of any circuit. 

9.9 AUXILIARY MOTORS  

All auxiliary electric motors used on the vehicle shall be brushless and comply with IEC 60349-
2_2010.  

9.10 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7. 

9.11 CITED REFERENCES 

The following standards or references were cited in this Section: 

STANDARD TITLE 
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STANDARD TITLE 

IEC 61287-1 International Electrotechnical Commission, "Railway Applications - 
Power converters installed on board rolling stock - Part 1: 
Characteristics and test methods" 

IEC 60571 International Electrotechnical Commission, "Railway applications - 
Electronic equipment used on rolling stock" 

IEC 60850 International Electrotechnical Commission, "Railway applications - 
Supply voltages of traction systems" 

IEEE Std 1476-2000 Institute of Electrical and Electronics Engineers, "Passenger Train 
Auxiliary Power Systems Interfaces 

APTA SS-E-005-98 American Public Transportation Association, "Standard for Grounding 
and Bonding" 

NFPA 130 National Fire Protection Association, "Standard for Fixed Guideway 
Transit and Passenger Rail Systems" 

IEC 61287-1 International Electrotechnical Commission, "Railway Applications - 
Power converters installed on board rolling stock - Part 1: 
Characteristics and test methods" 

EN 50128 Railway applications - Communication, signaling and processing 
systems - Software for railway control and protection systems 

EN 50388 Railway applications – Power supply and rolling stock - technical 
criteria for the coordination between power supply (substation) and 
rolling stock to achieve interoperability 
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10.1 GENERAL 

The design of the propulsion equipment shall adhere to IEC Standard 60850, except for 60 Hz 
specific issues, which shall be governed by IEEE Standard 16.  

The Contractor shall provide a complete System Functional Description (SFD) for all systems, 
subsystems, components and devices contained within this specification section.  The SFD 
shall be in the form of a narrative description, with attendant electrical schematics and 
mechanical drawings, sufficient for the JPB to fully understand every aspect of the design and 
operation of the equipment specified in this section, and to make an engineering-based decision 
as to its acceptability for the Caltrain application.  

The Contractor shall also provide a Software Requirements Specification (SRS), detailed to the 
extent that this document will be sufficient for the system programmers to have all the 
information they require to develop the system code.  The SRS shall conform to Standard EN 
50128. 

Reference Section 18.1.3 for additional requirements.  

10.1.1 LINE VOLTAGE 

The Overhead Catenary System (OCS) consists of an autotransformer-fed (ATF) traction power 
system. The system operates at a single-phase of the 2 x 25 kVac electrification system using 
the standard frequency of 60 Hz alternating current (ac). 

[Note: 2 x 25 kVac indicates that the substation transformer has a 50 kVac secondary winding 
voltage with a center tap. The traction power return through the running rails is connected to this 
center tap. This configuration results in a rail-to-catenary voltage of 25 kVac as seen by the 
trains and an opposing phase rail-to-feeder voltage of 25 kVac, resulting in a 50 kVac potential 
difference between feeder and catenary voltage to power the alignment.]  

10.1.2 LINE VOLTAGE OPERATING RANGE 

The propulsion system shall operate in the OCS voltage range of 17.5 kVac to 27.5 kVac. In 
dynamic braking, the catenary voltage may increase up to 29 kV temporarily, as defined in 
Standard IEC 60850.  

At line voltages below 22.5 kVac, the line current shall be reduced in an amount necessary to 
sustain a minimal catenary voltage between 17.5 kVac and 22.5 kVac by reducing train 
performance.  

10.1.3 OVER VOLTAGE PROTECTION  

Overvoltage protection shall be provided by a surge arrestor near the pantograph, and by the 
high voltage main breaker (VCB) in combination with the inverter controls.  

A primary line voltage transducer shall be mounted near the pantograph to measure line 
voltage, schematically before the VCB.  
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10.1.4 PROPULSION SYSTEM CONCEPT 

Propulsion and braking shall be provided by the coordinated action of propulsion equipment and 
friction-braking equipment as described in this section and in Section 11. The propulsion 
equipment shall be fully compliant with the requirements of 49 CFR 238.225 and provide train 
performance as specified in Section 2.3.6 

The propulsion equipment may be distributed over all or several cars of a train or it can be 
concentrated in the lead and trailing cars, with unpowered cars in between. Regardless, of the 
ultimate configuration, however, the distribution of all tractive effort shall be such that an 
adhesion level as specified in section 2.3.6.1 is not exceeded. The propulsion and brake system 
must be able to accelerate and brake safely on grades up to 4%  

The propulsion system shall consist of a minimum of two totally independent propulsion 
systems.  

Within a car, the propulsion system shall provide independent motor control per axle, or control 
two motors in parallel, per truck. If two motors are controlled in parallel, the motor design shall 
allow for a minimum of 0.8% difference between wheel diameters within the same truck with no 
reduction in performance.  

The 25kV substations will be designed to accept regenerated energy. Excessive short term 
brake energy, which cannot be regenerated, shall be dissipated by the brake resistor. 
Regenerative braking shall not increase the line voltage above 29 kV. 

10.1.5 PERFORMANCE REQUIREMENTS 

The propulsion system shall be designed for and be tested to confirm compliance with the 
performance requirements of Section 2.3.6. 

10.1.5.1 Propulsion  

The propulsion system shall provide a smooth, continuously variable tractive effort as a function 
of the master controller position in order to meet the performance requirements in Section 2.3.6.  

10.1.5.2 Braking  

The propulsion system shall provide continuously variable dynamic brake effort in conjunction 
with the friction brakes.  Dynamic braking shall be the prevailing brake mode when commanded 
by the master controller. Friction brakes shall be blended in as needed.  

The dynamic brake shall be available at all times above a speed of no more than 3 mph. Once 
initiated, dynamic braking shall be available independent of short time line voltage interruptions. 

Failure of dynamic braking shall result in the friction brake system automatically and fully 
compensating the missing braking effort at all speeds. Alternative concepts, wherein the missing 
dynamic braking effort is provided by additional dynamic brake effort on the remaining powered 
trucks, may be proposed.  

10.2 CONTROL LOGIC  

Each inverter shall be controlled by dedicated control logic, integrated with the inverter in a 
protected compartment. The foundation of the control logic shall be a minimum 32 bit 
microprocessor with peripherals as necessary to meet all required functions and performance 
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criteria. The control logic shall operate the propulsion inverter to produce positive or negative 
tractive effort as commanded by the trainlines and/or vehicle bus. The control logic shall 
interface with the controls of the pneumatic brakes to provide brake blending, interface with 
spin-slide operation and additional functions as are necessary to provide a complete design. A 
high level of reliability is required.  

The Contractor may propose a speed sensor-less drive or a traditional inverter control with a 
speed sensor for each motor. The loss of one speed sensor shall not disable propulsion or 
dynamic braking on the affected truck. 

The inverter drive control system shall utilize space vector modulation technology, with sufficient 
accuracy to provide stable operation at any speed, including standing still on a grade.  The 
space vector modulation control shall be configured so as to minimize traction current 
harmonics to the greatest extent possible, this to reduce the overall vehicle EMI profile.   

The control logic shall provide all the necessary control functions to safely operate the vehicle in 
any operating mode. It shall also detect and respond safely to any abnormal operating 
conditions and provide ample diagnostic information regarding those incidents as described in 
Section 8.2.  

Depending on the Contractor’s Network control strategy, the control logic might be split into a 
vehicle control part (Vehicle Control Unit, VCU) and an inverter control part (Traction Control 
Unit, TCU). If so, each control unit shall comply with the monitoring and diagnostics 
requirements as specified in Section 8.2.  

10.2.1 TRACTIVE EFFORT COMMAND 

The tractive effort shall be controlled by a master controller. The master controller shall allow 
control of tractive and blended braking effort. The Contractor shall describe the tractive effort 
control algorithms used in both the System Functional Description and the Software 
Requirements Specification.  

10.2.2 PROPULSION INTERLOCKS 

The following propulsion interlocks shall be provided.  

 Severe propulsion failures 

 Door interlock; see Section 12.2.8 

 Brake interlock; see Section 11.3.4 

 Emergency brake  

10.2.3 ROLL-BACK PREVENTION 

Propulsion and brakes shall be controlled in a manner such that it shall be possible to start a 
train on the maximum grade without rolling back.  

If a train does roll back on a grade, despite the roll back prevention (due to line voltage loss for 
example), the friction brakes must be automatically applied as specified in Section 11.3.5.  
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10.2.4 DYNAMIC BRAKING 

The dynamic brakes shall provide a speed-dependent dynamic braking effort larger than the 
tractive effort in motoring.   

It shall be possible to disable dynamic braking for test purposes by means of a PTU command 
on a per inverter basis.  

10.2.5 BRAKE BLENDING 

When the train is operated by the master controller only, the dynamic brakes shall be 
continuously blended with the friction brakes. The maximum braking effort on the motor trucks 
shall be 100% dynamic brake at car weights up to AW2 and at speeds below a speed proposed 
by the Contractor, but no less than 32 mph. Above this speed, the maximum dynamic brake 
may taper off as a function of the constant dynamic braking power. The reduced dynamic 
braking effort shall be compensated by the friction brakes on both the motor truck and trailer 
trucks as indicated below.  

Under normal operating conditions, the dynamic brakes shall initially be prioritized to provide all 
of the braking effort, maximizing the use of wear-free dynamic braking and improving power 
consumption efficiency through regeneration. With increasing braking effort and/or train speed, 
the trailing axle friction brake systems shall be blended-in to support the requested train 
deceleration, but only as needed.  

During Emergency Braking, and under slide conditions, the vehicle shall deviate from the above 
specified dynamic brake priority and provide an even braking effort distribution over all trucks in 
the train, optimizing the use of the available adhesion. This braking effort re-distribution shall be 
maintained until the vehicle comes to a full stop, or the brake command is removed. 

The friction brakes on the motor trucks must be able to compensate for any missing dynamic 
brake effort due to a dynamic brake failure instantaneously and at all speeds and all vehicle 
weights.  

Below 3 mph, the dynamic brakes shall taper off in a controlled manner, and the friction brakes 
shall provide the braking effort in a smooth transition to reliably secure the vehicle at standstill.  

The Contractor may propose a different blending scheme of dynamic and friction brakes, if there 
is any benefit for JPB.  

10.2.6 LINE INTERRUPTIONS  

The traction equipment shall be able to accept an intermittent power supply, as may occur as a 
result of pantograph bouncing, overhead wire gaps or poor wire tension. Such interruptions shall 
not cause damage to any equipment. The intermediate dc link voltage shall remain charged 
through such supply interruptions by converting some of the kinetic energy of the train into 
electric energy, sustaining the dc link voltage to the extent possible without impacting the ride 
quality. High jerk and brake rates shall be avoided by disabling this feature at lower speeds.  

10.2.7 SPEED SENSING  

Speed sensing devices shall be provided to measure all axle speeds. On motor trucks the 
speed sensors may be part of the traction motor. Brake and propulsion controls shall not share 
speed sensors unless approved by JPB. Each trailing truck shall have speed sensors for slide 
control and no motion detection. Speed sensors shall be interchangeable among motor trucks 
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and among trailer trucks.  Speed sensor signals from the axles on a single car to any decision 
making logic shall be analog; that is, they shall not be digitized.   

Speed sensors shall be attached to truck wiring via approved quick disconnects, and be keyed 
to eliminate the possibility of improper installation. It shall not be necessary to remove any 
clamps, wiring or other fittings to replace any speed sensor. Mounting shall be arranged to 
eliminate the need for adjustment. 

10.2.8 SPIN/SLIDE CONTROL 

The propulsion system shall include a highly efficient, microprocessor-based, spin/slide function 
that shall protect against wheel spins in the propulsion mode and wheel slides in the braking 
mode. The propulsion slide control must be coordinated with the friction brake slide control so 
that the controls do not compete with one another during a slide event.  

In severe spin/slide conditions sand shall be applied automatically. 

The proposed spin/slide control system shall be described in detail in the SFD and SRS.  

10.2.9 NO-MOTION  

The propulsion control logic of the lead car shall provide a safe no-motion signal to all cars of 
the train. The no-motion signal shall indicate when the speed is less than 0.5 mph (0.8 km/h). 
The no-motion signal shall be based on all 4 axle speeds of the lead car, as measured by the 
speed sensors. If a speed sensor-less drive is provided for the power cars, no motion shall still 
be based on real, measured, analog speed signals.   

It shall be possible to bypass the output of the no-motion logic by means of a sealed bypass 
switch.  

Safe no-motion detection shall be possible with up to two failed speed sensors per car. The 
system design, including the bypass circuits, shall comply with the train safety design 
requirements of Section 21.6. 

Other safe no-motion detection systems based on ATP or other carborne equipment may be 
proposed.   

10.2.10 ENERGY COUNTER 

The TOD and PTU shall display the energy consumed and regenerated over a period of time. 
This information shall be included in the MDS data that is automatically downloaded to a 
wayside server.  

10.3 TRANSFORMER 

The main transformer shall be designed to comply with all power requirements of the trainset, 
and shall continuously provide the performance specified, including normal and short time 
overload conditions. The coils shall withstand thermal stresses as well as radial and axial 
pulsating forces due to the fluctuating pattern of the load current, system faults, and the 
presence of harmonics. 

The transformer design shall follow the requirements specified in IEC 60310.  
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The primary winding of transformer shall be designed for the above mentioned 25 kVac, 60 Hz 
line voltage system. The transformer input impedance shall be selected to limit the inrush 
current as the main breaker closes or during short time power interruptions such as pantograph 
bouncing.  

The secondary winding voltage shall be as selected by the Contractor for this application.  

Aside from the secondary propulsion windings, the transformer may also have secondary 
winding(s) for the auxiliary power system and, if needed, a filter winding.  

The transformer shall be designed for rail application and tested per IEC 61373. It shall be 
solidly mounted under the vehicle floor, inside the vehicle or on the roof.  

10.3.1 TRANSFORMER HOUSING  

The transformer shall be mounted in a welded steel housing, designed to withstand pressures at 
least 1.5 times the normal operating pressure. Pressure relief valves shall be provided, located 
and arranged to avoid the possibility of escaping coolant coming into contact with passengers or 
vehicle equipment. Provisions shall be provided to capture minimal amounts of coolant to 
prevent any right of way contaminations. Pressure and temperature of the transformer coolant 
shall be monitored continuously.  

10.4 CONVERTERS 

IGBT semiconductors and their associated gate drivers and cooling equipment shall be 
arranged into integral phase modules. Such modules shall be designated as Line Replacement 
Units (LRU). These phase modules shall be interchangeable within and between the line 
converter (ref. Section 10.4.1) and the traction inverters (ref. Section 10.4.2). 

The phase module shall be designed and built with the most recent, service-proven IGBT 
technology and have a design life of no less than 30 years.  

Outside air shall not be routed through any high voltage equipment (reference Section 10.7). All 
high voltage equipment shall be fully enclosed and locked within a dedicated enclosure.  

The converters may be mounted on the roof, the underfloor, or inside the vehicle.  

The line and traction converters shall provide protection against any abnormal operating 
conditions, such as, but not limited to, over-voltage, over-current, over-heat, ground fault, phase 
imbalance, and short circuits. Any abnormal conditions shall be annunciated to the vehicle 
diagnostic system. 

All converters shall comply with IEC 61278. 

10.4.1 LINE CONVERTER  

The line converter shall transform the secondary transformer voltage to a stable intermediate dc 
link voltage. The line converter shall operate in all four quadrants and be capable of feeding 
power back to the primary 25 kVac OCS.  The line converter shall minimize the harmonic 
distortion of the primary voltage and comply with EN 50121 requirements for conductive, 
inductive and radiated emissions.  

The line converter shall operate as close as possible to a power factor of one, in compliance 
with EN50388. Converter switching shall be synchronized and interlaced as necessary to 
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maximize harmonic cancellation in all operating configurations, including rearrangement when 
one or more converters fails. 

10.4.2 TRACTION INVERTER  

The traction inverter shall draw the motor power from the intermediate link in motoring, and 
redirect the kinetic energy of the train back into the intermediate link when in braking.  

The traction inverter shall control the three phase traction motor(s) with variable voltage and 
variable frequency control. It shall also protect the traction motors from any abnormal operating 
conditions.  

The traction inverter shall demagnetize the traction motor at stand-still but may maintain a 
reduced magnetization during coast to allow for a fast coast-to-brake transition.  

10.5 INTERMEDIATE LINK 

The propulsion supplier shall propose an intermediate link dc voltage which is optimal for the 
design. The intermediate link shall consist of the following components: 

 Filter.  

 120 Hz absorption filter  

 Overvoltage protection crowbar or brake chopper 

 Short circuit switch  

Inductors shall comply with IEC 60310.  

10.5.1 FILTER  

The intermediate link filter shall consist of capacitors and an inductor (absorption filter). The filter 
capacitors shall have a minimum service life of 15 years.  

10.5.2 OVERVOLTAGE PROTECTION / INTERMEDIATE LINK RESISTOR  

The intermediate DC link shall be equipped with an IGBT controlled power resistor, to discharge 
the intermediate link, provide overvoltage protection (crowbar) and to be used as a brake 
resistor if needed. See Section 10.1.4. 

Resistor grids shall be electrically isolated from their frames, and the frames electrically isolated 
from the car body. Provision shall be made for grid expansion to prevent warping. The resistor 
grids shall be convection ventilated and roof-mounted. Screens shall protect resistors from 
damage. 

The resistors shall be protected from overheating.  

The resistors and the cable routing to the resistors shall not cause electromagnetic or acoustic 
emissions during dynamic braking. Maximum allowable EMI and noise emissions are defined in 
Section 2.4 and 2.5. 

The resistor grids and all metallic frame materials shall be stainless steel. 

The power resistors shall comply with EN 60322. 
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10.5.3 HIGH VOLTAGE PROTECTION  

Locked, grounded cabinets shall protect all high voltage equipment from direct access under 
normal operating conditions. Access to high voltage compartments shall be possible only after 
the pantograph is lowered, the main breaker opened, and all primary and intermediate circuits 
grounded. The intermediate dc link voltage between the line converter and the traction inverter 
shall be discharged automatically through the overvoltage/brake resistor if the primary circuits 
are grounded. Grounding of primary and intermediate voltage circuits shall be interlocked with 
the access to the high voltage cabinets such that the process described above must be followed 
sequentially in order to gain access to high voltage equipment.  

The high voltage components shall be accessible only if the grounding and short-circuit switch 
are in the closed position. 

10.5.4 TRACTION MOTORS 

Two asynchronous, three-phase traction motors complying with IEC 60349-2/3 shall be supplied 
per motor truck. If the Contractor can provide convincing evidence of a cost and efficiency 
improvement by proposing permanent magnet synchronous motors, JPB might consider such a 
solution based on risk, cost, performance and maintenance comparisons (including availability 
of replacement magnets) as provided by the Contractor. These comparisons shall consider the 
energy savings over the vehicle life time in relation to the maintenance and spare part costs for 
a traditional asynchronous drive system. A detailed service history of similar applications must 
be provided.   

All traction motors shall be interchangeable within the fleet.  

The power rating of the motors shall be sufficient to provide the performance as specified in 
Section 2.3.6. 

The traction motors shall be resiliently mounted in the truck.  

Each motor shall have an easily accessible, waterproof junction box to disconnect the three-
phase cables and the shield and/or ground wire. The phase cables and the terminals inside the 
junction box shall be clearly marked to avoid miss-wiring. 

Quick disconnect type connectors for high voltage and low voltage wiring shall be provided 
between the truck and car body wiring to permit fast truck changes. Other concepts with similar 
ease of disconnection may be proposed.  

10.5.5 WINDINGS 

The motor shall have form-wound stator windings to assure robust construction and vibration 
tolerance. Coil ends shall be securely anchored to ensure physical resistance to magnetic 
forces under fault conditions. The insulation system shall be service proven. Insulation shall be 
class C and highly resistant to moisture, oil vapor, and grease. The windings shall be given 
multiple class C resin vacuum-pressure impregnation treatments. 

10.5.6 ROTOR 

The rotor shall have copper bars, brazed or welded, short-circuiting copper end rings 
surrounded by stainless steel end rings to guarantee structural integrity at the high speed and 
thermal cycling associated with heavy rail vehicle traction service. Any deviations will require 
technical justification.  



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS10-9 (Conformed 2/22/16) 
Section 10 – Propulsion System 

The rotors shall be balanced dynamically, as required.  

10.5.7 MOTOR BEARINGS 

The traction motor shall be equipped with insulated anti-friction bearings with lubricant seals. 
Grease cavities shall contain sufficient lubricant to allow operation for at least 200,000 miles in 
the intended long-term, high-speed Caltrain service without relubrication. Bearing housings shall 
be readily accessible to permit addition and purging of lubricant without detrucking. Lubricant 
shall be readily available through several normal industrial supply sources. Bearings shall have 
a minimum ANSI/AFBMA L-10 rating life of 1,000,000 miles of service.  

10.6 GEAR UNIT 

Each traction motor shall be coupled to a purpose-built parallel drive gear unit from a design 
with extensive railcar experience. Gear units shall be constructed of cast iron, cast steel, or be 
fabricated from welded steel. Aluminum gear housings may be proposed if a sufficient 
successful service history can be provided. The gear unit shall be of the helical gear type 
designed for long service life, low noise, and shall not require replenishment of oil at a rate in 
excess of one-quart for every 100,000 miles. Single- or double-reduction gearing may be used. 
Gears shall be designed and applied to require inspection and adjustment no more frequently 
than once in every 400,000 miles, and have a fatigue life of 1,000,000 miles. Shims, special 
tools and precision measuring devices shall not be required to mount the gear unit to the truck. 
Gear ratio shall be as selected by the Contractor for the application. 

The side of the gear unit shall be provided with a readily accessible glass sight gauge for use by 
the maintenance staff. 

The gear unit shall be equipped with adequate anti-friction bearings throughout. Bearing design 
and selection shall require inspection or adjustment no more frequently than once every 
250,000 miles. Bearings shall be designed for a minimum ANSI/AFBMA L-10 rating life of 
1,000,000 miles of service. 

Motor and gear mounting shall be suitable for the vehicle top speed of 110 mph and a minimum 
FRA track class 6; 80 mph at track class 4 and lower classes for lower speeds as defined in 49 
CFR 213.9.  

10.6.1 COUPLING 

Torque shall be transmitted from the motor to the gear unit through a grease lubricated flexible 
coupling of a design with prior experience in a similar service environment. The service proven 
coupling shall allow for ease of assembly and disassembly without special tools, shims or 
precision measuring devices. A readily accessible (when installed in a truck) grease fitting or 
plug of an approved type shall be provided. If a plug is provided, its location shall be such that 
its loss will not cause coupling failure due to loss of lubricant. The Contractor shall provide 
details of the coupling design.  

Other types of couplings with equal ease of assembly and maintenance may be proposed. 
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10.7 EQUIPMENT COOLING 

The proposed cooling systems shall be described in detail. Maintenance-free spin filters shall be 
used if forced air cooling is provided. Forced air ventilation shall not be used to cool the inside of 
the equipment enclosures.  If forced air cooling is used, the air shall be directed along heat 
sinks or trough radiators in a dedicated cooling air channel, free of high voltage.  

Blowers and ducting must be designed to minimize noise emissions. The cooling air flow shall 
be regulated on an “as-needed basis” to reduce air flow noise and excessive temperature 
cycling whenever possible, in particular in stations and at standstill.  

All cooling fans shall be operated by grounded, totally-enclosed 3 phase motors, powered from 
the onboard 3-phase auxiliary power system.  

Propulsion equipment shall be protected from damage due to cooling failure. Detection of 
cooling failures shall be reported to the TOD system and automatically reduce performance of 
the affected components. 

10.7.1 TRANSFORMER 

Propulsion transformers shall be oil cooled with a separate, forced air cooled heat exchanger. 
The cooling oil must comply with the requirements of the US Environmental Protection Agency 
(EPA). 

The heat exchanger shall be made of copper or aluminum and withstand vibrations as specified 
in IEC 61373. The cooling fins shall be protected from damage by foreign objects and clogging 
due to dirt build-up.  

10.7.2 INVERTERS 

The line converters and propulsion inverters shall be oil, water or forced air cooled. Heat pipes 
may be used for forced air cooling only, if they are totally sealed and do not require 
maintenance. Heat pipes shall contain non-chlorofluorocarbon based fluids only.  

Water cooling shall rely on regular tap water with non-toxic additives only. The design shall be 
non-corrosive and require little maintenance.  

10.7.3 TRACTION MOTOR  

The traction motors may be self-ventilated or forced-ventilated.  

10.8 SELF TESTS 

The inverters and the propulsion control logics shall be equipped with self-test features that will 
facilitate troubleshooting and diagnosis in order to check the integrity of the inverters, other 
propulsion system components, and interfaces with the equipment in place on the car. Failure 
conditions of self-tests shall be stored as propulsion faults in the MDS. Self-tests may be 
initiated at the startup of the equipment or initiate from the train operator display (TOD) in the 
maintenance mode or from the PTU.  

There shall be two independent self-tests as listed below. The Contractor shall describe in detail 
the self-test capabilities of the propulsion equipment.  
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10.8.1 LOW VOLTAGE TESTS 

The low voltage self-test shall run without high voltage present on the vehicle. It shall test 
control logic functions, interfaces and low voltage vehicle circuits. It shall test equipment such as 
contactors, relays, sensors and circuit boards. The self-test shall reliably identify failed LRUs 
(line replaceable units) such as circuit boards, sensors, contactors, etc.  

10.8.2 HIGH VOLTAGE TESTS 

The high voltage test shall check, to the maximum extent possible, the correct functioning of the 
high voltage equipment such as semiconductors, sensors, contactors, resistors, capacitors, 
inductors, and the transformer. The self-test shall reliably identify failed LRUs (line replaceable 
unit) of the propulsion equipment.  

10.9 REQUIRED CONTRACT SUBMITTALS  

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7.  

10.10 CITED REFERENCES 

The following standards or references were cited in this Section: 

STANDARD TITLE 

IEEE Standard 16 IEEE Standard for Electrical and Electronic Control Apparatus on 
Rail Vehicles 

IEC 61373 Railway applications - Rolling stock equipment - Shock and 
vibration tests 

EN 50121-3-2  Railway applications. Electromagnetic compatibility. Rolling 
stock. Apparatus 

IEC 60571 Railway applications - Electronic equipment used on rolling stock 

IEC 60850 (as reference for issues not covered in IEEE Standard 
16)Railway applications - Supply voltages of traction systems 

IEC 60310  Railway applications - Traction transformers and inductors on 
board rolling stock 

IEC 60349-2/3 Electric traction - Rotating electrical machines for rail and road 
vehicles - Part 2: Electronic converter-fed alternating current 
motors 
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STANDARD TITLE 

EPA Environmental Protection Agency 
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11.1 SYSTEM DESCRIPTION 

The friction brake system shall function in coordination with the propulsion system. The system 
shall provide independent brake pressure control for each truck. The brake system shall comply 
with 49 CFR 229 and 49 CFR 238.231 and shall be inherently fail-safe in design, construction 
and operation. In this section, dynamic brake shall mean a wear-free electric brake. 

The friction brake system response times shall be sufficiently short to permit the vehicle to 
achieve performance requirements specified in Section 2.3.6.10 (Mode Change Dead Times) 
using the control scheme specified in Section 10.2. 

The brake performance shall be in accordance with the requirements specified in Section 2.3.6. 

Each axle, both power and trailer cars, shall have a disc brake system. Brake pads shall be 
replaceable without disassembly of the brake caliper or other vehicle components.  

The friction brake system shall provide the following basic functions: 

a) Stop an AW3 loaded train as specified in Section 2.3.6 
b) Supplement dynamic braking, and provide all specified levels of service braking under all 

vehicle loadings when the dynamic brake is not available. 
c) Provide emergency braking 
d) Incorporate a parking brake system 

The friction brake system shall be configured as follows: 

e) Each truck shall be load-weight-compensated in order to provide the braking effort 
needed to have an evenly distributed adhesion coefficient for all trucks in a train 

f) Each truck shall be controlled independently by its own pneumatic brake control unit 
g) Allow a Class I brake test to be conducted without requiring a pit or an inspector 

breaking the plane of equipment 

The friction brake system is assumed to be pneumatically actuated. Control and main reservoir 
pressures shall be trainlined through all vehicles in a consist. The main control of the friction 
brakes shall be through a trainlined electrical signal, either hard wired or on the vehicle bus. (EP 
brake)  

The master controller shall control the friction brakes by means of an electro pneumatic (EP) 
brake system. The chosen control concept shall be safe in all operating conditions including 
train separation.  

The primary brake shall be the blended ED brake commanded by the master controller and 
processed by the vehicle control unit (VCU). A pneumatic backup brake, with the activation 
handle conveniently located on the Operator’s console shall allow controlling the friction brakes 
through the trainlined service brake pipe and shall bypass all electronic controls.  

The contractor shall provide a brake system which is pneumatically fully compatible with existing 
JPB diesel locomotives or provide an adaptor allowing emergency and maintenance towing of 
an 8 car train by a JPB diesel locomotive. When towed by a locomotive the pneumatic brakes 
shall be fully functional on the towed train.  

The Contractor shall provide a complete System Functional Description (SFD) for all systems, 
subsystems, components and devices contained within this specification section.  The SFD 
shall be in the form of a narrative description, with attendant electrical schematics and 
mechanical drawings, sufficient for the JPB to fully understand every aspect of the design and 
operation of the equipment specified in this section, and to make an engineering-based decision 
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as to its acceptability for the Caltrain application. The Friction Brake System Functional 
Description shall also contain a Systems Integration Outline describing the seamless operation 
of vehicles regardless of the make-up of a consist. The Systems Integration Outline shall 
include the brake control unit (BCU), pneumatic control unit (PCU) operation, and the interface 
between sensors, necessary to extract the individual point data to apply the requested brake 
effort. 

In addition to the system functional description and the thermal calculation as specified in 
Section 11.5, a brake performance calculation shall be provided. 

The Contractor shall also provide a Software Requirements Specification (SRS), detailed to the 
extent that this document will be sufficient for the system programmers to have all the 
information they require to develop the system code.  The SRS shall conform to Standard EN 
50128. 

Refer to Section 18.1.3 for additional requirements. 

11.2 SERVICE BRAKE PERFORMANCE 

11.2.1 BLENDED SERVICE BRAKING  

Blended service braking shall be the prevailing brake control approach in revenue service. 
Blended service braking shall be implemented by the vehicle control unit (VCU) as a function of 
the master controller position. The VCU shall send the brake command signals over the vehicle 
train bus to all cars in a train. A hard-wired trainline, originating from the master controller, shall 
indicate that the train is in brake mode with an active low signal. The brake control units (BCU) 
shall calculate the required level of friction braking needed per truck, based on trainline 
command signals, available dynamic braking, wheel slide control status and load weigh signals. 
Service brake shall prioritize the use of dynamic brakes over friction brakes. On motor trucks the 
friction brakes may supplement the maximum available dynamic brake power at high speeds 
and at low speeds when fading out the dynamic brakes. Friction brakes shall be blended in on 
trailing trucks as necessary to achieve the requested brake rate if the braking effort on the 
power cars isn’t sufficient to fully meet the rate. 

If dynamic brakes are unavailable, the friction brakes shall provide the required brake rate at 
any speed and operating and loading condition. Following are some related requirements:  

a) Loss of power or failure of the dynamic brake shall not result in exceeding the allowable 
stopping distance  

b) The friction brake alone shall be adequate to safely stop the train under all operating 
conditions  

c) The operational status of the electric portion of the brake system shall be displayed for 
the train operator in the control cab   

d) The Contractor shall demonstrate through analysis and testing that the loss of dynamic 
brake still allows the vehicle to comply with the performance requirements in Section 
2.3.6  

11.2.2 PNEUMATIC SERVICE BRAKING  

The cab shall include a pneumatic brake controller, activated by a dedicated handle mounted on 
the Operator’s console.  This pneumatic control device shall have the capability to bypass all 
electronic controls, and to command the friction brakes over the whole train by lowering the 
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brake pressure in the service/EB brake pipe.  Lowering the brake pressure in the service brake 
pipe shall reduce the dynamic brake on the power trucks linearly with the increase of the friction 
brake effort to avoid overbraking them and provide an evenly distributed brake effort on all 
trucks in a train.  

Service Brake performance shall be as specified in Section 2.3.6. 

11.3 BRAKE CONTROL INTERFACE 

11.3.1 LOAD WEIGHT COMPENSATION 
The braking system shall automatically adjust the brake force to compensate for varying 
passenger loads. Weight sensing shall be independent for each truck. Weight signals shall be 
shared between the friction brake and propulsion system. Other control systems, based on 
acceleration/deceleration control or similar, may be proposed for consideration. 
 
Service and emergency brake control shall be designed to allow for weight differences between 
trucks due to uneven passenger loadings and vehicle weight distribution. 

The processing of the load weight signal for the emergency brake must follow fail safe design 
principals.  

11.3.2 DYNAMIC BRAKE INTERFACE/BLENDING 

A dynamic brake signal from the propulsion system, proportional to the achieved dynamic 
braking effort, shall be utilized by each BCU to modulate the disc brake effort in response to the 
dynamic braking effort on that truck, such that the requested brake effort is provided regardless 
of the status of dynamic braking.  This signal shall also be provided to the BCUs on the trailer 
trucks as one of the inputs to that algorithm used to determine how much effort the trailer trucks 
need to contribute to meet the braking command.   

11.3.3 SLIDE CONTROL 
A wheel slide control system shall be provided. The wheel slide system shall detect slides 
whether they are random or synchronous, and shall be coordinated between the dynamic and 
friction brake systems in order to minimize stopping distance and protect wheel treads from 
damage. It shall correct braking effort in excess of what the available adhesion will support 
during the deceleration of the car, minimize stop distances, and shall prevent flat spots and 
other damage to wheel treads under all adhesion conditions. On powered trucks the slide 
control must be coordinated with the dynamic brake controls. The wheel slide control system 
shall be subject to the JPB review and approval.  
 
Wheel slide control shall be vitally disabled in Emergency brake if initiated through the 
pneumatic brake handle. 

11.3.4 PROPULSION INTERLOCK 

The friction brake system shall be interlocked with the traction system on a per truck basis, such 
that traction power for the entire train is removed if any friction brake remains applied on any 
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truck in a train, including parking brakes, for more than five seconds after the application of 
tractive power.  

11.3.5 ROLL BACK PROTECTION  

In normal train operation, roll back (rollaway) protection is provided by PTC, refer to section 
17.5.1. If the train rolls back (counter to the selected driving direction), without PTC protection, 
the brakes shall applied automatically.  

11.4 EMERGENCY BRAKE (EB) 
An emergency brake application shall be initiated: 

 By placing the master controller in the Emergency Brake position 

 By dropping the brake pipe pressure via full activation of the automatic brake valve 

 From anywhere within the consist by activating a passenger emergency brake  

 By any sudden loss of brake pipe pressure (e.g., pipe rupture) 

 By PTC to apply a vital stop 

 
An emergency brake application shall result in the following:   

 De-energization of the EB trainlines and an electro pneumatic  Emergency Brake Valve  

 Dumping of the control pressure in the brake pipe  

 Vitally remove propulsion power.  

 Application of track brakes  

 Application of sand 

 Disabled dynamic brakes  

 Disabled jerk limitations 

 Disabled slide control 

EB performance shall produce a nominal rate in accordance with Section2.3.6.6.  

11.5 THERMAL CAPACITY 

On trailer trucks, the friction brake system shall have the thermal capacity to provide all-friction 
brake stops from the maximum vehicle speed, at the maximum vehicle load, to a standstill over 
the entire alignment, indefinitely. The Contractor may propose some friction brake derating for 
motor trucks, as indicated in Section 2.3.6.2, Duty Cycle Ratings. 

For blending requirements in normal and abnormal conditions, refer to Section 2.3.6.4. 

The Contractor shall provide thermal load calculations for the JPB alignment in normal blended 
operation at AW3, and also abnormal operation with dynamic brakes cut out at AW3 loads.  
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11.6 PARKING BRAKE 
A spring-applied parking brake system shall be capable of holding a train consist loaded to AW3 
+ 10% on the maximum grade (refer to Section 2.2.2) indefinitely under all allowable wheel and 
brake conditions. The parking brake system shall apply in a fail-safe manner whenever no cabs 
are active in a train, or system pressure is not present. The pressure applied brake calipers may 
act as parking brakes when system pressure is available. Parking brakes shall be automatically 
released when a cab is selected and the sufficient system pressure is available. 

The parking brake system shall be designed in accordance with APTA PR-M-S-006-98, Rev. 2. 

The parking brake control signal shall be configured to release the parking brake when 
energized. 

11.7 TRACK BRAKES 

Trailer trucks shall be equipped with track brakes. Track brakes shall be applied automatically if 
the emergency brake is applied and manually when commanded by the driver. In emergency 
brake operation, the track brake command shall be cancelled at no-motion. The Contractor may 
propose a different track brake arrangement as long as at least 50% of all trucks in a train are 
equipped with track brakes.  

11.8 SANDING SYSTEM 

A sanding system shall be provided that deposits sand immediately in front of the leading 
wheels of the lead motor trucks. Sand distribution shall depend on the driving direction. Sand 
boxes shall be sealed and provide a volume of at least 50 liters. The aluminum or stainless steel 
boxes shall be easily accessible for filling. A manual sanding function shall be provided as part 
of the driver’s desk. 

Sanders shall be pneumatically operated and be heated to keep the sand dry. The flow rate 
shall be adjustable initially set to 1 lbs. /min. The sanding system design and scheme shall be 
provided.  

11.9 BRAKE EQUIPMENT 

11.9.1 BRAKE DISCS 

The Contractor shall propose a brake disc design which will balance the anticipated life of the 
disc to the greatest extent possible. The contractor shall indicate the expected service life of the 
brake disks proposed, based on the run time simulation on the JPB alignment.  

If the brake discs are mounted between the wheels, and would otherwise require wheel removal 
for replacement, split discs shall be provided.  

11.9.2 BRAKE PADS 

Brake pads shall be replaceable without disassembly of the brake caliper or other vehicle 
components. Pads shall be of a “ready to apply” design, not requiring labor to affix the pad to a 
backing plate in order to install them.  Pads shall be of such a composition that they do not 
produce squealing noises. 
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The contractor shall indicate the expected service life of the brake pads proposed for trailer and 
motor trucks, based on the run time simulation on the JPB alignment. 

11.9.3 BRAKE CONTROLS 

The friction brake system shall include a microprocessor-based electronic control unit (BCU) 
and a pneumatic control unit (PCU) on a per-truck basis. Each BCU shall independently 
interpret rate command and other signals, received from the vehicle bus and discreet trainlines, 
as specified in Section 7.3.1, and apply the requested brake effort, based on the rate command 
and the dynamic brake achieved signals from the propulsion electronic control unit. Each BCU 
shall provide system status and fault logging, and shall connect to the vehicle data network. The 
BCU system status and fault logging scheme shall be provided.  

Alternate control principles, where the vehicle control unit (VCU) interfaces with the BCU directly 
will also be considered. 

The Contractor shall provide a Software Requirements Specification (SRS), detailed to the 
extent that this document will be sufficient for the system programmers to have all the 
information they require to develop the system code for the brake controls.  The SRS shall 
conform to Standard EN 50128. 

11.9.4 EMERGENCY BRAKE VALVE 

Emergency brake valves shall be installed in the passenger compartment and Operator’s Cab in 
accordance with 49 CFR 229.47. Each emergency brake valve shall be clearly labeled with the 
words EMERGENCY BRAKE VALVE. The location of emergency brake valves shall be as 
determined by the JPB. 

11.9.5 BRAKE CUTOUT 

The friction brake system shall include parking brake cut out (PBCO) and friction brake cut outs 
(BCO) for each truck.  

If system pressure is available, it shall be possible to electrically release any friction service 
brake via a sealed Friction Brake Cutout switch, located in the affected car. Additionally a 
manual cut valve shall be provided for each truck. 

The mechanical PBCO shall automatically reset upon re-application of pressure to the actuator.  

All manual cut outs shall be easily accessible from the side of the vehicle as approved by JPB. 
The PBCO and BCO cut out scheme shall be provided. 

11.9.6 PRESSURE TRANSDUCERS  

Pressure transducers shall be used to perform all necessary control and annunciation functions. 
Transducers shall be utilized to provide redundant verification of all brake release and applied 
pressures. Pressure switches shall not be used except for the pump-off circuit in the parking 
brake control piping.   

11.10 AIR COMPRESSOR 

Main reservoir pressure shall be trainlined. 
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As a minimum, each power car shall have an air compressor to supply compressed air to the 
brake and auxiliary systems as needed. The command to the air compressors in a train shall be 
synchronized such that all compressors run (and stop) at the same time. The air supply system 
shall be sized to allow unrestricted operation if 50% of the compressors in a train are non-
operational. 

The air supply system shall be modular and interchangeable between vehicles. The system 
shall be service proven or built of service-proven components. 

All air reservoirs on the cars shall be drilled with “telltale” holes and shall be designed and 
manufactured to comply with requirements of 49 CFR 229.31(c), in lieu of periodic testing. 

The air compressor and filter/dryer shall be operated by the 3-phase, auxiliary power supply. 

The compressed air quality shall be in accordance with APTA PR-M-S-011-99 (edited 2-13-04).  

An air consumption analysis shall be provided.  

11.11 BRAKE TESTS 

The Contractor shall submit at a point-by-point analysis of the method proposed for conducting 
the brake tests defined in 49 CFR 238, Subpart D, for daily and periodic testing to be conducted 
by maintenance personnel.  The design and location of the brake equipment shall be consistent 
with these FRA required brake tests. 

11.12 COMPATIBILTY WITH JPB DIESEL LOCOMOTIVES  

It shall be possible to tow an 8 car EMU train with a JPB diesel locomotive anywhere on the JPB 
alignment and the yard. The pneumatic brakes on the EMU shall be fully functional for towing. 
The contractor may propose a speed restriction in tow mode operation to avoid overheating the 
friction brakes of the EMU.  

The diesel locomotive will provide main reservoir pressure at 9.5 bar and a brake pipe pressure 
varying between 0 and 7.5 bar with the following characteristics:  

 EB:  < 3.45bar < 50 PSI 

 Service brake:  >= 3.45bar >= 50 PSI 

 Max brake pipe pressure:  7.5bar 110 PSI (needs JPB confirmation) 

The JPB locomotive will also provide 480VAC which can be used to power needed functions on 
the EMU and operated the local compressors if needed to speed up the filling of the main 
reservoirs. 480VAC will be provided through a manually connected, standard jumper cable.  

The contractor needs to identify what other trainlined power (e.g. EB loop) is needed to release 
and apply the friction brakes by the brake pipe, 

For coupler compatibility refer to section 5.  

11.13 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7. 
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11.14 CITED REFERENCES 
 

STANDARD TITLE 

49 CFR 238.231 Code of Federal Regulations, “Passenger Equipment Safety 
Standards” Brake system. 

APTA-PR-M-S-006-98 American Public Transportation Association, “Standard for Parking 
Brakes for New Passenger Locomotives and Cars” 

49 CFR 229 Code of Federal Regulations, “Railroad Locomotive Safety Standards” 

49 CFR 229.47 Code of Federal Regulations, “Railroad Locomotive Safety Standards” 
Emergency brake valve 

49 CFR 229.31 Code of Federal Regulations, “Railroad Locomotive Safety Standards” 
Main reservoir tests 

APTA PR-M-S-011-99 American Public Transportation Association, “Standard for 
Compressed Air Quality for Passenger Locomotive and Car 
Equipment” 

EN50128 - 2011 Railway applications - Communication, signaling and processing 
systems - Software for railway control and protection systems. 
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12.1 GENERAL 
The design, operation, installation, arrangement, and signage of the door system shall comply 
with APTA PR-M-S-18- and APTA PR-C&S-012-02 and 49 CFR 37, 38, and 238. 

The Contractor shall provide a complete System Functional Description (SFD) for all systems, 
subsystems, components and devices, contained within this specification section.  The SFD 
shall be in the form of a narrative description, with attendant electrical schematics and 
mechanical drawings, sufficient for the JPB to fully understand every aspect of the design and 
operation of the equipment specified in this section, and to make an engineering-based decision 
as to its acceptability for the Caltrain application.  

The Contractor shall also provide a Software Requirements Specification (SRS), detailed to the 
extent that this document will be sufficient for the system programmers to have all the 
information they require to develop the system code.  The SRS shall conform to Standard EN 
50128. 

Refer to Section 18.1.3 for additional requirements.  

12.2 SIDE DOORS  
Each vehicle shall be able to serve both high and low level boarding (reference Section 3.3.3).  
This shall be accomplished using separate high and low level side doors. JPB does not intend 
to approve traps or movable steps as an option to serve both high and low boarding. 

Each vehicle shall have eight door openings, four on each side of the vehicle, directly across 
from each other.  One set of four shall be located just inboard of the trucks and the other four 
above the trucks. The set located inboard of the trucks (the low level set) shall be compatible 
with JPB’s existing platform height and existing mini-highs. The set located above the trucks 
(the high level set) shall be compatible with JPB’s future high level platforms. Doors shall be of 
the sliding pocket or sliding plug type, covering the entire height of the door opening, with a 
proven history in railroad rolling stock. 

Provisions shall be incorporated into the areas around the low level doors such that when JPB 
completes their transition to high level platforms, the doors can be sealed shut and seats can be 
installed in the previously unoccupied spaces in front of the doors.  See also Section 2.2.1.1, for 
an initial period of operation. 

The design shall preclude the physical interference between the adjacent door types when the 
high and low level boarding doors are opened simultaneously, unless approved otherwise by 
JPB. 

Each doorway shall include two door panels, which slide in opposite directions, parallel to the 
side of the vehicle. The clear width of all doorways shall be at least 51 inches.  

It is recognized that a full-width set of doors may not be practicable at the cab end of the 
power/cab car.  JPB will consider a single leaf door at this location, provided it is fully ADA 
compliant and the Contractor can clearly demonstrate the impracticability of a full bi-parting 
door. 

Doorway height, measured from the vestibule floor to the bottom of the door header, shall be a 
minimum of 78 inches. Panels shall not protrude more than 3 inches from the vehicle side 
during any portion of the opening or closing cycle. 
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Door opening and closing shall be interlocked with the no-motion circuits.  All doors shall be 
controlled from trainline signals issued by the crew member. Trainlined door control signals shall 
allow a crew member to open and close all doors in a consist.  

The door panels, door mechanisms, door controls, and equipment shall be based on, or nearly 
identical to, a service proven design. The door controls and all door equipment shall be 
interchangeable, from one location to another, and vehicle-to-vehicle. 

12.2.1 DOOR FUNCTIONAL REQUIREMENTS 
Door motion shall be smooth and free of shock and impact. Cushioning shall be provided at the 
end of travel of the door in both the opening and closing directions. In the event of a loss of local 
control power, the doors shall remain in the last commanded position during absence of control 
power and when power is restored. 

The delay time from receipt of a door command signal by the door controls to the first motion of 
a door panel shall not exceed 0.15s. The operating time of any door, from the time when motion 
is first initiated to the time of completion, including cushioning, shall be adjustable from 3.0  
4.0s to open and 3.0  5.0s to close, +0.5s. Operating times shall be adjustable by software 
changes. 

A mechanical door lock function shall positively retain the doors in the closed position, even 
during loss of power. A single mechanical lock shall be sufficient for door panels which are 
mechanically linked together such that one panel cannot move if the other panel is constrained 
against motion. For door panels in the same doorway which are independently operated, there 
shall be a mechanical lock for each panel.  The lock shall automatically engage when both door 
panels reach the closed position. A manual release shall be provided as part of each 
mechanical lock, to release the lock and allow the door panels to be manually opened during an 
emergency. 

Electrical position-sensing switches shall be provided to detect when each door panel is fully 
closed and locked. The mounting of all sensors and switches shall be such that no readjustment 
shall be necessary when any given sensor or switch is replaced. 

12.2.2 DOOR CONSTRUCTION 
Door pockets shall be designed to provide proper door movement within the pocket and 
adequate drainage of water, dirt, and/or debris that normally builds up inside the pocket. The 
gap between the door and the pocket wall shall ensure that a passenger’s hand or fingers 
cannot be placed between the panel and the pocket walls. Door pocket wiring shall be installed 
in rigid conduit. Wire bundles or flexible conduit will not be acceptable. 

Heavy-duty seals on the interior and exterior of the door frame shall fully contact the door-
mounted seals. The seals shall exclude moisture and dirt from the door pocket and the vehicle 
interior. The seals shall be located within ¼-inch of the face of the door panel to provide a tactile 
warning to passengers that may have their hands against the door panel prior to opening. 
Location of the seals shall not cause excessive air leakage or condensation around the door. 

The door nosing seal shall be of a hardness and cross-section necessary to meet the following 
requirements: 

• The seal shall prevent air, water and debris infiltration, and shall reduce noise 
transmission into the vehicle 
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• The seal shall be configured such that, if the obstruction detection system fails, a 
captured extremity of dimensions as defined in APTA Standard SS-C&S-012-02 shall 
prevent the doors from fully closing and locking 

• The seal shall be readily replaceable with the door panel on the vehicle 
• The seal configuration shall be a tongue-and-groove type 

Side doors shall meet the mechanical strength requirements of EN 14752. The skin of the side 
door shall have the same finish as the carbody. Each side door shall contain a fixed and 
laminated FRA Type II safety glass window, tinted to match the side windows.  Door windows 
shall be retained in the door panel by the same methods and materials used for passenger 
window retention.  Kick plates shall be provided for doors of non-metal design. 

Door joints and edges shall be completely sealed against moisture.  Reinforcements shall be 
provided for the attachments of all door hardware.  Doors shall not rattle when car is in motion.  
The doors shall be free of dimples, warping, spot welding depressions and other deformities.  
The doors and edges shall be sealed against air, dirt and moisture ingress (including rain, or car 
washing) when in the fully closed position under any environmental and car operating condition.  

Any wearing part of the door guide arrangement, including the interlocking rubber bumpers, 
shall be easily replaceable without removing the door. 

Side door thresholds shall be of robust metallic construction, cast or milled with an anti-tread 
surface.  They shall be corrosion-resistant.   

The configuration and depth of the door tracks in the thresholds shall be sufficient to provide for 
carbody deflection, such as occurs between AW0 and AW3, without resulting in door binding. 
Doors shall not bind or come off their track under any operating or passenger loading 
conditions.  

Door thresholds shall be designed for rattle free operation and shall include a method of 
compensating for wear to ensure rattle free operation over the life of the vehicle.  

At all door openings, the floor shall make a weather tight connection with the threshold plates. 
The thresholds shall be designed with slope and paths to facilitate quick and easy drainage for 
water and dirt to the outside of the vehicle.  

Door thresholds shall be able to be removed and replaced without opening up the door pockets 
or removing door pocket covers.  

The side door thresholds shall incorporate anti-friction guides for the sliding doors. These 
guideways shall have cleanout slots for the continuous discharge of accumulated debris. 
Thresholds shall be designed to be self-cleaning and shall drain to the outside of the vehicle. 

12.2.3 DOOR OPERATOR 
Each doorway shall be provided with one electrically powered door operator, powered from the 
low voltage dc system. The left and right door panels shall move simultaneously, through a 
shaft, spindle or linkage arrangement. Fully independent door operation (per panel) is also 
permitted, which will require one operator per door panel. No panel-to-panel linkage shall be 
provided for independently operated doors. Operator adjustments shall not be required as part 
of routine maintenance. 

The operator shall be located in the transom area above the doorway, or other location suitable 
to the door arrangement. The operator shall not be located below the floor level. The shaft or 
linkage shall be concealed, except as needed for the sliding mechanism (door hangers, for 
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example), such that it is not directly visible when the door is opening and closing, or when the 
door is in the fully closed position. Access to the door operator shall be by opening a cover or 
removing an access panel using a crew key, without the need to move or disconnect other 
equipment. Sufficient clearance and access space shall be provided to maintain all components, 
and to remove the assemblies as complete units. 

The door operator shall be capable of the following, without affecting the reliability and service 
life of the operator: 

• Operating over the voltage range specified in Section 9.2.2. 
• Opening and closing the doors at the specified performance levels with the most 

unfavorable, ambient wind, and vehicle pressurization conditions 
• Withstand stall current indefinitely, or alternately: detect condition, remove power, and 

reset automatically when door controls are cycled. 

The door operator motor shall be of a brushless design or not require brush replacement for a 
minimum of 15 years.  

12.2.4 DOOR CONTROLLER 
Each door operator shall be controlled by a microprocessor-based system, located in the 
transom header or other approved area. The door controller shall be easily replaceable and 
incorporate electrical quick-disconnects. The system shall control all aspects of door motion, 
including: opening speed, closing speed, closing forces, detection of stalls, accelerations, 
decelerations, and door close time delays. The controller shall read and respond to both 
trainline and local commands, monitor door status, and provide system diagnostics. Refer to 
Section 18 for software and microprocessor-based systems requirements. 

All door controllers shall be identical in configuration and software.  

The status of the door system shall be available via a diagnostics system integral to the door 
controller software and the vehicle MDS.  Refer to Section 8.2 for MDS requirements. 

The diagnostic system shall monitor all critical internal functions, inputs and outputs, and the 
mechanical door systems including door open, closed, and lock status. Actual door 
performance, such as door speeds on opening and closing, shall also be monitored and 
reported. 

Each door controller shall be linked to the vehicle’s data network as described in section 7. 
Alternatively, each door may be connected in a local (per vehicle) network, with a single 
connection point (Gateway) to the vehicle’s data network. In either configuration, status and 
diagnostic information from each door shall be available at a single common location, and the 
vehicle MDS. The location of the common diagnostics port shall be approved by JPB. 

Failure of the network links and diagnostic link shall have no effect on door operation, and 
network failures shall be announced at the diagnostics port and the MDS system.  

Diagnostics from each door controller shall also be available from either a separate connector at 
the controller, or the network (local or trainline) connector itself. The door controller shall also 
permit adjustments of all operating variables, such as door speeds and timing, via laptop 
computer. These adjustments shall be available locally, at each door operator, or via the 
vehicle’s network. 

The diagnostics and adjustment capabilities of the door system shall be provided. 
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12.2.5 DOOR TRAINLINES 
As a minimum 4 trainlines, as indicated in section 7.3, (discrete trainlines) shall be provided in 
addition to the signals transmitted over the vehicle and train bus.   

Two independent signals shall be required to open the doors, a Release signal (bus) and a Door 
Open (trainline and bus) signal. These signals shall be interlocked with the no-motion circuitry to 
allow a door release command or open command at standstill only. The door control system 
shall be considered a vehicle safety system and shall conform to the safety requirements of 
Section 21.6 of this Technical Specification. 

12.2.6 DOOR CONTROL STATIONS  
The arrangement of controls, markings, and functional operation of the door control station shall 
be the same as or equivalent to those on JPB’s existing Bi-Level cars. The Contractor shall be 
responsible for designing the controls to meet this requirement.   

A crew key shall be required to enable a door control station in order to prevent unauthorized 
use. The key shall be captive while the station is activated. Removal of the key or device shall 
prohibit input of open and close commands at the station. 

There shall be four door control stations on each car; two at the low level doors, one on each 
side, and two at the high level doors, one on each side, located on the windscreen adjacent to 
the side doors.  All door control stations shall be at the same end of the car. The control logic 
shall permit only one door control station on the consist to be active at any one time.  

The active door control station shall allow the crew member to open doors only on the 
corresponding side of the consist, and shall permit separate control of:  

• The local door (i.e. the door adjacent to the active door control station)  

• All high-level doors in a zone forward of the active door control station 

• All low-level doors in a zone forward of the active door control station 

• All high-level doors in a zone rearward of the active door control station 

• All low-level doors in a zone rearward of the active door control station. 

Each door control station (anywhere in the train) shall allow the operator to operate all doors at 
the same level on that side of the consist. In other words, the operator shall be able to open 
either the high doors or the low doors depending on the platform height.  

The status of the all doors closed and locked signal shall be indicated at the active door control 
station. 

12.2.7 CONTROL SWITCHES AND PUSHBUTTONS 
The doors shall be controlled from the door control station pushbuttons. Switches and 
pushbuttons used for these controls shall be of the heavy-duty, transit-grade type, suitable for 
frequent use. A buzzer button and trainline electrical buzzer system shall be provided and shall 
function in the same manner as the JPB Bi-Level car buzzer system. 

12.2.7.1 Crew Key Switches 
At every doorway that has a door control station, there shall be an exterior electrical rotary 
switch operated by the crew key. The exterior switches shall be weatherproof and located 
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beyond the open position of the door, positioned at a height to be operated by a 5% female 
standing on the ground, as well as by a 5% female on a platform. 

The crew key switch and related circuits shall function in the same manner as the JPB Bi-Level 
car crew key switches. 

The crew key switch and associated circuits shall be considered a safety circuit, and shall meet 
the requirements of Section 21.6. 

12.2.7.2 Crew Member Local Hold Open Control 
A push and hold to activate switch shall be located at the same doorways as the door control 
stations. Activation of this switch while the adjacent door control station is active shall permit the 
local door to be opened before no motion is detected, provided train speed is below 20 mph, 
and shall permit the train to develop tractive effort while the local door is still open. The door 
shall automatically close and lock when the switch is released, or the train speed exceeds 20 
mph, or the door control station is deactivated. 

While active, propulsion shall not be inhibited, and the doors closed and locked signal shall 
continue to indicate that all doors are closed and locked. 

12.2.8 SAFETY INTERLOCKS AND BYPASSES 

12.2.8.1 No-Motion (Zero-Speed) Interlock 
All door controls shall be electrically interlocked, in a safe manner, with the no-motion circuitry 
that interfaces with ‘No-Motion” (or zero-speed) trainline, so that the doors can be powered 
open only when the vehicle or consist is stopped.  

The doors shall not respond to any open commands until no-motion is detected.  No door shall 
be permitted to open from the Door Control Station (refer to Section 12.2.6) unless the No-
Motion trainline is energized or bypassed (refer to Section 6.4.9). 

When the No-Motion trainline is de-energized, any open door shall automatically close, except 
for doors that are being held open by a crew key. Door close warning shall be provided prior to 
closing the door (refer to Section 12.2.10.2). 

Refer to section 12.2.7.2 for crew member local door control.  

Power to door opening circuits for the door motors, door operators, and controls shall be 
switched with non-welding critical circuit relays, controlled by the no-motion trainline.  Both the 
positive and negative feeds for these circuits shall be disconnected from the low voltage power.  

All diagnostic fault monitoring and logging shall remain active when the train is in motion. 

12.2.8.2 Door Status (Open) Interlock 
An electric loop circuit shall be provided to monitor the door panel positions for each side of the 
train, consisting of electrical position sensing switches. The switches shall detect that each 
panel is fully closed. A separate set of switches shall be provided to detect that each panel is 
properly locked. The switches shall positively and directly detect the actual panel and lock 
positions. 

For each side of the vehicle, the switches shall be placed in series, activating a summary Door 
Status critical circuit relay, as approved, when all door panels are properly closed and locked. If 
any one of the closed or locked switches is not made up, the door status relay shall not be 
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energized, the cab Door Closed light shall not be illuminated, the interior door light for that 
doorway shall be illuminated, the exterior door light for the car shall be illuminated, and 
propulsion power inhibited.  

If an attempt is made to apply power with any door panel not closed and locked, the master 
controller shall have to be placed in the FSB position after the summary door status relays are 
energized before the brakes can be released and power applied. 

No single point failure in the loop circuit shall cause a false doors closed and locked signal. For 
those failures in the loop circuit which are not self-annunciating, such failures shall not result in 
a false doors closed and locked signal, either from the door interlock circuit or in association 
with other single point failures. 

12.2.8.3 Door Interlock Bypass 
A sealed door interlock bypass feature shall be provided in each cab, active only when the 
associated cab is powered, permitting movement of the train under emergency conditions. The 
activation of the bypass switch shall be recorded and logged by the Event Recorder. 

The door interlock bypass shall bypass the door status interlock so that power can be applied. It 
shall not provide a false doors closed indication; however, it shall illuminate a red “Doors 
Bypassed” indicator on the Operator’s console. 

12.2.8.4 Door Cutout 
A manual door cutout device shall be provided at each door operator, and shall be arranged to 
perform the following functions, in the event that a defective door must be cutout: 

• Disconnect the door operator control 
• Bypass door-closed and door-lock interlocks for that door only 
• Assure that the door remains closed by mechanical restraint; however, operation of the 

Emergency Door Release shall disable or release the restraint, allowing the door to be 
opened 

• Activate the door cutout indication on the TOD, and activate the local door out of service 
indicators 

The cutout device shall be operated by the crew key and located where the operating crew can 
easily access it. 

12.2.9 EMERGENCY DOOR RELEASE 
Emergency operation of the door system shall comply with the requirements of APTA PR-C&S-
012-02 and 49 CFR 238.235.  

An interior and exterior manual (Emergency) door release mechanism shall be provided for 
each side door, permitting the doors to be opened locally, without the use of electric power. 
When the mechanism is activated the following shall occur: 

• Interrupt door status interlock, causing propulsion power to be removed 
• Illuminate “Passenger Emergency” on the operator indicator panel in each cab in the 

consist, and sound an audible alert in each cab 
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• Open the door a sufficient amount such that the train crew, emergency personnel and/or 
passengers clearly know that the door has been released and is open.  The opening 
shall be at least 1.5”, and the door operating and linkage mechanisms sufficiently “free-
wheeling”, such that a 5% female will be able to insert her hands in the opening and 
manually open both door panels to their full open position. 

• Electrically isolate the door motor.  

Each emergency operating device shall have a transparent, frangible cover, and be oriented 
with the groove inside the equipment so as to have a smooth surface on passenger side. 

The Emergency Door Release shall be reset locally using a crew key. 

The Exterior Emergency Door release shall be designed for daily use, accessible using a crew 
key. 

Signage shall be placed adjacent to the Emergency Door Release, providing instructions for its 
use, as required by FRA and APTA standards. 

Details of the access, operation and design of the emergency door release shall be provided. 

12.2.10 DOOR ANNUNCIATORS 

12.2.10.1 Door Open and Release Indications 
Each doorway shall have an interior LED Door Open indicator status light, mounted in the 
vestibule ceiling above the aisle. When either panel in the adjacent doorway is mechanically 
unlocked, open, or both, the indicators shall be illuminated. 

A “door out of service” indicator shall also be provided for each door.  The door out of service 
indicators shall be easily visible to passengers. 

LED status lights on vestibule control stations shall match those of JPB’s existing bi-level fleet, 
unless otherwise agreed. 

12.2.10.2 Door Warning Indicators  
An audible warning indicating that the doors are about to close shall be provided, independently 
for each doorway, 2 seconds prior to doors closing (adjustable 0  2 s). The warning shall be a 
pleasant two-tone alarm, generated electronically by the local door control system, audible 
inside and outside the train.  
An amber or white visual door closing warning shall flash with the audible warning on both sides 
of each doorway. These visual indicators shall be located on the side of the door frame, visible 
inside and outside the vehicle regardless of door position. If the visual door warning cannot be 
seen from outside the vehicle, a duplicate weatherproof device shall be provided on the outside 
of each doorway.  

The tone and intensity of the warning indicators shall be submitted for approval by the JPB.  The 
door warning indicators shall activate only for the level at which the door closed command was 
issued.  
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12.2.11 DOOR OBSTRUCTION DETECTION 
The door system shall automatically detect obstructions, prevent a passenger or other object 
from becoming entrapped, and limit the forces imparted to a person in the doorway. The door 
obstruction detection system shall be submitted for the JPB review process and approval. 

12.2.11.1 Operational Requirements 
Each door shall have at least two independent door obstruction sensing methods, such as: 
electrical sensitive edge incorporated within the leading edge of each door panel, door motor 
current sensing, speed vs. time tracking, or other approved method. The door control equipment 
shall also detect restrictions in door motion via current sensing, speed vs. time tracking, or other 
approved methods. 

Upon detection of an obstruction, the door panels in the affected doorway shall immediately 
decelerate, fully open and remain open for a preset period, controlled by an adjustable time 
delay circuit, adjustable in software from zero to 10 s, and initially set to 2 seconds. The door 
panels shall then again attempt to close. If the obstruction is no longer detected, the doors shall 
close and lock. 

If the obstruction is still detected, the door panels shall continue to recycle for a pre-set number 
of times. If the recycle count is exceeded, the doors shall remain in the open position until reset 
by the operator by re-issuing the close command. The recycle count shall be adjustable in 
software by the user, and initially set to 5. 

If an open command is issued at any time, it shall override and reset the obstruction detection 
circuitry. 

12.2.11.2 Sensitivity Requirements 
Sensitivity requirements shall follow APTA SS-C&S-012-02. 

12.2.12 RETRACTABLE DOOR THRESHOLD EXTENDERS 
Retractable door threshold extenders are required at each high level door to bridge the gap 
between the side door threshold and the platform. Refer to section 3.3.3. The required 
extension, and resulting gap between front edge of extender and platform shall be determined 
during design review and submitted to JPB for review.  

The threshold extenders shall automatically extend when the appropriate door open command 
is issued, and shall retract when a door close command is issued. Operating time for the 
extender from fully retracted to fully extended, and from fully extended to fully retracted shall not 
exceed 2.0 seconds. The door control and threshold control timing shall be co-ordinated such 
that the adjacent door will not open until the threshold is extended, and the threshold will not 
retract until the adjacent door is closed.  

To avoid interference with the platform, operation of the thresholds shall not be possible until the 
vehicle is at zero speed. This includes operation of the threshold extender at the crew door (see 
12.2.7.2). 

It shall not be possible for the train to develop tractive effort if any threshold extender is not fully 
retracted. 

The threshold extender must comply with 49CFR38.95. 
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12.3 END DOOR 
If used, end doors shall be of the sliding pocket type, shall be lockable using a Crew Key, shall 
be at least the same width as the aisles in the passenger compartments. The door shall allow 
passengers to move between cars.  The height of the door opening shall be at least 76 inches.  
The door shall be power-assisted or automatic. 

12.4 CAB DOOR 
See Section 6.2.3 for cab door requirements. 

12.5 AUTOMATIC PASSENGER COUNTER 
The Contractor shall provide an Automatic Passenger Counting (APC) system proven-in-service 
and designed to help JPB deliver the most complete and accurate passenger-count data, 
including the data analytical tools needed to process the data collected.   

The system shall be equipped with sensors at each door to count the passengers as they board 
and leave each EMU.  The system shall filter out bags, strollers, bicycles, and other similar 
objects in order to deliver passenger counts with the highest degree of accuracy. 

The Contractor shall integrate the system with the location information.  The following data, as a 
minimum, shall automatically be downloaded to the JPB servers and thence to the APC 
workstations upon establishing the WIFI connection as described in Section 7.5.4. 

• Date 
• Time 
• Location (station name) 
• Train run number 
• Direction of travel 
• Vehicle number 
• Door number 
• Car number (position of car in train) 
• Passengers boarding 
• Passengers alighting 

The contractor shall supply two data workstations for storage and analysis of the passenger 
count information. Refer to TS 23.6.4. 

12.6 REQUIRED CONTRACT SUBMITTALS 
The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7. 

12.7 CITED REFERENCES 
The following standards or references were cited in this Section: 
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STANDARD TITLE 

APTA PR-C&S-012-02 Standard for Door Systems for New and Rebuilt Passenger Cars 

APTA PR-M-S-18 Standard for Powered Exterior Side Door System Design for New 
Passenger Cars 

49 CFR 37 Transportation Services for Individuals with Disabilities (ADA) 

49 CFR 38 Americans with Disabilities Act (ADA) Accessibility Specifications for 
Transportation Vehicles 

49 CFR 238 Passenger Equipment Safety Standards 

EN 14752 Railway Applications – Bodyside Entrance Systems for Rolling Stock 
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13.1 GENERAL 

Each car shall be provided with two separate, unitized, roof-mounted HVAC units that shall be 
capable of maintaining an interior temperature and relative humidity as specified in Section 
2.2.5 for the associated ambient temperatures. These interior temperature and humidity 
conditions shall be provided with and without passenger loading up to the Design Criteria values 
as specified below (ref. Section 13.2). Operator’s cabs may be provided with dedicated HVAC 
units. 

The Contractor shall provide a complete System Functional Description (SFD) for all systems, 
subsystems, components and devices contained within this specification section.  The SFD 
shall be in the form of a narrative description, with attendant electrical schematics and 
mechanical drawings, sufficient for the JPB to fully understand every aspect of the design and 
operation of the equipment specified in this section, and to make an engineering-based decision 
as to its acceptability for the Caltrain application.  

The Contractor shall also provide a Software Requirements Specification (SRS), detailed to the 
extent that this document will be sufficient for the system programmers to have all the 
information they require to develop the system code.  The SRS shall conform to Standard EN 
50128. 

Refer to Section 18.1.3 for additional requirements.  

The HVAC units shall be secured to the car structure using sufficient amount of threaded 
fasteners that will be reviewed during the design process.  The mounts shall incorporate 
elastomeric isolation devices that have been service proven on similar or more severe 
passenger rail vehicle applications. 

All HVAC units shall be identical and interchangeable on the same car and between all cars in 
this Contract. Equipment design and installation shall provide full accessibility for maintenance, 
troubleshooting, and minor repairs without interference with other systems and without removing 
the units from the vehicle.  

All exterior covers that need to be open for maintenance shall be hinged and secured using 
captive hardware. Safety switches shall be provided on each hinged access cover such that the 
HVAC unit shall shut down whenever a cover is opened by more than the allowed for tolerance. 

The HVAC units shall be removable for major repairs, if necessary, with the use of an overhead 
crane and the existing JPB lift fixture or other fixture as approved by JPB.  Disconnection of 
refrigeration piping and mechanical or electrical disconnections from inside the car shall not be 
required for removal of the HVAC unit.  

The HVAC units’ frames and covers shall withstand the loads of a walking person. Non-
walkable areas shall be identified with a clearly visible “DO NOT STEP” metal label permanently 
attached to the cover.  

Heating shall be provided by the overhead heaters supplied as part of the unitized HVAC 
equipment, and by floor heaters.  

Air ducting shall be arranged such that each HVAC unit will provide its portion of the conditioned 
air to the entire vehicle in case of the other unit failure, with the possible exception of the area 
immediately below the failed unit. Refer to Section 13.6 for additional ducting requirements. 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS13-2 (Conformed 6/22/2016)  
 SECTION 13 – HVAC SYSTEM 

Each car shall have a layover heating and cooling mode that is capable of maintaining vehicle 
conditions during extended vehicle layovers without passengers, as described in Section 
6.4.10.6, when wayside power is available.  

All system components shall be supported by design and test data that is adequate and 
acceptable to JPB that will demonstrate compliance with the specified requirements. The HVAC 
system shall be designed and constructed to operate under the shock and vibration conditions 
specified in Section 2.6. The HVAC system shall not impose vibrations greater than those 
specified in Section 2.6 to the carbody in any mode of operation. Interior and exterior sound 
levels shall meet the requirements of Section 2.5. 

HVAC system design shall meet the safety requirements in Section 21.6 and all applicable 
safety requirements listed in UL Standard 1995, Heating and Cooling Equipment (latest 
revision), for both cooling and heating equipment unless otherwise specified herein, and the 
safety requirements of ASHRAE Standard 15, Safety Standard for Refrigeration Systems, 
(latest revision).  

The HVAC system shall be powered from the primary 480V ac auxiliary power described in 
Section 9.2.2.1. Temperature controls shall be powered from the low voltage 72 Vdc power 
described in Section 9.2.2.2. Internal power transformers shall be provided within HVAC 
equipment for the components operating from voltages other than required above.  

13.1.1 ELECTRIC CONTROLS 

An electrical control compartment shall be provided for each unit. It shall be located within the 
HVAC unit and accessible through the return air opening, or in the electrical locker. In the latter 
case, two electrical control units may be combined in a single enclosure, but should group and 
contain all necessary controls for each unit individually. 

A PTU plug receptacle shall be located on each HVAC unit, and shall be accessible through the 
return air opening. If a separate control enclosure is provided as described above, the PTU 
connectors shall be located on the outside of the control enclosure. 

13.1.2 TEMPERATURE CONTROLS 

The control of the HVAC system shall be designed to automatically maintain the car interior 
temperature, including the cab, at the specified conditions, with or without variable internal heat 
loads such as passengers, motors, lights, and solar gain. The sensitivity and accuracy of the 
controls shall permit the requirements of Section 13.2 to be met. 

It shall be possible to energize and de-energize the complete HVAC control system on a 
trainlined basis from any active cab control console. The proposed temperature control logic, 
location and arrangement shall be provided.  

Control of heating and air conditioning shall be fully automatic when the HVAC control system is 
energized and auxiliary ac and low voltage dc, power is available. An ON/OFF switch shall be 
provided on the outside of the HVAC electrical compartment. With the switch in the “ON” 
position, the HVAC unit shall operate normally under the control of automatic temperature 
controller. When turned to the “OFF” position, the switch shall override the commands from the 
temperature controller and initiate a normal pump-down and shut down cycle.  

The HVAC system shall utilize RTD (Resistor Temperature Detector) thermistors or integrated-
circuit (IC) semi-conductor sensors. Thermistors shall be encapsulated in a protective stainless 
steel, aluminum or copper tube. Temperature sensors shall be mounted to ensure that they are 
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not unduly influenced by local sources of heat, such as motors or resistors, or biased by the 
adjacent air streams. They shall be easily accessible for maintenance and replacement and 
protected from damage during routine maintenance and servicing, such as replacing filters. 
Sensor accuracy shall be as to comply with the requirements of this Specification. 

Solid-state temperature controls shall control the heating, ventilating, and air-conditioning 
contactors directly through power switching semi-conductors provided as part of the unit without 
the use of pilot relays. 

The solid-state temperature control electronics shall be selected in conformance with the 
specified requirements and shall be packaged in a single, rugged, sheet metal enclosure.  

The control systems shall also operate the floor heaters according to the control algorithm 
utilized to achieve the required interior temperature, including layover conditions.  

A control logic which considers the rate of change of the interior temperature as well as the 
actual value shall be provided. 

Each HVAC unit shall have its own controls, including a complete set of temperature sensors 
and microprocessor logic controllers, circuit breakers, relays, contactors and terminal blocks.  
All controls shall be accessible from the return air plenum and via hinged top covers or from a 
dedicated electric locker in the passenger compartment.  Each HVAC unit shall be able to 
function independently in the event of failure of the other unit on the same car. A digital 
communication link shall be provided between the units on the same car, such that when both 
units and their controls are operational they should operate in the same or similar modes. In that 
both units should operate either in cooling, ventilation or heating modes, different stages of 
capacity modulation in cooling or heating operation, if required by local conditions within the car, 
are permissible. In the event of one control unit failure, the other functional controller shall 
operate both HVAC units in the same control mode.  

The control system provided with each HVAC unit shall have the diagnostic capabilities 
necessary to assist in the troubleshooting of the system. HVAC system status and fault 
information shall be transmitted to the vehicle Monitoring and Diagnostic System (MDS) 
described in Section 8.2. A detailed description of the control system function, including 
diagnostic capabilities, operation and diagnostic text messages shall be provided in both the 
SFD and SRS.  

13.2 DESIGN CRITERIA 

13.2.1 DESIGN THERMAL LOADS 

The HVAC system design parameters are specified in the following table: 

Table 13-1 
Design Criteria 

Ambient Temperature 
(Summer) 

92°F (33.5°C) Dry Bulb (DB),  
67°F (19.5°C) Wet Bulb (WB) 

Ambient Temperature 
(Winter) 

39°F (4°C) Dry Bulb 
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Passenger Load 
AW2, with 450 Btu/hr (132 W), 55% SHR, per 
person 

Interior Design Conditions 
75°F (24°C) DB and 55% RH (Cooling) 
70°F (21°C) DB (Heating) 

Fresh Air 
10 cfm (4.7 l/s), minimum, per passenger at AW2 
passenger load 

Carbody Heat Transmission 
In accordance with the Contractor’s carbody and 
insulation design to meet the requirements of this 
Specification 

Lighting Load 
Total wattage of interior lights considering  ballast 
efficiency  

Solar Load 
In accordance with ASHRAE data and calculation 
methods 

Miscellaneous Equipment In accordance with Contractor's design data  

13.2.2 INTERIOR TEMPERATURES 

A comfort control system shall be designed to automatically provide the specified control of car 
interior temperatures with any ambient temperature from 39°F (4°C) to 92°F (33.5°C) at the 
specified dry and wet bulb conditions, with or without, or partially without, variable internal heat 
loads such as passengers, motors, lights and solar gain, at the nominal applied voltages. The 
cooling system shall also remain in operation, at reduced capacity if necessary, with ambient 
temperature up to 105°F (41°C). Heating system shall maintain a minimum of 31°F (17 K) 
temperature differential between the interior and ambient temperatures, with ambient 
temperature below 39°F (4°C).  

The average temperature throughout the passenger areas, on all levels, shall be maintained at 
the following temperatures for the respective ambient temperatures: 

Table 13-2 
Interior Temperature Conditions 

EXTERIOR TEMPERATURE INTERIOR TEMPERATURE 

Less than 39°F (4°C) 31°F (17 K) above ambient 

39°F to 60°F (4°C to 15.5°C) 67°F to 70°F (19.5 °C to 21°C) 

60°F to 92°F (15.5°C to 33.5°C) 72°F to 76°F (22°C to 24.5°C) 

92°F to 105°F (33.5°C to 40.5°C) 19°F (10.5 K) below ambient 

Above 105°F (40.5°C) As the system will provide 
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The interior relative humidity shall not exceed 60% at any time when the HVAC system is 
operating in the cooling mode. 

The temperature in the cab, with the side window closed and the operating compartment heater 
turned to “OFF”, shall conform to the requirements for interior car temperature when air 
conditioning is in use. 

The following variations in interior car temperatures are the maximum that shall be allowed 
throughout the entire car, at each level, simultaneously: 

 At any given time, except during pull-down and warm-up, the maximum allowable 
difference among all points in the same horizontal plane from one end of the car to the 
other shall not be more than 4°F (2 K). 

 At any given time, except during pull-down and warm-up, the maximum allowable 
difference between any point 43 inches (1.1 m) above the floor in the seating areas, or 
67 inches (1.7 m) above the floor in the standing areas, and the corresponding point 4 
inches (0.1 m) above the floor in the vertical plane shall not be more than 5°F (3 K). 

 The maximum allowable difference between any given point in the car, and in the 
entrance ways at least 12 inches (0.3 m) from the ceiling and 4 inches (0.1 m) from the 
floor and walls, over a period of time, shall not be more than 5°F (2.5 K).  

 At any given time, except during pull-down and warm-up, the maximum allowable 
average temperature between different car levels shall not be more than 4°F (2 K). 

The average car temperature shall recover within 2°F (1 K) of the required interior car conditions 
within 2 minutes (maximum) following a 30 second door opening. This requirement shall be met 
during 1 hour of continuous door cycling of 30 seconds open and 2.5 minutes closed at design 
conditions in both the air conditioning and heating modes. 

13.3 HEATING 

13.3.1 HEATING ARRANGEMENT 

The cars shall be electrically heated by a thermostatically controlled system, using a 
combination of the overhead heat from the heater elements, supplied as part of the unitized 
HVAC system, and the floor level sidewall heaters evenly distributed throughout the car. 

High temperature wire (150°C) and wire markers shall be used for interconnecting all heater 
elements, including low voltage and high voltage circuits. 

13.3.2 HEATING CAPACITY 

All heating elements shall be supplied with power from the auxiliary power system. 

The overhead heater coils shall have sufficient capacity to heat the total input of fresh air from 
39°F (4°C) to 70°F (21°C) at nominal auxiliary ac power supply voltage. 

The floor heat shall have sufficient capacity to heat the car interior from 39ºF (4°C) to 70ºF 
(21°C) with the ventilating fans and overhead heat inoperative, and without benefit of solar or 
passenger loads. The required capacity shall be available at nominal auxiliary ac power supply 
voltage. 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS13-6 (Conformed 6/22/2016)  
 SECTION 13 – HVAC SYSTEM 

13.3.3 OVERHEAD HEAT 

Overhead heaters shall be provided as part of the HVAC units to provide tempering for fresh air 
and for reheat to maintain humidity control under partial cooling operation of the air conditioning 
apparatus. The heater elements shall be located downstream from the cooling coil. The heater 
capacities shall be variable to match the thermal and/or reheat loads as required to maintain the 
specified interior temperature and humidity conditions, as well as for energy efficiency. 

There shall be no exposed, un-insulated, or unprotected high voltage components, wiring, or 
terminal connections in the heater area, except for the heater element coils. 

13.3.4 OVERHEAD HEAT SAFETY DEVICES 

The overhead heater circuit(s) shall be protected by dedicated circuit breaker(s). Each stage of 
overhead heat shall be controlled by a solid-state device. 

A minimum of three (3) stages of overhead heater protection shall be provided. They shall 
include: 

 An airflow switch or evaporator blower motor current monitoring device 

 An automatically resettable overheat thermostat 

 Manually resettable back-up protection in the form of a shunt trip circuit which trips the 
circuit breaker(s) 

The details of the overheating protection shall be provided. 

13.3.5 FLOOR HEATERS 

Floor heating shall use electric strip heaters, mounted behind stainless steel or rust-proof 
aluminum heater guards along the side walls at the floor level. The heaters shall be uniformly 
distributed. The floor heaters shall be extended to the cab. As a minimum, the total floor heat 
capacity shall be divided into stages of approximately 1/3, 2/3 and 3/3 of total capacity, allowing 
for HIGH, MEDIUM, and LOW capacity operation. Proportionally controlled floor heating, using 
solid-state switching devices, may be provided instead of the above noted 3 discreet stages of 
heating. 

The heater elements shall be mounted on approved insulators attached to the carbody. The 
heater elements shall not be mounted to the heater guard.  

Each heater circuit shall have a dedicated circuit breaker and ground fault protection. The 
ground fault circuit shall remain latched in the disconnected mode until manually reset by a 
momentary reset button located in the HVAC control box or other approved location. The fault 
trip must not be affected by low voltage 72 Vdc control power loss or fluctuation. A tripped 
ground fault circuit shall be annunciated on the ground fault detection device, on the HVAC 
control box, and transmitted to the MDS network.  

Conduits carrying wires to the underfloor must extend a minimum of 1-1/2 inches (38 mm) 
above the top of finished floor and must be sealed with a bushing or other approved method.  All 
floor penetrations shall be fully compliant with the fire test requirements of Section 19.6.2. 

Electrical connections to the floor heater elements and the heater guard openings shall be 
arranged such that electrically live points cannot be reached with a long thin object such as a 
knife or screwdriver blade inserted through the holes in the heater guard face and section. The 
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probe described in Paragraph 7.2 and Figure 7.1 of UL Standard 1995 shall be used for 
verification. 

The surface temperature of the floor heater enclosures accessible to passengers shall not 
exceed 125°F (52°C). 

The heater guard front panels shall be constructed such that sections may be removed for 
replacement of the heating elements without dismantling the seats. The tops of the heater 
guards shall be sloped to prevent collection of dirt.  

13.3.6 CAB HEATER 

A forced air heater shall be provided in the cab, in addition to the baseboard floor heater. The 
cab heater shall be controlled independently from the Operator’s console. A minimum of two 
stages of heat or variable heat control shall be provided. Cab heaters shall be enabled in both 
energized and non-energized cabs.  A rotary switch shall be provided on the operator’s console 
for control of the cab heater. 

The cab heater unit shall be protected against operation at over-temperature as required by UL 
Standard 1995, Section 30.  The heater enclosure surface temperature shall not exceed 125°F 
(52°C). The complete heater assembly and housing shall be permanently grounded.  

13.3.7 WINDSHIELD DEFROSTER/DEMISTER 

Defrosting and defogging of the cab windshields and side windows shall be provided. Defrosting 
and defogging can be achieved by electric heating elements embedded into the glass, by forced 
air from the dedicated heater located in the cab, or by a combination of these devices. The 
defroster shall be able to clear a minimum of 85% of the glass area of the windshield and side 
windows within 15 minutes after energizing the car from layover heating conditions at 28ºF (-
2°C) ambient temperature. 

A rotary switch shall be provided on the operator’s console for control of the defroster/demister. 

13.4 COOLING 

The air-conditioning system shall be capable of cooling and dehumidifying the car with direct-
expansion, electromechanical vapor-cycle equipment using R407C or other JPB approved 
refrigerant listed in the U.S. EPA SNAP list for Motor Vehicle Air Conditioners for Passenger 
Train end-use. The refrigerant shall have an ASHRAE Safety Rating of not less than A1. The 
Contractor shall provide an acceptable charging procedure for the system charged with the 
blended refrigerant. 

The refrigerant system controls shall include an automatic pump-down cycle. 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, or if the system is switched 
“OFF” via the circuit breaker. In addition, a bump-start should be considered, to provide 
additional protection against liquid slugging of the compressors on startup such as when 
following a loss of power.  

Proof of airflow shall be required to initiate or maintain compressor operation. A pump down and 
subsequent shut down of the compressor(s) shall be immediately initiated if a loss of airflow is 
detected while the compressor(s) are operating. 
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Capacity Control shall be incorporated and should be either infinitely variable, or should have at 
least three (3) stages. 

In addition to the evaporator coil, the evaporator coil section should include, as a minimum, 
expansion valves for each evaporator circuit, a sight glass/moisture indicator, pressure control 
devices and gauge ports.  All such apparatus shall be accessible from the return air plenum and 
via top hinged covers.  The design of the evaporator unit shall allow adequate space between 
the evaporator coil and the heater elements to enable the cleaning of the coil by either back 
blowing or washing.  The coil face area shall be sufficiently large to prevent condensate 
carryover into the fan plenum or main air duct. In any event, the average coil face velocity shall 
not exceed 450 ft. /min (2.3 m/s) and the maximum coil face velocity shall not exceed 500 ft. 
/min (2.5 m/s) at any point of the coil face. 

The refrigerant compressor(s) shall be a hermetic scroll type, suitable for transportation 
application. 

The condenser fan(s) motors shall be fully enclosed and rated for wash down applications with 
permanently lubricated rolling element bearings. A flexible copper strap shall be provided to 
electrically bond the condenser fan motor frame to the HVAC unit structure. Vertically up motor 
shaft installations shall require the application of a slinger on the motor shaft to prevent moisture 
penetration to the inside of the motor. 

The condenser section shall be provided with drains separate from the evaporator condensate 
drains.  

Refrigerant piping shall be seamless copper tubing per ASTM B280 or B 743.  All refrigerant 
tubing runs shall meet the dimensional requirements of ASTM B 88 and the cleanliness 
requirements of ASTM B 280.  There shall be no connections other than brazed connections 
within any piping assembly, except where justified and specifically required and approved by 
JPB.  Piping material, fittings and brazing procedures shall be as approved by JPB. 

All pipe insulation shall meet the flammability, smoke emission and toxicity requirements of 
Section 16.24. 

The refrigeration system shall be protected against rupture with a fusible plug or relief valve, 
installed as required by ASHRAE Standard 15. 

Periodic maintenance and service shall be performed through the return air plenum. Major 
equipment components, such as compressors, electronic controls, coils and heaters shall be 
serviceable and replaceable through waterproof access panels/covers. Sufficient access space 
shall be provided for adjustments, routine maintenance, cleaning and replacement. 

13.4.1 HEAT EXCHANGERS 

The evaporator and condenser coils shall be housed in a rigid stainless steel or copper alloy 
frame. The tube support sheets shall have support collars for each tube. The coil tubes shall be 
formed from copper. Heat exchanger fins may be made from copper or corrosion-protected 
aluminum. The corrosion protection method for aluminum fins shall be service proven in the rail 
transit environment. Fin spacing shall be as recommended for the rail transit applications and 
JPB environment and operating procedures for coils cleaning.  In any event fin spacing shall not 
exceed 10 fins per inch for the evaporator coils and 8 fins per inch for the condenser coils. The 
tubes of the complete heat exchanger assembly shall be expanded to positively retain the fins in 
position. 
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The evaporator coil circuitry shall be split into separate circuits, using an interlaced circuit 
arrangement, as required for designed and approved capacity control. 

Each condenser coil shall be design proof tested by the manufacturer at 1.5 times the maximum 
operating pressure or 600 psig (41.5 bar), whichever is greater. 

13.4.2 CONDENSATE DRAIN 

A stainless steel condensate drain pan shall be provided beneath the evaporator coil and 
expansion valves. It may be extended to beneath the heating coil if required. The drain pan shall 
be baffled and arranged to prevent water spills under any operating conditions, including 
maximum vehicle longitudinal and lateral acceleration or deceleration, and stopping on the JPB 
alignment curve with the maximum super-elevation, under worst case climatic (humidity) 
conditions. 

The ends of drain pipes shall prevent accumulation of dirt and vermin. If condensate from the 
evaporators drains onto the car roof, sufficient clearance between the drain pipes, including 
kazoos, and the roof shall be provided to ensure adequate drainage.  Rooftop condensate shall 
be channeled to carbody gutters. 

13.4.3 REFRIGERATION CONTROLS 

All refrigeration controls shall be accessible from the return air plenum. They shall include, as a 
minimum: 

 Low and high pressure protection switches 

 Capacity control devices 

 Refrigerant pressure gages ports 

 Refrigerant charging ports 

 Control switch 

These controls shall also be accessible through the hinged access covers on top of the HVAC 
unit. 

13.5 VENTILATION 

Vehicle ventilation shall be accomplished by centrifugal fans supplied as part of each HVAC unit 
and the associated car ducts. The evaporator blowers and the fresh air fans (if provided) shall 
ventilate the car whenever the HVAC system is energized, including those conditions when the 
heating and/or air-conditioning functions have failed. The fans shall operate from the ac auxiliary 
power.  

The system design shall ensure that a minimum interior pressurization of 0.10 inches of water 
(25 Pa) is maintained in a stationary car with all doors and windows closed and all equipment 
operating under normal conditions. Positive interior pressure must be maintained at all car 
speeds regardless of the car’s position in a consist or the direction of travel. 

The cab door shall be provided with a grille. It shall permit the conditioned air supplied to the 
cab to return to the passenger compartment. This requirement is not applicable if a dedicated 
HVAC unit is provided for the cab. 
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Fresh and return air shall be mixed such that the mixed air entering the evaporator coil is at a 
uniform temperature. Air flow velocity shall be uniform within 10% across the entire face of the 
filters and evaporator coils.  

13.5.1 FRESH AIR INTAKES 

The fresh air supplied to the car shall vary depending on the number of passengers, with the 
required fresh air per person as specified in Table 13.1 above.  A minimum level of fresh air 
volume necessary for maintaining the interior pressurization required as noted above shall be 
provided to the car at all times, regardless of the number of passengers. 

Fresh air shall be drawn into each air conditioning unit through a screened, weather-protected 
air intake grille and shall be filtered. The fresh air intakes shall be separate from the condenser 
coil(s) air intakes. 

Water eliminating baffles or louvers shall be provided to prevent water which enters the fresh air 
intakes from being drawn into the unit.  Eliminators shall be fabricated from stainless steel, and 
shall be accessible for replacement and cleaning. Cleaning and servicing of the water 
eliminators shall not be required more often than once a year. Fresh air filters shall not be 
considered part of the water elimination design. The eliminator design shall preclude 
wind-driven rain or snow from accumulating and leaking into the vehicle interior, and shall 
ensure no moisture traps or water collection points exist. 

A fresh air shut-off damper shall be provided at each fresh air inlet. It shall be able to completely 
close and seal the fresh air intake upon a signal received from the Operator’s console, or from 
the smoke detecting system. Status of the fresh air dampers shall be transmitted to the MDS. 

13.5.2 AIR FILTERS 

Fresh and return air, or fresh and mixed air, shall be filtered by disposable, 2 inch thick, pleated 
media filters of the cardboard frame type in a commercially-available standard size. Filter design 
shall be in accordance with ASHRAE Standard 52.2, and filters shall have a minimum MERV 
Rating of 8. Air filters shall meet the requirements of UL Standard 900, Class 2. Air flow face 
velocity of the filters shall not exceed the manufacturer’s maximum velocity at any point of the 
filter service. 

All filters shall be accessible for replacement from inside of the car, through the return air 
opening.   

13.6 DUCTING 

Considerations for the air ducting arrangement and construction shall include thermal insulation 
performance as required to prevent condensation on the exterior of the duct under all 
conditions, acoustic insulation such that the interior noise requirements of Section 2.5 are met, 
weight, appearance, and the ability to clean and repair the ducting.   

The top and sides of the main air distribution ducts shall be constructed of stainless steel or 
aluminum. Other non-corrosive light-weight materials may be considered. The ducts shall be 
supplied with conditioned air from each HVAC unit, and shall discharge that air through two 
rows of continuous, double-slot type air diffusers into the passenger compartment.  
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The supply air distribution ducts shall be located in the ceiling of each level.  The air ducts of the 
lower level shall not protrude through the floor of the upper level.  Transition air ducts between 
different car levels shall not obstruct the passenger passage at stairwells or any other 
passenger areas. 
 
Ducts shall be suitably insulated to minimize both heat transfer through the roof by direct 
conduction, and the formation of condensation. Duct insulation material shall be securely 
fastened to the outside of the duct with waterproof adhesive and strapping.  

Internal flexible transition ducts, if required, shall be made of neoprene-coated fiberglass fabric, 
or approved equal material meeting the flammability and smoke emission requirements of 
Section 16.24. 

All air ducts shall be designed so that average air velocity does not exceed 1200 ft. /min (6 m/s).  

Connections between the HVAC unit and the supply air plenum shall be by means of a 
neoprene compression gasket, or approved equivalent. 

The air velocity within the ductwork shall be such that, in combination with the acoustic 
insulation, shape, and diffuser design, the interior noise requirements of Section 2.5 are met. 

On the cab end of the plenum, the ductwork shall be extended to supply the conditioned air to 
the Operator’s cab as described below in this Section. 

13.6.1 AIR DIFFUSERS AND GRILLES 

Continuous linear, flush-mounted, slot diffusers shall be provided throughout all passenger 
areas of the car, on both sides. Diffusers shall be a color in accord with the interior design 
requirements. Diffusers shall be non-adjustable, pre-set for each location as determined during 
the vehicle qualification climate room test.  Air diffusers shall not be integral with the light 
fixtures. 

The maximum velocity of discharged air shall not be greater than 150 ft. /min (0.75 m/s) at 6 
inches (150 mm) from the diffusers. Maximum air velocity throughout the car interior shall not 
exceed 100 ft. /min (0.5 m/s) at 60 inches (1500 mm) above the floor.  

The diffusers in the Operator’s cab shall be located such that they don’t create direct drafts on 
the Operator’s back or neck. The Operator shall be able to manually control airflow to the cab 
from full flow to no flow, and control the direction of air discharge. Operator’s cab diffusers shall 
not be subject to velocity limitations; however, all interior noise requirements must be met with 
the cab diffuser set at any flow rate. 

Return air grilles shall be provided for each HVAC unit. The return air grilles shall be of sturdy 
and rattle-free construction and shall have a surface finish and color in accord with the interior 
design requirements. Each return air grille shall be hinged on one side and provided with 
approved tamper-proof, captive fasteners and two (2) safety catches on the other side. The 
return air grille shall be designed to pass the required quantity of air with sound levels such that 
the requirements of Section 2.5 are met anywhere 1 foot (300 mm) from the grille. The grille 
design shall not allow a direct line of sight from the car interior to the mixed air plenum, and 
shall preclude the introduction of small objects, such as cigarettes, from entering the plenum. 

The return air grilles shall provide access for routing servicing of the HVAC units. 
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13.7 SMOKE DETECTION 

Each car shall have smoke detectors installed in the unoccupied compartments as defined by 
49 CFR 238.103, and, if required, in other areas of the car. At least one smoke detector shall be 
provided in the toilet room and in the operating cab. 

The detectors shall be powered from the low voltage 72 Vdc power system, and shall be 
rugged, reliable, and vandal-proof. The detectors shall not be sensitive enough to detect 
cigarette smoke, but shall detect smoke in those concentrations which are considered a threat 
to passengers.  

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 MDS systems.  

Indicators that are activated with the alarm, and are visible on the exterior and in the interior, 
shall indicate to the crew and rescue personnel the affected car.  

The alarm in the cab shall remain ON until acknowledged, and the alarm in the affected car 
shall remain ON until reset. 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 
crew and maintenance personnel and not visible and/or accessible to the passengers.  

13.8 LAYOVER OPERATION 

With wayside power and low voltage dc power available, it shall be possible to enable the air 
conditioning equipment to maintain the interior temperature within the limits specified in this 
section. Refer to Section 6.4.10.6 for layover mode activation by the “Auxiliary Power On” 
pushbutton.  

When the vehicle enters the layover or service mode with the doors closed, the HVAC system 
shall automatically initiate the layover cooling or layover heating mode, as appropriate based on 
the ambient temperature, as described in Section 6.4.10.6. 

When the vehicle is in layover mode or enters the layover mode and the doors are open, the 
HVAC system, including the evaporator blowers, shall shut down.  The appropriate layover 
mode shall be reactivated upon the doors closure. 

If the layover or service mode is cancelled, the doors are closed and the cab remains keyed off, 
the HVAC shall go into layover mode.  

The fresh air dampers shall be closed in the HVAC layover mode. 

Layover heating shall be supplied by the floor heaters and shall maintain an interior temperature 
of 45ºF +/- 5ºF (7°C +/- 3°C).  

Layover cooling shall maintain the interior temperature as determined during the vehicle climate 
room test, specified in Section 19.8.5.4, such that interior temperature pull-down to 75°F (24°C), 
with solar load and without passengers, shall not exceed 10 minutes after the vehicle was 
exposed to an ambient temperature of 105°F (41°C) for 4 hours. 
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13.9 TESTING 

13.9.1 HVAC SYSTEM QUALIFICATION TESTING 

HVAC system qualification testing shall be performed as described in Section 19.7.8. 

13.9.2 CAR CLIMATE ROOM TESTING 

Car climate room testing shall be performed as described in Section 19.8.5. 

13.10 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7. 

13.11 CITED REFERENCES 

The following standards or references were cited in this Section: 

 

STANDARD TITLE 

ASHRAE Standard 15 Safety Standard for Refrigeration Systems 

ASHRAE Standard 37 Method of Testing for Rating Electrically Driven Unitary Air-
Conditioning and Heat Pump Equipment 

ASHRAE Standard 52.2 Method of Testing General Ventilation Air-Cleaning Devices for 
Removal Efficiency by Particle Size 

UL Standard 900 Standard for Air Filter Units 

UL Standard 1995 Heating and Cooling Equipment 

 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS14-i (Conformed 6/22/2016) 
Section 14 – Passenger Information & Communication Systems 

SECTION 14 - PASSENGER INFORMATION & 
COMMUNICATION SYSTEMS 

 

Contents 

SECTION 14 - PASSENGER INFORMATION & COMMUNICATION SYSTEMS ....................... i 

14.1 GENERAL ................................................................................................................... 1 

14.2 CAB CONTROLS & EQUIPMENT ............................................................................... 1 

14.2.1 FUNCTIONAL DESCRIPTION ........................................................................................ 1 

14.3 PUBLIC ADDRESS (PA) ............................................................................................. 3 

14.4 AUTOMATIC ANNOUNCEMENT SYSTEM (AAS) ...................................................... 4 

14.5 TRAIN RADIO ............................................................................................................. 5 

14.6 DESTINATION & INFORMATION SIGNS ................................................................... 5 

14.6.1 EXTERIOR DESTINATION SIGNS .................................................................................. 6 

14.6.2 TRAIN NUMBER SIGNS ............................................................................................... 6 

14.6.3 INTERIOR INFORMATION SIGNS ................................................................................... 6 

14.6.3.1 Information to be Displayed ................................................................................ 7 

14.6.3.2 Simplified Example of the Described Display ...................................................... 8 

14.6.3.3 Controls .............................................................................................................. 8 

14.7 PASSENGER EMERGENCY INTERCOM (PEI) .......................................................... 8 

14.8 VIDEO AND AUDIO SURVEILLANCE ........................................................................ 9 

14.9 PASSENGER WI-FI ....................................................................................................10 

14.10 REQUIRED CONTRACT SUBMITTALS.....................................................................10 

14.11 CITED REFERENCES ................................................................................................10 

 

 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS14-1 (Conformed 6/22/2016) 
Section 14 – Passenger Information & Communication Systems 

14.1 GENERAL 

The vehicle Communication Package will be comprised of on-board train radios, a public 
address (PA) system, an automatic announcement system (AAS) and a passenger emergency 
intercom (PEI) system. It shall interface with the passenger information (and automatic 
announcement system), which includes exterior and interior destination signs.  All 
communication components shall have a proven track record in public transit. 

The communications system shall permit the train crew to make announcements, page 
passengers and other train crew members, and communicate with operations and other trains. 
The cab shall be equipped with an in-dash mounted microphone and a cab speaker. 
Conductors shall be equipped with handsets which can be plugged in at any audio control head. 

The Contractor shall design, furnish, integrate, install, and test all communications, passenger 
information equipment, surveillance system equipment and the Operator train radios specified 
herein. 

All trainlined communications shall be fully compatible with other trainline functions being 
installed in the Vehicles. 

The communication package shall operate efficiently and effectively for all 6 to 8 car consist 
combinations without the need for adjustment. An inoperable communication system on one or 
more vehicles in a consist shall not adversely affect the operation of the communication 
systems on the rest of the vehicles in the consist. 

The communication package equipment shall not pose any health hazard to the public, 
passengers, and train crew. It shall be in strict compliance with all applicable FRA, ADA, AAR, 
FCC, State, Federal, guidelines and regulations. This shall include compliance with 49 CFR 
220, Railroad Communications. Exposure to RF emissions shall conform to IEEE C95.1, Table 
2. The equipment shall be in accordance with IEEE 1477, latest revision, where the 
requirements do not conflict with the Technical Specification. 

The Contractor shall provide a complete System Functional Description (SFD) for all systems, 
subsystems, components and devices contained within this specification section.  The SFD 
shall be in the form of a narrative description, with attendant electrical schematics and 
mechanical drawings, sufficient for the JPB to fully understand every aspect of the design and 
operation of the equipment specified in this section, and to make an engineering-based decision 
as to its acceptability for the Caltrain application.  

The Contractor shall also provide a Software Requirements Specification (SRS), detailed to the 
extent that this document will be sufficient for the system programmers to have all the 
information they require to develop the system code.  The SRS shall conform to Standard EN 
50128. 

Refer to Section 18.1.3 for additional requirements.   

14.2 CAB CONTROLS & EQUIPMENT 

14.2.1 FUNCTIONAL DESCRIPTION 

Each car shall have a digital vehicle communication system (DVCS) installed to provide the 
following services: 
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 One-way communication from the Train crew to passengers (PA) 

 Two-way Passenger Emergency Intercom (PEI) with train crew 

 Private two way intercommunication between any two communication control panels 
within the train, such as crew to train operator for example. 

 Automatic announcements including route, destination, next station, etc. (PA System 
and Passenger Information Signs) 

 Communication System health monitoring 

 Data communication with the PTC (GPS interface, route number),  the Monitoring and 
Diagnostics System (MDS) and Portable Test Units (PTUs) 

 Detection of communication system faults and reporting to the MDS 

 Interface with the vehicle interior and exterior signs 

 Radio system communication from the Train Operator to the CEMOF/(Central Control 
Facility (CCF) maintenance personnel and operations personnel 

The DVCS shall exchange information with other on-board systems via the vehicle Ethernet 
network. Information exchanged on the vehicle network is transmitted to other vehicles via the 
train Ethernet network. Information exchanged between the DVCS and the wayside over the 
wireless link only occurs in the active vehicle having the master controller keyed-up. 

Communication Console Units (CCUs) located in trailing vehicles shall ignore wayside 
messages. The CCU located in the active vehicle shall transmit wayside information to the slave 
CCUs via the train Ethernet network. 

Typical information transmitted from the Ethernet interface to the DVCS includes the following: 

 Actual time(GPS) 

 Vehicle position (GPS) 

 Vehicle number 

 Train or route number 

 Cab speaker volume (1 to 100%) 

 Vehicle orientation 

Typical signals from the DVCS to the Ethernet network include: 

 Next station number 

 Private communication between communication control panels. 

 PEIs active, each unit 

 Software versions 

 Critical fault 

 Minor faults 

 Vehicle number has been changed 

 Diagnostic information 

The DVCS shall be comprised of the following six categories of system units. All units shall be 
powered individually by the LVPS and shall communicate via the Ethernet network. 
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1) Audio Control Head (ACH) and ACH Console: The ACH unit shall be placed in an easily 
accessible location in the cab and near the door controls in each car. It shall provide the 
electrical interface to the DVCS for the Train Operator Microphone and ACH Console. 
The ACH unit shall provide a means of communication between the Operator and the 
passengers and crew members. The ACH Console, shall consist of the following buttons 
and switches: Passenger Emergency Intercom, Private call, PA Activation, PA Speaker 
Control, and PA Exterior Speaker Selection. 

As an option, and if the Contractor proposes redundant TODs, the ACH or parts of same 
may be incorporated within the TOD technology in the cab  

2) Passenger Emergency Intercom (PEI): These units shall be located in the passenger 
area at each passenger doorway vestibule in locations approved by PCJPB. They shall 
provide a means of communication between passengers and the Operator using a built-
in microphone and speaker.  The car number shall be affixed to each PEI.  

The activation of a PEI station shall sound a discreet audible alert over the PA, signaling 
to the conductor to approach the next ACH to take the call. The car number of the PEI 
call shall be indicated on the interior information monitors for 10 seconds.  

3) PA Amplifier: The PA amplifiers shall meet the requirements of EIA-TIA-603. The 
amplifiers shall drive the interior and exterior loud speakers for public announcements. 
The PA amplifiers shall automatically adjust the output sound level according to ambient 
noise using a noise-sensing microphone. This microphone, and its sampling rate 
(adjustable via the PTU), shall be adjusted so as to not be affected by the sound level 
from the PA announcement itself. 

4) Communication Control Unit (CCU): The CCU shall act as a communication hub and 
shall provide interface with other vehicles. 

5) Radio System: The Contractor shall provide and install a radio and Microphone system 
as defined herein. This radio shall function separately from the ACH and shall allow 
communication between the Operator and the CEMOF/CCF, maintenance personnel 
and operations personnel. 

6) Real time information:  Communicate with the wayside, store received information and 
prepare it for distribution. The DVCS in the active cab shall handle this centralized 
function and distribute the information over the communications network to all 
information signs in the train.  

14.3 PUBLIC ADDRESS (PA) 

The Public Address (PA) System shall provide the function of making audio announcements, via 
the interior and/or exterior speakers. Audio announcements may be made by either the train 
crew, the automated passenger information system, or from the train radio to allow dispatchers 
to make direct announcements. Train crew announcements shall override automated 
announcements. The PA system shall provide clear, intelligible audio as defined herein. 

An in-dash, flush-mounted, noise-cancelling, dynamic microphone shall be provided in each 
cab, usable for all PA, cab-to-cab, and PEI modes. Headsets connectors shall be provided at 
each ACH outside the cab. The PA amplifier power shall be sufficient to drive interior and 
exterior speakers at maximum levels, simultaneously, without audible distortion.  

A sufficient amount of interior speakers shall be installed per vehicle, providing an even, 
comfortable sound distribution, and intelligible audio, at all seating locations under all operating 
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conditions. Interior speakers shall be arranged so that the sound pressure level throughout the 
passenger compartments at a height of 5' 4" does not vary by more than 3 dB for a pink noise 
signal over the octave band centered at 4 kHz. 

Four speakers, suitable for exterior operation, shall be mounted on the exterior of the vehicle, 
two per side, near the side doors. All speakers shall be arranged to eliminate feedback from any 
audio input source. The location and number of speakers shall be subject to JPB approval.  

The frequency response of all audio circuits, from signal origin to output signal at the speaker, 
shall be 150 Hz to 6 kHz, +/- 1 dB at all power levels. Total harmonic distortion of all circuits, 
without compression circuits, shall not exceed 1 percent at 1 kHz, full output. 

The public address system's output level shall be automatically set in accordance with the 
ambient noise level in each individual car prior to activation of the system. The range of 
automatic adjustment shall be a minimum of 10 dB. The output level shall be a minimum of 15 
dB above the interior ambient noise level resulting from vehicle operation at full speed. 

The following audio announcement adjustments shall be capable of being performed via the 
PTU: 

 Noise sensing compensation 

 Noise floor setting in dB 

 Interior and exterior speaker volume 

 Noise level compensation response time 

With the vehicle at standstill and all auxiliaries fully operational, the intelligibility of the PA 
system shall comply with the Speech Transmission Index (STI) of 0.5 or better, as measured in 
compliance with IEC 60268-16.  

14.4 AUTOMATIC ANNOUNCEMENT SYSTEM (AAS) 

An Automatic Announcement System (AAS) shall be provided to inform passengers of the 
approaching station, current station, and any other audio or visual information that JPB wishes 
to make. This information shall be given to the AAS in the form of PA announcements and 
interior visual displays.  The AAS recorded and digitized messages for announcements will be 
provided by JPB as wave or mp3 files to the contractor, to be used in the AAS. 

Station announcements, audio and text, shall be triggered automatically, and be based on GPS 
position. A backup position shall be calculated using the vehicle speed in the event that the 
GPS signal is lost. Interior information signs shall update to the next station stop in a timely 
manner.  

The control of all destination and information signs, audio announcements, and AAS controls 
shall be interfaced using Ethernet network, using a mesh topology, wherein a single point 
network failure shall not cause the system to fail. 

The Automatic Announcement System control panel shall provide and control the following 
features: 

 Train or number update via Ethernet from PTC 

 Initiation of special and public messages (audio and text) 

 Adjustment of  PA volume 

 Muting of external PA speakers 
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 Pausing (temporarily) the automatic station identification system 

 Downloading/uploading of sign database and recorded message files from a PTU 

14.5 TRAIN RADIO 

Radios shall be programmable commercial units functionally compatible with existing local 
railroad radio systems. The radios shall be integrated into the cab console.  

The Contractor shall furnish the radio and its power supply, all interconnecting power wiring, 
ground wiring, antenna, antenna cabling and necessary connectors between the radio 
transceiver and other radio communications equipment, and install and integrate the complete 
radio systems in each cab car. Each cab car shall be equipped with mobile radio transceivers, 
with radio frequency and output power consistent with the PCJPB's current two-way radio 
system. JPB currently uses Ritron RCCR-152-MDC radios, with two voice frequency channels – 
160.815 MHz and 161.550 MHz. The Contractor will confirm this information with JPB prior to 
purchasing any radios. The radio system shall provide voice communications between all of the 
rail voice channels which shall include the following: 

 Train Operator and the CEMOF 

 Train Operator and Supervisors 

 Supervisors and the CEMOF 

 PCJPB non-revenue vehicles and CEMOF 

 MOW personnel and CEMOF 

 Train Operator and maintenance personnel 

 Train Operator and Yard and Shop Facility 

Talk groups will consist of the existing talk groups provided and additional groups may be added 
on an as-needed basis. All talk groups will operate in the open channel mode. The radio hand 
held microphone will be used only for radio transmissions and will be connected directly to the 
radio. When using the hand held microphone, the radio speaker shall be used to allow the 
Operator to hear the received audio. When not in use, the hand held microphone will be stored 
near the radio via a clip (furnished by the Contractor). 

The dispatcher, via the train radio, shall be able to make direct PA announcements onboard all 
trains simultaneously (emergency fleet-wide announcements), or on one specific train, chosen 
by the dispatcher, without intervention by the on-board train crew. 

14.6 DESTINATION & INFORMATION SIGNS 

An electronic destination & information sign system shall be installed on each vehicle, 
complying with all requirements of ADA, 49 CFR 38 and IEEE -100, -1473, and -1477. 

All vehicles shall have a minimum of six interior signs. The internally-viewed signs shall be 
installed in wall panels at approved locations, shall be interchangeable, and display AAS 
passenger information. Three exterior destination signs shall be provide for each cab car and 
two for each intermediate car. Two externally-viewed side signs shall be located between the 
two side entry doors on each side, and signs shall be located one above the cab windshield, if 
applicable. Each  sign shall display destination and train number. Alternate locations may be 
submitted. 
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External signs shall be single-line, dot-matrix LED and interior information signs shall be back-lit 
LCD displays.  The displayed text shall follow “ADA 2010 Standards: Titles II and III – 191”; 
Table 735.5, “Visual Character Height”, as a guideline.  The choice of signs, font and character 
sets shall be as approved.  The visual display signs shall be mounted behind polycarbonate 
windows, and shall be vandal-proof. 

Cycling of input power to the signs shall not cause the signs to display a default mode or self-
test mode. In such an event, the signs shall automatically resume normal display without 
manual intervention. 

14.6.1 EXTERIOR DESTINATION SIGNS  
The exterior destination signs shall be a dot-matrix LED display with the following properties: 
 

a) Be visible at a distance of no less than 150 ft (46 m) in direct bright sunlight 

b) Be a minimum, single-line display with at least 15 alpha-numeric characters  

c) Have a minimum character height of 6 inches for front destination signs and 4” for side 

destination signs   

d) The signs shall have a high refresh rate to avoid flickering while scrolling text 

e) Have a wide viewing angle; minimum 120 degrees horizontally 

f) No forced air cooling 

14.6.2 TRAIN NUMBER SIGNS  

In the lower right corner of front windshield, a three digit dot matrix LED display with 6 inch 
character height, shall display the train number. The DVCS shall update the train number 
automatically after a successful mission set up of the PTC. 

14.6.3 INTERIOR INFORMATION SIGNS  

The interior information and destination signs shall consist of LCD monitors with the following 
minimum requirements:  

a) Thin film transistor liquid crystal display (TFT LCD) 

b) LED backlight  

c) Minimum monitor size 21”  

d) Minimum resolution 1280 x 1024 (SXGA) or better  

e) Wide viewing angle; minimum 120 degrees horizontally  

f) Minimum brightness 500 cd/m2  

g) Good legibility in bright ambient light 

h) Automatic brightness control as a function of the ambient light  

i) High refresh rate to avoid flickering 
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j) Compliant with ADA minimum letter sizes for the station names displayed 

k) Temperature operating range at least 0o to 35oC 

l) No damage to the monitor in the temperature range as specified in Section 2.2.5.  

m) No forced air cooling 

n) Robust rail transit compliant design 

o) Minimum 4 mm vandal protection safety glass over the screen 

14.6.3.1 Information to be Displayed  

The requirements listed below shall serve as a guideline. A detailed description shall be 
provided.  

a) “Next Station” with the estimated travel time shall be highlighted and displayed at the top 

or the left of the list of stations.  

b) At least three subsequent stations, including the travel times, shall be displayed.  

c) The last station (terminal destination) shall be highlighted and always displayed at the 

bottom or the right of monitor, separated by symbols indicating additional, “hidden” 

stations between the last station displayed and the final destination. These symbols shall 

disappear, however, if all remaining stations to the final destination can be displayed.  

d) Once all stations to the final destination can be displayed, the final destination name will 

move up or right on the screen and finally be displayed as “End Station” instead of “Next 

Station” at the top of the display.  

e)  Shortly before arriving at the next station, the displayed information shall change to the 

“Next Station” only. Instead of showing following stations, the connecting routes of other 

trains or buses shall be displayed with the scheduled departure times. It shall also be 

possible for JPB to update this information when needed.  

f) After the doors have been open for 10 seconds, the display shall default back to 

displaying the next 4 stations plus the last station, including updated trip times.  

g) Additionally it shall be possible to display any real time information received by the train 

to wayside communication system at any time. Such information shall include “Rider 

Alerts”, local information at the next station in text and pictures, as well as commercial 

information streams. Graphic representation, screen splitting and information 

interruptions shall be presented to JPB on simulated information monitors for review and 

approval.  
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14.6.3.2 Simplified Example of the Described Display 

 

Explanations relevant to this example:  

The rightmost black marker always identifies the end destination of the route. Other stations 
marked with a black marker are the stations travelled sequentially, with station names. White 
markers indicate that there are “hidden” stations between the last highlighted station and the 
end destination.  

14.6.3.3 Controls  

The information to be displayed shall be stored in a local control unit. Updates of the displayed 
information shall be easy to accommodate for future route and information changes through the 
wireless link from the wayside to the vehicle.  

The information signs shall display the correct route station-by-station automatically after 
receiving the route number over the Ethernet from the PTC. 

It shall be possible to blend in information pages at any time and for any length, as configured 
and updated by JPB.   

14.7 PASSENGER EMERGENCY INTERCOM (PEI) 

A passenger emergency intercom system shall allow two-way communications between 
individual passengers and the Operator and shall comply with 49 CFR 238.121. Each vehicle 
shall have, as a minimum, of six PEI stations, one at each doorway and one at each staircase 
on the upper- and mezzanine floors. If the car has a restroom, an additional PEI must be 
located in the restroom. 

The PEI panel shall be vandal proof and include: 

 A flush mounted microphone and intercom speaker, behind a perforated vandal proof 
grill 
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 An EMERGENCY CALL pushbutton for PEI activation 

 A green visual annunciator to indicate activation and acknowledgement 

 The car number in which the PEI is located 

Operating instructions shall be provided adjacent to the panel in photo luminescent material per 
APTA STD SS-PS-001-98, and shall read as follows: 

PRESS BUTTON 

RELEASE 

WAIT FOR STEADY LIGHT 

Once the system is activated by a passenger, further operation on the part of the passenger 
shall be hands-free and shall remain under the control of the Operator/train crew. The crew 
member shall have the ability to control the conversation. 

14.8 VIDEO AND AUDIO SURVEILLANCE 

Each vehicle shall be equipped with a Closed Circuit Television (CCTV) consisting of a 
minimum of 6 color IP cameras (2 per level and 1 for each stair/intermediate level), Network 
Video Recorder (NVR), CCTV controller and other ancillary equipment, as required.  

Each vehicle shall be equipped with a sufficient number of interior color surveillance cameras 
mounted to provide complete coverage of the passenger area, including all door openings 
looking out to the platform. All cameras shall be connected to a digital network video recorder 
using the Communications/MDS Ethernet network. The CCTV network configuration shall use a 
mesh topology, wherein a single point network failure shall not cause the system to fail. 

Each camera shall record audio and video, having a minimum resolution of 1.3 megapixels 
(1280×1024), 16.7 million colors, and use H.264 or similar high definition video compression. 
The camera shall have a maximum frame rate no less than 24 frames per second (fps). The 
recorded frame rate for each camera shall be controllable, using the CCTV controller and 
initially set to 15 fps. Camera sensitivity shall be sufficient for any possible combination of 
ambient and vehicle interior or exterior lighting levels, including vehicle emergency lighting. 

The following events shall trigger a higher frame rate recording, initially set to 24 fps, for 30 
seconds before and 90 seconds after the trigger and shall be software adjustable, using a PTU. 

 Distress Signal over the radio 

 EB application 

 Passenger Emergency Intercom activation 

 Passenger Emergency Door release 

 Incident Alarm Switch activation 

The JPB is planning on storing video recording taken by on-board cameras off the vehicle in 
compliance with California Law.  Video information shall start uploading automatically when the 
train reaches the CEMOF. The Contractor shall calculate how many Wi-Fi access points are 
needed for daily upload of the videos of all cars in the yard in a reasonable time.  

One NVR per car shall be able to store 360 hrs. worth of CCTV recorded video, with the storage 
capacity computed using the following as a minimum: 7 cameras (cab car), image resolution 
1280 x 1024 at 15 fps, 16 bit color and high quality compression. 
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The used/unused capacity of the NVR shall be viewable, using the CCTV controller, by 
maintenance personnel and the train crew. 

The NVR shall overwrite the oldest recording if it runs out of capacity.  

The recording method shall include an approved authentication process to detect any alteration 
of the data after recording.  

The NVR shall have hot-swappable, non-volatile memory storage (hard-disk), with a simple 
plug-in arrangement for playback on a standard laptop PC. Recording shall be active whenever 
the vehicle auxiliaries are turned on.  

The CCTV system shall provide automatic and manual, software adjustable, data transfer 
between the vehicle and wayside storage installations using a wireless data link. The wireless 
data link may be external to the CCTV system. 

CCTV Workstation software shall be provided for installation on standard PC computers for 
uploading operating parameters (such as sampling rates), downloading of video data from the 
NVR, verification of authenticity, image and video enhancement, and similar processes. The 
interface connections to the NVR shall be Ethernet-based, configured as a TCP/IP protocol. The 
software shall be Web-browser based, and compatible with common internet Web browsers, 
such as Internet Explorer or Mozilla Firefox. 

14.9 PASSENGER WI-FI 

Initially the trains shall be delivered without passenger Wi-Fi capability; however the vehicles 
shall be configured to have passenger Wi-Fi installed at a later date. The Contractor shall 
provide the following amenities to facilitate this refurbishing process:  

 Install a separate, Ethernet backbone cable, appropriate for the intended purpose from 

cab-to-cab to be used for passenger Wi-Fi. This Ethernet backbone must be physically 

separated from the above described Communications/MDS Ethernet.  

 Prepare all coaches to allow equipping each car with Wi-Fi 802.11 access points, 

without the need to pull any wires or mechanical adaptations (“Plug and Play”) 

 Prepare each cab car roof to mount and wire directional WiMax antennas  

 Provide cabinet space at each cab car to install routers and modems as needed to 

interface to the Wi-Fi Ethernet backbone with the roof-mounted WiMax antennas 

Refer to Section 7.5, Wireless Data Link, for more specific information.  

14.10 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7. 

14.11 CITED REFERENCES 

The following standards or references were cited in this Section: 
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STANDARD TITLE 

49 CFR 220 Railroad Communications 

49 CFR 238.121 Emergency Communication 

49 CFR 38 Americans with Disabilities Act (ADA) Accessibility Specifications for 
Transportation Vehicles 

ANSI S3.2 Method for Measuring the Intelligibility of Speech Over Communication 
Systems 

APTA SS-PS-001-98 Standard for Passenger Railroad Emergency Communications 

IEEE 100 The Authoritative Dictionary of IEEE Standards Terms 

IEEE 1473 IEEE Standard for Communications Protocol Aboard Passenger Trains 

IEEE 1477 IEEE Standard for Passenger Information System for Rail Transit 
Vehicles 

IEEE C95.1 IEEE Standard for Safety Levels with Respect to Human Exposure to 
Radio Frequency Electromagnetic Fields, 3 kHz to 300 GHz 

MIL-STD-810F Department of Defense Test Method Standard: Environmental 
Engineering Considerations and Laboratory Tests 
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15.1 GENERAL 

The Contractor shall ensure that the cab end of each car complies with the conspicuity 
provisions set forth in 49 CFR 229.133.  

The lighting system design and illumination requirements shall meet the Federal Regulations 49 
CFR 27, 37, 38, 229, 238 and 239, and APTA Standards and Recommended Practices APTA 
PR-E-S-013-99 and APTA PR-E-RP-012-99 for vehicle lighting. Where a conflict exists, the 
most restrictive requirements, as determined by the JPB, shall apply. 

All lighting shall be powered from the Low Voltage Power Supply (LVPS), except for the 
emergency lighting required by APTA PR-E-S-013-99, Rev. 1, Standard for Emergency Lighting 
System Design for Passenger Cars, which shall be powered by the car battery.  

All interior and exterior lighting, including head- and auxiliary lights shall be LED- based.  

All exterior lighting fixtures shall be weatherproof and readily serviceable from the interior or 
exterior of the car.   

Access to interior lamps shall be provided by an aesthetically designed bezel, or other type of 
approved enclosures secured by captive fasteners.  There shall be no fasteners exposed to the 
passengers.  Lighting fixture housings and sockets shall not be used as a ground return.   

All lighting fixtures shall be designed to provide ease of installation, cleaning, lens and lamp 
change-out, adjustments and housing removal. 

Materials surrounding and facing the headlights and auxiliary lights shall be capable of 
withstanding the heat caused by leaving these lights on bright indefinitely on a clear summer 
day with the maximum ambient temperature specified in Section 2.2.5. 

All lighting fixtures shall be compliant with the heat, smoke, flammability and toxicity 
requirements specified in Section 16.24, and the shock and vibration requirements specified in 
Section 2.6.  

15.2 INTERIOR LIGHTING 

The car interior shall be illuminated by light emitting diode (LED) fixtures. As a minimum, the 
light fixtures shall emit 80 lumens per watt. Lighting fixtures in the passenger seating areas shall 
be mounted in two continuous rows, one on each side of the aisles, mounted above the seats. A 
preliminary lighting arrangement drawing shall be submitted for review and approval. In addition 
to the requirements given herein, interior lighting shall meet the requirements of APTA PR-E-
RP-012-99, Recommended Practice for Normal Lighting System Design for Passenger Cars, 
and APTA PR-E-S-013-99, Rev. 1, Standard for Emergency Lighting System Design for 
Passenger Cars. In the event of differences between this specification and those documents, 
the more stringent requirement shall govern, as determined by the JPB.  

The details of lighting system design, arrangement, location, fixture type, reliability and 
installation shall be submitted for JPB review and approval. 

15.2.1 LIGHTING INTENSITIES 

The lighting intensity shall conform to 49 CFR 238 and APTA PR-E-RP-012-99 for normal 
passenger lighting and 49 CFR 238.115, and APTA PR-E-S-013-99 for emergency lighting. 
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When the LVPS voltage reaches the load shedding condition described in section 9.6.2 for 
Emergency Loads, the APTA emergency lighting system shall conform to the requirements of 
49 CFR 238.115, APTA RP-E-013-99, Rev. 1.  

15.2.2 INTERIOR LED LIGHTS 

The LED fixtures shall be powered from the LVPS and operate over the voltage range specified 
in Section 2.2.6.  Safety grounding of the driver and fixture shall be isolated from the power 
return.  Reversing polarity on the driver module shall not result in damage to the module. 

Each driver module shall be able to individually adjust the intensity of the LEDs with a pulse 
width modulated output. 

In the event that an LED board is replaced with a new board, the LED board shall include a 
feature to adjust the LEDs for aging such that the intensity and color shall blend with the 
adjacent boards. 

The design shall limit LED junction temperature rise to no greater than 68°F (20°C) over 
ambient temperature.  The LEDs shall have a Correlated Color Temperature (CCT) range within 
4,200 to 5,700 degrees Kelvin.  The transmitted light shall be neutral white. 

Mixing LEDs in light fixtures from multiple CCT/color bins is not permitted.  All LEDs in a fixture 
shall be from a single CCT/color bin.  Mixing LEDs from various suppliers is not permitted.  All 
LEDs shall be from a single supplier such as NICHIA, OSRAM or an approved equal. 

The power supplies shall be incorporated with the LED boards.  No threaded fasteners shall be 
required to attach the LED boards to the fixtures.  The driving of the LEDs by the use of 
multiplexing is not permitted.  Failure of up to three LEDs in a single fixture shall not turn off the 
LED fixture.  The removal or service of LED boards shall not require any special tools. 

15.2.2.1 General 

The lighting system shall not produce objectionable, direct, indirect or reflected glare and shall 
facilitate cleaning and easy replacement of fixtures and drivers.  

LED fixtures shall have a reported L70 rating based on IES TM-21-11, Projecting Long Term 
Lumen Maintenance of LED Light Sources. The Contractor shall provide evidence that sample 
LED fixtures have been tested per IES LM-80-08, IES Approved Method for Measuring Lumen 
Maintenance of LED Light Sources over a minimum of 6000 hours of operation. The minimum 
TM-21-11-based reported L70 rating shall be the lesser of six times the duration of testing or 
50,000 hours. An LM-80 Test Report shall be obtained documenting these tests and lumen 
maintenance calculations. 

The LED fixtures shall have an operating temperature rating per Section 2.2.5. The Contractor 
shall provide evidence that LM-80-type tests performed over at least 6000 hours of operation at 
high ambient temperatures up to the maximum temperature given in Section 2.2.5 do not cause 
the TM-21-11 reported L70 rating to diminish below 95% of a reported L70 rating based on 
normal temperature conditions. Additionally, the correlated color temperature and chromaticity 
coordinates shall be measured and reported over the high temperature testing period. 
Measurements shall be made at least once every 1000 hours over the high temperature testing 
period. The results of this testing shall be provided. Alternative testing schemes that 
demonstrate the performance of the LED fixtures at high ambient temperatures may be 
considered.  
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15.2.3 LIGHTING CONTROL 

Interior lights shall turn on automatically upon activating the train. It shall be possible to turn off 
the interior lights in the event that a train or car is taken out of service. 

Interior lighting shall be divided, at a minimum, into three circuits, one of which shall feed the 
emergency lighting. The other circuits shall be configured to power an equal number of fixtures 
distributed such that loss of a lighting breaker or load shedding results in uniform distribution of 
lighting in the car. 

15.2.4 EMERGENCY LIGHTING 
When LVPS power is lost, JPB’s emergency lights {including the cab console lighting; reference 
Section 15.3 c)} shall be powered by the main car battery for a period of 90 minutes, minimum. 
It shall be assumed that the battery is charged to 70% of its full capacity for design purposes. 
The emergency lighting system shall comply with the minimum performance requirements of 
APTA PR-E-S-013-99, Rev. 1, 49 CFR 238 and 49 CFR 239.  

Emergency lighting shall be evenly distributed throughout the vehicle interior, including the 
vehicle door areas. Illumination in emergency mode shall meet the requirements of 49 CFR 
238.115 and APTA PR-E-S-013-99, Rev. 1. The emergency lighting arrangement, quantity and 
location shall be provided. 

15.2.5 LOW-LOCATION EXIT PATH MARKING 

The vehicle shall be equipped with a passive or active low-level exit path marking per APTA PR-
PS-S-004-99, Rev. 2, to illuminate the emergency exit path.  

15.2.6 SYSTEM FUNCTIONAL DESCRIPTION 

The Contractor shall provide a complete System Functional Description (SFD) for all systems, 
subsystems, components and devices contained within this specification section.  The SFD 
shall be in the form of a narrative description, with attendant electrical schematics and 
mechanical drawings, sufficient for the JPB to fully understand every aspect of the design and 
operation of the equipment specified in this section, and to make an engineering-based decision 
as to its acceptability for the Caltrain application. This description shall include the LED type 
selection and the manufacturer’s name.  Refer to Section 18.1.3 for additional requirements.   

15.3 CAB LIGHTS 

The lights for the cab area shall be designed and arranged to comply with the requirements of 
49 CFR 229.127.  

a) The main ceiling light shall be controlled by an on-off switch separate from the cab lights 

b) Cab lights shall light the Operator’s control consoles 

c) All cab lights shall be powered from the emergency light circuit 

15.3.1 CONSOLE LIGHTS 
Each cab console shall be illuminated by red LED cluster light fixtures to enable the Operator to 
see the console labels, pushbuttons and switches under varying lighting conditions. The console 
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light fixtures shall be mounted in the cab ceiling adjacent to the Operator’s cab fixtures. When 
illuminated, the console lights shall not cause glare on the windshield. The console lights shall 
be dimmable 

15.3.2 GAUGE LIGHTS 

Cab gauges shall be provided with dimmable LED backlights, as appropriate, this to assist 
viewing in low light conditions. 

15.4 EXTERIOR LIGHTS 

15.4.1 HEADLIGHTS AND AUXILIARY LIGHTS 

LED Headlights and auxiliary lights shall be provided at each cab end. 

Headlights and auxiliary lights shall conform to the requirements of 49 CFR 229.125 and shall 
be designed to be aimed and relamped by maintenance personnel in less than 5 minutes. The 
housing shall be of a rugged corrosion resistant construction, approved and suitable for railroad 
use. Each light shall be powered by a dedicated power supply from the vehicle battery. 

A 49 CFR 229.125 compliant, dual headlight shall be installed on the center line of the cab-end 
of each vehicle. 

Two independent, 49 CFR 229.125-compliant auxiliary lights shall be installed on the cab-end of 
each vehicle, forming a triangle with the headlight. 

The auxiliary lights shall wag (alternately flash) when the horn or the bell is sounded, or if 
activated by the Auxiliary Flashing Light Pushbutton. The wagging shall continue for an 
adjustable time span after any of those commands are removed. This timer shall be adjustable 
from 0 to 20 seconds, initially set to 10 seconds. The auxiliary lights shall flash alternately within 
the rates set forth in 49 CFR 229.125(e)(2).  

15.4.2 MARKER LIGHTS 

Two red marker light fixtures, conforming to the requirements of 49 CFR 221, utilizing LED 
clusters, shall be provided on each cab end. The marker lights shall be designed to be relamped 
by maintenance personnel in less than 5 minutes.  

15.4.3 PLATFORM LIGHTS 

LED platform lights shall be provided at each doorway on either side of the vehicle, illuminating 
the station platform. Platform lights shall comply with the requirements of 49 CFR 38.101. The 
carbuilder may propose solutions wherein the interior lights provide the required lighting 
intensities on the platform.  

15.4.4 EXTERIOR INDICATOR LIGHT 

All exterior indicator lights shall be LED fixtures.  

Each external indicator LED fixture shall consist of an LED cluster. LED fixtures, when 
illuminated, shall be visible from at least 12 cars away for those viewed in the longitudinal 
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direction, and 50 feet distant for those viewed in the transverse direction. Viewing in the 
transverse direction shall be omnidirectional (180o). Fixtures and sockets shall be designed to 
provide correct orientation for maximum visibility without adjustment. Illumination levels shall be 
essentially the same for all longitudinal exterior indicator lights. Illumination levels shall be 
essentially the same for all exterior transverse indicator lights. Mounting locations shall be 
subject to JPB approval.  

 
Exterior indicator fixtures shall be provided on each car as follows: 
 

LIGHT COLOR ORIENTATION 

Door Station Energized White Omnidirectional 

Local Door Indication – Open  Red Longitudinal 

Brake Applied Amber Longitudinal 

PTC Active (cab only) Yellow Omnidirectional  

 

All exterior indicator LED fixtures shall have a reported L70 rating based on IES TM-21-11, 
Projecting Long Term Lumen Maintenance of LED Light Sources. The Contractor shall provide 
evidence that sample LED fixtures have been tested per IES LM-80-08, IES Approved Method 
for Measuring Lumen Maintenance of LED Light Sources over a minimum of 6000 hours of 
operation. The minimum TM-21-11-based reported L70 rating shall be the lesser of six times the 
duration of testing or 50,000 hours. An LM-80 Test Report shall be obtained documenting these 
tests and lumen maintenance calculations. Exterior LED fixtures shall have a minimum reported 
L70 rating of 36,000 hours.  

15.5 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7.  

15.6 CITED REFERENCES 

The following standards or references were cited in this Section: 

 

STANDARD TITLE 

15.6.1.1.1 APTA RP-E-
013-99, Rev. 1 

Standard for Emergency Lighting System Design for Passenger Cars 

APTA RP-E-012-99 
Recommended Practice for Normal Lighting System Design for 
Passenger Cars 
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STANDARD TITLE 

IES LM-79-08 
Approved Method:  Electrical and Photometric Measurements of Solid-
State Lighting Products 

IES TM-21-11 Projecting Long Term Lumen Maintenance of LED Light Sources 

IES LM-80-08 
Approved Method for Measuring Lumen Maintenance of LED Light 
Sources 

ANSI C62.41 
IEEE Recommended Practice for Surge Voltages in Low-Voltage AC 
Power Circuits 

APTA PR-PS-S-004-99 Standard for Low-Location Exit Path Marking 
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16.1 GENERAL 

Materials and workmanship shall be in accordance with the requirements of the Technical 
Specifications unless otherwise approved by JPB. 

Inclusion of a material or method in this Section shall not necessarily indicate approval for 
application or use in a specific situation.  When a material or method is specified in these 
Technical Specifications, it may be considered as generally applicable; however, specific 
requirements detailed in applicable sections of these Technical Specifications shall take 
precedence. 

Material Safety Data Sheets (MSDS) shall be submitted for all materials used in the fabrication 
of the cars.  This requirement shall include lubricants, but excludes non-hazardous metallic 
materials.  Information provided shall be in a form compliant with ANSI Z400.1-1993. 

16.1.1 STANDARDS 

The following domestic standards and specifications shall define the materials for this Contract:  
Federal Specifications or Standards, the Specifications of the Aluminum Association of America, 
AAR, ANSI, APTA, ASME, ASTM, FRA, IEEE, and others, as specified herein.  Where other or 
foreign standards are proposed by the Contractor, the Contractor shall submit documentation to 
JPB to demonstrate that the proposed standards are the equivalent to, or more advantageous to 
the JPB (as determined by the JPB) than of the foregoing standards and specifications.  
Proposed substitute specifications shall be submitted in both English and the language of the 
country of origin.  The Contractor shall be responsible for complete conformance with these 
standards for itself and its Subcontractors and suppliers. 

Values in parentheses are converted values.  These values are provided for reference and are 
not to be considered standard values, unless otherwise specified by the standard.  

16.1.2 MARKING 

All materials intended for use on these vehicles shall be marked or stored so as to be readily 
identifiable, and shall be adequately protected during handling and storage.  Rejected material 
shall be clearly marked and stored in an area specifically designated for that purpose. 

16.1.3 CLEANING AGENTS 

A list of recommended cleaning agents with their associated data and MSDS sheets, and where 
they are used on the car, shall be provided to JPB for all materials exposed to normal cleaning 
operations.  This information shall also be included in the maintenance documentation for the 
vehicle. 

16.1.4 PROHIBITED MATERIALS 

The following materials are prohibited from use on the cars or in products used on the cars: 

 PVC 

 Asbestos 

 Cadmium (except for battery) 

 Lead, except for solder 
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 PCBs 

 Confirmed or suspected carcinogenic materials as listed by current Publication of the 
American Conference of Governmental Industrial Hygienists (ACGIH) 

 Plywood chemically treated for fire and smoke retardency 

 Materials listed in 29 CFR 1910.19 

 Urethane foam 

16.2 JOINING AND FASTENING 

16.2.1 JOINING 

16.2.1.1 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 employed at all times where these combinations exist. 

16.2.1.2 Joint Fitting 

Joints shall be properly fitted, whether exposed or concealed.  When not otherwise specified in 
Contractor drawings or specifications, gaps between joints shall be held to a dimension less 
than 10 percent of the thinner material being joined or 0.002 inch (0.0508 mm), whichever is 
greater.  Gaps shall be uniform in width.  The edges of panels shall have a smooth, finished 
appearance. 

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, metal shims of 
the same material as that of the deficient part may be used, but only with written approval by the 
JPB.  Shims, if used, shall be permanently fastened to one of the base parts being joined.  The 
use of epoxy, caulking compounds, or other plastic filler at such locations is expressly 
prohibited.   

16.2.1.3 Metal-to-Metal Connections 

Where metals contact each other, the contact surfaces shall be free of dirt, grease, rust, and 
scale.  Unless specified otherwise, the contact surfaces shall be coated with an approved two-
part, rust-inhibitive, moisture and condensation-resistant primer.  Primer may be omitted for 
austenitic stainless steel to austenitic stainless steel joints. 

For proper treatment of a connection involving aluminum, refer to Sections 16.3.3.3 and 
16.3.3.4. 

16.2.1.4 Wood-to-Metal Connections 

Where wood and ferrous metal surfaces are placed together, the wood and metal shall be 
coated with an approved two-part, rust-inhibitive, moisture and condensation-resistive paint. 

All bolts or rods passing through wood shall be coated with an approved two-part, rust-inhibitive, 
moisture and condensation-resistant paint. 
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16.2.1.5 Wood-to-Wood Connections 

Where wood and wood are placed together, both abutting surfaces shall be coated with an 
approved two-part, rust-inhibitive, moisture and condensation-resistant paint. 

16.2.2 FASTENERS 

16.2.2.1 General 

The Contractor shall be responsible for selecting fastener types, sizes, styles, lengths, 
materials, grades, and finishes that meet the requirements of the Technical Provisions.  The 
Contractor shall minimize the number of different sizes and styles of fasteners used.  Use of 
self-tapping fasteners is prohibited, unless expressly approved by the JPB. 

Fasteners used throughout the car shall be inch-standard fasteners, except that ISO metric 
fasteners may be used in conformance with Section 16.2.2.2.2. 

All fasteners used on this car shall be specified under one of three categories: electrical and 
electronic, structural and safety-related, or decorative.  Fasteners internal to electrical or 
electronic components are specified in appropriate materials and workmanship subsections for 
electrical devices and wiring.  All structural and safety-related fasteners are specified under 
Section 16.2.2.3.  Fasteners used to attach interior lining or trim and exposed to passenger view 
are specified under Section 16.2.2.4.  All fasteners in any category which attach to car structure, 
shall be in accordance with the requirements of the Technical Provisions. 

Safety-related fasteners include, but are not limited to, those applied to trucks, bolsters, brake 
equipment, couplers, and power collection devices.  A fastener is safety-related if failures 
cannot be tolerated, that is, should a single fastener fail, there would be the possibility of brake 
failure, derailment, accident or other unacceptable (to the JPB) consequence.  In the event of a 
dispute, the JPB will be the final arbitrator in determining which fasteners are to be considered 
safety-related. 

All fasteners used to secure access covers, doors, or panels to equipment boxes or interior 
panels shall be made captive to the panel in which they are used.  Where access for service is 
expected more often than every five years, access panels shall be equipped with quarter-turn 
fasteners.  Quarter-turn fasteners shall have a minimum shank diameter of ¼-inch (6.35-mm), 
be of adequate strength, and as manufactured by Southco, or approved equal.  All fasteners 
used on the interior of the car shall be flush mounted. 

16.2.2.2 Threaded Fasteners 

Prevailing torque-type locknuts shall be nylon insert type, ESNA, or an approved equal, 
conforming to IFI Fastener Standards or ASME B18.16.6.  All-metal prevailing torque-type 
locknuts shall only be used where there is insufficient clearance to install ESNA type locknuts, 
or where the locknut is exposed to temperatures above 200°F (93.3°C). 

When making connections to heat producing apparatus, thermal expansion of the components 
shall be taken into consideration during selection of the fastener materials.  If the joined 
components are high expansion alloys such as copper or austenitic stainless steel, austenitic 
stainless steel fasteners shall be used.  If the joined components are low expansion materials, 
such as carbon steel or ferritic stainless steel, zinc-plated carbon steel fasteners of minimum 
Grade 5 shall be used.  Cadmium-plated fasteners are not permitted. 
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When bolts are used to secure apparatus, and where the bolt head is not readily accessible, a 
re-usable mechanical locking device shall be used to prevent the bolt head from turning when 
the nut is being turned. 

At least 1½ full screw threads shall be visible beyond all nuts.  When used without elastic stop 
nuts, bolts ¼-inch (6.4-mm) diameter or less shall not project more than 1½ full threads plus ¼-
inch (6.4-mm), and bolts greater than ¼-inch (6.4-mm) diameter shall not project more than 
eight full threads, unless otherwise approved by the JPB.  With elastic stop nuts, bolt threads 
shall not project more than ¼-inch (6.4-mm), regardless of bolt size.  Undercar equipment shall 
not be supported by bolts in tension. 

Chemically cleaned and/ or Electro-plated fasteners with the potential for exceeding Rockwell  
hardness grade RC 32 shall be sustained load tested (SLT) to the following procedures in 
ASTM F-519, Standard Method for Mechanical Hydrogen Embrittlement Evaluation of 
Plating/Coating Processes and Service Environments or ASTM B-839 Standard Test Method for 
Residual Embrittlement in Metallic Coated, External Threaded  Articles, Fasteners and Rod – 
Inclined Wedge Method. 

16.2.2.2.1 Inch-Standard Fasteners 

All inch-standard threaded fasteners shall conform to ANSI B1.1, Unified Inch Screw Threads 
(UN and UNR Thread Form), or Industrial Fasteners Institute Fastener Standards. 

16.2.2.2.2 Metric Fasteners 

Upon approval by the JPB, specific Line Replacement Units (LRUs) may be supplied with metric 
fasteners to ANSI B1.13M.  All internal fasteners and threaded components of the approved unit 
shall have ISO-metric threads.  Internal to components, there shall be no mixing of metric and 
inch-threaded fasteners.  External mounting fasteners and threaded connecting components 
shall have ISO-inch threads to ANSI B1.1.  Each unit, component, or group containing ISO-
metric threads shall be indelibly identified in an approved manner and in a conspicuous 
approved location in order to signify that the unit contains metric threaded fasteners.  All repair 
and maintenance manuals shall be conspicuously marked on each page to indicate where 
metric threaded fasteners are used within the unit.  Replacement, repair, and maintenance parts 
supplied under the Technical Specifications shall include all necessary replacement fasteners of 
the correct size and grade. 

Metric fasteners shall be marked as required in “Metric Fastener Standards,” Industrial 
Fasteners Institute’s latest edition. 

16.2.2.3 Structural Fasteners 

All structural fasteners shall have documentation identifying manufacturer and purchase 
specifications made available for examination by the JPB at the Contractor’s QA department.  
This documentation shall include the fastener material or grade and finish including plating 
material and specifications, as applicable.  Whether the buyer is a Subcontractor, supplier, or 
the Contractor, the Contractor shall obtain and hold this documentation for a period ending no 
sooner than the termination date of the warranty period for the last car. 

All safety-related fasteners shall conform to the requirements of SAE J429, and a representative 
sample of each production lot of fasteners shall be tested for conformance to purchase 
specifications by an independent laboratory accredited by the American Association of 
Laboratory Accreditation (A2LA), or approved equal.  A production lot is defined as one size of 
fastener, from one manufacturer, produced during one continuous production run.  Fasteners 
not meeting this definition of production lot shall be treated as separate lots.  Testing shall be 
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performed using sample quantities as proposed by the Contractor and approved by the JPB.  
Tests conducted shall confirm that fastener material meets specified chemistry and strength 
requirements.  The Contractor shall obtain certified test results from the testing laboratory and 
hold the documents for a period ending no sooner than the termination date of the warranty 
period for the last car. 

All safety-related fasteners that are plated or chemically cleaned shall have certifications 
showing freedom from hydrogen embrittlement, based on a representative sample of the actual 
production fasteners which have been tested for hydrogen embrittlement by the OEM 
Contractor or a supplier following SAE/USCAR-7 procedures.  The plating process shall be 
certified to ASTM F519 procedures.  Any failures shall result in rejection of the entire lot. 

All structural bolts for undercar and overhead mounted equipment shall be a minimum Grade 5, 
and the bolt diameter shall be no less than ⅜-inch (9.6 mm), regardless of design load.  
Stronger fasteners shall be used if required by the application.  The mounting and attachment 
bolts for undercar- and overhead-mounted equipment and equipment support structures and 
brackets shall be sized to the design strengths for Grade 2 bolts and Class A nuts. 

16.2.2.4 Decorative and Appearance Fasteners 

All interior fasteners exposed to passengers shall be either bright or finished to match the 
surfaces being joined and installed such that the fastener head is flush with the mating surface.  
Bright finished fasteners used for stanchions shall be austenitic grade stainless steel.  Bright 
finished interior fasteners may be either austenitic or plated martensitic stainless steel.  Self-
tapping screws shall be permitted only when approved by JPB, and where they will not be 
removed for normal maintenance more frequently than once in five years.  All approved self-
tapping screws shall be plated martensitic stainless steel. 

All exterior fasteners visible to passengers shall be austenitic stainless steel for the stainless 
steel carbody.  Exterior aluminum shall be joined by austenitic stainless steel or aluminum alloy 
fasteners, as appropriate to the design and appearance requirements.  Fasteners used on the 
side sill to attach heavy equipment brackets are structural fasteners specified under the 
structural fasteners section. 

Fasteners on access panels, plates, covers, or other components accessible by passengers 
shall be of a single style of tamperproof-type approved fastener by JPB.  Fasteners shall be 
quarter-turn type if required. 

All decorative and appearance fasteners shall have documentation that identifies the 
manufacturer, base material, plating, or finish, if applied, and the fastener type.  The Contractor 
or supplier shall maintain this documentation on file for JPB to review for a period ending no 
sooner than the termination date of the warranty period for the last car. 

16.2.2.5 Torqueing 

All safety-related fasteners, including truck and brake equipment bolts, and all fasteners 
exposed to fatigue loads shall be torqued to a minimum preload equal to 75 percent of their 
proof load and “torque striped” after torqueing by paint or other approved means.  All other 
fasteners shall be torqued to a value appropriate to the application so that they do not loosen in 
service. 

Fastener installation torque for standard oiled or waxed bolts with standard or heavy hex nuts 
shall be calculated from Industrial Fasteners Institute, Fastener Standards equations using 
values for “K” of 0.18 for unplated and 0.15 for plated threads.  Locknuts shall be torqued in 
accordance with their manufacturer’s recommendations, or the Contractor may conduct tests to 
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determine the proper installation torque.  For those nuts or bolts requiring torque striping, the 
JPB may require bolt torque-tension tests to verify that installed preload is equivalent to 75 
percent of proof loads. 

16.2.2.6 Washer and Lock Washers 

Washers shall be used under the heads of all bolts and under all nuts.  Where high strength 
fasteners are applied, washers shall be hardened and comply with IFI Fastener Standards. 

Lock washers, when applied, shall conform to IFI Fastener Standards.  Lock washers shall not 
be used for fatigue applications where the fastener must be torqued and marked.  If applicable, 
prevailing torque nuts shall be used for these applications. 

Other types of washers, including Belleville washers, may be used for special applications with 
approval by the JPB. 

16.2.2.7 Rivets and Lock Pins 

Rivets and lock pins exposed to passengers shall be austenitic stainless steel or aluminum, as 
appropriate to the materials being joined.  Structural steel rivets shall conform to ASTM A502 or 
American National Standard B 18.1.2 standards.  Rivets may be hand driven when hot and shall 
completely fill the rivet holes.  Rivets driven cold shall be mechanically driven.  Exposed heads 
shall be concentric with the shank and free from rings, fins, pits, and burrs. 

Swage-locking (Huckbolt type) fasteners shall conform to Military Specification MIL-P-23469.  
All rough surfaces of the collar end of these fasteners shall be machined or ground smooth 
where accessible to passengers, crew, or maintenance personnel performing routine 
maintenance functions.  The JPB shall be the final arbiter in determining whether an application 
is hazardous to maintenance personnel. 

16.2.2.8 Plating of Fasteners 

All carbon, alloy, and martensitic stainless steel fasteners shall be plated with zinc, unless 
specifically waived by the JPB.  Zinc plating shall conform to ASTM B633, Type II, and SC2, 
SC3, or SC4. 

Grade 8, Metric 10.9, or stronger fasteners shall not be plated if the OEM finish is other than 
plating. 

Alternate fastener coatings are permissible if qualified by testing per ASTM B117 with no red 
rust or visible corrosion products after 96 hours of exposure. The Contractor shall submit 
qualification results for each process used at each Subcontractor applying the proposed 
coating.  In order to use an alternate coating, the vendor shall submit 1) coating manufacturer’s 
product data including required thickness, 2) ASTM B117 test results from an accredited third 
party laboratory, 3) documentation of torque/tension characteristics, and 4) a statement from the 
coating manufacturer regarding the propensity for the coating process to cause hydrogen 
embrittlement of the fastener during coating. Regardless of the coating’s propensity for 
hydrogen embrittlement, each lot of high strength fasteners (Grade 5 or Metric Grade 8.8 or 
higher), including OEM plated zinc or yellow bolts, shall be tested for hydrogen embrittlement in 
accordance with Sections 16.2.2.2 and 16.2.2.3..  Each lot of lower strength fasteners shall be 
tested for hydrogen embrittlement if the coating has the possibility of causing hydrogen 
embrittlement. 

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 Industrial Fasteners Institute Standard IFI-543, the vendor 
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shall use the alternate coating on all fasteners within the particular LRU. The LRU shall contain 
an indelible label identifying the coating type used within the LRU and the required torque 
values for each size fastener used therein. Fasteners internal to a subcomponent within an LRU 
may use the standard coating system if they are not subject to removal during the JPB’s 
maintenance activities. 

16.2.2.9 Rivets and Bolt Holes 

Rivet and bolt holes shall be accurately located and aligned, and, when necessary during 
assembly, holes shall be reamed round to the specified size in position.  This allowance does 
not relieve the Contractor of the interchangeability requirements of this Technical Specification.  
Bolt hole clearances shall not exceed the Industrial Fasteners Institute’s requirements.  All 
removed and replaced rivets shall have the holes reamed to the size required such that the next 
larger rivet may be driven securely. 

16.3 METALS 

16.3.1 STAINLESS STEEL 

16.3.1.1 General 

Permitted uses of structural stainless steels are specified throughout the Technical 
Specification.  Ferritic stainless steels shall be painted where exposed to passengers or the 
weather.  Austenitic stainless steels may be unpainted.  Unpainted stainless steels exposed to 
passengers shall be a single grade of austenitic stainless steel in which both the color and 
surface finish of abutting pieces shall match, except where the design specifically calls for 
contrasting appearance. 

16.3.1.2 Austenitic Stainless Steel 

Structural austenitic, stainless steel components assembled by fusion or resistance welding, 
shall be of AISI type 201L, 301L, 301LN, or SUS301L (with Nitrogen) and shall conform to the 
requirements of ASTM A666, except that the carbon content shall not exceed 0.03 percent and 
the nitrogen content of type 301LN and SUS301L (with Nitrogen) shall not exceed 0.25 percent.  
Other stainless steels conforming to ASTM A666 are acceptable for non-welded applications. 

Stainless steel used in structural applications covered by this Technical Specification shall also 
conform to paragraph (f) from Section 2 of AAR “Specifications for the Construction of New 
Passenger Equipment Cars” and APTA Standard SS-C&S-034-99. 

General requirements for delivery of stainless steel shall be as required by the Certification 
Provisions of ASTM A666, and stainless steel to be used in structural applications shall be 
tested for susceptibility to intergranular corrosion in accordance with ASTM A262.  Practice A of 
ASTM A262 can be used to accept material only; Practice E is required for final determination of 
acceptance or rejection of material that is not acceptable per Practice A. 

16.3.1.3 Ferritic Stainless Steel 

When specified, ferritic stainless steel conforming to ASTM A176 may be used for steel 
sheeting up to 0.20 inch (5.1 mm) thickness.  Ferritic stainless steel sheet shall have a ductile-
to-brittle transition temperature (DBTT), or nil-ductility temperature (NDT), below 0°F (-17.8°C).  
Weld heat-affected zones shall also have a DBTT or NDT below 0°F (-17.8°C).  Ferritic 
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stainless steel sheet shall have a balanced composition (low carbon and/or suitable titanium 
content) that will, for all conditions of fabrication and assembly into the carbody, inhibit formation 
of martensite and limit chromium depletion in weld heat-affected zones so that the material will 
meet ASTM A763 requirements for resistance to intergranular corrosion. 

General requirements for delivery of stainless steel shall be per ASTM A480. 

Where ferritic stainless steels are welded to other structural steels, the less-noble steel shall be 
painted with weld-through primer. 

Ferritic stainless steel shall be used only with the specific written approval of the JPB. 

16.3.2 HIGH STRENGTH LOW ALLOY STEEL 

16.3.2.1 General 

High Strength Low Alloy (HSLA) steel structural shapes, plates, and bars shall, as a minimum, 
conform to the requirements of ASTM A588, where available.  Where not available in A588, hot 
rolled or formed structural shapes conforming to ASTM A36 may be used for limited 
applications, including equipment supports and jack pads; all such applications, however, must 
have the prior approval of the JPB.  General requirements for delivery of HSLA shapes, plates, 
and bars shall be as required by ASTM A6.  Welded HSLA steel shall develop 15 ft.-lbs. (20.3 J) 
Charpy V Notch impact strength in the CGHAZ (Coarse Grain Heat Affected Zone) 0.039 inches 
(1 mm) from the fusion area at -20°F (-28.9°C). 

Cold and hot rolled HSLA sheet and strip shall, as a minimum, conform to the requirements of 
ASTM A606, Type 4.  General requirements for delivery of these products shall be as defined 
by ASTM A568. 

Other high-strength, low alloy steels which meet or exceed the above minimum requirements 
may be used, provided their detailed specifications are submitted and approved as equivalent or 
better material for the proposed applications.  All HSLA steels shall be applied in a manner 
consistent with their specification properties as determined by the JPB. 

16.3.3 ALUMINUM 

16.3.3.1 General 

Aluminum alloy mill products shall be identified by Unified Numbering System designations and 
shall conform to The Aluminum Association specifications contained in the Association’s 
publication, “Aluminum Standards and Data.” Copies of all test reports for sheet aluminum used 
in the car structure shall be submitted to the JPB for review and approval. 

16.3.3.2 Design Stresses 

All aluminum structural members shall be designed such  that calculated stresses under the 
specified AW3 passenger load do not exceed the allowable stresses listed in the latest revision 
of the Aluminum Association of America’s “Specification for Aluminum Structures” for bridge and 
similar type structures, and “Engineering Data for Aluminum Structures.”  Proper allowance shall 
be made for the effects of fatigue, for column and plate stability effects, and for strength 
reduction at welded regions. 
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16.3.3.3 Fabrication and Fastening 

The forming of aluminum parts, joining of parts by bolting, riveting, and welding, and the 
protection of contact surfaces shall, as a minimum, conform to the requirements of the 
Aluminum Company of America’s Technical Report No. 524, “Specification Covering Use of 
Aluminum in Passenger Carrying Railway Vehicles,” except as otherwise specified herein. 

Fabrication techniques shall be such that the strength and corrosion resistance of the aluminum 
shall not be impaired, nor the surface finish permanently marred or discolored during 
construction. 

16.3.3.4 Protection of Contact Surfaces 

The specific measures to be taken by the Contractor to prevent the risk of direct metal-to-metal 
contact and resultant possible electrolytic corrosion shall be subject to JPB approval, and shall 
depend upon the determination of the most suitable method which can be adapted to the design 
involved.  The following shall constitute minimum protection: 

(a) Aluminum alloy surfaces shall not be secured to, or make direct contact with, the 
surfaces of copper, copper-bearing aluminum alloys, brass, bronze, silver, nickel, nickel 
alloys, nickel-plated parts, lead, tin, or wood. 

(b) The contact surfaces of aluminum alloy with aluminum alloy shall be painted with zinc 
chromate primer or approved equal before securement. 

(c) The surfaces of aluminum alloy parts secured to steel parts, where exposed to 
weathering or harsh environments, shall be protected with a one-part polysulphide 
sealant, zinc chromate paste, mica insulation joint material, or an approved equivalent 
material which completely covers the faying surfaces.  The insulating material shall be 
non-hygroscopic, and, if fibrous, shall be impregnated with bitumen or an approved, non-
corrosive, water- and moisture-repellant substance.  After drying, fasteners shall be 
primed and painted with red oxide or aluminum paint. 

(d) Stainless steel and carbon steel fasteners plated with zinc shall be coated with zinc 
chromate paste or approved equal before installation.  Where possible, only the head 
and the shank of the bolt shall be in contact with the aluminum part when secured in 
place.  Suitable bushings may be used in place of the zinc-chromate paste. 

16.3.4 TESTING REQUIREMENTS 

The Contractor shall prepare (or have prepared), submit, and receive approval of any tests and 
inspection plans for acceptance of all metals used in construction of the vehicle before 
purchasing any such material.  All test and inspection plans shall be in accordance with the 
requirements of this Technical Specification, and shall include provisions for submission of 
reports and certification to the JPB for each shipment in accordance with the applicable material 
requirements and specified inspections. 

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 frequency of 
submittal of checks for susceptibility to intergranular corrosion in accordance with ASTM A262.  
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. 
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The test and inspection plan for structural steels shall also include the specified Coarse Grain 
Heat Affected Zone (CGHAZ) impact tests in accordance with the High Strength Low Alloy Steel 
requirements in Section 16.3.2. 

16.4 CASTINGS 

16.4.1 STEEL CASTINGS 

16.4.1.1 General 

The Contractor shall be responsible for selecting casting grade, composition, strength, and 
finishing; however, steel castings, as used in the carbody structure and truck assemblies, shall 
meet AAR Specification M-201 latest revision, Grade “B”, plus two percent nickel, minimum.  
These castings shall be heat treated to develop a minimum tensile strength of 75,000 psi 
(517 MPa), a minimum yield strength of 48,000 psi (330 MPa), an elongation of not less than 25 
percent in 2 inches (50.8 mm) and a reduction in area of not less than 50 percent.  Also, steel 
castings used for coupler, drawbars, and anchors shall meet AAR Specification M-201, latest 
revision, Grade “C,” quenched and tempered. 

Where cast steel of superior properties is required for a specific application, the Contractor may 
propose such castings to the JPB. 

16.4.2 CAST IRON 

16.4.2.1 General 

Individual traction motor housings, gear housings, and other cast iron components exceeding an 
as-cast weight of 250 lb. (114 kg) shall conform to ASTM A536 Grade 65-42-12, or approved 
equal.  Smaller cast iron components shall be of a composition or strength level selected by the 
builder/ supplier and approved by the JPB.   

Testing of ASTM A536 Grade 65-42-12 castings shall include measurement of the percentage 
of nodular graphite per ASTM A247, Plate I.  The total of Type I and type II graphite shall 
exceed 95%. 

16.4.3 ALUMINUM CASTINGS 

16.4.3.1 General 

The Contractor shall be responsible for selecting casting grade, composition, strength, and 
finishing.  Aluminum alloy castings shall conform to ASTM B26, B85, or B108 for sand, die, or 
permanent mold castings, respectively.  Where cast aluminum of superior properties is required 
for a specific application, the Contractor may propose such castings to the JPB. 

16.4.4 DESIGN QUALIFICATION OF STRUCTURAL CASTINGS 

One casting, selected by the JPB from the first lot of production castings, shall be subjected to a 
qualification test of the casting design by the Contractor.  Qualification tests shall include 
radiographic examination for material soundness using reference radiographs and any 
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mechanical testing.  Sectioning and macroetching of critical cross sections in lieu of 
radiographic testing may be proposed by the Contractor. 

Acceptance levels for the design qualification radiographic examinations shall be selected by 
the Contractor as appropriate for the service intended, subject to the approval by the JPB before 
any castings are produced.  Radiographs shall meet the requirements of ASTM E94 and E1030 
and the quality level in the area of inspection shall meet the requirements for the material in the 
Table below. 

MATERIAL REFERENCE RADIOGRAPH STANDARDS QUALITY LEVEL 

Steel ASTM E446 2-2T 

Cast Iron ASTM E446 2-2T 

Aluminum ASTM E155 2-2T 

The design qualification casting shall be subjected to all testing required by the respective 
material specification.  Surface examination (magnetic particle or liquid penetrant as 
appropriate) shall be done on all surfaces of the design qualification casting.  The surface 
examination shall be done per the requirements of 19.4.5 or 19.4.6 respectively. 

A qualification test report shall be prepared and submitted to the JPB.  The production of any 
castings before receipt of the JPB’s approval of this report shall be at the Contractor’s risk.  All 
radiographs from the qualification test shall be made available to the JPB.  If the casting 
selected for qualification fails to qualify, a plan of action, including details of how failed material 
will be handled, and an explanation of how the root cause of the problem will be determined, 
shall be included in the qualification test report.  After a design is qualified and accepted by 
Authority, no changes shall be made in the casting pattern, technique, heat treatment, or 
material composition without prequalification in accordance with the requirements of this 
Section. 

16.4.5 QUALITY OF STRUCTURAL CASTINGS 

All structural castings supplied shall be equal to or better than the design qualification castings 
in all respects.  The casting supplier or Contractor shall test, inspect, and accept castings in 
accordance with procedures described in the casting material’s test standards, as indicated in 
the table below.  In addition, the inspections below (Radiographic, Magnetic, and Liquid 
Penatrant) shall be performed as applicable and a written report of the results of the tests and 
inspections shall be furnished for each lot of castings produced. 
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MATERIAL PROCEDURE SPECIFICATION 

Steel AAR M-201 

Cast Iron ASTM A536 

Aluminum ASTM B26 (sand), ASTM B85 (die), or ASTM B108 (permanent) 

16.4.5.1 Radiographic Inspection 

Radiographic inspection shall be conducted according to the requirements of ASTM E94 and 
E1030, using reference radiographs.  A sampling frequency shall be proposed by the Contractor 
and submitted to the JPB. 

MATERIAL 
REFERENCE RADIOGRAPH 

STANDARDS 
SEVERITY LEVELS 

Steel, Cast Iron ASTM E446 
Critical Areas of Casting Level 3 

Non-Critical Areas of Casting Level 5 

Aluminum ASTM E155 Grade 2 

During demonstrations that the stated severity level requirements have been met, successively 
produced castings shall be re-inspected by radiography in the defective areas shown in the prior 
radiographic inspection.  After such severity levels have been proved (10 consecutive castings 
with no rejectable conditions), the sampling frequency for structural castings shall be one 
casting out of each 10 produced.  If no castings are rejected by radiographic inspection after 10 
such samplings (out of 100 castings), this frequency may be extended to one casting in 25. 

16.4.5.2 Magnetic Particle Inspection 

Magnetic particle inspections of all surfaces of each steel or cast iron casting shall be 
conducted, according to ASTM E709, by personnel certified to NAS 410.  With respect to 
structural steel castings, including coupler castings, the maximum permissible magnetic particle 
indications shall be not more than ¼-inch (6.4-mm) in the direction transverse to the usual 
direction of loading, and no more than ¾-inch (19.1-mm) in the direction parallel to the usual 
direction of loading. 

16.4.5.3 Liquid Penetrant Inspection 

Liquid penetrant inspection shall be conducted according to the requirements of ASTM E165.  
Discontinuities such as cold shuts, porosity, and cracks shall be tested in accordance with 
minimum dwell times listed in Table 2 of ASTM E165.  A sampling frequency shall be proposed 
by the Contractor and submitted to the JPB. 

16.4.6 REPAIR WELDING AND CAST WELD DESIGN 

Repair welding of castings is permitted, provided the casting supplier performs all repair welds 
according to the structural welding requirements of the Welding and Brazing section of this 
Specification, 16.22.  Castings requiring repair or modification by welding after completion of 
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heat treatment may also require a post-weld process.  Heat-treated aluminum castings shall be 
repaired before heat treatment or fully heat-treated after repair. 

MATERIAL STANDARDS POST WELD TREATMENT 

Steel ASTM A488/488M Localized stress relief using electrically-controlled heating to a 
temperature not greater than 1150°F (620°C) and slow cooling.  
Manual torch stress relief shall not be permitted. 

Cast Iron AWS D11.2 Minimum Normalization and Tempering. 

Aluminum AWS D1.2 Full heat treatment to original requirements if repaired after heat 
treatment. 

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 radiographically inspected 
using reference radiographs.  Quality levels for assembly welds shall be consistent with 
applicable code requirements for welded structures. 

MATERIAL 
RADIOGRAPHY 

STANDARD 
REFERENCE 

RADIOGRAPHS 
QUALITY LEVEL 

Steel, Cast Iron ASTM E94 & E1032 International Institute of 
Welding’s “Collection of 
Reference Radiographs of 
Welds” 

Green.  Portions of assembly 
welds stressed in tension by 
service loads shall meet 
quality level blue. 

Aluminum ASTM E94 & E1032 ASTM E1648 Grade 2 

16.4.7 DISPOSAL OF NON-CONFORMING CASTINGS 

If castings are found to be non-conforming to requirements determined by the design 
qualification castings, the non-conforming castings shall be 1) repaired, retested, and re-
inspected or 2) destroyed at the Contractor’s expense. 

16.5 FORGINGS AND EXTRUSIONS 

The Contractor is responsible for selecting the forging or extrusion material grade, composition, 
strength, and finishing that will meet the intended application. Steel forgings used for the wheels 
and axles shall meet the requirements of that respective section. Forgings or extrusions used 
for the truck structure, bolster, center-bearing arrangement, or carbody structure shall meet the 
following requirements. 
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APPLICATION 
CARBON/HSLA 

STEEL FORGINGS 

AUSTENITIC 

STAINLESS STEEL 

FORGINGS 
ALUMINUM FORGINGS 

ALUMINUM 

EXTRUSIONS 

Standard ASTM A668 
APTA SS-C&S-004-

98, ASTM A473 
APTA SS-C&S-015-99, 

ASTM B247 
APTA SS-C&S-015-99, 

ASTM B221 

Q
u
a
lif

ic
a
ti
o

n
 T

e
s
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SECTION AND 

ETCHING OF FLOW 

PATTERN 
ASTM E381 ASTM E381 ASTM E340 ASTM E340 

MAGNETIC 

PARTICLE 

EXAMINATION 
ASTM A275 Not Applicable Not Applicable Not Applicable 

LIQUID PENETRANT 

EXAMINATION 
Not Required ASTM E165 ASTM E165 ASTM E165 

RADIOGRAPHIC 

EXAMINATION  
OR 

ULTRASONIC 

EXAMINATION 

ASTM E94/E1742  
or  

ASTM A388 

ASTM E94/E1742  
or  

ASTM A745 

ASTM E94/E1742  
or  

ASTM B594 

ASTM E94/E1742  
or  

ASTM B594 

STATIC LOAD 

TESTING 
ASTM A370 ASTM A370 ASTM B557 ASTM B557 

Acceptance levels for the design qualification radiographic examinations shall be selected by 
the Contractor as appropriate for the service intended, subject to JPB approval before additional 
forgings or extrusions are produced.  

Carbon and High Strength Low Alloy (HSLA) steel forgings that are to be welded to structure 
shall meet the toughness requirements (Charpy V-notch impact) specified for the welded 
structure at the lowest operating temperature. Forgings not welded shall have adequate 
toughness for their intended application. 

A qualification test report for each forging or extrusion design shall be prepared and submitted 
to the JPB.  All radiographs that resulted from the qualification test shall be made available to 
the JPB.  

In case the forging or extrusion selected for qualification fails to qualify, a plan of action 
including details of how the failed material will be handled shall be included in the qualification 
test report. Once a design is qualified and accepted by the JPB, no changes shall be made in 
the dies, technique, heat treatment, or material composition without re-qualification in 
accordance with the requirements of this section. 

All forgings or extrusions supplied shall be equal to or better than the design qualification 
forgings or extrusions in all respects. The forging or extrusion supplier or Contractor shall test, 
inspect, and accept forgings or extrusions in accordance with a written process that has been 
approved by the JPB. A written report of the results of the tests and inspections shall be 
furnished for each lot of forgings or extrusions produced. 
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16.6 ELASTOMERS 

16.6.1 GENERAL 

All elastomeric parts shall be of neoprene, unless otherwise specified.  The elastomer shall be 
compounded and cured to perform satisfactorily in the specified operating temperature range.  
The elastomers shall have high resistance to ultraviolet radiation, weather, all car washing fluids 
used by the JPB, and the longest possible life consistent with the other characteristics specified.  
All elastomeric parts shall be resistant to ozone, oxidation, heat, oil, grease, and acid. 

The following elastomeric parts shall be of neoprene unless otherwise specified or approved: 

 Glazing rubber 

 Door seals 

 Door nosing 

 Isolation tapes/pads 

All resilient mounts shall be of natural rubber.  All natural rubber compounds shall be Grade 2 
per ASTM D2000 or better except O-rings and other small internal parts.  Synthetic rubber 
compounds may be substituted for natural rubber only when approved for a specific application. 

Elastomeric parts within pneumatic or hydraulic equipment shall be as necessary to meet the 
performance requirements of this Specification for the pneumatic or hydraulic device. 

16.6.2 TESTING 

All tests shall be conducted according to the latest revisions of the specified ASTM test 
procedures, unless otherwise specified.  All resilient, natural rubber mounts and elastomeric 
truck suspension components shall be tested in accordance with the procedures outlined for 
elastomers in this section.  The results of the testing shall be submitted to the JPB concurrent 
with drawing submittals. 

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 each batch of material 
produced for this contract.  If the compound or cure, or both, are changed during the production 
of material for any batch, at least one test of each type shall be made for each different batch. 

When testing the 6-inch by ½-inch (152.4 mm by 12.7 mm) ASTM “dumb bell” type test 
specimen (or smaller, 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 (10.3-
MPa) and elongation shall be a minimum 275 percent.  The tensile strength of the elastomer 
shall not be reduced more than 25 percent when subjected to accelerated aging by the methods 
specified in ASTM D573 for a period of 96 hours in an air oven at 158°F (70°C). 

The ozone resistance of the elastomer shall be tested in accordance with ASTM D1149 using 
an ozone concentration of 100 pphm, an exposure time of 100 hours at 100°F (38°C), and a 
specimen elongation of 20 percent.  The elastomer shall not exhibit any cracks during the test 
period. 
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16.6.3 LIFE EXPECTANCY 

For all parts made by vulcanizing an elastomer to metal, any premature failure (less than six 
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 Technical Specifications, shall be 
considered as having been caused by defect of materials or workmanship. 

16.6.4 METAL PARTS 

Except for internal brake valve components, metal parts to which elastomeric material is 
vulcanized shall be made of SAE 1020 or 1045 hot-rolled steel. 

16.6.5 BONDING 

The joining of elastomeric pieces shall be by the hot vulcanization process.  Adhesive bonding 
of elastomers will not be allowed.  For all parts consisting of elastomers bonded to metal, the 
strength of the elastomer-to-metal bond shall exceed the tensile strength of the elastomer when 
tested in accordance with method A of ASTM D429. 

16.6.6 TRUCK PARTS 

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. 

The compression set for elastomers used in truck assemblies shall be less than 10 percent 
when measured in accordance with ASTM D395, method B, for 22 hours at 158°F (70°C) in air 

The thickness and hardness of elastomers used in truck assemblies and other applications 
subjected to water shall not vary by more than 5 percent when measured in accordance with 
ASTM D395, Method B, with test conditions of ASTM D3137, 96 hours at 185°F (85°C).  The 
liquid medium shall be water. 

16.6.7 SEALS 

Glazing strips shall be of neoprene conforming to ASTM C542, or approved equal material. 

All door mating edges, door and window seals, and glazing strips shall be of neoprene material.  
The durometer hardness measured with a Shore Type “A” durometer at temperatures between 
70°F to 90°F (21°C to 32°C) shall be 70 +/- 5, unless otherwise approved by the JPB. 

16.7 GLAZING MATERIAL 

16.7.1 SAFETY GLASS 

16.7.1.1 General 

Safety glass shall meet the requirements under Item 1, Table 1 of ANSI Z26.1, “American 
National Standard for Safety Glazing Materials for Glazing Motor Vehicles and Motor Vehicle 
Equipment Operating on Land Highways – Safety Code,” and 49 CFR 223 Type I or II Test as 
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appropriate for the application.  Safety glass installation shall meet 49 CFR 238 Type I or II 
Test, as appropriate for the application.  All safety glass shall be of the laminated type. 

16.7.1.2 Material Physical Properties 

Laminated safety glass shall conform to the following material properties. 

16.7.1.2.1 Flatness 

When an individual light of glass is laid on a truly flat surface such as a surface plane, the glass 
shall not indicate a bow of more than 0.030 inch per linear foot (2.50 mm per linear meter) in 
any direction. 

16.7.1.2.2 Dimensional Tolerance 

The overall dimensions of individual lights as supplied shall be held within 0.060-inch (1.6-mm) 
of the dimensions ordered.  The thickness of individual lights shall be held within 5 percent of 
the specified thickness. 

16.7.1.2.3 Color 

The color of the glass shall be as required by the JPB.  When new, there shall be no more than 
+/- 4 percent variation in the color of individual lights of laminated sheet glass when examined 
over a white background. 

16.7.1.2.4 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 light of the same nominal thickness of plate glass when 
viewed against a north light. 

16.7.1.2.5 Optical Distortion 

Optical distortion shall be in accordance with the requirements of Article 5.15 of ANSI Z26.1. 

16.7.1.2.6 Light Transmission 

Average visible light transmission through clear safety glass shall be a minimum of 85%. 

16.7.1.3 Material Quality 

16.7.1.3.1 Foreign Material and Inclusion Defects 

In accordance with ASTM C1172-09e1, the defects are segregated into defects allowed in the 
central area (area formed by an oval or circle whose axes or diameters when centered do not 
exceed 80% of the overall dimension) and outer area (area outside the central area).  The limits 
for these defects are as follows:  

DEFECT CENTRAL AREA: OUTER AREA: 

Gaseous 
Inclusion 

Acceptable if not clustered within 0.500 
in (12.7 mm); max. 0.060 in (15.3 mm) 
dia. or 0.030 x 0.125 in (0.76 x 3.2 mm) 
elongated; max. 3 per window 

Acceptable if not clustered within 0.500 in 
(12.7 mm); max 0.60 in (15.3 mm) dia. or 
0.030 x 0.125 in (0.76 x 3.2-mm) 
elongated; max 3 per window 

Lint Max. 0.125 in (3.2 mm) length;  
Max. 2 per sq. foot (930 sq. cm) 

Max 0.125 in (3.2 mm) length;  
Max 2 per sq. foot (930 sq. cm) 

Dirt & Other 
Contaminants 

Max. 0.060-in (1.5 mm) dia.,  
Min. separation of 24 in (61 cm) 

Max. 0.060 in (1.5 mm) dia.,  
Min. separation of 24 in (61 cm) 
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DEFECT CENTRAL AREA: OUTER AREA: 

Cord 0.250 to 0.500 in (6.4 to 12.7 mm); 
max. 3 per sq. foot (930 sq. cm); 
greater than 0.500 in (12.7 mm) not 
acceptable 

0.250 to 0.500-in (6.4 to 12.7 mm);  
max. 3 per sq. foot (930 sq. cm);  
greater than 0.500 in (12.7 mm) not 
acceptable 

16.7.1.3.2 Fibers and Scratches 

In accordance with ASTM C1172-09e1, the defects are segregated into defects allowed in the 
central area (area formed by an oval or circle whose axes or diameters when centered do not 
exceed 80% of the overall dimension) and outer area (area outside the central area).  The limits 
for these defects are as follows:  

DEFECT CENTRAL AREA: OUTER AREA: 

Hairline Max. 0.500 in (12.7 mm) length  

Max. 2 per sq. foot (930 sq. cm) 

Max. 0.750 in (19 mm) length 

Max. 2 per sq. foot (930 sq. cm) 

Scratch Light: Max. 2.00 in (51 mm) length 

Medium:  Not acceptable 

Heavy: Not acceptable 

Cumulative total not to exceed 6.00 in (152 mm) 

Light: Max. 2.00 in (51 mm) length 

Medium:  Max. 1.00 in (25.4 mm) length 

Heavy:  Not acceptable 

Cumulative total not to exceed 6.00 in (152 mm) 

16.7.1.3.3 Overlap Tolerance 

The overlap of one laminate of the light with respect to the other at an edge shall not exceed 
0.030 inches (0.76 mm) for two-ply laminates, or 0.060 inches (1.5 mm) for 3- or more ply 
laminates.  Corners and burrs shall be ground smooth and all edges shall be treated in 
accordance with ANSI Z26.1, Section 6. 

16.7.1.3.4 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 shall not be used. 

16.7.1.4 Marking 

All safety glass shall be marked with proper identification in accordance with ANSI Z26.1, 
Section 7, and appropriate FRA Type designation per 49 CFR 223.  The window light shall be 
installed such that the identification marking shall be read from the inside lower right hand 
corner. 

16.7.2 PLASTIC GLAZING 

16.7.2.1 General 

This section establishes the material requirements, the manufacturing process, properties, and 
quality assurances for abrasion-resistant plastic glazing materials.  Plastic glazing shall meet 
the requirements under Item 4, Table 1, of the latest revision of ANSI Z26.1, “American National 
Standard for Safety Glazing Materials for Glazing Motor Vehicles and Motor Vehicle Equipment 
Operating on Land Highways – Safety Code.”  The material shall be selected from General 
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Electric Company “Margard,” Atohaas “Tuffak CM-2,” or approved equal, meeting 49 CFR 223.  
The installation shall meet 49 CFR 238. 

16.7.2.2 Material Physical Properties 

Plastic materials used in the glazing of side windows and door windows shall meet the following 
requirements. 

16.7.2.2.1 Strength 

Samples shall be prepared and tested according to 49 CFR 223 and 238 and Test No. 10, 
Article 5.10, of ANSI Z26.1.  Samples shall not shatter or break when subjected to the falling 
dart impact requirements of Test No. 10.  The dart tip shall be no more than 0.50 inch (12.7 
mm) radius.  Denting or marring of the surface of the tested piece in this test is permissible. 

16.7.2.2.2 Light Transmission 

Visible light transmission through clear plastic glazing shall not be less than 85% in 0.125-inch 
(3.2-mm) thickness, 82% in 0.250 inch (6.4 mm) thickness, 80% in 0.375 inch (9.5 mm) 
thickness, and 78% in 0.5 inch (12.7 mm) thickness. 

16.7.2.2.3 Weathering Test 

The plastic glazing material shall pass long arc Xenon lamp Weathering Test No. 16 of ANSI 
Z26.1.  A Type D or E accelerated weathering apparatus conforming to ASTM E42 shall be 
used in this test.  Samples shall be exposed in accordance with ASTM D1499. 

No detectable cracks in the coating shall develop when the specimen is strained 2%.  Stress 
shall be applied by imposing 6,000 psi (41.4 MPa) loading, using a tensile testing machine. 

16.7.2.2.4 Color 

The color of the plastic glazing shall be as required by the JPB.  The materials shall have UV 
stabilizer additives to inhibit fading and loss of properties due to extended exposure to direct 
sunlight.  When new, there shall be no more than 4% variation in the color between lights of 
plastic material of a specified color and thickness, when examined over a white background, 
and measured by the appropriate light transmission or colormeter inspection and test 
instruments. 

16.7.2.2.5 Abrasion Resistance 

Plastic glazing materials shall be silicone-coated on both sides to increase resistance to 
abrasion.  The coated plastic shall meet the following specifications: 

MECHANICAL PROPERTY TEST METHOD REQUIREMENTS 

Abrasion Resistance ANSI Z26.1 ,Test 17 The change in percent haze after 
100 cycles shall be less than 6, 
per Test 17 standards. 

The glazing material supplier shall perform the following test prior to qualification: The plastic 
glazing material, after 300 hours of weatherometer testing, shall pass abrasion resistance ANSI 
Z26.1, Section 5.17.  The foregoing test shall be performed for initial product certification and 
the results provided concurrent with drawing submittal. 
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16.7.2.2.6 Chemical Resistance 

Samples shall be prepared and tested according to Test 19, Article 5.19, of ANSI Z26.1.  The 
exposed fabricated edges of the test samples may be coated with the same material as the face 
surfaces by the manufacturer.  In addition to those chemicals specified in this test, the test shall 
also include, but not be limited to, such cleaning solutions as dilute oxalic acid solution (3% by 
weight), ½ strength Neleco Products Subway Soil Solvent – Parts 1 and 2, and Electrosol.  The 
exposure time of the test shall be increased to one-hour intimate contact with the test chemicals 
on the faces of the test sample.  The contaminants shall be either wiped or sprayed onto the 
coated faces of the test sample.  Any tackiness, crazing or apparent loss of transparency shall 
be cause for rejection.  After immersion, a change in percent haze greater than five, as 
measured by Test 17 on ANSI Z26.1, shall be cause for rejection. 

To produce the specified one-half strength solution of Subway Soil Solvent, parts 1 and 2 shall 
be mixed in the following ratio: 

 Part 1: one gallon (U.S.) (3.8 liters) liquid–acid solution, as received 

 Part 2: two lbs. (0.9 kg) of the crystalline and catalyst mix dissolved in 10 gallons (U.S.) 
(38 liters) of water 

16.7.2.2.7 Adhesion of the Coating Materials 

The abrasion resistant coating materials shall retain adhesion to the substrate materials when 
subjected to Test No. 10, Article 5.10, of ANSI Z26.1.  The coating shall also pass a standard 
cross-cut adhesion test.  This test consists of scribing a grid of four horizontal and four vertical 
1-inch long lines through the coating with a sharp steel blade.  Pressure sensitive tape, Scotch 
Brand No. 335-2, is then pressed firmly over the scribed area and then pulled away at a 90 
degree angle to the sample sheet.  The coating shall pass the test only if no coating is removed 
from the substrate material. 

16.7.2.2.8 Dimensional Tolerance 

The overall dimension of individual units as supplied shall be within 0.030 inch (0.76 mm) of the 
nominal dimension specified.  The thickness of the plastic materials shall be within a tolerance 
of +5%, -0% of the nominal thickness. 

16.7.2.2.9 Flatness 

When an individual light is placed on a truly flat surface, such as a surface plate, the material 
shall not indicate a bow of more than 0.031 inch per linear foot (2.58 mm per linear meter) in 
any direction. 

16.7.2.2.10 Edge Work 

All edges shall be straight and perpendicular to the surface, and shall be sawed or routed and 
reasonably free of burrs in order to prevent cutting of the rubber glazing strips.  Sharp corners 
shall be removed around the entire periphery. 

16.7.2.2.11 Optical Distortion 

Optical distortion of the plastic glazing materials shall be in accordance with Test No. 15, Article 
5.15.2.2, of ANSI Z26.1.  Under the specified procedure, no light and dark patches, existent 
over the entire area, shall appear in the shadow of the unmasked area of the specimen before 
the specimen shall have been moved a distance of at least 14 inches (36 cm) from the screen. 

Protective covering shall be marked to permit orientation of extrusion grain for the most 
favorable results at installation.  This extrusion grain axis shall be horizontal in the installed light. 
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There shall be no detectable cracking of the coating as indicated by fine radial cracks at the 
point of impact when struck with 2½ ft.-lb. (3.4 J) energy from a dart having a ½ inch (12.7 mm) 
radius tip.  The impacted specimen shall be examined for radial cracks visible by transmitted 
light. 

16.7.2.3 Material Quality 

16.7.2.3.1 Allowable Limits for Foreign Material and Inclusion Defects 

SIZE ALLOWABLE LIMIT 

Less than 0.010 inch 
(0.25 mm) 

Allowed without population limit to the extent that they do not 
constitute a severe defect such as clustering 

0.010 to 0.019 inch 
(0.25 to 0.49 mm) 

Up to ten per sq. foot average over the area of the light 

0.020 to 0.05 inch 
(0.50 to 1.28 mm) 

Up to three per sq. foot average over the area of the light 

0.051 to 0.065 inch 
(1.29 to 1.66 mm) 

One per sq. foot average over the area of the light 

0.066 to 0.150 inch 
(1.67 to 3.82 mm) 

One per edge, only in the outer 25% of the light 

0.151 inch (3.83 mm) and above Shall be cause for rejection 

Note: There shall be no black speck clusters of three or more above 0.019 inch (0.48 mm) in a 
1 inch (25.4 mm) diameter circle. 

Defects occurring in those areas of the lights covered by the glazing strips shall not be cause for 
rejection. 

16.7.2.3.2 Allowable Limits for Fibers and Scratches 

FIBER OR SCRATCH 

LENGTH 
ALLOWABLE LIMIT 

Less than 0.060 inch 
(1.52 mm) 

Allowed without population limit to the extent that they do not constitute 
a severe defect such as clustering 

0.060 to 0.125 inch 
(1.52 to 3.18 mm) 

Max. two per sq. foot average over the area of the light 

0.126 to 0.250 inch 
(3.19 to 6.35 mm) 

Max. one per sq. foot average over the area of the light 

Greater than 0.250 inch 
(6.35 mm) 

Not allowed 

Note: Fine scratches which are detectable only when viewed in bright back lighting are 
acceptable. 

16.7.2.3.3 Bubble Limits 

BUBBLE DIAMETER ALLOWABLE LIMIT 
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BUBBLE DIAMETER ALLOWABLE LIMIT 

0.011 to 0.020 inch 
(0.28 to 0.52 mm) 

Max. four bubbles in any 2 inch (50.8 mm) diameter area of glazing material 

0.021 to 0.030 inch 
(0.53 to 0.76 mm) 

Minimum separation of 3 inches (76.2 mm) 

Larger than 0.030 inch 
(0.76 mm) 

Not allowed 

 

16.7.2.3.4 Apparent Run Limits 

Length Allowable Limit 

Less than 0.125 inch 
(3.18 mm) 

Allowed without population limit to the extent that they do not constitute a severe 
defect such as clustering 

0.126 to 0.250 inch 
(3.19 to 6.36 mm) 

Max. four per sq. foot (930 sq. cm) average over areas of light, but not to the 
extent that they constitute a severe defect 

0.251 to 0.500 inch 
(6.37 to 12.70 mm) 

Max. one per sq. foot (930 sq. cm), providing it does not constitute a severe 
defect 

0.501 to 1.00 inch 
(12.71 to 25.4 mm) 

Max. one per edge only in the outer 25% of light area 

1.01 inch (25.5 mm) 
or above 

Shall be cause for rejection 

 

16.7.2.3.5 Orange Peel 

“Orange Peel” in the surface shall be cause for rejection of the material if it exceeds the 
standards established between the Contractor and the JPB prior to manufacture. 

16.7.2.4 Shipping 

The material shall be carefully prepared for shipping and properly protected to prevent damage.  
If a pressure sensitive masking is used, it shall be easily stripped from the material and not 
leave a gummy or sticky residue. 

16.7.2.5 Marking 

Each light shall be marked for identification by the supplier in accordance with the requirements 
of ANSI Z26.1, Section 7, and 49 CFR 223, legible letters 0.1 inch (2.54 mm) high in the lower 
right hand corner as viewed from the inside of the vehicle.  This identification shall be no closer 
than ¾ inch (19 mm) to the edge.  The identification shall give the product name, the 
manufacturer, the serial number, and FRA Type I or II designation.  Marking shall be legible and 
permanent for this application and shall be applied in such a manner so as not to reduce the 
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integrity of the coating.  The light shall be installed so that the marking can be read from the 
inside. 

16.7.3 GLAZING PROTECTIVE FILM 

16.7.3.1 General 

Glazing protective film shall be four-layer, optically transparent, pressure-sensitive polyester film 
tape designed to protect safety glass from intentional vandalism, scratching and etching. The 
film shall be of a high-clarity construction providing a glass-like appearance. 

16.7.3.2 Material Physical Properties 

The multi-layer film shall meet the following criteria when tested in accordance with the 
indicated ASTM test procedures: 

16.7.3.2.1 Thickness 

Film thickness of the total construction shall be a minimum of 19.5 mils (495.3 microns) when 
tested to D3652. 

16.7.3.2.2 Strength 

The strength of the base layer to glass adhesion shall be a minimum of 23 oz./in. (2.52 N/cm) 
when tested to D3330. 

The strength of the layer-to-layer adhesion shall be a minimum of 11 oz./in. (1.21 N/cm) when 
tested to D3330. 

16.7.3.2.3 Light Transmission 

Visible light transmission shall be a minimum of 82% when tested to D1003. 

16.7.3.2.4 Haze 

Haze shall be a maximum of 6.5% when tested to D1003. 

16.7.3.2.5 Optical Clarity 

Clarity shall be a minimum of 93% when tested to D1003. 

16.7.3.2.6 Flammability, Smoke Emission, and Toxicity Requirements 

The protective film shall meet the flammability, smoke emissions and toxicity requirements in 
Section 16.24.  

16.7.3.2.7 Adhesion 

Each layer shall be able to be quickly and easily removed, exposing a fresh protective sheet, 
without disturbing the underlying layers, or the layer-to-window glass bond. The adhesive 
system shall be acrylic and shall not leave a residue when a protective layer is removed. 

16.8 RUBBER FLOOR COVERING 

16.8.1 GENERAL 

The floor covering material shall contain a minimum of 20 percent (nominal, by weight of 
compound) Butadiene Styrene rubber, shall be non-staining, non-discoloring, and 100 percent 
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non-oil extended.  Only high-quality, fine, hard clay shall be used as filler.  The compound may 
also contain dispersed fibers to give dimensional stability and improved skid resistance. No 
whitening (limestone) shall be used in the compound.  The floor covering material shall be free 
from re-ground rubber, natural rubber, PVC or coarse fillers.   

At 68ºF (20°C), the floor covering material shall bend 180 degrees around a ¾ inch (19 mm) 
diameter mandrel without breaking, cracking, crazing, or showing any change in color.  The 
flooring material shall be fully homogeneous throughout and shall meet the requirements of 
ASTM F1344. 

The floor covering material shall be RCA Transit-Floor PGF, NORAPLAN or approved equal. 

16.8.2 PHYSICAL PROPERTIES 

The floor covering material shall meet the following requirements: 

MECHANICAL 

PROPERTIES 
ASTM 

TEST 
REQUIREMENTS 

Hardness D2240 90 ± 5 

Slip Resistance D2047 Min. 0.6 Coefficient of Friction (James Test) 

Abrasion D3389 
≤ 2.5 oz. (70 gram) weight loss (H-18 wheel, 17.6 oz. (500 gram) 
load, 1000 cycles) 

16.8.3 INSPECTION CRITERIA 

16.8.3.1 Thin Skinned Blister 

A thin-skinned blister is a blister which, when finger-pushed, will collapse upon itself.  Any thin-
skinned blisters which exceed the limits listed below shall be cause for rejection of the floor 
sheet. 

THIN-SKINNED BLISTER 

Size Max. 0.030 inch (0.76 mm) high, 0.80 sq. inch (5.16 sq. cm) area with longest 
dimension of 2 inches (50.8 mm). 

Population Max. three blisters in a 12 x 12 inch (30.5 x 30.5 cm) area with only one other blister 
within 3 feet (91.4 cm) of this area. 

Repair Method Using hypodermic needle, apply just enough Super Bond 420 or Bostik 1685 or 
equivalent, compress the blister and bring to a flush surface. 

16.8.3.2 Thick Skinned Blister 

A thick-skinned blister is a blister which, when finger-pushed, will collapse and then return to its 
original condition. 
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THICK-SKINNED BLISTER 

Size 
Max. 0.030 inch (0.76 mm) high, 0.80 sq. inch (5.16 sq. cm) area with longest 
dimension of 2 inches (50.8 mm). 

Population 
Max. three blisters in a 12 x 12 inch (30.5 x 30.5 cm) area, and only one other 
blister within 3 feet (91.4 cm) of this area. 

Repair Method No repair required. 

16.8.3.3 Lump 

A lump is a blister without a void, consisting of solid material. 

LUMP 

Size 
Max. 0.030 inch (0.76 mm) high, 0.80 sq. inch (5.16 sq. cm) area with longest 
dimension of 2 inches (50.8 mm). 

Population 
Max. three 12 inch x 12 inch (30.5 x 30.5-cm) area, and only one other lump within 3 
feet (91.4 cm) of this area. 

Repair Method No repair required. 

16.8.3.4 Hole 

A hole is a defect which is 50 percent or more through the material.  Any holes found in the floor 
sheet shall be cause for rejection of the sheet. 

16.8.3.5 Thin Area 

A thin area is a defect where the sheet is of reduced thickness locally. 

THIN AREA 

Size Max. 0.030 inch (0.76 mm) deep at the lowest point, 3 sq. inches (19.4 sq. cm) with 
the longest dimension of 5 inches (12.7 cm). 

Population Max. one thin area in a 40 x 40 inch (102 x 102 cm) area, and no other thin areas 
within 3 feet (91.4 cm) of this area. 

Repair Method Rub with #00 steel wool to blend this area into the normal thickness material and 
then buff to a normal surface finish. 

16.8.3.6 Color Distribution 

Color distribution is an appearance judgment and shall be subject to the JPB’s review and 
approval.  If the base coloring is not within 5 percent between production runs, or the coloring is 
not consistent over the entire surface, the roll shall be rejected. 
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16.9 WOOD AND PANELS 

16.9.1 PANEL CONTOUR TOLERANCE 

Surfaces exposed to passengers shall not deviate from the specified contour by more than 3/32-
inch in any 36 inch (2.6 mm in any 1 meter) distance.  The slope of any such deviation shall not 
exceed 3/32 inch in 12 inches (7.8 mm in 1 meter). 

16.9.2 LUMBER 

Lumber shall be sugar or black maple, sweet or yellow birch only.  Lumber shall be thoroughly 
air seasoned or kiln dried before using, so as not to have a moisture content of greater than 12 
percent.  Lumber shall be dressed on all surfaces to full dimensions.  Lumber shall be straight-
grained, free from dry rot, knots, checks, and other defects which may impair its strength and 
durability or mar its appearance. 

16.9.3 PLYWOOD 

All plywood shall be manufactured to conform with the requirements of Grade – Structural I of 
the National Bureau of Standards Voluntary Product Standard (American Plywood Association) 
PS 1-95, and then stored under cover.  Scarf or finger jointed panels will not be allowed.  All 
plywood shall be sealed with two coats of an epoxy paint on all edges and cutouts as soon as 
possible after fabrication.  All exposed edges of panels, joints between panels, fastener heads, 
and openings of panels used in areas accessible to moisture shall be water-proofed and sealed 
with an approved coating prior to installation in the car. 

16.9.4 PLYMETAL 

The term “plymetal,” as used in these Technical Specifications, means metal-faced plywood.  All 
plymetal panels shall conform to the following requirements: 

MECHANICAL PROPERTIES 
MINIMUM METAL TO WOOD AVERAGE SHEAR 

VALUE OR 80 PERCENT WOOD FAILURE 

Dry shear 250 lbf/in² (1720 kPa) 

Boil shear, 3 hr. boil, tested wet at room 
temperature 

150 lbf/in² (1030 kPa) 

Soak shear, 48 hr. soak wet at room 
temperature 

150 lbf/in² (1030 kPa) 

Creep or cold flow, under static load for 48 hrs., 
at room temperature 

250 lbf/in² (1720 kPa) 

The melamine-faced panel shall be constructed prior to the melamine-faced metal panel being 
laminated to the plywood core. 
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16.9.5 HONEYCOMB PANELS 

The term “honeycomb panels,” as used in these Technical Specifications, refers to an assembly 
of honeycomb material bonded to melamine-faced metal panels or to metal panels. 

Aluminum honeycomb material shall be commercial grade meeting the requirements of SAE-
AMS-C-7438.   

Stainless steel-faced, stainless steel honeycomb panels shall be constructed as noted below.  
The adhesive bond strength of the honeycomb core to the stainless steel face shall not be less 
than 15-lb/inch (26.3 N/cm) climbing drum strength when tested in accordance with SAE-AMS-
STD-401.  The adhesive bond strength of the integral stainless frame to stainless steel face 
shall not be less than 30-lb/inch (52.6 N/cm) climbing drum strength when tested in accordance 
with SAE-AMS-STD-401.  Stainless steel honeycomb panels shall be tested in accordance with 
SAE-AMS-STD-401 to demonstrate the following requirements: 

MECHANICAL PROPERTIES ASTM TEST REQUIREMENTS 

Flatwise tension (core) C297 330 lbf/in
2
 (2280 kPa) or core failure 

Flatwise tension (frame) C297 600 lbf/in
2
 (4140 kPa) or 80% cohesive failure 

Adhesive shear strength (lapshear) D1002 3,000 lbf/in
2
 (20,700 kPa) or 80% cohesive failure 

No other honeycomb materials will be permitted. 

16.9.6 MELAMINE FACED ALUMINUM 

Melamine-faced aluminum panels shall be constructed by laminating melamine to aluminum 
sheets.  The melamine-impregnated papers shall be directly molded to the aluminum sheets at 
temperatures of no less than 270ºF (132°C) and pressure no less than 1000 psi (6900 kPa).  
The surface characteristics, after manufacture, shall be no less than that required of type GP 
(General Purpose) in the NEMA Standards Publication No. LD-3, latest revision.  The melamine 
and the required binder sheets shall be 0.015 + 0.005 inch (0.38 + 0.13 mm) thick.  The 
aluminum sheets shall not be less than 0.025 inch (0.64 mm) in thickness when used as a 
facing on plywood.  The aluminum sheets shall not be less than 0.081 inch (2.1 mm) in 
thickness when not laminated to a substrate such as plywood.  Aluminum sheets shall be 
properly cleaned by etching, sanding, or other approved process to ensure full, permanent 
adhesion. 

The use of contact adhesives to bond the melamine sheets to the aluminum backing is not 
acceptable. 

The bond between the melamine and aluminum sheets shall, as a minimum, meet the following 
requirements: 
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MECHANICAL PROPERTIES REQUIREMENTS 

Internal Bond (ASTM D952) 2,600 lbf/in
2
 (17.9 MPa) 

Flexural Strength – (S)(ASTM D790) With Grain 26,500 lbf/in
2
 (182.7 MPa) 

Cross Grain 25,300 lbf/in
2
 (174.4 MPa) 

Modulus of Elasticity – (E)(ASTM D790) With Grain 2.8 x 106 lbf/in
2
 (19.3 GPa) 

Cross Grain 3.1 x 10
6
 lbf/in

2
 (21.4 GPa) 

Tensile Strength (ASTM D638) With Grain 22,300 lbf/in
2
 (153.8 MPa) 

Cross Grain 20,300 lbf/in
2
 (140 MPa) 

16.9.7 PHENOLIC COMPOSITE FLOOR PANELS 

“Phenolic-cored panels” shall mean panels constructed of top and bottom fiberglass-reinforced 
phenolic resin matrix skins encapsulating either an isocyanurate closed-rigid cell foam core, 
reinforced with vertical phenolic resin impregnated ribs, or an end-grain balsa core.  The panel 
skins shall be comprised, at a minimum, of 24 oz/square yard (8 N/square meter) bi-axial, and 
8 oz/square yard (2.7 N/square meter) mat laminated on each side of the coring.  The 
corresponding minimum skin thicknesses shall be 0.050 inches (1.27 mm) thick.  

The panel structure shall contain a dense, syntactic, 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.  

The panel shall be manufactured using a sandwich 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.   

The finished, molded panel shall meet the following requirements:  

MECHANICAL PROPERTIES ASTM TEST REQUIREMENTS 

Flexural Properties C393 
For a span of 15-inches (38.1 cm), failure 
load greater than 155 lb/in. (271.5 N/cm) 

16.10 SEAT CUSHION MATERIAL 

16.10.1 GENERAL 

Passenger and cab seat cushion fill material shall be low-smoke, flexible foam constructed of 
inherently fire-retardant materials.  The thickness shall be subject to JPB approval during design 
review.  The material shall have a polymerized homogeneous (free from foreign material) 
cellular structure with a porous surface and open cells.  The cells shall be interconnecting and 
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uniform in size.  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.  
Cushion material shall be properly cured to prevent any objectionable odor. 

16.10.2 PHYSICAL PROPERTIES 

Non-silicone flexible low smoke foam shall be Chestnut Ridge Foam Inc., CR Safguard XL or 
approved equal and shall meet the following physical property criteria when tested without 
upholstery material: 

MECHANICAL PROPERTIES ASTM TEST REQUIREMENTS 

Tensile Strength D3574 Test E 12.0 lbf/in
2
 (82.7 kPa) minimum 

Elongation D3574 Test E 150% minimum 

Compression Set at 50% D1056 Maximum 10% 

Flex Fatigue D1055 Thickness loss 5% maximum 

Tear Strength D3574 Test H 2 lbf/in
2
 (13.8 kPa) 20% minimum 

Silicone foam shall be MTI Global Inc., Magnafoam™ or approved equal and shall meet the 
following physical property criteria when tested without upholstery material: 

MECHANICAL PROPERTIES ASTM TEST REQUIREMENTS 

Tensile Strength D3574 Test E 15 lbf/in
2
 (103.4 kPa) minimum 

Elongation D3574 Test E 100% minimum 

Compression Set at 50% D1056 Maximum 5% 

Flex Fatigue D1055 Thickness loss of 5% maximum 

16.11 SEAT UPHOLSTERY MATERIAL 

16.11.1 CLOTH FABRICS 

16.11.1.1 General 

Where specified or permitted, 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 two (2) percent in either the warp or 
weft direction. 
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16.11.1.2 Physical Properties 

16.11.1.2.1 Wool/Nylon Blend 

Wool/nylon blend seat upholstery material shall be subjected to the physical tests of textile 
products required by the latest revision of the following ASTM methods, and the results shall not 
be less than the following values: 

MECHANICAL PROPERTIES ASTM TEST REQUIREMENTS 

Fabric Weight D-3776 15.5 oz/sq yd (5.2 N/sq m) without back coating 

Fabric Count D-3775 
Warp – (ends) 88 epi 

Weft – (picks) 40 to 72 ppi 

Breaking Strength and Elongation D-5034 
Warp – 200 lbs. (890 N) 

Weft – 200 lbs. (890 N) 

Tear Strength (Tongue) D-2261 
Warp – 20 lbs. (89 N) 

Weft – 20 lbs. (89 N) 

Color Fastness D-3597 

Water – Class 4 min. 

Solvent – Class 4 min. 

Crocking – Class 4 min. 

Light – Class 4 min. 

Martindale Abrasion Test D-4966 20,000 cycles – no breaks 

16.11.1.2.2 Flame Resistance Polyester 

Flame resistant polyester seat upholstery material shall be subjected to the physical tests of 
textile products required by the latest revision of the following ASTM methods, and the results 
shall not be less than the following values: 

MECHANICAL PROPERTIES ASTM TEST REQUIREMENTS 

Fabric Weight D-3776 12 oz/sq yd (4 N/sq m) without back coating 

Fabric Count D-3775 
Warp – (ends) 88 epi 

Weft – (picks) 40 to 72 ppi 

Breaking Strength and Elongation D-5034 
Warp – 270 lbs (1201 N) 

Weft – 200 lbs. (890 N) 

Tear Strength (Tongue) D-2261 
Warp – 20 lbs (89 N) 

Weft – 20 lbs (89 N) 

Color Fastness D-3597 

Water – Class 4 min. 

Solvent – Class 4 min. 

Crocking – Class 4 min. 

Light – Class 4 min. 

Martindale Abrasion Test D-4966 20,000 cycles – no breaks 
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16.11.2 FABRIC BACKED VINYL 

16.11.2.1 General 

Where specified or permitted, vinyl used for seat upholstery shall be made of woven 
transportation grade fabric-backed vinyl with a minimum weight of 24 ounces per square yard 
(8 N per square meter). 

All exposed surfaces of the existing and new seat upholstery material and plastics shall be 
coated with the recommended amount of an anti-graffiti material such as Penatone “Barrier 
Coating”, or approved equal. 

16.11.2.2 Physical Properties 

The woven transportation grade fabric backed vinyl shall be tested to meet all of the following 
physical tests for textile products from the Federal Test Method Standard No. 191, latest 
revision.  Values shown are minimum allowable for testing in both warp and weft directions. 

MECHANICAL PROPERTIES TEST REQUIREMENTS 

Tensile Strength CFFA-700-17 
Machine Direction – 110 lb. (490 N) 
Cross Direction – 100 lb. (445 N) 

Seam Strength ASTM D751 
Warp – 85 lb. (379 N) 
Weft – 70 lb. (312 N) 

Tear Strength (Trapezoid) CFFA-16C 
Warp – 19 lb. (85 N) 
Weft – 16 lb. (72 N) 

Colorfastness – 200 hrs 5660 No change 

Adhesion of Coating ASTM D751 
Warp – 5 lb. (23 N) 
Weft– 4 lb. (18 N) 

Crocking CFFA-7 Good – minimum 

Abrasion Resistance - #8 Cotton 
Duck 

CFFA-1A 
250,000 double rubs, no wear through of 
vinyl 

Abrasion tests on this material shall satisfy the requirements of Federal Specification 
CCC-C-700F, Class 2 Option (b), Treatment a.1.  All test procedures and testing data shall be 
submitted to the JPB at the time of seat drawing submittal. 

16.12 FIBER REINFORCED PLASTIC (FRP) 

16.12.1 GENERAL 

Fiber-reinforced plastic (FRP) shall be a laminated, engineered material, consisting of a 
combination of reinforced fibers in a thermoset polymer resin matrix, where the reinforcement 
has an aspect ratio that enables the transfer of load between fibers, and the fibers are 
chemically bonded to the resin.  FRP shall withstand, without any physical deformation or 
structural damage, the specified operating environmental conditions, and be resistant to acids, 
alkalies, and cleaning solutions recommended by the Contractor and approved by the JPB for 
this equipment. 

FRP shall be manufactured by a hand layup open molding, vacuum infusion, or matched die 
molding process.  Production techniques shall ensure that the glass fiber reinforcement is 
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uniformly distributed throughout the final product in such a manner as to avoid resin-rich or 
resin-starved sections.  An analysis shall be provided to confirm that the proposed construction 
method and laminate structure are adequate for the intended purpose and meet the strength 
requirements provided in these Technical Specifications. 

FRP parts shall have a sufficiently greater thickness at attachment points. 

16.12.2 CONSTRUCTION 

16.12.2.1 Resin 

The resin shall be a good commercial grade, thermosetting matrix selected to meet the physical 
properties of the Technical Specifications and molding process requirements. 

16.12.2.2 Reinforcement 

The fiber reinforcement shall be mat, fabric, woven roving, continuous roving, spun roving, or 
swirl mat as required to meet the physical properties of the Technical Specifications and the 
molding process requirements.  The glass content shall be confirmed through testing to ASTM 
D2584. 

16.12.2.3 Gel Coat 

A gel coat shall be provided on all finished surfaces of FRP.  The gel coat shall be resistant to 
scuffing, weather, and cleaning agents.  The gel coat shall have a minimum thickness of 0.016 
inch (0.41 mm) and a maximum thickness of 0.030 inch (0.76 mm).  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 manufacturer’s recommendations.  If the FRP panel does not receive paint, 
then the gel coat shall be pigmented to match the color scheme selected by the JPB. 

16.12.2.4 Appearance Criteria 

Finished gel coated surfaces shall have a minimum gloss value of 85 when measured with a 60° 
glossometer.  Additionally, the gelcoated surface shall exhibit no print-through of the 
reinforcements or have any appreciable orange peel.  Orange peel shall be evaluated by a 
distinctness of image (DOI) meter with the gelcoated surface having a minimum DOI value of 
80.  As an alternate to the DOI meter, the gelcoated surfaces may be compared to the ACT 
Laboratories Orange Peel Standards, meeting a minimum criterion of 8. 

16.12.2.5 Additives 

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, flammability, and smoke emissions requirements of these Technical Specifications. 

16.12.3 STRENGTH REQUIREMENTS 

Independent laboratory test reports shall be provided confirming that the production laminate 
structure complies with the requirements of the following standards.  The sample tested must be 
from a final production part and not simply the base laminate material.  Test specimens shall be 
conditioned in accordance with ASTM D618. 
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Minimum Requirements – Interior Non Load-Bearing Components 

Mechanical Properties ASTM Test Minimum Requirements 

Tensile Strength D638 10,000 psi (69 MPa) 

Compressive Strength D695 18,000 psi (125 MPa) 

Flexural Strength D790 15,000 psi (104 MPa) 

Impact Strength D256 6 ft-lb per inch (321 J/m) of notch 

Hardness D2583 45 Barcol 

 

Minimum Requirements – Exterior or Load-Bearing Components 

Mechanical Properties ASTM Test Minimum Requirements 

Tensile Strength D638 18,000 psi (125 MPa) 

Compressive Strength D695 24,000 psi (166 MPa) 

Flexural Strength D790 30,000 psi (207 MPa) 

Impact Strength D256 8 ft-lb per inch (428 J/m) of notch 

Hardness D2583 45 Barcol 

16.13 THERMOPLASTIC SHEET 

16.13.1 GENERAL 

Thermoplastic sheet used in the construction of this vehicle shall withstand, without any physical 
deformation or structural damage, the operating environmental conditions and shall be resistant 
to Caltrain cleaning solutions.  Thermoplastic sheet shall be used as extruded or vacuum-
formed and shall not contain plasticizers in polymer blend. 

Thermoplastic sheet shall be homogeneous and extruded from virgin stock which does not 
include any regrind of vacuum formed parts.  The exposed surface of this material shall conform 
to the color, texture, and gloss characteristics of the approved color scheme.  Only UV stabilized 
pigments shall be used to create the specified color of the thermoplastic sheet.  Upon approval 
of the JPB, the surface finish requirements may be met through the use of a film that is applied 
to the thermoplastic sheet prior to thermoforming.  The color and surface finish of parts 
manufactured from this material shall be approved prior to the production run of any parts. 

16.13.2 MATERIAL QUALITY 

The finished parts shall be free of waves and quilting on both sides.  Degraded polymer in the 
sheet shall not be allowed and, if present, shall be cause for rejection of the piece.  Voids, 
lumps, and contamination shall also be cause for rejection of parts if the defects are larger than 
0.010 inch (0.26 mm) and the population of these defects is greater than one defect in 4 square 
feet (3720 cm2). 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS 34 (Conformed 6/22/2016) 

Section 16 – Materials And Workmanship 

16.13.3 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. 

MECHANICAL PROPERTIES 
ASTM 

TEST 
REQUIREMENTS 

Specific Gravity D792 1.30 to 1.6 

Tensile Strength D638 
3,300 lbf/in

2
 (23 MPa) 

minimum 

Elongation D638 50 percent 

Flexural Strength D790 
6,000 lbf/in

2
 (42 MPa) 

minimum 

Flexural Modulus D790 3.3 x 10
5
 lbf/in

2
 (2280 MPa) 

Hardness Rockwell “R” Scale D785 90 to 110 

Heat Shrinkage -15 minutes at 350ºF (177°C) ------ 

10 percent maximum in 
machine direction 
5 percent maximum in 
transverse direction 

Heat Deflection (annealed) @ 264 lbf/in
2
 (1.9 MPa) D648 192ºF (89°C) minimum 

Impact Strength Fabricated Parts Gardner 
Dart Drop 0.5-inch diameter ball: 

at 73°F (23°C) 

D5420 

320 in-lb (2833 N-m) minimum 

at -20°F (-29°C) 80 in-lb (709 N-m) minimum 

16.14 PIPING AND TUBING 

16.14.1 GENERAL 

Pressure piping valves, fittings, installation methods, and testing shall be in accordance with the 
Code for Pressure Piping, ANSI B31.1.  All joints shall be easily accessible. 

Following installation, all piping systems shall be cleaned to remove dirt, metal chips, oily 
contamination, and moisture.  After cleaning, all piping systems shall be pressure tested in 
accordance with the latest edition of the Code for Pressure Piping, ANSI B31.1.  All leaks shall 
be repaired and the system re-cleaned and retested until leak-free. 

Pipes shall 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 percent of the pipe’s fatigue endurance 
limit.  Pipes and their connections shall not interfere with the removal of other components.  
Pipe routing and support shall be planned and shall be accomplished in an efficient, organized 
manner to keep the total length and number of fittings and bends to an absolute minimum.  All 
changes in direction accomplished by bending the pipe to a radius of not less than that indicated 
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by AAR Specification No. 2518, Standard S-400.  Direction-change fittings shall not be 
permitted in the trainline brake pipe or in the brake cylinder pipe(s).  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 dynamics and vibration, and thermally-induced movement.  The 
minimum clearance shall be ⅛ inch (3.2 mm). 

At all locations where pipe or tubing passes through holes in the floor, bulkheads, structure, or 
any fixed member, it shall be rigidly clamped to protect against possible damage or noise due to 
bearing, abrasion, or car dynamics-induced rattling; and it shall also be fire-stopped, as 
approved by JPB.  Clamps shall not be welded, brazed or otherwise permanently fastened to 
any pipe or tubing.  Pipe and tubing interfaces with clamps shall be insulated with an 
elastomeric or woven non-asbestos mineral fabric tape to protect and sound- and vibration-
insulate the pipe or tubing. 

Wherever carbody piping interfaces with vibration-isolated rotating equipment such as the air 
compressor and air conditioning compressor/condensing unit, approved flexible vibration 
eliminators shall be used.  The pipe connection at the downstream end (furthest from the 
vibrating component) of the flexible elements shall be rigidly clamped no farther than 2 inches 
(50.8 mm) from the flexible elements.  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.  All clamps shall be of a suitable material for the 
application. 

16.14.2 AIR PIPING, TUBING, AND FITTINGS 

The main reservoir pipe and brake pipe shall conform to ASTM A53 Schedule 80, seamless 
pipe.  Type “K” copper tube per ASTM B88, latest revision, may also be used, provided it is 
installed no lower than 2 inches (50.8 mm) below the floor sheet or structural member and is 
protected by means of equipment or approved steel guards from any potential impact damage 
from rail debris, especially in the truck and outboard of the bolster areas.  Where suitable 
protection in damage-prone areas is not possible or practical, approved steel piping sections 
shall be provided.  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 ⅞ inch (22.3 mm) 
O.D. 

All air pipes shall be sized in accordance with the function intended and may be either ASTM 
A53 Schedule 80 pipe, or seamless copper tubing as described previously.  All joints for copper 
tubing shall utilize fittings of wrought copper or non-porous cast brass in accordance with ANSI 
B 16.22 and B 16.18. 

Where ASTM A53 piping is provided, its application shall also comply in all respects to AAR 
Specification No. 2518, Standard S-400.  Approved copper tube shall also comply with relevant 
requirements of AAR Specification No. 2518. 

All 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. 

All air hoses shall conform to the requirements of AAR Specification M-601 and AAR 
Specification M-618 with AAR-approved reusable fittings conforming to the requirements of AAR 
Specification M-927. 

All cut-out cocks shall be of the vented type, except where function prohibits same. 
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Air piping on the trucks shall be flexible hose as specified above.  Low spots (traps) are 
prohibited.  Truck air lines shall not be run on the bottom of truck side frames, transom, or 
bolster. 

Where steel piping is used, all connections and joints where disassembly for service may be 
required shall utilize swivel-type, butt-welded flange fittings with an “O” ring type seal.  The use 
of threaded or compression fittings is prohibited. 

16.14.3 AIR CONDITIONING SYSTEM PIPING, TUBING AND FITTINGS 

Air conditioning refrigerant lines and condensate drain lines shall be of seamless copper tubing, 
ASTM B88 type “K,” with wrought copper-sweat type fittings.  Tubing per ASTM B280 may be 
used only in car interior installation, and with the approval of JPB.  Joints shall be kept to a 
minimum and all inaccessible runs of tubing shall be without joints.  Piping supports shall meet 
the criteria established under ANSI B31.5, and, for horizontal runs shall be spaced no greater 
than 24 inches (61 cm) and supports for vertical runs shall be spaced no greater than 48 inches 
(122 cm).  Finned tubing in evaporators and condensers shall be copper.  Instead of elbows, 
tubing may be bent utilizing a bending tool designed specifically for bending of the application 
tubing. 

Suction lines shall be designed and installed without traps.  The suction line shall be sized for 3-
psi (gauge) (21 kPa) maximum system pressure drop, and the liquid line shall be sized 
adequately to prevent flashing due to pressure drop. 

Lines subject to collecting condensation shall be insulated with an approved insulation, applied 
with an approved contact cement.  The liquid line shall be insulated in all areas where required 
to provide additional mechanical and thermal protection.  Insulation at all joints and fittings shall 
be mitered and sealed with an approved material.  The insulation, adhesive, and sealant shall 
meet the requirements of the Technical Specifications for thermal, smoke emission, and 
flammability performance. 

All piping and pipe subassemblies shall be de-burred, cleaned, dried, and capped with tight 
fitting plastic caps (or approved equal) on all openings after fabrication.  Caps shall remain in 
place until immediately prior to incorporation into the final assembly. 

Vibration eliminators shall be used in piping connections to the compressor.  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. 

16.14.4 BRAZING AND SOLDERING OF PIPING, TUBING AND FITTINGS 

All refrigerant piping and air system copper tubing shall be joined using silver solder conforming 
to AWS B2.2, BAg-5 or BCuP-5.  Refrigeration piping and tubing shall be internally swept with a 
continuous flow of a non-oxidizing gas such as dry nitrogen during brazing.  Condensate drain 
tubing shall be joined using 95-5 solder, or silver solder as above.  Solder joints shall be wiped 
and have flux cleaned from tubing and fittings after soldering.  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 procedure prepared for each by the Contractor and approved 
by the JPB prior to assembly on the cars.  Identification of the flushing solution is to be included 
as part of this procedure. 
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16.15 PRESSURE VESSELS 

All pressure vessels shall conform to the latest revision of Sections VIII and IX of the ASME 
Boiler and Pressure Vessel Code.  Test reports shall be furnished for each pressure vessel, and 
each pressure vessel shall be stamped to record the test. 

16.16 WIRE AND CABLE 

The Contractor’s design and construction shall ensure that a minimum number of wire types and 
sizes shall be used in the vehicle. 

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, and NEC standards; however, in no case shall the properties of 
the wire and cable be less than those properties delineated in the Technical Specifications.   

Extra-fine wire stranding shall be utilized on applications subject to repetitive motion. 

All wire and cable shall comply with the fire, smoke and toxicity requirements of Section 16.24. 

All applications of shielded cable shall be subject to JPB approval. 

The Contractor and each manufacturer of equipment through the Contractor shall submit to the 
JPB samples (at least 12 inches (30.5 cm) long), specifications, and three copies of qualification 
test reports from an independent laboratory of each size and type of wire and cable specified 
before utilizing said wire and cable. 

16.16.1.1 High Voltage Cable 

Cable used on high voltage lines such as the pantograph connection shall require special 
construction to meet UL and NEMA requirements for the voltage levels at which the cable will 
be used.  The cable construction is subject to approval by the JPB.  High voltage cable shall be 
suitable for operation on the nominal 25 kV, 60 Hz, grounded service.  The cable insulation shall 
meet the NEMA 113% insulation level, however, it shall have a minimum rating of 30 kV to 
ground. 

The conductor shall consist of soft annealed tinned copper wire conforming to the physical and 
electrical requirements for conductors as outlined in the ASTM Specification B33.  Stranding 
and conductor construction shall be in accordance with AAR Standards S-501 and S-502 (No. 
589), and NEMA WC 70 table L-3, Class C. 

A suitable non-conducting stress control layer in accordance with NEMA WC 70, Section 
2.7.1.2, shall be applied between conductors and insulation.  An additional stress control layer 
may be applied over the insulation. 

A shield shall be included per NEMA WC 70.  It shall be a tinned copper wire braid conforming 
to ASTM B33.  The shield coverage shall be no less than 90% with #34 AWG shield strand size.  
The shield shall be covered with a fabric tape. 

The insulation shall be Ethylene-Propylene, or equivalent.  The thickness of the insulation to be 
furnished is to be specified in terms of average thickness and minimum thickness required. 

The cable jacket shall consist of a cross-linked polyolefin material, or equivalent. 

A cable construction diagram shall be furnished with the complete specification of the cable 
proposed.  This shall include the overall dimensions of the cable and its physical and electrical 
properties. 
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The cable insulation shall comply with the general requirements of AAR Standard S-501 and the 
following additional requirements: 

a) Smoke density compliance (utilizing ASTM test method: E 662):  The specific optical 
density (Ds) at four (4) minutes shall not exceed:  

 On a flaming test, 200  

 On a non-flaming test, 75 

b) Insulation resistance (utilizing ASTM standard D 470): The minimum value, corrected to 
a temperature of 15.6°C, shall be 600 megohms for 1000 feet. 

c) Heat distortion compliance (utilizing ICEA test method S-66-524, ¶ 6.4.14 @ 150°C,  
+ 2°C, maximum percent of unaged value): 4/0 AWG and smaller 20%. 

d) Moisture absorption gravimetric (ASTM test method standard: D470) @ 70°C, + 2°C, for 
168 hours:  Max milligrams / 8in². 

e) Moisture absorption electrical (ICEA test method: S-66-524); allowable increase in 
capacitance, maximum percent: 

 1-4 days, 3.0% 

 7-14 days, 1.5% 

 Stability factor after 14 days, 1.0% 

 Stability factor difference: 1-14 days, maximum 0.5% 

 SIC (1-day maximum), 6.0% 

f) Ozone destruction resistance (utilizing ICEA test method S-19-61, ¶ 6.8): 

After 24 hours exposure to an ozone concentration of 0.03% by volume at 90°C, + 2°C, 
there shall be no insulation cracks. 

g) Corrosion resistance (as per ASTM Standard D 2671-Copper mirror).  The test 
specimen shall be approx. 0.4 grams of insulation cut into small pieces.  After a test 
period of two (2) hours at 175°C, + 2°C, the removal of more than 5% of the copper film 
constitutes a failure. 

h) Abrasion resistance (as per AAR Standard S-501, ¶ 5.9.6). 

i) Minimum bend radius: AWG No. 2 = 9.0 inches; AWG No. 4/0 = 11 inches 

16.17 WIRING 

All car wiring shall be in conformance with Chapter 3 of NFPA 70, National Electric Code, and 
the AAR Manual of Standards, Section F S-538, “Wiring Practice and Rolling Stock Standard,” 
except where otherwise specified and except that all wire shall be as required in the Technical 
Specifications.  Circuit protection shall be in conformance with Chapter 2 of NFPA 70, Article 
240. 

16.17.1 WIRE HANDLING 

When removing insulation, wire strands shall not be nicked or broken in excess of the limits of 
IPC-A-620 Class 2. 
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16.17.2 WIRING LAYOUT AND INSTALLATION 

16.17.2.1 Wire Harness 

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.  Wiring shall be pre-fabricated 
into standard harnesses, wrapped or tied with spiral wrap or ty-wraps.  Harnesses shall be 
installed with identical arrangement and location in each car having similar equipment.  
Separate harnesses shall be provided for major circuit groups or types, or as required for 
specified circuit separation.  All circuits and branches shall be separated by means of terminal 
boards to isolate portions from others for troubleshooting and searching for undesired grounds.  
All circuits subject to periodic high potential tests shall be so arranged that they can be 
conveniently set up for the tests.  No exposed wiring within the interior of the car shall be 
permitted. 

Alternative methods for fabricating and installing wiring which are standard Contractor practice 
shall be subject to JPB approval. 

Harnessed wires shall not be installed in conduit.  Wires from different conduits or other 
openings shall not be harnessed together with wires running within the box or entering the box 
through another entrance point.  Each harness or group of wires between equipment enclosures 
shall contain a minimum of 10 percent spares, but no fewer than two spares for each wire size.  
All spares for all wiring shall be submitted for approval by the JPB.  All spares shall be installed 
in connectors or terminal boards. Other means shall be subject to JPB approval. 

16.17.2.2 Circuit Separation 

Circuits shall be physically separated to reduce the possibility of unsafe conditions, interference, 
or equipment damage. 

The following major circuit groups shall not be harnessed or bundled together: 

 High voltage ac circuits 

 High voltage dc circuits 

 Auxiliary system level ac circuits 

 Communication and Network circuits 

 Signal system circuits  

 Battery voltage level circuits 

 Semiconductor gating voltage level circuits 

 Wires which are connected in circuits with potentials differing by 50 volts or more 

 Any others, as required by the EMC plan 

Wires shall be separated by physical barrier, by distance or by use of shielded cable to achieve 
electromagnetic compatibility.  

Where a raceway, duct, junction box, or enclosure is divided into two or more distinct areas by 
metallic partitions, each area may be considered separately in this application. 

Where apparatus intrinsically brings together wires at different voltages in the same equipment 
enclosure, the wires shall be physically separated, bundled, and secured separately such that 
physical contact between wiring is not possible.  All wiring within an enclosure shall be insulated 
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for the highest voltage in the enclosure.  All wiring connected to apparatus shall be insulated for 
the highest voltage connected. 

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, network circuits, communication circuits or positive train 
control circuits.  In cases in which adequate physical separation is impossible, shielded wire 
shall be used for all conductors involved. 

16.17.2.3 Wire and Cable Runs 

Wire runs shall be continuous and unbroken between connection points, shall be supported at 
no greater than 24 inches (61 cm) spacing, and shall be protected at each support point against 
mechanical crushing and abrasion.  A waterproof bushing and drip loop shall be provided on all 
exposed cable entries.  All cable bundles and wires shall be physically supported and shall not 
be in contact with the bottom of equipment enclosures. 

All undercar wiring smaller than AWG No. 6 shall be run in closed wire ducts, conduits, or open 
wire mesh wireways in an approved manner.  Securing undercar wiring harnesses not enclosed 
in groups to the bars via ty-wraps is not an acceptable practice. Wire and cable shall be secured 
within ducts or open wireways, including each entrance and exit point, to prevent chafing and 
movement.  Wire ducts and conduits shall be of waterproof construction.  Permanently retained 
waterproof 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.  In addition, strain relief bushings on equipment enclosures shall include 
a permanently retained O-ring type seal. 

Lead wires to electrical apparatus and equipment enclosures shall be run in solid or flexible 
conduit (as appropriate) connected to the apparatus or enclosure. 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.   

Any 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 at such points of passage. 

Cables shall be laid in place with sufficient slack at the bends so that cables will clear the inside 
bend surface of the wireway/wire duct. 

All wire and cable shall be free of kinks, insulation damage, insulation abrasions, and nicked 
strands.  Wire installation shall not be subject to accumulations of water, oil, or other foreign 
matter. 

Wires or cables shall not pass through or over the battery compartment and shall not pass over 
heat-generating equipment such as acceleration and braking resistors, even if the wires or 
cables are in conduit. 

Exposed harnesses, short cable runs, and harnesses entering or leaving exposed raceways 
shall have approved, fire-resistant, flexible dielectric sleeving installed over the raceway edges 
and grommet-type insulation at penetration holes.  Wiring shall be retained to the sleeving with 
ty-wraps. 

16.17.2.3.1 Cable and Cleating Support 

All cable and wiring exiting wireways/wire ducts, and that which is not installed in conduit, shall 
be cleated using split-block cleats of molded neoprene rubber with clamp stops to prevent over 
compression of wire insulation.  Cables shall be cleated and bushed when passing through 
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bulkheads and structural members.  The cushioning neoprene shall be non-conductive, fire-
retardant insulating material with a durometer of 50 to 60 meeting the requirements of Section 
16.6.  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.  Cleat bolts shall have lock nuts.  The Contractor shall minimize the number of different 
configurations of cable cleats. 

AWG No. 6 or larger insulated wire may be cleated in place without conduit, duct, or open 
wireway; however, in areas over the truck in the wheel wash, not protected by underfloor-
mounted equipment, the wire shall be mechanically protected by an open mesh, 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 by other approved arrangement. 

Cleats shall be designed to grip each cable individually and firmly, but without causing damage 
to cable insulation, including insulation cold flow.  Each cable in the cleat shall have its own 
cutout sized to the correct wire diameter.  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. 

Wire and cable runs shall be continuous and unbroken between terminations and shall be 
secured at not greater than 24 inch (61 cm) intervals in ducts and open wireways.  Wires that 
are cleated shall be supported at not greater than 20 inch (51 cm) intervals.  The wire shall be 
protected at each support point from mechanical crushing and abrasion. 

Wire splices shall not be permitted, except with express written approval by the JPB on a case-
by-case basis, and in accordance with the wire splicing requirements of Section 16.18.7.3. 

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 access panels.  It shall not be necessary 
to disconnect or disassemble conduit to accomplish this task. 

Wiring run in looms shall not be carried over potential chafing hazards. 

Wires entering any removable group or box shall be harnessed and secured to facilitate removal 
of the group or box. 

All wires and cables shall be fully protected against contact with any surface other than that 
designed specifically to support or protect them.  This applies to all current-carrying wires, 
cables or buses on the vehicle. 

16.17.2.3.2 Wire Securement and Termination 

Wiring and cabling shall be readily accessible for inspection and maintenance. The contractor 
will provide a comprehensive wire running list, listing all connections and terminations. 

All wiring shall be secured and protected against movement, chafing, and contact with 
conductive, sharp, or abrasive objects, including the inside surfaces of wire runs. 

All wiring shall be located and secured such that normal equipment motion, maintenance 
access, heat sources, and the environment do not damage or reduce the life of the wiring. 

Junction boxes with terminal boards shall be used, as required, for wire terminations.  Harness 
connections to the boxes, as well as internal wiring to terminal boards, shall be as specified in 
Section 16.18.3.  Exterior junction boxes shall be weather-proof. 

In cases where it is necessary to anchor wires or cables to metallic parts of the car, cleats or 
approved stainless steel bottle clamps shall be used.  Wires and cables shall not be allowed to 
chafe or rub against any part of the car or each other. 
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Wire and cable dress shall allow for sufficient slack at equipment terminals to provide for 
movement induced by shock and vibration, equipment shifting, alignment, cover removal, and 
component replacement.  Sufficient lengths shall be provided at points of termination for 
additional reterminations without applying tension to the wire and without splicing as given in the 
following table: 

Wire Size Number of Reterminations 

AWG No. 8 and Smaller Three 

AWG No. 6 and Larger Two 

A drip loop shall be provided on all exposed wires and cables to prevent fluid runoff into 
connected equipment. 

Spare wires which are part of a wire harness shall be bundled separately inside of the 
equipment box to which the harness is being terminated. Spare wires shall have sufficient 
length to reach any location within the box, including sufficient slack for the required number of 
reterminations. The spare wire “break-out” bundle may be ty-wrapped to the main harness, but 
shall be easily removed from the main harness without disassembling same. The ends of the 
spare wires shall be insulated against inadvertent contact with any nearby conductive surfaces 
or terminals. 

Wire-tying devices shall be of such material and construction that they will adequately retain the 
wires for the life of the wiring and shall be resistant to ozone and ultraviolet light.  Wire and 
cable ties shall be trimmed and located to eliminate any hazard to personnel from sharp edges.  
Wire-tying devices shall be snug, but shall not be so tight as to cause indentation and cold flow 
damage to insulation.  Wire-tying devices shall be mechanically fastened to a permanent 
structure.  Adhesive-installed mounting bases shall not be used for ties or for cable support. 

All wire bundles and cables within an enclosure shall be supported by the use of tape rails, shall 
be spaced away from the equipment box structure, metal edges, bolt heads, and other 
interference points, and shall have electrical clearance from the covers, regardless of the 
insulation properties of covers.  Wire bundles shall be located above or alongside the apparatus 
rather than at the bottom of the box.  Wire entry into control or junction boxes shall not be 
permitted through the bottom of the box. 

Truck wiring shall be designed to ensure sufficient slack and shall be provided with clamp 
supports and abrasion protection.  T-splices shall not be permitted. 

All jumpers, jumper heads, and jumper receptacles shall be sealed in an approved manner to 
prevent the entry of water at any operational speed of the car. 

Any wiring needed to calibrate and test car functions shall be a part of the permanent car wiring 
to enable the JPB to conveniently maintain the equipment.  This wiring shall terminate in 
approved connectors in the respective control groups and cabinets. 

Wire and cables that are subject to high currents in either fault conditions or normal operation 
shall be secured against secondary damage from high magnetic forces.  Propulsion inverter 
circuits are an example.  This requirement shall include damage to bus bars or devices at which 
the cables terminate. 
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16.17.2.4 Circuit Shielding 

Wire shields used in trainline circuits shall be continuous to the car’s electrical jumper 
receptacle and coupler contacts.  The wire shields shall be connected through all applicable 
connectors and junction boxes.  Circuits shall be categorized by voltage type (ac or dc), by 
voltage level (high, auxiliary, and low) and by system.  Shields in one circuit category shall not 
be interconnected with shields of another category.  Shields used to protect against interference 
shall not carry signal or positive train control currents. 

Shields on low-level signal wires shall not be interconnected with shields on high-level signal 
wires in the same category.  Each group of shields (other than at the electric jumper receptacles 
and couplers) shall be carried through on a connector pin or pins, or on terminal strips which 
shall be proximate to the categorized group of circuits.  Loops at the interconnections of shields 
shall not be permitted. 

Coaxial cables used as constant impedance transmission lines shall be terminated as required 
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. 

The following three guidelines shall be applicable insofar as possible, but are not 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. 

16.17.2.5 Pulling Compound 

Pulling compound shall be non-conductive, non-hygroscopic, non-odorous, non-corrosive, non-
flammable shall not support bacterial activity, shall not attract vermin, and shall be compatible 
with all wiring insulation used. 

16.17.2.6 Tape 

Electrical tape shall be in accordance with AAR Standard S-540, or equivalent approved for 
railway practice.  Electrical tape shall meet or exceed the voltage rating of wire where the tape 
is applied. 

16.17.3 INSULATION RESISTANCE 

Refer to Section 19.11.5 for insulation resistance requirements. 

16.17.4 MARKING AND DESIGNATION 

As part of the wiring plan described in Section 16.17.2.3.2, the Contractor shall devise and 
submit a wire and terminal marking and designation system that shall coordinate all electrical 
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circuits in the car into a unified system.  The system shall identify all wiring, including circuit 
return wiring, and terminals according to their respective circuit function(s), and shall accurately 
correlate these designations with the car schematic diagrams.  Each circuit shall be individually 
designated from point-to-point.  Common designations for return circuits will not be permitted. 

Each wire and cable shall have printed on its outer surface the manufacturer’s identification, 
conductor size, temperature rating, and voltage rating.  For wire size 1/0 and larger, stranding 
shall be given in addition to the other parameters. 

All wires and terminals shall be clearly identified with white or yellow permanent markers, with 
black printing, or by continuous wire marking printed directly on the wire.  All wire markers shall 
be stamped in two places, approximately 180 degrees apart, to facilitate readability of the 
marking. Wires in multiple-conductor cables shall be color-coded. 

Wire markers shall meet the adherence and solvent resistance requirements specified by SAE 
AS5942, latest revision, and shall withstand all combinations of ambient and equipment 
temperatures.  Manual printing is prohibited. 

Except for wires entirely within an equipment enclosure, and individual cores of pre-
manufactured multi-conductor cables, each wire AWG No. 8 and smaller shall be permanently 
and legibly marked along its entire length.  Wires shall be marked 6 inches (15.3 cm) from the 
end of the wire and every 12 inches (30.5 cm) over the length of the wire. Blank spaces 
between markings shall measure approximately 1.5 inches (3.8 cm). Wires larger than AWG 
No. 8, and wiring entirely within an equipment enclosure, may have a single wire marker at each 
end, subject to approval by the JPB, in lieu of continuous marking.   

Wires shall be marked with an alpha-numeric circuit designation.  A circuit designation shall 
change only when it passes through an active or passive component such as a relay coil or 
relay contact, fuse, circuit breaker, lamp, motor, or resistor.  A circuit designation shall remain 
unchanged when it passes through a terminal strip or junction box stud regardless of the 
number of wires of that circuit are common to that point.  There shall be no duplication of wire 
codes in unrelated circuits throughout the car.  Where there is more than one identical assembly 
per car, each assembly shall be wired identically to the other(s) and wire marking shall be 
identical at each assembly. 

Wires attached to terminal studs shall have a marker indicating the terminal stud to which it is 
attached. 

For cable identification, the Contractor shall use a basic identification system in conformance 
with ASME Y14.44 and shall submit same. 

16.18 WIRE AND CABLE CONNECTIONS 

16.18.1 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 described herein. 

As part of the wiring plan described in Section 16.17.2.3.2, the Contractor shall submit the 
proposed design and product line of all connections to the JPB.  Terminal boards with M4, or 
Number 6, or smaller screws and quick-disconnect terminals, other than those stated herein, 
shall be permitted only with prior approval by the JPB. 
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16.18.2 TERMINAL BOARDS AND TERMINAL POINTS 

16.18.2.1 General 

Terminals and connections used throughout the car shall be one of the following types: 

a) Mechanical, solderless, molded, barrier, brass or steel screw or stud type, as made by 
AMP Incorporated, Marathon, Entrelec or other approved manufacturer. 

b) Screwless cage clamp, as made by Wago corporation or Entrelec terminal blocks, for 
wire sizes not to exceed 12 AWG, and only in interior locations   

c) Binding head screw type, only where approved  

Terminal blocks shall be in accordance with UL1059or IEC 60947-7-1/2/3.  

Each board or connector shall have the necessary number of terminations plus a minimum of 10 
percent spares, but not fewer than one spare unless otherwise approved by the JPB. 

Jumpers between terminal board points shall be of brass or plated steel.  Wire jumpers between 
adjacent terminals of terminal boards are not be permitted. 

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 
among 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 board. 

All screwless cage clamp terminal blocks shall be arranged such that the wiring is easily 
attached to the terminals. All terminal blocks shall be of the insulated type which securely grips 
via a constant clamping of the conductor under all specified temperature and vibration 
conditions, with no loss of conductivity. The terminal blocks shall use copper conducting bars 
with stainless steel spring connections and shall have test plug adapters to allow 
troubleshooting without removal of wires from the blocks. 

Protective insulated covers shall be installed over any exposed terminals energized at greater 
than 50 V to prevent accidental contact. High voltage warning labels, as appropriate shall be 
fitted to the covers. 

16.18.2.2 Fasteners 

All electrical terminal points and terminal boards shall have brass studs and connections, each 
of which shall be locked using a single brass nut with brass flat washer and a plated spring-type 
lock washer.  Studs, nuts, and washers may also be made of corrosion-resistant, plated steel, 
subject to approval by the JPB. 

Threaded studs shall have a minimum of 1½ threads visible beyond all nuts and a maximum of 
1½ threads plus ¼ inch exposed beyond all nuts.  Adequate space shall be provided to permit 
the connection of wire terminals with standard tools.  All terminals shall be properly torqued to 
assure sound connections.  Spacers shall not be used. 

16.18.2.3 Markings 

An approved permanent marking strip on each terminal board shall be provided and attached 
adjacent to the wire junction point to identify the wires attached thereto, and the wires 
connected to terminal boards shall have the terminal point location printed on the wire. 
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16.18.3 WIRE TERMINATIONS 

16.18.3.1 General 

Terminals and connections used throughout the car by the Contractor shall be mechanical, 
solderless, crimp type as manufactured by AMP Incorporated or other approved manufacturer 
with a comprehensive line of terminals, connector pins, and application tools available.   

As part of the wiring plan described in Section 16.17.2.3.2, the Contractor shall include the 
proposed terminal product line.  For approval, terminals shall have been tested to Military 
Specification MIL-T-16366F for temperature rise, voltage drop, vibration, current overload, and 
corrosion, or SAE-AS7928 for voltage drop, vibration, current cycling and corrosion.  Test 
results shall be submitted on a per part number basis.  Terminations used in high temperature 
applications shall be insulated with a material rated for high temperature; non-insulated 
terminals in high temperature applications may be proposed for consideration by the JPB. 

Terminals shall be ring lugs in accordance with SAE-AS25036 (insulated terminals), or SAE-
AS20659 (non-insulated terminals). Spade and hook-type terminals shall not be used.  
Corrosive protection shall be provided for all base materials. 

16.18.3.2 Fastening 

Terminals and connections shall be attached to the wiring with proper crimping tools and dies as 
recommended by the manufacturer.  All terminals for the same wire size shall be crimped with 
the same model crimping tool.  The Contractor shall minimize the total number of crimping tool 
types needed for crimp connections.  Terminals for wire sizes AWG No. 8-22 shall require no 
more than three tool models to provide certified crimp connections.   

The terminals used on conductors of size AWG No. 8 or smaller shall securely grip and hold the 
insulation of the conductor, unless otherwise approved.   

Conductors subject to motion relative to the terminal shall be protected to prevent breakage of 
the conductor at or near the terminal.  Sufficient slack shall be provided in all wires and cables 
to prevent breaking or pull out of bushings and terminals.  Only one wire shall be crimped in any 
one terminal. 

Wherever several wires are connected to terminals of a terminal strip on a device which is 
removable from the car for maintenance, the wires shall be terminated, with double-ring 
terminations which shall be screwed to an insulating fanning strip which shall serve to keep the 
terminations in the correct relative locations while disconnected from the device, unless 
otherwise approved by the Authority. 

16.18.4 POWER CABLE TERMINATIONS 

Power cables (AWG 6 and larger) shall be terminated with an approved compression terminal.  
Sufficient cable slack shall be provided to preclude breaking or pull-out from bushings or 
terminals and to allow two reterminations.  Cable conductors shall be clean prior to installation 
of terminals.  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. 
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16.18.5 CABLE CONNECTORS 

16.18.5.1 General 

All cable connector applications shall be submitted to the JPB. 

All cable connectors shall employ removable crimp contacts of the correct size for the wire 
being terminated. 

Adjacent connectors shall use either different inserts or different insert orientations to prevent 
erroneous connections.  

The receptacle portion of all cable connectors shall be rigidly mounted.  Connectors of a 
different size (but similar type) installed in the same area shall be mechanically keyed to prevent 
inadvertent installation into the wrong receptacle. 

Ethernet connectors shall be the M12 type. 

16.18.5.2 Waterproof Cable Connectors 

All cable connectors used in exterior locations shall be of the environmental waterproof variety.  
Cable connectors shall be equipped with sealing gaskets on the front mating surface and on the 
back where the cable enters.  The cable jacket shall be held by a clamp within the connector 
body.  Unused connector pin positions shall be sealed with either connector contacts or plastic 
sealing plugs designed for that purpose. 

The cable connectors shall be metal-shelled, positive-locking, rectangular connectors as 
described below, or circular one-quarter to one-third turn, with three bayonet couplings, quick 
disconnect, environmental waterproof connectors. Connectors shall give audible, visual and 
tactile indications of full coupling. 

a) Quarter-turn, bayonet-lock connectors shall conform to SAE-AS50151/VG95234. 
Connectors meeting other standards may be submitted to the JPB for consideration 

b) Heavy-duty, multi-pole rectangular connectors shall conform to DIN EN 61984 (VDE 
0627) and DIN EN 175301-801 as manufactured by Harting and ILME, or approved 
equal 

Plastic-bodied connectors shall not be used in exterior locations.  Quarter-turn, bayonet-lock, 
quick-disconnect type connectors shall not be used on trainline jumper cables. 

Connectors in high vibration or high motion areas, such as speed sensors and trainline jumpers, 
shall have the wire connections soldered and potted and shall have a waterproof jacket molded 
over the cable and connector to form a unitized assembly.  Trainline jumper connectors shall be 
as manufactured by Pyle-National, or approved equal.  The Contractor shall conduct an 
approved vibration test on the unitized assemblies. 

16.18.5.3 Non-Waterproof Cable Connectors 

In waterproof interior locations, the use of non-weatherproof connectors will be allowed only as 
approved by JPB. Connectors shall be Amp Circular Plastic Connectors, Amp Circular Metal 
Shell, Souriau SMS, ‘D sub’ type, or approved equal. All other connector requirements specified 
in this Section which do not directly apply to weatherproofing shall be met. 
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16.18.5.4 Plating 

Except as noted below, the connector contact area shall be plated with a minimum of 0.000030 
inch (0.00076 mm) of gold over a minimum of 0.000050 inch (0.0013 mm) of low-stress nickel.  
For high current applications, the connector contact area shall be plated with a minimum of 
0.00010 inch (0.00254 mm) of silver.   

16.18.6 QUICK DISCONNECT TERMINALS 

Approved quick-disconnect terminals shall be utilized to facilitate maintenance and inspection.  
They shall provide positive terminal engagement and be shock- and vibration-proof.  All 
terminals shall be provided with insulation equal to that of the wire.  No “push-to-fit” (FASTON, 
for example) type terminals shall be permitted. Only terminals with a positive locking 
arrangement will be considered for approval. 

16.18.7 GROUNDING 

16.18.7.1 Connections 

Grounding connections to the carbody and equipment shall be made through existing silver-
soldered or brazed copper pads of an area adequate for the anticipated maximum current, 
including overload and fault current that may be carried under any circumstances.  Alternative 
ground pad attachments and locations may be permitted in certain cases as approved by the 
JPB.  All ground pads shall be visible and accessible for inspection and troubleshooting.  The 
ground connections shall be attached by a bolt, washer, lock washer, and nut designed for the 
purpose; nylon locking nuts shall not be used.  An anti-corrosive grease shall be applied over 
the connection. 

All equipment enclosures and shock-mounted equipment shall be grounded with flexible 
grounding leads bolted between a car body grounding pad and the equipment’s grounding pad.  
Braided, strap-type leads shall be used where there is relative motion between the two items 
being connected.  It will not be permitted to simply remove paint from the component base 
contact area with the carbody that is to be grounded for making the connection.  The ground 
strap termination method shall apply uniform pressure to the conductive surface and the 
anticipated current density shall be consistent with the bonding requirements of Section 
16.18.7.2. 

Low voltage and high voltage circuits shall not be grounded at the same connection. 

16.18.7.2 Bonding 

All grounding and bonding jumpers and straps shall be sized to carry fault current and lightning 
discharge current.  The jumpers and straps shall be sized such that voltage drop shall not 
exceed 25 volts under the worst case fault and lighting discharge current.  Additionally, 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.  Grounding and bonding jumpers and 
brazed shunt straps shall be “extra-flexible.” 

16.18.7.3 Wire Splicing 

Splicing of conductors shall be avoided and shall be permitted only with the JPB’s approval on a 
case-by-case basis.  Splicing of conductors in conduit is not permitted.  In the event a splice is 
approved, it shall be in a junction box, and the spliced joint shall be mechanically as strong and 
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have the same conductivity as any other part of the conductor.  The splice shall be an insulated 
permanent crimp splice in accordance with SAE AS7928, Type II, Class I, and shall be installed 
in accordance with splice manufacturer’s recommended tool and die.  All splices shall be 
insulated with self-sealing, weatherproof, seamless shrink tubing.  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 percent.  Splices shall be identified in the integrated 
schematic. 

16.19 CONDUIT 

All conduit and conduit couplings shall be of an ANSI-approved type.  All conduit shall be 
standard weight, galvanized steel with threaded fittings.  All conduit ends shall be deburred 
inside and out to remove sharp edges, and all pieces shall be blown out with compressed air 
and cleaned before installation to remove filings and other foreign material. 

16.20  CONDUIT FITTINGS AND JUNCTION BOXES 

The conduit fittings and junction boxes for car wiring shall be as manufactured by the Contractor 
or by a supplier of a comprehensive line of parts.  The Contractor shall submit the proposed 
product line to JPB for review process and approval.  All conduit fittings and junction boxes shall 
be provided with gasketed covers.  All conduits, and their connections to electrical equipment, 
shall be installed to make a continuous ground. 

16.21 WIREWAYS 

All wireways (“wire trays”) shall be of rigid, stainless steel construction.  The trays shall be 
adequately supported throughout their entire length in an approved manner.  The trays shall be 
completely de-burred, leaving no sharp edges, before installation on the vehicles.  Grommet 
clamps shall be provided at all locations where cables or wires enter or leave the wireways.  
Under no circumstances shall leads be draped over the edge of the wireways, with or without 
wireway edge protection.  Heads of screws or bolts inside the raceways shall be flush with the 
metal surface.  Metal elbows, couplings, and similar fittings shall also be flush with the metal 
surface.  Points of screws or fasteners shall not be directed toward the interior of wireways. 

Wireways shall not contain more than 30 current-carrying (i.e., power source as opposed to 
signaling) conductors at any cross-section.  The sum of the cross-sectional areas of all 
conductors contained at any cross-section of a wireway shall not exceed 40 percent of the 
interior cross-sectional area of the wireway. 

16.22 WELDING AND BRAZING 

16.22.1 GENERAL 

The Contractor shall be responsible for the quality of its welding and brazing as well as that of 
its suppliers and Subcontractors.  Cleaning prior to welding shall be in accordance with 
applicable parts of MIL-HDBK-132, Section 2, “Protective Finishes”. 
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16.22.2 STRUCTURAL 

All structural welding practices shall be according to requirements of the AWS D1.1, “Structural 
Welding Code – Steel” AWS D1.2, “Structural Welding Code – Aluminum” AWS D1.3, 
“Structural Welding Code – Sheet Steel”, AWS D1.6, “Structural Welding Code – Stainless 
Steel” and the AWS Handbook.  Requirements for dynamically loaded structures shall be 
applied.  Cast steel welding shall be according to ASTM A488/488M, “Steel Castings, Welding, 
Qualification of Procedures and Personnel.”  Resistance welding shall be in accordance with 
AWS D17.2/17.2M, “Specification for Resistance Welding in Aerospace Applications.”   

If laser welding is used, the appropriate documentation defining the design parameters, process 
control, qualification and quality control shall be submitted to the JPB and approved prior to the 
implementation of any such welding.  Laser welding shall, at a minimum, comply with the 
recommended practices in AWS C7.2, latest revision.  Alternative standards for laser welding, 
such as international standards, may be proposed for consideration by the JPB. 

AWS D1.1 or D1.6 shall apply to steel of ⅛ inch (3.2 mm) and greater thickness.  AWS D1.3 
shall apply to steel less than ⅛ inch (3.2 mm) thickness for both High Strength Low Alloy 
(HSLA) and stainless steel. 

The ferrite number for austenitic stainless steel welds shall be between WRC4 and WRC10, or 
as proposed by the Contractor and approved by JPB.  Weld heat-affected zones (HAZ) and 
weld metal shall be limited to maximum allowable stress values in ASME Section VIII, Table 
UHA-23, for UNS S20100 stainless steel, and Table UW-12 rating of welds.  Fatigue allowable 
stresses shall not exceed the lesser of fatigue limits in AWS D1.1, Section 2.20.6, or 50 percent 
of the joint strength level calculated from ASME maximum allowable stress values.  Higher 
values shall only be used if qualified by Contractor tests. 

The use of Welding Procedure Specifications (WPS) qualified per AWS B2.1 per se shall not be 
permitted; however, WPS and Procedure Qualification Records (PQR) qualified under AWS 
B2.1 may be rewritten to conform to the requirements of the applicable (per this Specification) 
structural welding code, and used within the limitations of that code.  The use of any WPS 
purchased from AWS shall not be permitted.  All WPSs shall be fully qualified by the Contractor, 
accompanied by PQRs containing welding test results, and subject to approval by JPB and a 
Certified Welding Inspector. 

16.22.3 WELDER QUALIFICATION 

Welders shall make only those welds for which they have been qualified according to the 
requirements of the AWS, ASME Section IX, ASTM A488/488M, or other approved qualifying 
procedures.  Records of welder qualification tests shall be made available to the JPB. 

16.22.4 INSPECTION 

The Contractor shall visually inspect all structural welds in accordance with the applicable AWS 
requirements. 

In addition to the visual inspection of all welds, non-destructive surface inspection (dye 
penetrant [ASTM E165] or magnetic particle [ASTM A275] methods, as appropriate) shall also 
be used to inspect all first-production welds in areas that are modified from the OEM or in 
questionable areas deemed necessary by the JPB.  The Contractor shall specify a sample 
nondestructive inspection rate for all subsequent welds.  A record of all NDT inspections shall 
be included in the Car History Book. 
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Sample weld inspection shall require inspection of one or several complete welds (full length 
inspection) totaling more than one foot (30.5 cm) for every 100 feet (3050 cm) length of welds 
applied to the carshell.  Calculation of weld length for inspection shall include both welds 
designated critical and non-critical. 

16.22.5 POST WELD CLEANING REQUIREMENTS 

All welds exposed to passengers or on sliding contact surfaces (truck frames and bolsters, for 
example) shall be completely cleaned of spatter. 

16.22.6 CONTRACTOR DOCUMENTATION 

All welding procedures and documents, including Welding Procedure Specifications, Procedure 
Qualification Records, and Resistance Spot Welding Schedules, shall be submitted to the JPB. 

Specifications for purchase of welding electrodes, welding wires, and cover gases shall also be 
submitted to the JPB. 

16.22.7 SPECIAL WELDING 

Procedures for structural welding of stainless steel to HSLA, or other combinations of metals or 
conditions not covered by AWS specifications or codes, shall be submitted to the JPB and 
approved prior to implementation. 

Austenitic stainless steel electrodes or wire shall be used to join carbon or HSLA steels to 
stainless steels.  Galvanized steel shall not be welded to stainless steel. 

16.22.8 RESISTANCE WELDING 

Resistance welding of stainless or carbon steels shall be according to AWS D17.2/D17.2M, 
Class B, for structural applications, and Class C for non-structural applications.  Contractor-
proposed deviations from AWS D17.2/D17.2M, including, but not limited to, weld nugget 
diameter, tension shear strength, and minimum spacing, shall be submitted and approved 
before application in production. 

Design strengths higher than standard certification and production strength requirements shall 
be qualified according to AWS D17.2/D17.2M, 4.5.6.1, for the first proposed thickness.  This 
shall require a test lot size of one hundred eighty spot welds.  Additional thickness combinations 
with the same increased strength ratio may be qualified by twenty-five spot weld shear tests 
plus three macro-sections.  Twenty of the twenty-five shear test specimens may be recorded 
from production witness tests taken from twenty consecutive production days (not calendar 
days).  The Contractor shall submit records of the settings, ultimate shear strength, weld 
diameter, and weld penetration to the JPB. 

Surface indentation shall not exceed 20 percent of material thickness (t), or 0.01 inch (0.254 
mm), whichever is greater; however, for exterior resistance-welded areas exposed to passenger 
view, indentation shall not exceed 10 percent of t or 0.005 inch (0.127 mm), whichever is 
greater.  For exposed welds, the Contractor shall vary welding parameters and conditions within 
their acceptable ranges to minimize indentations.  Surface burn and discoloration shall be 
removed by chemical cleaning, or by an approved equivalent method, followed by sanding or 
polishing to match the surrounding surface. 
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Production witness welds shall be made and tested once each day and whenever otherwise 
necessary, such as by change in any of the following: 

 Operator 

 Material, material thickness, or combination of thicknesses 

 Electrodes 

 Settings 

16.22.9 RESISTANCE SPOT WELD AND INTERMITTENT WELD SPACING 

Spacing of resistance and spot welds shall be according to approved structural drawings.  
Spacing shall be no greater than 44t, where t equals the thickness of the thinnest outside sheet 
being welded, and shall not exceed 2 inches (5.1 cm) plus twice the weld nugget diameter for 
any structural application, including carbody side sheets, roof sheets, end sheets and 
corrugation.  For any corrugation application, if the pitch of the corrugation nodes does not allow 
the above weld spacing, there shall be two spot welds between each node. 

The intermittent fusion-weld spacing pitch shall not exceed 5 inches (12.7 cm) for 2 inch (5.1 
cm) (minimum) weld lengths, such that a minimum weld length of 40 percent of the overall joint 
length is achieved. 

16.22.10 TOUGHNESS OF WELDED ASSEMBLIES 

The Contractor shall prove all welded steel structures are above the ductile-brittle transition 
temperature for the specified environmental exposure.  Specifically, the weld heat affected zone 
(HAZ) and base metal shall resist the maximum service impact loads at the lowest specified 
operating temperature without brittle failure.  In the absence of prior operating history, and if the 
Contractor’s approved design does not require greater toughness, the minimum impact value for 
Charpy V-notch specimens shall be 15 ft-lb (20.4 J) of absorbed energy at the lowest specified 
operating temperature.  The JPB shall have the right to require impact tests to verify the 
specified toughness. 

16.22.11 TORCH BRAZING 

All brazing, defined as heating above 840°F (450°C), shall follow the recommendations of the 
latest AWS Welding Handbook, Volume 2.  Procedures and personnel who perform brazing 
work shall be qualified in accordance with AWS B2.2, Standard for Brazing Procedure and 
Performance Qualification. 

16.22.12 TORCH SOLDERING 

All structural (not electrical) soldering, defined as heating below 840°F (450°C), shall follow the 
recommendations of the latest AWS Welding Handbook, Volume 2.  Procedures and personnel 
who perform torch soldering shall be qualified in accordance with AWS B2.3/B2.3M, 
“Specification for Soldering Procedure and Performance Qualification.” 
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16.23 PAINTS AND COATINGS 

16.23.1 GENERAL 

The painted portion of the carbody, or any of its components, shall be painted as required by the 
Technical Specifications and in accordance with the specified color scheme.  Austenitic 
stainless steel portions of the carbody shall not be painted, unless otherwise approved by the 
JPB.  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. 

All painting on the carbody or any component shall be performed in exact accordance with the 
paint manufacturer’s recommendations.  To the greatest extent possible, all exterior paint 
application for a given vehicle shall use the same paint batch to assure uniformity of 
appearance.  The Contractor and its paint supplier shall submit a touch-up procedure and 
assure 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. 

16.23.2 MATERIALS AND PREPARATION 

Preparation of the substrate surface and application of painting materials shall be in exact 
accordance with the paint manufacturer’s recommendations.  Only primers recommended and 
approved by the paint manufacturer shall be used.  All paint materials shall be used at the 
consistency recommended by the paint supplier.  If thinners are necessary, they shall be 
approved by the paint manufacturer and shall be used only to the extent recommended.  
Painting shall be performed by experienced labor, using proper equipment under competent 
supervision following documented and approved procedures. 

All Contractor painting procedures and materials shall result in a high quality finish resistant to 
corrosion, chipping, and fading, and be capable of retaining the specified gloss level.  Unless 
otherwise specified, the top coating shall be a two-part, high-solids, low VOC polyurethane paint 
system.  All components of the paint system shall be provided by the same manufacturer.  
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 that of a two-part polyurethane 
paint system.  All paint and filler materials which are layered and/or integrated to form a finish 
system shall be mutually compatible, and shall be warranted for use as a system by the 
manufacturer of the components. 

Metal portions of the carbody not constructed of austenitic stainless steel shall, after fabricating, 
be prepared for painting by grit blasting and immediately painted with an approved epoxy 
primer; or washed with an alkaline solution, properly rinsed and phosphate coated; or painted 
with a coat of wash (etch) primer; and then coated with an approved epoxy primer.  After 
erection of the framing structure and body sheets, all undercar metal, except stainless steel, 
shall receive a polyurethane finish as specified above.  The color of the underframe paint shall 
match DuPont charcoal gray, Color No. 6334.   

16.23.3 APPEARANCE CRITERIA 

The supplier shall submit color samples and corresponding gloss and tri-stimulus values to the 
JPB concurrent with drawing submittals. The exterior finish shall have a gloss level of 85, + 5, 
as measured with 60 degree Glossometer.   
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Additionally, the finish shall exhibit no appreciable orange peel.  Orange peel shall be evaluated 
by a distinctness of image (DOI) meter with the finish having a minimum DOI value of 80.  As an 
alternate to the DOI meter, the finish may be compared to the ACT Laboratories Orange Peel 
Standards, meeting a minimum criterion of 8. 

16.23.4 EXTERIOR PAINTING 

All exterior surfaces that are to be painted shall be prepared as specified, and the paint shall be 
applied according to the paint manufacturer’s recommendations.  The paint shall be uniformly 
applied over all surfaces to be covered and shall be free from runs, sags, or other application 
defects.  Painting shall be performed in a clean, dry atmosphere at an ambient temperature as 
recommended by the paint manufacturer. 

Before painting any car surface that is exposed to view, all dents, gashes, nicks, roughness, or 
other surface imperfections or depressions shall be removed by straightening, and shall then be 
properly prepared to receive a filler material.  Straightening shall be effected to the extent that 
an absolute minimum of filler material is needed to ensure a smooth appearance.  If the filler 
material is provided by a manufacturer other than the manufacturer of the paint system, a letter 
from the paint manufacturer shall be required stating that the filler is compatible with the paint 
system.  All surfaces shall be properly cleaned and wash-primed following straightening.  Any 
remaining dents or other surface imperfections shall then be filled with an approved filler and 
sanded smooth.  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 (3.2 mm).  The entire putty application process, including prior surface 
straightening, surface preparation, putty type selection, putty application, putty thickness 
restrictions and final sanding shall ensure no putty flaking or other failures over the design life of 
the vehicle. 

The final painted surface shall be tested on the first car to the following criteria: 

16.23.4.1 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 10 readings taken from typical surface 
locations.  This is a destructive test and will require the tested surfaces to be repaired.  The 
Contractor’s submitted “touch up” procedure shall be used to effect the repair. 

16.23.4.2 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 will require the tested surfaces to be repaired.  
The Contractor’s submitted touch up procedure shall be used to effect the repair. 

16.23.4.3 Thickness 

The minimum and maximum dry film thicknesses shall be provided by the paint manufacturer.  
Dry film thicknesses beyond the manufacturer’s recommendations will not be accepted.  Non-
destructive testing shall be performed to verify final dry film thickness. 

16.23.4.4 Paint Cure 

A solvent rub test shall be performed per ASTM D5402.  The test procedure requires no less 
than 50 double finger rubs with a cloth wetted in acetone or methyl isobutyl ketone to the 
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painted surface.  No paint color shall transfer to the cloth.  After 72 hours, the painted surface 
shall retain all original gloss and hardness characteristics. 

16.23.5 APPARATUS AND UNDERFLOOR EQUIPMENT 

All underfloor and overhead-mounted apparatus (motors, control boxes, junction boxes, brake 
valves, and other equipment as specified) shall be primed and painted in accordance with the 
following requirements unless otherwise indicated.  All other apparatus shall be painted in an 
approved color. 

The exterior surfaces of undercar equipment enclosures and apparatus, other than propulsion 
control equipment, made from carbon steel shall be prepared, primed, and painted, as specified 
in this Section.  The interior and exterior surfaces of all electrical equipment enclosures shall be 
coated with an approved insulating, thermosetting, resin-based, powder coating or polyurethane 
paint system.  The interior of the boxes, including insides of covers, shall be white and the 
exteriors shall match the approved undercar paint scheme. 

Interior surfaces of high voltage electrical equipment enclosures, where not lined with insulating 
panels, shall be painted with one coat of an approved primer, and one top coat of white 
insulating gloss paint.  As an alternative, a thermosetting, resin-based, powder coating may be 
applied to high voltage areas provided it is appropriate for the application.  The insulation rating 
of the coating in its applied and cured state shall be twice the highest voltage in the box or 
2,000 V, whichever is greater, unless otherwise approved. 

Interior surfaces of low voltage electrical equipment enclosures shall be primed and painted with 
an approved white electrical insulating paint or powder coating. The insulation rating of the 
coating applied shall be 1000 V, minimum. 

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.  An exterior 
finish of two-part polyurethane paint system in a color approved by the JPB shall be provided for 
equipment enclosures and boxes. 

16.23.6 PAINTING RESTRICTIONS 

Any equipment or parts of equipment which can be damaged or suffer impaired operation from 
painting shall not be painted and shall be corrosion resistant. 

The following items shall not be painted: 

 Copper tubing, piping, and fittings 

 Wearing surfaces 

 Couplers 

 Wire and cable 

 Power resistors 

 Heat transfer surfaces 

 Electrical insulators 

 Elastomeric parts 

 Grounding pads 
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 Conduit and fittings 

The following truck-related components shall not be painted: 

 Wheels 

 Axles 

 Elastomeric parts 

 Grease fittings 

 Linkages 

 Threaded adjustment parts 

 Electrical equipment 

 Wearing Surfaces 

16.23.7 INTERIOR PAINTING 

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 provide a touch-up procedure and assure 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. 

16.23.8 CORROSION PROTECTION 

Concealed surfaces that can rust or oxidize shall be properly cleaned, receive a wash primer, 
shall be primed with an epoxy paint, and shall be painted with an approved finish.  Where arc 
welding is performed on joints between stainless steel and other materials, the joint shall be de-
scaled, cleaned, receive a wash primer coating, and shall be painted in accordance with the 
requirements of this Section. 

16.23.9 ACOUSTIC INSULATION 

Acoustic insulating materials shall be applied to properly cleaned underframe, sides, ends, roof, 
and floor sheets, in accordance with the supplier’s recommendations.  The materials shall be 
resistant to dilute acids, alcohols, grease, gasolines, aliphatic oils, and vermin.  The material 
shall be unaffected by sunlight and ozone and shall not become brittle with age.  It shall be 
Daubert Chemical Company’s No. 368 sound deadening compound, a damping foil (2552) 
manufactured by 3M, or approved equal. 

16.23.10 PAINT PROCESS DOCUMENTATION 

The Contractor shall prepare detailed paint coating and application documentation containing 
manufacturer’s product data sheets, procedures for surface cleaning and preparation, priming, 
surfacing, and painting for the carbody and all equipment that is to be painted or powder coated, 
as well as touch-up and repair procedures.  A detailed paint schedule showing the equipment 
painted, paint type, manufacturers’ recommendations for thickness, and other pertinent 
parameters shall also be included.  This document shall be approved prior to painting of any 
surfaces or components and shall be made part of the maintenance manuals. 
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16.23.11 TRUCK PAINTING 

All truck components to be painted shall be given a full coat of primer prior to assembly.  
Following assembly, all exposed surfaces of each truck, including machined mounting surfaces 
not used, shall be cleaned with compressed air and solvent wiped to remove all dirt and grease.  
These surfaces shall then be sprayed with one coat of an approved black truck paint of a type 
which will not conceal cracks that may develop in service, and air-dried. 

16.24 FLAMMABILITY, SMOKE EMISSION AND TOXICITY 
REQUIREMENTS 

16.24.1 GENERAL 

Combustible materials used in the construction of the cars shall satisfy the flammability, toxicity 
and smoke emissions requirements of this section, and NFPA 130 (Chapter 8), and 49 CFR 
238.103.  The Contractor shall prepare a Fire Safety Analysis of the design and materials of 
construction of the vehicle.  This document shall be approved prior to construction of the Pilot 
Cars. 

Test results from an independent laboratory indicating successful testing and demonstrating 
compliance with these requirements for all materials shall be submitted to JPB.  Testing shall be 
conducted on a production batch of material intended to be used on the vehicle.  Any previous 
material test reports up to one (1) year prior to Contract award will be considered as satisfying 
this requirement on a case-by-case basis.  The Contractor shall be responsible for complete 
conformance with the requirements for itself and its Subcontractors and suppliers.  The JPB 
may, at its discretion, require that the current batch of production material provided for this 
Contract be retested for conformance with these requirements. 

16.24.2 COMBUSTIBLE CONTENT 

The design of the vehicle shall minimize the total combustible material content of the vehicle.  A 
matrix showing the total weight of all materials, where used, flammability, smoke emissions, 
toxicity test identity, test facility, test requirements, test results, nature and quantity of the 
products of combustion, heat content and average heat release rate at 180 seconds per ASTM 
E1354 shall be submitted.  As a minimum, the following materials shall be tested (as 
applicable): seating materials, wall coverings, window masks, fiberglass components, 
insulations, partitions, bulkheads, flooring, equipment boxes and covers, flooring surface, 
window glazing, lighting lenses and diffusers, window gaskets, door seals, HVAC in-air stream 
components, grills, gaskets, filters, electrical wire and cable insulation, and lavatory toilet seats. 

16.24.3 TOXICITY 

Materials and products identified by state agencies, Federal agencies, and the American 
Conference of Governmental Industrial Hygienists (ACGIH) as containing toxic properties, or 
known to emit toxic products of combustion in excess of the limits defined in these Technical 
Specifications shall not be used.  Materials and products generally recognized to have highly 
toxic products of combustion shall not be used. 

All materials used in the car construction, except for materials used in small parts such as 
knobs, rollers, fasteners, clips, grommets, and small electrical parts that would not contribute 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS 58 (Conformed 6/22/2016) 

Section 16 – Materials And Workmanship 

significantly to fire propagation or to smoke or toxic gas generation, shall be tested for toxicity 
using Boeing Specification Support Standard BSS-7239.  Materials shall meet the following 
maximum toxic gas release limits (ppm) as determined per BSS-7239: 

PRODUCT MAXIMUM RELEASE LIMIT 

Carbon Monoxide (CO) 3,500 ppm 

Hydrogen Fluoride (HF)    200 ppm 

Nitrogen Dioxide (NO2)    100 ppm 

Hydrogen Chloride (HCL)    500 ppm 

Hydrogen Cyanide (HCN)    150 ppm 

Sulfur Dioxide (SO2)    100 ppm 

The tests shall be conducted 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 above gases at the specified sampling time. 

16.24.4 ELECTRICAL FIRE SAFETY 

Electrical equipment shall conform to NFPA 130, Chapter 8, except where more restrictive 
requirements are imposed by this Technical Specification. 

16.25 AIR FILTERS 

16.25.1 HVAC AND EQUIPMENT VENTILATION FILTERS 

Filters shall be selected in accordance with the manufacturer’s recommendations for the specific 
equipment involved.  HVAC filters shall be the disposable frame, viscous impingement media 
type, with integral cardboard frames, except that reusable filters may be approved for specific 
applications where throw-away filters are not available.  Filters shall be designed to meet the 
performance requirements of each installation.  All filters shall be freely accessible for 
replacement and maintenance.  Filters shall meet the requirements of UL 900, Class 2. 

All air filters shall be selected from a commercially-available standard catalog. The size(s) 
utilized shall be available from multiple suppliers. Any specialty filters, or those only 
manufactured by a single manufacturer, will not be permitted.  Air face velocity shall not exceed 
the manufacturer’s recommendation. 

The filters and filter holders shall be sealed at their edges to prevent filter by-pass.  Support of 
the filter elements shall be provided to prevent blowout of the filter elements under clogged filter 
conditions.  Filters shall be readily accessible for replacement from inside the car through the 
re-circulated air opening and have airflow directional arrows on the filter frame. 

Maintenance personnel shall have full, unconstrained access allowing use of both hands to 
remove and replace fresh air filters without the need to remove and/or move any components 
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after opening the return air grille.  The minimum replacement interval for disposal of filters shall 
be every 92 days. 

The fresh air filters shall not become wet under any circumstances.  Removal of the fresh air 
filters shall not allow the inclusion of water through the fresh air intakes. 

16.25.2 REPLACEABLE ELEMENT AIR FILTERS 

Air filter assemblies with replaceable filter elements shall be provided in the line that connects 
each subsystem to the main air supply system (air compressor output air).  The filtering 
capability, flow rate, and overall size shall be appropriate for the application so that the filter 
element replacement interval is greater than one year.  It shall be possible to gain access to 
filter elements for replacement without disconnecting or loosening pipe fittings.  Filters shall be 
provided for each of the following systems and any others if operated from the air supply 
system: 

 Each air brake control assembly 

 Input and output of each leveling valve 

 Horn and bell 

16.25.3 DISPOSABLE AIR FILTERS 

Replaceable media type filters shall use resin-bound, spun-glass fiber materials having an 
uncompressed thickness not less than 3½ inches (8.9 cm).  They shall be non-absorptive of 
fluids and gases, shall be processed in such a manner that material density increases 
progressively from inlet to exit side, and shall be coated with not less than 24 grams per square 
foot of a dust-retaining, viscous adhesive film.  This film shall be stable at temperatures up to 
150ºF (66°C).  The filter medium shall be cut not less than ½ inch (12.7 mm) oversize to ensure 
adequate sealing between the edge of pad and its integral frame. 

16.26 ELECTRICAL AND ELECTRONIC DESIGNS 

16.26.1 GENERAL 

Except as otherwise noted herein, electronic equipment shall conform to IEC 60571, Electronic 
Equipment Used on Rail Vehicles, Class TX, unless otherwise approved by the JPB.  All 
standard type tests shall be performed on all electronic control units. 

16.26.2 COMMERCIAL OFF-THE-SHELF (COTS) EQUIPMENT  

It is recognized that some electrical and electronic assemblies could contain COTS equipment 
that do not meet the requirements of this section.  It is not the intention of this specification to 
prohibit the use of COTS equipment. Wherever possible, COTS equipment shall be provided by 
reputable manufacturers and shall use open (non-proprietary) architectures to facilitate 
replacement and future upgrades.  

The Contractor shall ensure that all COTS equipment is tested to validate that it operates 
satisfactorily in the rail environment specified in this Technical Specification. This includes 
temperature range (operating and storage), humidity, shock and vibration, voltage variations, 
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surges and transients, EMC, noise, etc. The testing may be performed on the COTS equipment 
itself, or may be performed on the overall assembly containing the COTS equipment.  

The Contractor shall ensure that the reliability, safety and the quality requirements of this 
Specification are satisfied. 

The Contractor shall submit a matrix of all COTS equipment to be supplied as part of this 
Contract, which shall identify: 

 OEM manufacturer of COTS equipment 

 OEM part number 

 OEM data sheet including form, fit and function information 

 US distributor 

 Product maturity 

 Alternate source  

 Rail transit service history 

 Details of how the Contractor will ensure the equipment is fit for rail transit vehicle 
service 

The obsolescence requirements of Section 16.26.9 shall apply to COTS equipment. 

16.26.3 RELIABILITY STANDARDS 

A part stress reliability prediction shall be performed on all electrical and electronic systems. 
Reliability database information shall be sourced from supplier’s field data with identical (or very 
similar) equipment. In the absence of data from existing equipment, established reliability 
databases, such as: MIL-HDBK-217F, IEC61709, NPRD95; or the Reliability Information 
Analysis Center (RIAC) database: ”Electronic Parts Reliability Data,” should be used. The 
prediction shall identify the source data for each component analyzed. The reliability prediction 
shall be based on a ground mobile environment. 

Submittal of the reliability prediction shall be referenced in the Contractor’s Reliability Program 
Plan.   

A documented closed-looped Failure Reporting and Corrective Action System (FRACAS, per 
System Reliability Toolkit: Commercial Practices Edition) shall be established and maintained to 
provide for the identification, tracking, and repair of all product/process failures.  Early 
elimination of failure causes or trends will contribute significantly to reliability growth and 
continuous process improvement. 

All semiconductor devices shall be de-rated to operate within the acceptable region for electrical 
and temperature stress as specified in “System Reliability Toolkit: Commercial Practices 
Edition.”  If there is a conflict between requirements or guidelines given elsewhere in this 
Specification and the Reliability Toolkit, the more restrictive condition shall govern. Other 
service-proven approaches may be submitted. 

16.26.4 BURN IN 

Acceptance testing to eliminate infant failures is required for all sub-assemblies containing 
electronic components.  All such assemblies shall successfully pass a minimum 72-hour, 
temperature-cycled, burn-in test without failure.  Testing shall be performed with the equipment 
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positioned as mounted on the vehicle, powered, and connected to a simulator which shall 
duplicate the I/O (input/output) conditions seen in normal service.  The equipment shall be 
placed in an environmental chamber and cycled continuously between -13°F (-25°C) and 158°F 
(70°C).  Each cycle shall be 8 hours in duration, consisting of 3 hours and 40 minutes at 158°F 
(70°C), followed by a 20-minute return to -13ºF (-25°C), followed by 3 hours and 40 minutes at -
13°F (-25°C) and a 20-minute return to 158°F (70°C).  Alternative burn-in cycles will be 
considered.  All outputs of the equipment shall be monitored for anomalous operation.  
Assemblies consisting exclusively of components rated at 50 amperes or greater are exempt 
from this requirement. 

16.26.5 HARDWARE 

All hardware associated with electronic and electrical control systems shall be protected against 
moisture, oxidation, and common airborne contaminants. 

16.26.6 ENCLOSURE/RACKS 

All circuit boards that are rack-mounted shall plug into racks containing the mating half of the 
circuit board connector.   

The rack and enclosure shall provide environmental and EMI shielding as required to meet the 
requirements of this Technical Specification. 

Printed circuit boards shall be positively retained by means of locking screws or other approved 
methods.  The enclosure or rack cover shall not be used to retain the circuit boards, unless 
specifically designed to do so.   

Each circuit board shall be fitted with an ejector or hand grip to assist in board removal.  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.   

Where it is necessary to use printed circuit boards that are not plug-in and not mounted in an 
enclosure, the following additional requirements shall apply: 

a) The PC board shall be protected from mechanical damage and hostile environments 
such as arc discharge and contact with high voltage 

b) If the PC board is part of a high voltage circuit, special care shall be used in its design 
with regard to strike distance and creepage in the rail vehicle environment.  This shall 
include the distance between PC board components and any grounded mounting 
surfaces.  APTA RP-E-004-98 or EN50124 shall apply, where applicable. 

c) Any test points required in routine testing, or fault isolation to the user replaceable level, 
shall be easily accessible without disassembly or tools 

d) If replacement of the PC board is required (as part of secondary maintenance), no 
special tools or soldering shall be required 

16.26.7 OPTICAL FIBERS 

Any application of optical fibers shall be approved by the JPB prior to implementation.  This 
requirement is not intended to discourage the use of optical fibers; rather, it is meant 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.  The connections 
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between optical fibers and car-replaceable units shall be via approved fiber optic “quick-
disconnects.” 

16.26.8 ELECTROSTATIC DISCHARGE 

Protection shall be provided against electrostatic discharges (ESDs) in compliance with 
IEC62236, Table 9. With regard to this Standard, the specified discharge shall be delivered to 
the enclosure in which the equipment is housed (if an enclosure exists), to the enclosure of 
each line-replaceable unit, and to all surfaces and controls that are accessible to maintenance 
and operating staff and passengers (e.g. knobs, switches, fasteners, printed circuit board 
faceplates, handles). The equipment shall function properly after such testing.  

This requirement is not intended to apply to the contacts of electrical connectors that are 
exposed in the course of removing, replacing, and/or handling a line replaceable unit. 

ESD-sensitive equipment shall be labeled. The label shall be affixed in a location that clearly 
indicates the ESD concern to maintenance personnel. 

16.26.9 OBSOLESCENCE 

If any electronic device or component is discontinued by the manufacturer before the end of 
service life of the equipment, the Contractor shall guarantee that suitable replacement with fully 
equivalent functionality will be available; or the Contractor shall deliver, prior to the Delivery of 
the last vehicle, and at no increase in the Contract cost, that quantity of components necessary 
to support twenty (20) years of revenue service operation. The JPB will be the sole judge of the 
acceptability of any proposed solution. 

16.27 SEMICONDUCTORS 

Semiconductors shall be selected to withstand all continuous and transient voltage pulses (of 
any duration), and power demands present in the Caltrain electrical environment, and in all 
vehicle circuit applications, without damage or shortened life.  All 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. 

Semiconductor ratings shall be selected to ensure that the equipment reliability requirements 
are met.  

Electronic equipment shall utilize stock components and shall function properly with the 
component manufacturer’s full range of tolerances, such that Caltrain after-purchase screening 
or testing of components shall not be required. 

Matching of components shall be permitted only if the components are normally available from 
the manufacturer in matched sets. 

Germanium semiconductors shall not be used. 

16.28 PRINTED CIRCUIT BOARDS 

Printed circuit boards shall be designed, constructed, and inspected to ANSI/IPC-D-275, latest 
revision, except where more stringent requirements are noted herein.  Within ANSI/IPC-D-275, 
printed circuit board classes are designated.  Printed circuit boards supplied under this 
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Specification shall be Class 2, minimum, with the exception of wayside computers that are not 
utilized in vehicle operation.  Class 3 requirements shall apply to all vital equipment. 

Circuit board material shall be per NEMA Standard LI 1, Type FR-4, for boards which have no 
components, whose power dissipation is greater than 2 watts, and when said board is not 
mounted adjacent to components dissipating greater than 2 watts.  Otherwise, circuit board 
material shall be per NEMA Standard LI 1, Type FR-5. 

All printed circuit boards shall be designed for ease of testing per ANSI/IPC-D-275, “Testability 
Design Check List.” 

All circuit boards shall be inherently stiff, or shall be reinforced to prevent damage due to 
vibration or handling.   

All printed circuit boards with the same function shall be interchangeable between equipment 
groups without adjustment. 

All printed circuit boards shall be of the “plug-in” type, with positive support against vibration.  
Single board applications, where approved by the JPB, may be of a “non-plug-in” type. 

Printed circuit boards shall not be damaged if inserted and removed with power applied. 

16.28.1 MARKING 

All circuit boards shall be labeled with a part number, serial number, and descriptive 
nomenclature. 

The Contractor shall supply component layout drawings showing device identification and 
orientation for all mounted components on all printed circuit boards, and such other information 
as may be required to repair and troubleshoot each board type in each system. 

16.28.2 COMPONENT MOUNTING 

Components shall be fastened to the board in such a manner as to withstand repeated 
exposure to shock and vibration.  Large components shall be mechanically supported in 
addition to the solder connections.  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. 

16.28.3 IC AND DEVICE SOCKETS 

IC and device sockets are prohibited, except for components that must be removed for 
reprogramming or initial calibration procedures, and devices that are available only for mounting 
in sockets.  All other components shall be soldered in place. 

Where approved, IC sockets 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 (0.000762 mm) of gold over a minimum of 0.000050 inch 
(0.00127 mm) of low-stress nickel in the area of contact with IC pins 
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16.28.4 CONFORMAL COATING 

Both sides of the assembled printed circuit boards shall be coated with a clear, insulating and 
protective coating material conforming to ANSI/IPC A-610, latest revision, or approved equal. 

The coating shall be easily removable with a brush-applied solvent, or easily penetrated by a 
hot soldering iron when a component must be unsoldered.  The coating solvent shall not 
adversely affect board-mounted components. 

All IC sockets, connectors, and test points shall be masked when the coating is applied. 

16.28.5 KEYING 

All printed-circuit boards shall be mechanically keyed to prevent insertion into the wrong slot or 
in the wrong orientation.  Further, circuit boards in safety-related control systems, such as 
friction brakes,  positive train control and systems which can cause damage or unsafe train 
operation if the vehicle is operated with a card removed, shall be connected through a safety 
circuit to disable the vehicle if a circuit board is removed. 

16.28.6 CIRCUIT BOARD CONNECTORS 

Printed circuit board connectors shall be of the heavy-duty, high-reliability, two-part type with a 
history of successful service in rail applications.  

Connectors which comply with IEC60603-2 which have plated contacts as described below are 
considered to comply with the requirements of this Section. 

The connector contact area shall be plated with a minimum of 0.000030 inch (0.000762 mm) of 
gold over a minimum of 0.000050 inch (0.00127 mm) of low-stress nickel. 

Card-edge connectors are prohibited. 

16.28.7 TESTING 

Sufficient clearance shall be provided between components to allow testing, removal, and 
replacement without difficulty. 

16.29 ELECTRICAL DEVICES AND HARDWARE 

16.29.1 GENERAL 

All electrical devices shall comply with IEEE16 or IEC60077, as applicable except where 
otherwise approved by the JPB and shall be rail industry proven. 

16.29.2 CONTACTORS AND RELAYS 

16.29.2.1 General 

Relays shall be selected from the following types: 

a) Hermetic or non-hermetically sealed relays with contact rating in excess of 25 A resistive 
at 28 Vdc, conforming to MIL-PRF-6106 
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b) Hermetically sealed relays with contact rating less than 25 A, conforming to MIL-PRF-
83536 

c) General purpose relays complying with IEC60947-1 and IEC60947-5-1 

d) Printed circuit board mounted relays 

e) Other relays with proven rail transit service in the same application, as approved by the 
JPB 

Relays that are not in conformance with MIL-PRF-6106 or MIL-PRF-83536 shall meet the 
requirements of IEC61373 and IEC60077, and shall meet the fire smoke and toxicity 
requirements of this specification. Solid state and timer relays containing electronic components 
shall additionally meet the requirements of IEC60571 and IEC62236. 

Contactors shall comply with IEC60947-1, IEC60947-4-1, IEC60077 and IEC61373. and shall 
meet the fire smoke and toxicity requirements of this specification. 

Design and selection of all relays shall be subject to the JPB’s approval. 

All electrical and mechanical devices shall be constructed and utilized in a fail-safe manner; that 
is, all failures shall be such that passengers, crew, and equipment are not placed in jeopardy, 
however slight. 

The coils of all devices shall be suppressed to protect the low-voltage network from transients.  

Under no circumstances shall either the main or auxiliary contact tips of devices be placed in 
parallel for the purpose of carrying a current load at or above the manufacturer’s contact tip 
rating. 

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. 

The Contractor shall demonstrate the ability of each contactor type to reliably interrupt current 
over the full design operating range. 

Bifurcated contacts shall be used in low voltage applications, whenever necessary, due to dry 
contacts or low current switching requirements. 

All time delays shall be of the solid state type.  No R-C, mechanical or pneumatic time-delay 
devices will be permitted. 

Adequate gap and creepage distances shall be maintained from high voltage contactor tips to 
low voltage coil and auxiliary contacts to prevent entry of high voltage arcs or transients into low 
voltage circuits.  The same shall also apply to grounded mounting surfaces.  APTA RP-E-004-
98 or EN50124, shall apply, as applicable. 

Relays and contactors shall not be affected by the accumulation of airborne dust. 

16.29.2.2 Mounting 

All devices shall be installed so that they are fully accessible for inspection, repair-in-place, or 
removal and replacement.  All contactor and relay terminals shall be fully accessible for 
troubleshooting.  Contactors and non-hermetically sealed relays shall incorporate means of 
visually determining whether they are picked up or dropped out.  Relays on printed circuit 
boards or within electronic assemblies are exempted from the requirement for a visual 
indication. 

Where plug-in relays are approved, the relay shall be positively retained by means of a captive 
hardware, or a retaining clip or bar.  The retaining clip or bar shall be captive, of rugged 
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construction, and shall be easily positioned for relay installation and removal without the need 
for special tools.  When the relay is removed, the retainer shall be constrained such that it 
cannot come in contact with devices which have the potential for exposed energized electrical 
circuits, and it shall not interfere with the operation of any other device when in this position. 

16.29.2.3 Construction 

All contactors and relays shall be constructed such that the contact tips make and break with a 
wiping motion that prevents deposits and pitting. 

16.29.2.4 Marking 

All devices shall be readily identifiable by means of a permanent, durable marking strip 
identifying the device circuit designation.  No identification shall be obscured, or partially 
obscured, by wire routing.  

16.29.3 SWITCHES 

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. 

Switches shall not be utilized in the place of circuit breakers. 

16.29.3.1 Mounting 

Switches shall be provided with a mechanical “keying” feature so that after installation, the body 
of the switch is constrained from mechanical rotation. 

All switches provided shall be fully suitable for the JPB’s service environment.  All control 
switches subject to water splash (for example, switches mounted near windows or doors, or 
mounted on the Operator’s console) shall be environmentally sealed.  Toggle, rocker and push-
button switches shall be per IEC60947-5-1, or approved equal.   

All safety-critical switches, such as those for door operation, shall be designed to withstand a 
high potential test of 1500 Vdc for 1 second, in a clean, dry condition, absent any indication of 
current conduction.  

Switches shall be individually replaceable by disconnecting only the mounting fasteners and 
electrical connections of the switch. 

16.29.4 CIRCUIT BREAKERS 

16.29.4.1 General 

All circuit breakers shall be rugged and fully suitable for the service intended and of the highest 
quality procurable.  Design and selection of all circuit breakers shall be subject to JPB approval.  
All circuit breakers of the same rating shall be of the same manufacture and model throughout 
the vehicle. 

Each input-power circuit shall be protected by a dedicated circuit breaker.  Separate circuit 
breakers shall be provided for major assemblies or functions.  No circuit breaker shall protect 
more than one circuit, nor shall any one circuit be protected by more than one circuit breaker. 
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All circuit breakers shall be sized by current rating and trip time to protect both the associated 
equipment, and the minimum size wire used for power distribution within the protected circuit, 
without causing nuisance trips. 

High-voltage circuit breaker poles may be connected in series, if necessary, to achieve the 
stated voltage interruption requirements. 

Each circuit breaker pole shall be equipped with a means of arc extinguishment to prevent 
flashover. 

Molded case circuit breakers mounted on panels or in enclosures shall comply with UL489 or 
IEC60947. 

Electrically operated circuit breakers shall be arranged for operation from the low voltage dc 
supply. 

Circuit breakers shall not be used as switches, unless specifically designed as such, and 
approved by the JPB on a case-by-case basis. 

16.29.4.2 Marking 

The ON, OFF, and TRIPPED positions of all circuit breakers shall be permanently marked on 
the handle or the case of the circuit breaker. or on the front panel of the circuit breaker 
enclosure. The circuit breaker, when tripped, shall assume a distinct position between the ON 
and OFF positions to permit determination that it has been tripped by either its overcurrent or 
shunt trip elements.  All circuit breakers shall be mounted in the vertical direction with the ON 
position up. 

Circuit breaker current rating shall be clearly and permanently marked, and shall be completely 
visible after installation. 

16.29.4.3 Connections 

Circuit breakers shall be individually replaceable by disconnecting only the mounting fasteners 
and electrical connections of the breaker to be replaced. 

Electrical bus connections from power circuits to circuit breakers shall either be threaded to 
accept machine screws or use a threaded stud (reference Section 16.29.9.1, fourth paragraph).  
Wires to circuit breakers shall use ring terminals. 

Circuit breaker terminals shall not be used as junction points. 

16.29.4.4 High Voltage Circuit Breakers 

All high-voltage circuit breakers shall have not less than three poles connected in series. 

All distribution-type, high-voltage circuit breakers shall have molded cases and shall be Eaton 
Series C, FDB frame; Heinemann type GH; ABB Isomax; or approved equal. 

The trip elements shall be thermal-magnetic, hydraulic magnetic, or electronic connected in 
series. 

The circuit breaker handle shall protrude from the circuit breaker panel cover sufficiently to be 
manipulated in all positions. 
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16.29.4.5 Low Voltage Circuit Breakers 

Low voltage circuit breakers shall be either one-pole or two-pole devices, depending on the 
intended function.  Trip elements shall be thermal-magnetic or magnetic, as appropriate for the 
application. 

All low voltage circuit breakers shall be: 

a) General Use:  Eaton Series C, Quicklag QC frame; Heinemann Series AM; or approved 
equal, with front connection or other approved access arrangement, and approved 
labeling. 

b) Fast Operation:  Airpax type LEL series, dust sealed, hydraulic magnetic breaker; or 
Airpax UP series, hermetically sealed, hydraulic magnetic breaker; or approved equal. 

16.29.5 FUSES 

16.29.5.1 General 

The use of fuses shall be minimized to the greatest extent possible, and used only where 
specifically called for in the Technical Specifications, or where the use of circuit breakers is not 
technically feasible, and only with specific JPB approval.  Fuses may be considered in 
applications as follows: 

 To protect solid state equipment from catastrophic damage 

 Where current or voltage levels prohibit the use of circuit breakers 

Fuse holders shall contain fuse retention devices at both ends. 

Air gap and creepage distances shall be subject to JPB for approval.  APTA RP-E-004-98 or 
EN50124 shall apply, where applicable. 

Fuses used in nominal 600 Vdc or 750 Vdc circuits shall be rated for no less than 1,000 Vdc. 

Fuses used in nominal 1,500 Vdc circuits shall be rated for no less than 2,000 Vdc.  

Voltage ratings for fuses in other high-voltage circuits shall require JPB approval. 

Wherein circuits use multiple fuses, or fuses and circuit breakers, the coordination between the 
protective devices shall require JPB approval. 

16.29.5.2 Mounting 

Fuses shall be readily accessible.  Fuses mounted in exterior equipment boxes shall be 
accessible from the side of the car. 

High-voltage fuses shall be mounted in totally enclosed, dead-front fuse holders, with no 
exposed high-voltage connections.  The fuse shall be extracted from the circuit when the fuse 
holder is opened.  The exposed fuse shall be safely isolated at that time. 

16.29.5.3 Marking 

Fuses shall be permanently identified in a location adjacent to the fuse.  The rating of each fuse 
shall be permanently and clearly marked directly on each fuse. 
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16.29.6 BUS BARS 

Bus bars shall be fabricated from OFE (Oxygen Free Electronic CDA UNS C10100), or ETP 
(Electrolytic Tough Pitch CDA UNS C11000), copper.  Bus bar conductivity shall be 100 percent 
IACS.  All bus bar joints shall be silver or tin plated. 

Current densities, other than at joints, shall not exceed 1,000 amperes per square inch 
(1.55 A/mm2), and shall not exceed a value which would cause a bus bar temperature rise 
greater than 86°F (30°C).  Current densities in brazed joints shall not exceed 150 amperes per 
square inch (0.23 A per mm2). 

Bus bars shall be properly brazed together at joints unless bolted connections are found to be 
absolutely necessary for maintenance purposes and have been approved.  The overlap at bus 
bar joints shall be no less than 10 times the thickness of the bus material.  Bus bar connection 
bolts shall be torqued to obtain a uniform bus bar connection pressure of at least 1450 psi 
(10 MPa) in the conducting area under the washer.  Bolting hardware shall be plated steel with 
Belleville washers to maintain connection pressure.  Current densities in bolted joints shall not 
exceed 485 amperes per square inch (0.75 A per mm2) for a minimum bolt size of 5/16 inch (8 
mm).  The bus temperature rise including joints shall not be greater than 86°F (30°C) above 
104°F (40°C) ambient. 

Except for connection areas, bus bars in circuits operating at greater than 50 V shall be 
safety-insulated, using a high-dielectric powder coating, heat shrink tubing or other approved 
means as appropriate for the voltage level.  Tape is not acceptable.  Bus bars that are behind 
insulating panels are exempt from this requirement. 

16.29.7 CAPACITORS AND RESISTORS 

Electrolytic capacitors shall be long-life grade, aluminum electrolytic capacitors. 

Commutating capacitors shall be of the paper or plastic film type, shall incorporate a non-toxic 
impregnant, and shall be selected for each application to give a service life of at least 20 years.  
Filter capacitors shall have a high ripple current rating for long life. 

Capacitors and snubber circuits shall be derated 20 percent for voltage based on the nominal 
supply voltage and maximum case temperature.  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 reduced 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 185°F (85°C). 

Except for braking power resistors, all resistors shall be derated 50 percent for power 
dissipation.   

16.29.8 TRANSFORMERS AND INDUCTORS 

Transformers and inductors shall: 

a) Have vacuum-impregnated windings 

b) Be rated to withstand at least twice the maximum peak-to-peak voltage that they shall be 
subjected to in operation 

c) Be derated 10 percent for current 
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d) Not emit audible noise in excess of 60 dBA referenced to 20 micropascals at a distance 
of 2 feet while operating at rated voltage and load 

e) Be designed to minimize radiated and induced EMI 

f) Be located, orientated, and mounted with cable connections and routing in accordance 
with the overall EMI/EMC control plan for the vehicle 

16.29.9 SWITCH, CIRCUIT BREAKER, AND FUSE PANELS 

16.29.9.1 General 

All switch, circuit breaker, and fuse panels shall be of the dead-front type, mounted in the 
specified equipment enclosures.  

The dead-front panel shall conform to NFPA 70, Article 384.  The dead-fronts shall be made of 
moisture-proof, electrically insulating, laminated phenolic or fiberglass of an approved quality 
suitable for switchboards.  Asbestos shall not be used. 

Each switch and circuit breaker panel shall carry the necessary apparatus, arranged to be easily 
accessible to connections, and designed to prevent operating or maintenance personnel from 
coming in contact with energized parts when operating the switches or circuit breakers.  All 
energized portions of the protected circuitry shall be completely concealed so that no danger of 
shock exists from touching the panel or any appurtenances or devices mounted thereto.  

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 is 
not permitted. 

16.29.9.2 Mounting 

A wiring gutter shall be provided along the top, sides, and/or bottom of the panels, for the 
routing of high-voltage leads to their designated circuit breakers. 

The panel shall be secured by approved, captive fasteners and shall be configured for easy 
removal so that maintenance is not impeded. 

16.29.9.3 Marking 

Each switch, breaker, fuse, and indicating light shall be provided with a nameplate of raised or 
recessed lettering on the dead-front, clearly identifying the circuit to which each applies, and its 
circuit designation.   

16.29.10 BATTERY BACKUP CIRCUITS 

Backup batteries are not permitted, unless specifically approved by the JPB. 

16.30 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7.  
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16.31 CITED REFERENCES 

The following standards or references were cited in this Section: 

STANDARD TITLE 

29 CFR 1910.19 Special Provisions For Air Contaminants 

49 CFR 223.238 Safety Glazing Standards -- Locomotives, Passenger Cars And Cabooses  

49 CFR 238.103 Passenger Equipment Safety Standards 

AAR 2518, Standard 400 Installation Of Freight Car Air Brake Equipment 

AAR M-201 Summary Of Standard, Specifications For Steel  Castings 

AAR M-601 Hose, Wrapped, Air-Brake, "End Hose" 

AAR M-618 Hose, Air, Wire-Reinforced 

AAR M-927 Hose Fittings And Hose Assemblies, Air, Wire-Reinforced 

AAR S-501 Specifications For Wire And Cables 

AAR S-589 
Specification For Single Conductor Chlorosulfonated Polyethylene 
Polyethylene Integral Insulated-Jacketed, 0-300V, 0-600V Cable For 
Locomotive And Car Equipment 

AAR Section F S-538 Wiring Practice And Rolling Stock Standard 

AAR Standard S-540 Specification for Polyvinyl Chloride Tape 

American Conference of 
Governmental Industrial 
Hygienists 

Industrial Toxicology, Threshold Limit Values, Biological Exposure Indic 

ANSI B 18.1.2 Large Rivets 1/2 Inch Nominal Diameter and Larger  

ANSI B 16.18 Cast Copper Alloy Solder Joint Pressure Fittings 

ANSI B 16.22 Wrought Copper and Copper Alloy Solder Joint Pressure Fittings 

ANSI B1.1 Unified Inch Screw Threads 

ANSI B1.13 Metric Screw Threads: M Profile 

ANSI B31.1 Power Piping 

ANSI B31.5 Piping Package 

ANSI Z400.1-1993 
Hazardous Workplace Chemicals - Hazard Evaluation and Safety Data 
Sheet and Precautionary Labeling Preparation 

ANSI/IPC-A-610 Acceptability of Electronic Assemblies  

ANSI/IPC-D-275 Testability Design Check List 

ANZI Z26.1 Glass, Laminated, Flat; (Except Aircraft) 

APTA RP-E-004-98 Recommended Practice for Gap and Creepage Distance 
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STANDARD TITLE 

APTA SS-C&S-004-98 Standard for Austenitic Stainless Steel for Railroad Passenger Equipment 

APTA SS-C&S-015-99 
Standard for Aluminum and Aluminum Alloys for Passenger Equipment Car 
Body Construction 

APTA Standard SS-C&S-
034-99 

Standard for the Design and Construction of Passenger Railroad Rolling 
Stock 

ASME B16.16.6 Prevailing Torque Locknuts 

ASME Boiler & Pressure 
Vessel Code Section IX 

Pressure Vessel Code 

ASME Boiler & Pressure 
Vessel Code Section VIII 

Pressure Vessel Code 

ASME Section IX Pressure Vessel Code 

ASME Section VIII Pressure Vessel Code 

ASME Y14.44 Pressure Vessel Code 

ASTM A176 
Standard Specification for Stainless and Heat-Resisting Chromium Steel 
Plate, Sheet, and Strip 

ASTM A247 
Standard Test Method for Evaluating the Microstructure of Graphite in Iron 
Castings 

ASTM A262 
Standard Practices for Detecting Susceptibility to Intergranular Attack in 
Austenitic Stainless Steels 

ASTM A275 Standard Practice for Magnetic Particle Examination of Steel Forgings 

ASTM A36 Standard Specification for Carbon Structural Steel 

ASTM A370 
Standard Test Methods and Definitions for Mechanical Testing of Steel 
Products 

ASTM A388 Standard Practice for Ultrasonic Examination of Steel Forgings 

ASTM A473 Standard Specification for Stainless Steel Forgings 

ASTM A480 
Standard Specification for General Requirements for Flat-Rolled Stainless 
and Heat-Resisting Steel Plate, Sheet, and Strip 

ASTM A488 
Standard Practice for Steel Castings, Welding, Qualifications of Procedures 
and Personnel 

ASTM A502 Standard Specification for Rivets, Steel, Structural 

ASTM A53 
Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, 
Welded and Seamless 

ASTM A536  Standard Specification for Ductile Iron Castings 

ASTM A588 
Standard Specification for High-Strength Low-Alloy Structural Steel, up to 50 
ksi [345 MPa] Minimum Yield Point, with Atmospheric Corrosion Resistance 
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STANDARD TITLE 

ASTM A606 
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 
Standard Specification for Steel Forgings, Carbon and Alloy, for general 
Industrial Use 

ASTM A745 Standard Practice for Ultrasonic Examination of Austenitic Steel Forgings 

ASTM B108 Standard Specification for Aluminum-Alloy Permanent Mold Castings 

ASTM B117 Standard Practice for Operating Salt Spray (Fog) Apparatus 

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 B26 Standard Specification for Aluminum-Alloy Sand Castings 

ASTM B280 
Standard Specification for Seamless Copper Tube for Air Conditioning and 
Refrigeration Field Service 

ASTM B33 
Standard Specification for Tin-Coated Soft or Annealed Copper Wire for 
Electrical Purposes 

ASTM B557 
Standard Test Methods for Tension Testing Wrought and Cast Aluminum- 
and Magnesium-Alloy Products 

ASTM B594 
Standard Practice for Ultrasonic Inspection of Aluminum-Alloy Wrought 
Products 

ASTM B633 
Standard Specification for Electrodeposited Coatings of Zinc on Iron and 
Steel 

ASTM B839 
Standard Test Method for Residual Embrittlement in Metallic Coated, 
Externally Threaded Articles, Fasteners, and Rod-Inclined Wedge Method 

ASTM B85 Standard Specification for Aluminum-Alloy Die Castings 

ASTM B88 Standard Specification for Seamless Copper Water Tube 

ASTM C1172 Standard Specification for Laminated Architectural Flat Glass 

ASTM C297 
Standard Test Method for Flatwise Tensile Strength of Sandwich 
Constructions 

ASTM C393 
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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STANDARD TITLE 

ASTM D1002 
Standard Test Method for Apparent Shear Strength of Single-Lap-Joint 
Adhesively Bonded Metal Specimens by Tension Loading (Metal-to-Metal) 

ASTM D1003 
Standard Test Method for Haze and Luminous Transmittance of 
Transparent Plastics 

ASTM D1055 Standard Specifications for Flexible Cellular Materials-Latex Foam 

ASTM D1056 
Standard Specification for Flexible Cellular Materials—Sponge or Expanded 
Rubber 

ASTM D1149 
Standard Test Methods for Rubber Deterioration—Cracking in an Ozone 
Controlled Environment 

ASTM D1499 
Standard Practice for Filtered Open-Flame Carbon-Arc Exposures of 
Plastics 

ASTM D2000 
Standard Classification System for Rubber Products in Automotive 
Applications 

ASTM D2047 
Standard Test Method for Static Coefficient of Friction of Polish-Coated 
Flooring Surfaces as Measured by the James Machine 

ASTM D2240 Standard Test Method for Rubber Property—Durometer Hardness 

ASTM D2261 
Standard Test Method for Tearing Strength of Fabrics by the Tongue (Single 
Rip) Procedure (Constant-Rate-of-Extension Tensile Testing Machine) 

ASTM D256 
Standard Test Methods for Determining the Izod Pendulum Impact 
Resistance of Plastics 

ASTM D2583 
Standard Test Method for Indentation Hardness of Rigid Plastics by Means 
of a Barcol Impressor 

ASTM D2584 Standard Test Method for Ignition Loss of Cured Reinforced Resins 

ASTM D2671 Standard Test Methods for Heat-Shrinkable Tubing for Electrical Use 

ASTM D3137 Standard Test Method for Rubber Property—Hydrolytic Stability 

ASTM D3182 
Standard Practice for Rubber—Materials, Equipment, and Procedures for 
Mixing Standard Compounds and Preparing Standard Vulcanized Sheets 

ASTM D3183 
Standard Practice for Rubber—Preparation of Pieces for Test Purposes 
from Products 

ASTM D3190 Standard Test Method for Rubber-Evaluation of Chloroprene Rubber (CR) 

ASTM D3330 Standard Test Method for Peel Adhesion of Pressure-Sensitive Tape 

ASTM D3363 Standard Test Method for Film Hardness by Pencil Test 

ASTM D3389 
Standard Test Method for Coated Fabrics Abrasion Resistance (Rotary 
Platform Abrader) 

ASTM D3574 
Standard Test Methods for Flexible Cellular Materials—Slab, Bonded, and 
Molded Urethane Foams 
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STANDARD TITLE 

ASTM D3597 
Standard Performance Specification for Woven Upholstery Fabrics—Plain, 
Tufted, or Flocked 

ASTM D3652 Standard Test Method for Thickness of Pressure-Sensitive Tapes 

ASTM D3775 
Standard Test Method for Warp (End) and Filling (Pick) Count of Woven 
Fabrics 

ASTM D3776 Standard Test Methods for Mass Per Unit Area (Weight) of Fabric 

ASTM D395 Standard Test Methods for Rubber Property—Compression Set 

ASTM D412 
Test Methods for Vulcanized Rubber and Thermoplastic Rubbers and 
Thermoplastic Elastomers-Tension 

ASTM D429 Test Methods for Rubber Property-Adhesion to Rigid Substrates 

ASTM D4541 
Standard Test Method for Pull-Off Strength of Coatings Using Portable 
Adhesion Testers 

ASTM D470 
Standard Test Methods for Crosslinked Insulations and Jackets for Wire and 
Cable 

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 (Gardner Impact) 

ASTM D573 Standard Test Method for Rubber—Deterioration in an Air Oven 

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 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 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS 76 (Conformed 6/22/2016) 

Section 16 – Materials And Workmanship 

STANDARD TITLE 

ASTM E1030 Standard Test Method for Radiographic Examination of Metallic Castings 

ASTM E1032 Standard Test Method for Radiographic Examination of Weldments 

ASTM E1354 
Standard Test Method for Heat and Visible Smoke Release Rates for 
Materials and Products Using an Oxygen Consumption Calorimeter 

ASTM E155 
Reference Radiographs for Inspection of Aluminum and Magnesium 
Castings 

ASTM E1648 
Standard Reference Radiographs for Examination of Aluminum Fusion 
Welds 

ASTM E162 
Standard Test Method for Surface Flammability of Materials Using a Radiant 
Heat Energy Source 

ASTM E165 Standard Practice for Liquid Penetrant Examination for General Industry 

ASTM E446 
Standard Reference Radiographs for Steel Castings Up to 2 in. (50.8 mm) in 
Thickness 

ASTM E662 Optical Density of Smoke 

ASTM E709 Standard Guide for Magnetic Particle Testing 

ASTM E94 Standard Guide for Radiographic Examination 

ASTM F1344 Standard Specification for Rubber Floor Tile 

ASTM F519 
Standard Test Method for Mechanical Hydrogen Embrittlement Evaluation of 
Plating/Coating Processes and Service Environments 

AWS B2.1 
Standard Welding Procedure Specification (WPS) Sheilded Metal ARC 
Welding of Carbon Steel 

AWS B2.2 Specification for Brazing Procedure and Performance Qualification 

AWS B2.3 Specification for Soldering Procedure and Performance Qualification 

AWS BAg-5 Time at Temperature & Liquation, Silver 

AWS BCuP-5 Brazing with Copper Phosphorus 

AWS C7.2 
Recommended Practices for Laser Beam Welding, Cutting, and Allied 
Processes 

AWS D1.1 Structural Welding Code Steel - Reference Manual 

AWS D1.2 Structural Welding Code – Aluminum 

AWS D1.3 Structural Welding Code—Sheet Steel 

AWS D1.6 Welding Code - Structural Stainless Steel 

AWS D11.2 Guide for Welding Iron Castings 

AWS D17.2 Specification for Resistance Welding for Aerospace Applications 
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STANDARD TITLE 

BSS-7239 
Boeing Specification Support Standard - Test Method for Toxic Gas 
Generation by Materials on Combustion 

DIN EN 175301-801 
Detail Specification: High density rectangular connectors, round removable 
crimp contact 

DIN EN 61984 Connectors - Safety Requirements and Tests 

Electronic Parts 
Reliability Data 

Reliability Information Analysis Center 

EN 50124 
Railway Applications - Insulation Coordination - Part 1: Basic Requirements 
- Clearances and Creepage Distances for all Electrical and Electronic 
Equipment 

Engineering Data for 
Aluminum Structures, 
Aluminum Association of 
America 

Aluminum Design Manual 

IEC 60077 
Railway Applications - Electric Equipment for Rolling Stock Part 1: General 
Service Conditions and General Rules 

IEC 60571 Electronic Equipment Used on Rail Vehicles 

IEC 60603-2 
Connectors for Frequencies Below 3 MHz for use With Printed Boards Part 
2: Two-Part Connectors for Printed Boards, for Basic Grid of 2.54 mm 
(0.1IN) with Common Mounting Features 

IEC 60947 Low-Voltage Switchgear and Controlgear - Part 1: General Rules 

IEC 61373 Railway Applications - Rolling Stock Equipment - Shock and Vibration Tests 

IEC 61709 
Electric Components - Reliability - Reference Conditions for Failure Rates 
and Stress Models for Conversion 

IEC 62236 Railway Applications - Electromagnetic Compatibility - Part 1: General 

IEC60947-7-1/2/3 Low-Voltage Switchgear and Controlgear 

Industrial Fasteners 
Institute Standard IFI-543 

Test for Evaluating the Torque-Tension Relationship on Both External and 
Internal Metric Threaded Fasteners 

IPC-A-620 Requirements and Acceptance for Cable and Wire Harness Assemblies 

MIL-HDBK-217 Reliability Prediction of Electronic Equipment 

MIL-P-23469 Pin-Rivet, Grooved and Collar, Grooved Pin Rivet, Swage-Locked (Lockpin) 

MIL-PRF-6106 Relays, Electromagnetic General Specifications 

MIL-PRF-83536 
Relays, Electromagnetic, Established Reliability, 25 Amperes and Below, 
General Specification for 

MIL-T-16366F Terminals, Electrical Lug and Conductor Splices, Crimp-Style 

NAS 410 NAS Certification and Qualification of Nondestructive Test Personnel 
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STANDARD TITLE 

NEMA Standard LI 1 Industrial Laminating Thermosetting Products 

NEMA Standard LD-3 High-Pressure Decorative Laminates 

NEMA Standard WC71 
Standard for Nonshielded Cables Rated 2001-5000 Volts for use in the 
Distribution of Electric Energy 

NEMA Standard WC74 
Shielded Power Cable for Use in the Transmission and Distribution of 
Electric Energy 

NEMA Standard WC70 
Power Cables Rated 2000 Volts or Less for the Distribution of Electrical 
Energy 

NFPA 130 Standards for Fixed Guideway Transit and Passenger Rail Systems 

NFPA 70 National Electric Code 

NPRD95 Nonelectronic Parts Reliability Data 

PS I-95, American 
Plywood Association 

Grade Structural I of the National Bureau of Standards  

System Reliability Toolkit Commercial Practices Edition 

SAE 1020 Screw, Union Adjustable Flareless 

SAE 1045 
Occupant Containment and Methods of Assessing Occupant Protection in 
the Crash Environment 

SAE AS Aerospace Standards Index 

SAE AS5942 Marking of Electrical Insulating Materials 

SAE J429 Mechanical and Material Requirements for Externally Threaded Fasteners 

SAE/USCAR-7 Deembrittlement Verification Test 

SAE-AS50151/VG95234 
Connectors, Electrical, Circular Threaded, AN Type, General Specification 
for 

SAE-AMS-C-7438 Core Material, Aluminum, for Sandwich Construction 

SAE-AMS-STD-401 Sandwich Constructions and Core Materials - General Test Methods 

SAE-AS20659 
Terminal, Lug, Crimp Style, Copper, Uninsulated, Ring Tongue, Type I, 
Class 1, for 175 Degrees C Total Conductor Temperature 

SAE-AS25036 
Terminal, Lug, Crimp Style, Copper, Insulated, Ring Tongue, Bell-Mouthed, 
Type II, Class 1 (for 105 Degrees C Totoal Conductor Temperature) 

SAE-AS7928 
Terminals,Lug: Splices, Conductor: Crimp Style, Copper, General 
Specification for 

Specification for 
Aluminum Structures, 
Aluminum Association of 
America 

Aluminum Design Manual 
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STANDARD TITLE 

UL 1059 Terminal Blocks 

UL 486 Wire Connectors 

UL 900 Air Filter Units 

 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS17-i (Conformed 6/22/2016) 
 Section 17 - Positive Train Control 

SECTION 17 - POSITIVE TRAIN CONTROL 

 

Contents 

SECTION 17 - POSITIVE TRAIN CONTROL ............................................................................. i 

17.1 GENERAL ................................................................................................................... 1 

17.1.1 49 CFR 236 SUBPART I REQUIREMENTS .................................................................... 1 

17.1.2 COMMUNICATIONS BASED OVERLAY SIGNAL SYSTEM (CBOSS) REQUIREMENTS .......... 1 

17.1.3 CONFORMANCE TO ITC STANDARDS (INTEROPERABILITY REQUIREMENTS) ................... 1 

17.1.4 PTC SYSTEM DEFINITION AND DESCRIPTION .............................................................. 2 

17.1.5 VITAL DESIGN REQUIREMENTS ................................................................................... 2 

17.1.6 PTC SIMULATOR MODIFICATIONS ............................................................................... 3 

17.2 HARDWARE REQUIREMENTS .................................................................................. 4 

17.2.1 REQUIRED HARDWARE COMPONENTS ........................................................................ 4 

17.3 INTERFACES TO ON-BOARD SYSTEMS .................................................................. 7 

17.3.1 ELECTRICAL AND TRAIN LINE INTERFACES ................................................................... 7 

17.3.2 NETWORK INTERFACES.............................................................................................. 8 

17.3.3 BRAKE SYSTEM INTERFACES ..................................................................................... 8 

17.3.4 GPS SYSTEM INTERFACES ........................................................................................ 9 

17.4 INTERFACES TO PTC INFRASTRUCTURE ............................................................... 9 

17.4.1 DATA COMMUNICATION SUB-SYSTEM (DCS) OVERVIEW ............................................. 9 

17.4.2 INTEROPERABLE TRAIN CONTROL MESSAGING SYSTEM (ITCM) ................................... 9 

17.4.3 DATABASE AND DIRECTIVES SERVER (DDS) ..............................................................10 

17.4.4 EVENT RECORDER SUB-SYSTEM INTERFACE .............................................................10 

17.4.5 MONITORING & DIAGNOSTIC SYSTEM INTERFACE .......................................................11 

17.4.6 OTHER PTC SYSTEM INTERFACES ............................................................................11 

17.4.6.1 Car Network .......................................................................................................11 

17.4.6.2 Phase break .......................................................................................................12 

17.4.6.3 Trolley Line Crossings .......................................................................................12 

17.4.6.4 Wayside Transponders ......................................................................................12 

17.4.7 CENTRAL DISPLAY UNIT ............................................................................................12 

17.5 FUNCTIONAL REQUIREMENTS ...............................................................................13 

17.5.1 GENERAL I-ITCS FUNCTIONS ....................................................................................13 

17.5.2 SYSTEM OPERATING MODES ....................................................................................14 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS17-ii (Conformed 6/22/2016) 
 Section 17 - Positive Train Control 

17.5.3 SPECIFIC I-ITCS REQUIREMENTS ..............................................................................15 

17.6 REQUIRED CONTRACT SUBMITTALS.....................................................................20 

17.7 CITED REFERENCES ................................................................................................21 

17.8 REFERENCE DRAWINGS .......................................................................................... 1 

 

 

 

 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS17-1 (Conformed 6/22/2016) 

 Section 17 - Positive Train Control 

17.1 GENERAL 

17.1.1 49 CFR 236 SUBPART I REQUIREMENTS 

49 CFR §236 Subpart I – Positive Train Control Systems: 

The Positive Train Control (PTC) system installed in the JPB vehicles in this procurement shall 
satisfy the regulations of the Rail Safety Improvement Act (RSIA) 2008, including  49 CFR §236 
Subpart I and General Order (GO) No. 175 from the Public Utilities Commission of the State of 
California (CPUC).  Requirements of 49 CFR §236 Subpart I include, but are not limited to, the 
requirement to reliably prevent: 

 Train-to-Train collisions 

 Overspeed derailments 

 Incursions into established work-zone limits without first receiving appropriate authority 
and verification from the dispatcher or roadway worker 

 Movement of a train through a mainline switch in improper position  

17.1.2 COMMUNICATIONS BASED OVERLAY SIGNAL SYSTEM (CBOSS) 
REQUIREMENTS 

The JPB's PTC system has been designed to facilitate additional functionality beyond that cited 
in TS 17.1.1 above.  The additional functions are collectively referred to as Communication 
Based Overlay Signal System (CBOSS) functions and shall be fully integrated into the JPB's 
PTC system.  CBOSS functions are in full effect only within Caltrain dispatch territory North of 
Control Point Lick, and shall have no impact on UP or tenant railroad rolling stock operating in 
Caltrain territory.  CBOSS functions include, but are not limited to, the following: 

a) Scheduled station stop enforcement 

b) Station skip/stop 

c) Advanced highway-grade crossing start 

d) Highway-grade crossing inhibit and restart after station stop 

e) Electronic authorization into a work zone using the Employee in Charge Portable 
Remote Terminal (EIC PRT) 

f) ETB (Electric Trolley Bus) crossing security 

17.1.3 CONFORMANCE TO ITC STANDARDS (INTEROPERABILITY 

REQUIREMENTS) 

There are several tenant railroads that operate on JPB territory. JPB's PTC system has been 
designed to accommodate these tenant railroads, who are operating with the Interoperable 
Electronic Train Management System (I-ETMS).  JPB has also designed its system to 
accommodate future California High Speed Rail on the JPB corridor. 

While interoperability standards are largely based on the Interoperable Train Control (ITC) 
standards, there are two essential tenets: 
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a) Trains must be able to transition safely between different wayside authorities at normal 
operating speeds  

b) Communications integrity (and security) between equipped trains and all wayside 
equipment must be assured 

17.1.4 PTC SYSTEM DEFINITION AND DESCRIPTION 

The JPB PTC System is referred to as the Interoperable Incremental Train Control System (I-
ITCS) and is defined by the Caltrain PTCDP and PTCIP documentation that supports the I-ITCS 
FRA Type Approval, “FRA-TA-2014-01”. I-ITCS consists of Wayside, Office, On-Board, 
Communications, and Employee-In-Charge (EIC) Portable Remote Terminal (PRT) sub-
systems to provide PTC functionality for the I-ITCS equipped JPB trains and I-ETMS equipped 
tenant trains. 

I-ITCS has been designed to be interoperable with the I-ETMS system used by tenant trains on 
JPB territory and to implement the additional JPB-specific CBOSS requirements defined in TS 
17.1.2. 

The Contractor shall provide an I-ITCS on-board PTC system that satisfies the requirements of 
CFR 49 Part 234: Grade Crossing Signal System Safety; CFR 49 Part 236: Rules, Standards, 
and Instructions for Railroad Signal Systems; and CFR 49 Part 229.135: Event Recorders, as 
well as all requirements stated in this Technical Specification.  The I-ITCS on-board PTC 
system shall be fully compatible with the existing I-ITCS Wayside, Office, On-board, 
Communications, and Employee-In-Charge (EIC) Portable Remote Terminal (PRT) sub-
systems.  The I-ITCS shall be identical in function with the PTC system defined for the Caltrain 
locomotive fleet. 

The Contractor shall provide a complete System Functional Description (SFD) for all systems, 
subsystems, components and devices contained within this specification section.  The SFD 
shall be in the form of a narrative description, with attendant electrical schematics and 
mechanical drawings, sufficient for the JPB to fully understand every aspect of the design and 
operation of the equipment specified in this section, and to make an engineering-based decision 
as to its acceptability for the Caltrain application.  

The Contractor shall also provide a Software Requirements Specification (SRS), detailed to the 
extent that this document will be sufficient for the system programmers to have all the 
information they require to develop the system code.  The SRS shall conform to Standard EN 
50128. 

Refer to Section 18.1.3 for additional requirements.  

17.1.5 VITAL DESIGN REQUIREMENTS 

The design of vital circuits (reference TS 1.8 for definition) shall be in accordance with accepted 
signal system design practices and applicable sections of the AREMA Signal Manual 
recommendations, or approved equivalent. 

The I-ITCS System shall conform to 49 CFR, including, but not limited to: 49 CFR 235 and 236, 
inclusive of FRA guidelines established in the final rulemaking for 49 CFR 236 (Title 49, CFR 
Part 236 Subpart I); and the AAR Communication and Signal Division Manual of Recommended 
Practices - Volumes I through IV, including AAR Sections 590 and 591.   

It shall be the Contractor's responsibility to provide a fully compliant, conforming design.   
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Train operational safety shall be the prime consideration in the design and component selection 
of the I-ITCS System. Only components that have high reliability and predictable failure modes, 
and have been proven in conditions similar to the projected service, shall be provided.   

Components shall be configured in such a manner that a failure of any component will ensure 
that a restrictive condition, rather than a permissive condition, will result. Resulting conditions 
may include such alternatives as (where the first alternative is the more restrictive choice and 
the second is the more permissive choice): 

 Stop / Proceed, 

 Lower Speed / Higher Speed, 

 Deceleration / Acceleration, 

 Brakes Applied / Brakes Released, and 

 Actuation of Alarm / No Actuation of Alarm. 

All safety-critical circuits not entirely within the I-ITCS apparatus enclosure shall be connected 
by double-wire, double-break circuitry, or other appropriate failsafe techniques as approved by 
JPB. 

Circuits shall be based on closed-loop principles.  For example, broken wires, dirty contacts, a 
relay failing to respond when energized, or a loss of power shall be detected and shall not result 
in an unsafe condition. 

Component or system failures shall cause the train to stop, or run at a more restrictive speed. 

Electronic circuit design shall assure that the following types of component failures shall have a 
restrictive rather than a permissive effect: 

 Two-terminal devices: open, short, partial open, or partial short; carbon composition and 
metal film resistors, however, will only be allowed to vary by a maximum of ten percent 
of the rated value before being considered as failed. 

 Multi-terminal devices: combination of opens, shorts, partial opens, and/or partial shorts. 

Built-in checks shall be included within the system that impose a restriction or actuate an alarm 
when a device fails to assume its restrictive condition. 

17.1.6 PTC SIMULATOR MODIFICATIONS 

JPB currently has a PTC simulator on-site that is used for training Operators. As an option, the 
Contractor shall re-configure the PTC simulator hardware so that either the MP36 locomotive 
controls or the EMU controls can be used with the PTC simulator. The connections for the 
vehicle controls shall be designed for easy removal and replacement of the controls, through the 
use of quick disconnects or other similar means.  

Also as part of this option, the Contractor shall update the PTC simulator software to include an 
EMU mode. The EMU mode of the software shall include the following: 

 Operator field of view for the EMU (full screen to simulate a full cab windshield) 

 Braking characteristics of the EMU 

 Any PTC functional changes that are derived from this Specification or from the 
implementation and testing of the PTC System on the EMUs 
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17.2 HARDWARE REQUIREMENTS 

17.2.1 REQUIRED HARDWARE COMPONENTS 

The equipment provided or installed as part of the on-board I-ITCS PTC system  shall include 
the On-Board Computer (OBC), Database and Directives Server (DDS), Communications 
Management Unit (CMU), Central Display Units (CDU1 and CDU2), Power Supplies, Circuit 
Breakers, Train Line interface circuitry, speed sensors, transponder interrogator, check 
transponder (for checking functionality), GPS receivers and interface units, data radio, assorted 
antennas (220 MHz, Cellular, and GPS), and all associated enclosures, conduit, wiring and 
terminal boards necessary for the installation.  The basic functions of the components for the 
JPB On-Board Subsystem shall be as follows: 

a) On-Board Computer (OBC): The I-ITCS PTC System shall contain a central computer 
that processes all input data, issues status and commands to other carborne systems 
and provides data to the CDUs for principal interface with the Operator.  The OBC shall 
have a minimum of four vital outputs, used to cut power, initiate penalty brake, 
emergency brake applications and command the VCB open for phase breaks and trolley 
bus crossing. 

b) Database and Directives Server (DDS): The I-ITCS PTC System shall contain an 
interface unit to receive, store and translate information from the Back Office System 
(BOS) to the OBC. The primary function of the DDS is to facilitate communications via 
the CMU and to provide Track Data (Subdivision File) and Mandatory Directives 
(movement authority or speed restriction that affects a railroad operation) to the OBC. All 
communications from the BOS to the OBC shall be transmitted to the Communications 
Management Unit, then routed through the Database and Directives Server to the On-
Board Computer. 

c) Communications Management Unit (CMU): The I-ITCS PTC System shall contain a 
CMU as a dedicated computer system which routes all incoming and outgoing 
messages to and from the on-board system and determines which radio (220 MHz or 
Cellular) to use when transmitting outgoing messages.  

d) Central Display Unit (CDU1): The I-ITCS PTC System shall contain a visual “computer 
screen” for display of all information to the Operator and provide input capability by the 
Operator to the PTC system.   

e) Conductor Display Unit (CDU2): The I-ITCS PTC System shall contain a visual 
“computer screen” for display of all information to the Conductor. 

f) 220 MHz Data Radio: The I-ITCS PTC System shall contain a 220 MHz Data Radio to 
facilitate data communications with the OBC. 

g) Cellular Data Modem: The I-ITCS PTC System shall contain a Cellular Data Modem to 
facilitate data communications with the OBC. 

h) GPS Receivers (GPS Rx): The I-ITCS PTC System shall contain two (2) GPS receiver 
units that acquire and validate GPS geospatial position data for processing. 

i) Receiver Interface Module (RIM): The I-ITCS PTC System shall contain two (2) Receiver 
Interface Modules that translate GPS data to a usable I-ITCS format for evaluation 
against track map coordinates and determination of the geospatial position of the train. 
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j) On-board Printer: The I-ITCS PTC System shall contain a ruggedized thermal Printer to 
provide hardcopy of Bulletins and Mandatory Directives. The printer shall be ruggedized 
to withstand the worst case car interior operating and storage conditions. 

k) Cut-Out Switch: The I-ITCS PTC System shall contain a switch to allow the Operator to 
“cut-out” the PTC system from speed enforcement (speed limits, Mandatory Directives, 
etc.) and prevent undesired brake application and power cut requests. 

l) Power Supply: The I-ITCS PTC System shall contain a power supply to convert vehicle 
DC power to power usable by PTC equipment. The I-ITCS PTC System shall also 
contain power supplies necessary to power the various I-ITCS system components. 

m) Speed Sensors: The I-ITCS PTC System shall contain Active gear mounted sensors that 
generate pulses for the determination of train speed and roll away protection. 

n) Transponder Interrogator: The I-ITCS PTC System shall contain a Transponder 
Interrogator that houses an under-car antenna that receives ground transponder data 
and decoding module that translates transponder data and communicates the data to 
the OBC. 

o) Check Transponder: The I-ITCS PTC System shall contain a check transponder unit to 
confirm operation of the transponder interrogator. 

p) GPS Antennas: The I-ITCS PTC System shall contain two (2) GPS antenna for reception 
of GPS position data. 

q) 220 MHz Data Radio Antenna: The I-ITCS PTC System shall contain a 220 MHz Data 
Radio antenna that receives wayside status data from base stations 

r) Cellular Antenna: The I-ITCS PTC System shall contain a Cellular antenna that shall be 
primarily used for transmitting departure test results and vehicle health reports and 
receiving updated database files.  The cellular antenna shall also be used as a backup 
to the PTC 220 system. 

s) Audio Alarm: The I-ITCS PTC System shall contain one (1) Audio Alarm used to 
generate audible alerts for the Operator. The Audio Alarm shall provide two distinct 
tones. 

t) Circuit Breakers: The I-ITCS PTC System shall contain circuit breakers as necessary to 
protect the I-ITCS onboard components. As a minimum, circuit breakers shall be 
provided for isolated protection and power interruption for the OBC, Communications 
Units and GSP Systems.  

u) Acknowledge Button: I-ITCS PTC System shall contain a physical acknowledge button in 
each cab to allow the operator to acknowledge required safety-related system 
conditions. This button shall also be used as the Alerter reset button, as stated in TS 6.  

The following table contains a list of the major components, quantities and installation location 
requirements.  The Contractor shall provide the quantity listed as a minimum.  The Contractor 
shall install the equipment listed in the specified location, unless otherwise approved by the 
JPB.  

COMPONENT 
QUANTITY PER 

CAB CAR 
LOCATION 

On-Board Computer (OBC) 1 Vehicle Interior Locker 
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COMPONENT 
QUANTITY PER 

CAB CAR 
LOCATION 

Database and Directives Server (DDS) 1 Vehicle Interior Locker 

Central Display Unit (CDU1) 1 Vehicle Cab 

Conductor Display Unit (CDU2) 1 
Vehicle Interior Locker conveniently 

accessible to the Conductor 

GPS Receiver  2 Vehicle Interior Locker 

GPS Receiver Interface Module (RIM) 2 Vehicle Interior Locker 

220 MHz Data Radio 1 Vehicle Interior Locker 

Cellular Data Modem 1 Vehicle Interior Locker 

Communications Management Unit 1 Vehicle Interior Locker 

Cut-Out Switch 1 
Sealed unit accessible to Operator, but 

out of direct reach of the Operator in 
the seated position 

Acknowledge Button (also used as Alerter 
reset button, as stated in TS 6) 

1 Vehicle Cab 

Speed Sensors 2 
Under Car, one per axle of different 

trucks and on opposite sides. 

DC to DC Power Supplies as needed Vehicle Interior Locker 

Thermal Printer 1 Vehicle Cab 

Provision for Thermal Printer Provision only 
In the same vehicle interior locker as 

the Conductor Display Unit 

Audio Alarm 1 Vehicle Cab 

Transponder Interrogator 1 Under Cab 

Check Transponder 1 Under Cab 

GPS Antenna 2 Vehicle Roof 

220 MHz Data Radio Antenna 2 Vehicle Roof 

Cellular Antenna 1 Vehicle Roof 

Circuit Breakers as needed Vehicle Cab 
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As part of the System Safety Plan, the I-ITCS System and its sub-systems, including interfaces 
to the Propulsion and Braking Systems, shall be analyzed in a systematic manner to determine 
all possible failure modes and their effect on safety. 

17.3 INTERFACES TO ON-BOARD SYSTEMS 

Refer to the PTC System Overview drawing contained in Section 17.8 (Reference Drawings). 

17.3.1 ELECTRICAL AND TRAIN LINE INTERFACES 

The OBC shall contain the following digital inputs: 

a) Penalty Brake Status 

b) Emergency Brake Status 

c) Forward Direction Status 

d) Reverse Direction Status 

e) Lead / Trail Status (also known as Cab Make-up) 

f) Alerter/Acknowledge Button Status 

g) PTC Cut-Out Switch Status 
 

The OBC shall contain the following dc voltage inputs: 

h) Car Battery / LVPS 
 

The OBC shall contain the following frequency inputs: 

i) Primary Speed Sensor 

j) Secondary Speed Sensor 
 

The OBC shall contain the following serial interfaces: 

k) Printer 

l) GPS Receiver Interface Modules (two inputs) 

m) Transponder Interrogator 

n) General Purpose & Diagnostics 
 

The OBC shall contain the following general communications inputs: 

o) Ethernet 
 

The OBC shall contain the following digital outputs: 

p) Penalty Brake Application (Vital) 

q) Emergency Brake Application (Vital) 

r) Power Knock Out Request (Vital) 

s) Trolley Line Crossing / Phase break (Vital) 
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t) Audio Alarm tones (2) (Non-Vital) 

u) Public Address Trigger (Non-Vital) 

17.3.2 NETWORK INTERFACES 

TS 7 of this document is the main reference for the individual EMU and trainlined Ethernet 
connectivity requirements. The I-ITCS PTC System shall provide minimum Ethernet network 
connectivity as follows: 

 

a) Central Display Unit (CDU1), one (1) port 

 One (1) port for interface with the OBC 
 

b) Conductor Display Unit (CDU2), one (1) port 

 One (1) port for interface the OBC 
 

c) Data and Directives Server (DDS), one (3) port 

 One (1) port for interface with the OBC 

 One (1) port for interface with the MDS 

 One (1) port for interface with the Event Recorder  

d) Communications Management Unit, two (2) ports 

 One port (1) for interface with the 220 MHz Data Radio 

 One port (1) for interface with the Cellular Data Modem 
 

e) Cellular Data Modem, one (1) port 

 One port (1) for interface with the CMU 
 

f) 220 MHz Data Radio, one (1) port 

 One port (1) for interface with the CMU 
 

g) On-Board Computer, two (2) ports 

 One port (1) for interface with the on-board I-ITCS components 

 One spare port 

17.3.3 BRAKE SYSTEM INTERFACES 

The On-Board I-ITCS component shall contain all circuitry necessary for the initiation of a vital 
Penalty Brake (Full Service Brake) application.  

The I-ITCS shall contain circuitry necessary for initiation of a vital Emergency Brake application.  

As part of the I-ITCS braking functions, the I-ITCS shall contain all circuitry necessary for the 
initiation of a power knock-out to assure that power is vitally removed during any I-ITCS initiated 
brake application. 

The Contractor shall be responsible for the integration of the I-ITCS brake and power knock-out 
interfaces with the necessary vehicle circuits. 
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17.3.4 GPS SYSTEM INTERFACES 

The I-ITCS GPS system shall continuously communicate GPS date and time as well as 
translated location data onto the Ethernet network for use by other sub-systems, such as the 
Monitoring and Diagnostics System (MDS) and Communication System. Design details 
associated with the communication of the GPS data will be determined during the design phase 
of the project. 

17.4 INTERFACES TO PTC INFRASTRUCTURE 

17.4.1 DATA COMMUNICATION SUB-SYSTEM (DCS) OVERVIEW 
The Data Communication Sub-System is a network consisting of fiber optic and wireless 220 
MHz / Digital Cellular components distributed to facilitate communication between field 
segments (wayside appliance WIUs and the on-board PTC Subsystem) and the Office 
Subsystem at the CCF and the BCCF. The three major elements of the DCS are the Office 
Network (CCF/BCCF), the Fiber Optic Network (Wayside Backbone) and the RF Network. A 
high level depiction of the DCS can be seen in the PTC System Overview drawing contained in 
Section 17.8 (Reference Drawings). 

The fiber optic network is a redundant ring that provides connectivity between the office 
segment and wayside components. The Caltrain PTC system DCS will not employ dedicated 
peer-to peer wayside radios, but will rather use the fiber optic backbone to connect the WIUs to 
the CCF and BCCF LANs where a WSRS server will maintain a database of current wayside 
appliance statuses. The WSRS will in turn relay WIU status to on-board systems using standard 
ITC 220 MHz radio base stations distributed along the RoW. The WSRS communicates status 
data via direct connection to the base stations with subsequent transmission of status to the on-
board segment via 220 MHz data radio communications. Cellular communications is the backup 
method for the transmission of wayside status to the onboard system. 

During PTC initialization (Departure Test and Mission Setup) high bandwidth cellular 
communications will be the default data transmission method, with the 220 MHz PTC radio as 
backup.  Once the train has been initialized and is in service, the 220 MHz PTC radio will be the 
default communication method, with the cellular communications used as backup. 

Messaging protocols will be in accordance with the AAR Manual of Standards and 
Recommended Practices as follows: 

 S-9354 Edge Message Protocol; Section K-IV (Updated) 

 S-9355 Class C Messaging; Section K-IV 

 S-9356 Class D Messaging; Section K-IV 

17.4.2 INTEROPERABLE TRAIN CONTROL MESSAGING SYSTEM (ITCM) 

The Interoperable Train Control Messaging (ITCM) system permits interoperable 
communications between back office, onboard, and wayside component applications. The ITCM 
system acts as a protocol layer to assure that the messages are properly communicated. The 
ITCM also determines how messages are routed and manages the exchange of messages 
between sub-systems. The ITCM System supports wireless communications including 220-MHz 
data radio, public cellular networks, and IEEE 802.11g Wi-Fi. 
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The core of the ITCM relies on MRG (Messaging Real-time Grid), a Red Hat, Inc. product. MRG 
messaging is an open source, high performance, reliable messaging distribution that 
implements the Advanced Message Queuing Protocol (AMQP) standard. ITCM messages are in 
AMQP format with a defined header structure and a data consignment. The header contains 
information that describes the message destination, priority, class and network preference. 
MRG provides the message distribution framework upon which the ITCM is built.  

The ITCM interfaces with the CMU of the On-Board Subsystem through the DCS as can be 
seen in the PTC System Overview drawing contained in Section 17.8 (Reference Drawings). 

17.4.3 DATABASE AND DIRECTIVES SERVER (DDS) 

The Data Base and Directives Server shall receive mission critical data from the Back Office 
Server (BOS), Wayside Status Relay Server (WSRS) Departure Test Server (DTS) and 
Schedule Server Subsystem (SSS) (located at the Central Control Facility (CCF) and Backup 
Central Control Facility (BCCF)) for PTC and CBOSS functions. The DDS shall be responsible 
for, but not limited to, the following on-board functions: 

a) Acquire and Manage Mandatory Directives 

b) Manage Communications with the CCF via the Communications Management Unit 
(CMU) 

c) Acquire and Manage Subdivision Files  

d) Acquire and Manage Configuration Version Information 

e) Acquire and Manage Train Subdivision/District List 

f) Manage Departure Test Communications and Transmit Departure Test Report 

g) Acquire and Manage the Track Database  

17.4.4 EVENT RECORDER SUB-SYSTEM INTERFACE 

The on-board PTC system shall communicate with the event recorder over the Ethernet network 
with the exception of train speed, which should be provided directly to the Event Recorder in 
analog form. The proposed data set communicated to the event recorder shall be submitted to 
the engineer for review and approval. The data recorded shall include but not limited to: 

 GPS Date and Time 

 PTC Territory 

 Train Location 

 Location Uncertainty 

 Direction of Travel 

 Speed Limit 

 Train Speed (analog signal) 

 Target Type 

 Target Speed 

 Target Location 

 Time to Penalty 

 Distance to Target 

 Profile and Warning Curve Violation 

 Penalty Brake Status 
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 Emergency Brake Status 

 Forward Train Line  Status 

 Reverse Train Line Status 

 Lead/Trail Status 

 Work Zone Limits 

 PTC Territory Transition 

 GPS Quality and Status 

 GPS Geospatial Data 

 Wayside Switch Position 

 Wayside Signal Condition 

 Departure Test Status 

 Temporary Speed Restrictions 

 Bulletins 

 Mandatory Directives 

 Grade Crossing 

 Overspeed Status 

 Acknowledgement Required 

 Acknowledgement Status 

 Alarm Status 

 Zero Speed Status 

 Loss of Communications 

 I-ITCS Operating Mode 

 Mandatory Directives Status 

 Permission to Enter Work Zone 

 Mission Setup Information 

 PTC Cutout Status 

 I-ITCS Power Knockdown Request Status 

 PA Alert Status 

 DDS State and Configuration Information 

 Fault Status 

 Additional data required by FRA 
 
The Contractor shall develop and submit their proposal for event recorder data for JPB 
approval. 

17.4.5 MONITORING & DIAGNOSTIC SYSTEM INTERFACE 
The on-board PTC system(s) shall communicate with the Monitoring and Diagnostic System 
(MDS) as described in Section 8.2 of the Technical Specification by means of the trainlined 
Ethernet Network.  The proposed communication protocols and data set communicated to the 
MDS shall be as approved by the JPB. 

17.4.6 OTHER PTC SYSTEM INTERFACES  

17.4.6.1 Car Network 

The on-board PTC system shall be capable of communicating with vehicle subsystems by 
means of the train-wide Ethernet network described in Section 7.2 of this Technical 
Specification. 
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17.4.6.2 Phase break 

The On-board PTC System shall provide a phase break protection output in order to initiate 
coordination power reduction with the operation of the 25 kV vacuum circuit breakers (VCB) and 
pantographs in conjunction with safe crossing of a OCS phase break. The crossing location 
data shall be communicated via the Data Communications Sub-System with functional initiation 
triggered by wayside transponders or GPS data as a backup. The On-board system shall 
deactivate a dedicated vital output to initiate the phase break crossing protection function 
executed by other sub-systems. An upcoming phase break shall be annunciated on the CDU. 

17.4.6.3 Trolley Line Crossings 

Similar to the phase break detection the system shall also protect the vehicle and the wayside at 
the 600Vdc trolley bus crossing.  

17.4.6.4 Wayside Transponders 

Passive, fixed-data, track transponders, already installed on the RoW, will provide data to the 
on-board subsystem to improve location accuracy and shall be used for track determination 
when the OBC cannot determine its precise location based on GPS. Track transponders will 
define critical data such as track identifiers, grade, phase breaks and trolley bus crossings, 
interlocking clearance points, station boundaries and station approach distances. The track 
transponders will additionally provide grade data to aid in the determination of braking profiles.   
The on-board system shall contain a transponder interrogator to receive and propagate data 
transmitted by wayside transponders. 

17.4.7 CENTRAL DISPLAY UNIT 

The Central Display Unit (CDU) is the main Human Machine Interface (HMI) in the PTC system, 
comprised of a minimum 12” diagonal, touch sensitive flat panel color monitor with a minimum 
resolution of 1280 x 720 pixels conveniently located on the train Operator‟s control panel.  The 
CDU functionality and operation shall, wherever possible, be identical to that of the PTC system 
of the existing JPB Locomotive Fleet. 

The location of the CDU in the cab shall be evaluated through a detailed human 
factors/ergonomics study, as stated in TS 6. 

A second CDU, identical to the operators CDU, shall be provided and conveniently located for 
Conductor access.  

The display screen shall be dark or blank when the PTC is cut-out or initializing. It may show 
custom self-test screens while a self-test is in progress, otherwise it shall show indicators, 
displays and „soft‟ buttons as appropriate for the PTC and screen displays as given below: 

 Main Screen 

 Mission Setup Screen 

 Departure Test Screen 

 Mandatory Directives Screen 

 Schedule Screen 

 Station Stop Screen 

 Special Modes Screen 

 Block Signal Mode (BSM) Screen 
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 Manual Track ID Entry (MTIE) Screen 

The Contractor shall develop a display and screen management design.  

The controlling computer system and associated components may be integral with the display 
or rack mounted in an enclosed equipment cabinet. 

Communication between the OBC system and the CDU shall be Ethernet using the following 
protocols: 

 S-9354 Edge Message Protocol 
Section K-IV (Updated) 

 S-9356 Class D Messaging 
Section K-IV 

17.5 FUNCTIONAL REQUIREMENTS 

17.5.1 GENERAL I-ITCS FUNCTIONS 

The on-board PTC system shall perform the following core functions: 

a) Initialization (Mission Setup) 

b) Maintain Data Base 

c) Departure Test 

d) Mode Determination 

e) Determination of Movement Authority Limits 

f) Determination of Train Route 

g) Determination of Vehicle Location 

h) Determination of Target Speed 

i) Determination of Vehicle Speed 

j) Enforcement of Work Zone Restrictions 

k) Enforcement of Temporary Speed Limits  

l) Enforcement of Permanent Speed Limits 

m) Enforcement of Train Type Specific Braking Profiles 

n) Enforcement of Station Stops 

o) Rollaway Protection 

p) Pre-emption of Traffic Controllers and Initiation of Highway/Pedestrian Crossings 

q) Inhibit Near-Side Crossing Starts (based on the status of enforced station stops) 

r) Display Operating Status (to the operator via the CDU) 

s) Generate Audible Alarms 

t) Continuous Health Monitoring and Error/Event Logging (based on pre-assigned system 
attributes) 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS17-14 (Conformed 6/22/2016) 

 Section 17 - Positive Train Control 

u) Print Bulletins and Mandatory Orders 

17.5.2 SYSTEM OPERATING MODES 
The I-ITCS PTC System shall have the capability to function in any one of the following 
operating modes: 

 Supervision Mode 

 Block Signal Mode 

 Yard Mode 

 Trail Mode 

 Test (Departure Test) Mode 

 Cut-Out Mode 

a) Supervision Mode 

The On-board Sub-system shall provide Automatic Train Protection (ATP) while in PTC territory. 
This protection includes enforcement of stop indications at signals. While in Supervision mode, 
the On-board Sub-system shall enforce the lowest speed limit allowed by the combination of the 
signal system, civil speeds, Mandatory Directives or other special conditions. The following 
functions shall be provided in the Supervision mode: 

 Speed Determination 

 Speed Limit Determination 

 Speed Enforcement 

 Train Location Determination 

 Direction Determination 

 Rollaway protection 

 Predictive Braking Enforcement 

 Targetless Braking Enforcement 

 Data Entry and Display 

 Automatic Entry and Exit of PTC Territory 

 Movement Authority Updates 

 Train Move Enforcement 

 Grade Crossing Activation 

 Grade Crossing Inhibit 

 Grade Crossing Condition Enforcement 

 Station Stop Enforcement 

 Automatic Wheel Calibration 

 Network Communication 

The I-ITCS shall enforce 18 mph for reverse train movements with an overspeed penalty 
application occurring at 21 mph. Target enforcement is not required while performing reverse 
train movements. 
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b) Block Signal Mode 

The Block Signal mode of operations shall be available when communications between the train 
and wayside are unavailable. The train Operator may request entry into this mode via the CDU 
and operate the train in accordance with wayside signals and Caltrain operating rules. In the 
Block Signal Mode, the I-ITCS shall enforce a maximum track speed of 59 mph for passenger 
trains and 49 mph for freight trains. The I-ITCS shall enforce an 18 mph speed limit for reverse 
train movements.  Enforcement of mandatory directives, signals, and other speed/targets are 
not available while operating in Block Signal Mode. Crossing activation/inhibit and Station Stop 
enforcement are not available while operating in Block Signal Mode. 

c) Yard Mode 

Yard mode shall be the initial power-up mode for the I-ITCS. This operating mode will be used 
for operation in the train yards but can be entered if the train location is unknown. Train yards 
will be defined by yard entry/exit points. In this mode, the on-board subsystem shall enforce an 
18 mph speed limit with a 21 mph overspeed threshold for both forward and reverse train 
movements. Crossing activation/inhibit, station stops and mandatory directive enforcement is 
not required in this operating mode. Train initialization (Mission Setup) and departure test will be 
executed in Yard Mode. 

d) Trail Mode 

Trail mode shall be active when the I-ITCS determines that the cab make-up inputs are not 
indicating lead operation.  Interfaces to the brake system shall be isolated in this mode of 
operation.  

e) Test Mode 

Test mode shall be active during the execution of a Departure Test.  

f) Cut-Out Mode 

Cut-Out mode shall be active when the I-ITCS determines that the PTC cut-out switch is in the 
cut-out position (the I-ITCS shall be disabled from requesting brake applications).  A full-service 
brake application shall be automatically applied if the cut-out switch is moved to the cut-out 
position while the train velocity is greater than 0 MPH. This function shall be implemented using 
an interface to the „No-Motion‟ (i.e., zero-speed) trainline. 

The CDU shall be blank in the Cut-Out Mode. When the I-ITCS is cut-in following a cut-out 
condition, a Departure Test shall be required to re-establish operations in the Supervision mode. 
Transition of the cut-out switch from cut-out to cut-in while the train is moving shall result in 
application of full service braking in order to bring the train to an immediate stop prior to 
execution of the departure test. 

17.5.3 SPECIFIC I-ITCS REQUIREMENTS 

The on-board subsystem shall contain the databases which define the railroad alignment and 
the locations of all points of interest.  

The departure test shall be initiated by a soft key on the CDU. The on-board system shall 
receive I-ITCS database updates from the Caltrain Departure Test Server (DTS), the Caltrain 
Back Office Server (BOS), and the UPRR BOS during the Departure Test.  

The primary transmission path during the execution of Departure Test shall be via cellular 
communications. 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS17-16 (Conformed 6/22/2016) 

 Section 17 - Positive Train Control 

A Departure Test shall be performed by the on-board system to ensure that the system is 
healthy and that the on-board I-ITCS databases are up to date. The Departure Test shall be 
manually initiated by the operator. Successful completion of a Departure Test shall be required 
under any of the following circumstances: 

 24 hours has elapsed since the last successful Departure Test was performed 

 The On-board Sub-system has received an updated Subdivision file 

 A data integrity mismatch with database files exists 

 The on-board subsystem was power-cycled or rebooted since its last successful 
Departure Test 

 The last Departure Test failed 

 The PTC Cutout switch has been placed in the cutout position since the last successful 
Departure Test. 

The following tests and verifications shall be performed during a Departure Test: 

 Operators CDU Test 

 Conductors CDU Test – Note the Conductor CDU test shall be a local test that is not 
linked to the Departure Test performed in the cab. 

 Software Version Verification 

 Speed Sensor Test 

 Speed Detection Test 

 Overspeed Detection Test 

 Penalty Brake Test with Power Knock Out 

 Emergency Brake Test 

 Downgrade Detection Test 

 Reverser Input Test 

 Communications System Test 

 GPS Test 

 Database Verification 

 DDS Test 

 Printer Test 

 Tag Reader Test 
 

At the completion of Departure Test, the I-ITCS Onboard Subsystem shall send a Departure 
Test Report message to the Caltrain BOS.  Completion of a successful Departure Test shall be 
required for an I-ITCS on-board subsystem to transition to Supervision or Block Signal modes. 
The on-board system shall indicate when a Departure Test is required via the CDU. 

If the departure test failed the train shall revert to Yard Mode.  

The I-ITCS System shall receive schedule information and Subdivision file updates during 
initialization (Mission Setup) via cellular communication with the Caltrain BOS (SSS).   
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Following successful completion of a Departure Test, a train initialization (Mission Setup) shall 
be performed. The Mission Setup shall be required prior to each train run. During Mission 
Setup, the Operator and the I-ITCS on-board subsystem shall perform the following tasks: 

 Login and Authentication 

 Operating Railroad Selection 

 Train Type Selection 

 Train Clearance (Authorization) 

 Train ID and Verification 

 Configuration Validation 

 Office Registration 

 Subdivision / District List Acquisition 

 Bulletins and Movement Authority Processing 

The primary transmission path during the execution of all aspects of the Mission Setup shall be 
via cellular communications. 

The I-ITCS System shall receive and process temporary updates in the form of Mandatory 
Directives and bulletins in real time. Mandatory directives and bulletins shall be received from 
the Caltrain BOS. The primary communication method for transmission of Mandatory Directives 
and bulletins shall be via 220 MHz Data Radio communications. 

The on-board DDS (CMU) system shall communicate with the WSRS via 220 MHz data radio 
interface with base stations to establish the status of wayside points of interest within operating 
range.  

The OBC shall vitally determine its location via GPS (including the use of reference WIUs), 
augmented by the speed sensors, the track database, and track transponders to support 
increased accuracy. Train location shall include the position of both the front and rear end of the 
train. 

The on-board system shall vitally and continuously calculate vehicle speed based on analog 
input data read from primary and secondary speed sensors installed on independent axles and 
shall verify proper speed sensor operation through real time self-test routines.  

Vehicle speed calculations shall account for spin, slide and wheel size. Wheel size shall be 
manually entered during JPB periodic inspections and shall be automatically calibrated based 
on GPS speed and strategically positioned wheel calibration transponder tags. 

The on-board system shall calculate a speed distance profile associated with established 
targets to ensure safe operation relative to track conditions and track grade within movement 
authority limits. 

The OBC shall communicate with the back office system to continuously establish Movement 
Authorities. 

The OBC shall process all wayside conditions, civil speed limits, track grade and mandatory 
orders to determine the most significant target for enforcement. 

In addition to functionality required by 49 CFR Part 236 Subpart I, the OBC shall use train 
schedule data to enforce station stops and support schedule management functions.  

The OBC shall initiate wireless crossing inhibit, pre-emption, and activation based on its current 
speed and location, with respect to each crossing. 
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The OBC shall enforce a speed reduction through failed grade crossings. 

The OBC shall use track identifier data provided by wayside transponders for initialization in 
multi-track territory and to determine the track number when it is necessary to move a train 
through a switch whose position is unknown.  

The OBC shall facilitate safe movement over grade and trolley bus crossings. 

The OBC shall allow manual entry of track number where needed to initialize in UPRR territory 
and in short spurs where there is insufficient distance to install transponders, and allow I-ITCS 
to enforce stop aspects as leaving signals. 

The Employee in Charge of roadway work will have the ability to view the status of Mandatory 
Directives from a portable device and assist with the direction of Form B train moves. This data 
exchange will be in addition to conventional voice radio communication. 

The I-ITCS PTC System shall contain interfaces to the vehicle for the determination of operating 
mode, cutout status, acknowledgement, brake status, direction selection and brake requests. 
Two vital outputs shall be provided to drive independent magnet valves that interface to the 
train's braking system. One vital output shall be configured to initiate a Full Service Brake 
application and the second vital output shall be configured to initiate an Emergency Brake 
application.  

If enforcement requires braking, the I-ITCS shall initiate a power knock-out via vital output, and 
a Full Service Brake (penalty) application shall be initiated. If the Full Service Brake application 
does not achieve the expected brake performance (a “brake assurance” function), an 
emergency brake application shall be initiated and the power knock-out shall be sustained. 

When a Mandatory Directive is received by the OBC, an indication shall be given to the 
Operator on the CDU. The Operator shall be able to acknowledge receipt by pressing the Print 
MD button which shall cause the order to be printed in the cab. If the printer is not working, the 
Operator shall be able to press the MD Confirmed button on the CDU and follow operating 
procedures. 

An I-ITCS equipped train shall transition from one PTC Territory to another PTC Territory 
without stopping or slowing to re-acquire databases. Databases for each territory must be 
obtained prior to the mission. 

A Caltrain train may transition into Supervision mode when entering PTC territory. Before 
entering PTC Territory, a train must have successfully passed a Departure Test, where I-ITCS 
databases are obtained and validated. In addition, the train must have completed Mission Setup 
(Train Initialization) in order to obtain the necessary trip information, Subdivision database file, 
and Mandatory Directive information from Caltrain, and, if necessary, UPRR Back Office 
Servers (BOS). Once the required data is obtained and validated, train GPS location is known 
and the track number is determined with the aid of Tags or Operator input, the on-board 
subsystem shall automatically transition into Supervision Mode. If any of the criteria for 
transition into the Supervision Mode are not met when the train enters the I-ITCS/I-ETMS 
territory, the on-board subsystem shall remain in the Yard Mode.  

Prior to entering PTC territory, the on-board subsystem shall enforce the entry signal if 
appropriate information is available (e.g., track ID and direction have been entered manually). In 
instances where there is insufficient information to predicatively enforce the entry signal, the on-
board sub-system shall reactively enforce the entry signal via Targetless Braking. 

The on-board subsystem shall automatically downgrade to Yard Mode upon exiting PTC 
territory. If the track speed prior to exiting is less restrictive than Yard Speed (20 mph), then 
automatic braking shall be used to enforce Yard Speed upon exiting the PTC territory. Beyond 
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the PTC territory, the Block Signal mode shall be available when there is no WIU 
communication. 

Predictive Braking enforcement shall occur as the train nears a Facing Signal, grade crossing, 
territory exit or other target that has a more restrictive speed associated with it than the Active 
Speed Limit for the train. Predictive Braking enforcement shall be based on the braking 
characteristics of the Train Type, the grade of the track, the train speed, distance from Target, 
and the value of Initial Time to Penalty (ITTP). The Predictive Braking function shall be active 
only in Supervision mode. 

Targetless Braking enforcement shall occur for all necessary brake applications not associated 
with predictive braking. 

The on-board subsystem shall prevent train rollaway by initiating a Penalty Brake when train 
movement is detected and the reverser handle is in the neutral position or when train movement 
is detected in the direction opposite of that indicated by the position of the reverser handle. 
Maximum speed and distance parameters associated with the rollaway function shall be 
determined during the design phase of the project. 

The I-ITCS shall display operating status information to the train operator including, but not 
limited to: 

 maximum authorized speed 

 target speed 

 target location 

 distance to target 

 current vehicle speed 

 active mode of operations 

 PTC brake application status 

 reasons for brake enforcement 

 system and communication faults 

 time to penalty 

 Mandatory Directives status 

 acknowledgement status 

 wayside signal status 

 wayside switch status 

 current and next stations 

 grade crossing 

 date and time  

The display mechanism shall have screen options for the display of mission setup information, 
Departure Test information, Bulletins and Mandatory Directives, train schedule and other 
functions necessary for PTC operation. The Contractor shall develop display and screen 
management designs for approval by JPB. 

The I-ITCS on-board subsystem shall provide advanced station stop and schedule management 
features. The following functions shall be implemented (but not limited to): 
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 Receive train schedules from the ROCS (at the start of the trip or via in-route update) via 
the SSS 

 Display schedule and station stop information to the train Operator, including dwell time 

 Enforce station stops 

 Support Station Hold and Release operations initiated by the dispatcher or Operator 

 Transmit station arrival and departure information to the ROCS 

The OBC shall transmit PTC information as required herein, and as required by 49 CFR Part 
236. 

The on-board PTC System shall require the Operator‟s acknowledgment of certain system 
conditions. If the Operator fails to acknowledge these conditions by pressing and releasing the 
Acknowledge Button, the system shall initiate Targetless Brake Enforcement. 

The PTC Cut-Out Switch shall be implemented such that, when in the cut-out position, it shall 
physically prevent the full service brake, emergency brake and power knock down outputs from 
actuating their functions. 

I-ITCS on-board subsystem shall have two distinct audible alarm tones to convey information to 
the train Operator.  

1) An Acknowledge Alarm shall be actuated to indicate that an acknowledgment is required 
(Acknowledge Button) and shall be a constant audible tone. An Acknowledge Alarm shall be 
actuated under the following conditions: 

 Start of Targetless Brake Enforcement 

 Start of Predictive Brake Enforcement 

 Train speed transitions to above zero speed under Restricted Speed Enforcement 

 On-board transition from Yard to Supervision Mode at a signal displaying Absolute Stop 
or Stop and Proceed (at restricted speed). 

 I-ITCS Territory Exit Point (transition to Yard at Yard Entry) 

 Temporary Speed Restrictions time-out due to loss of communications 

2) A warning alarm shall be actuated during Targetless and Predictive Brake Enforcement, 
while the Time to Penalty is between 10 and 0 seconds, and during Overspeed Enforcement 
while the train‟s speed is greater than or equal to a configurable overspeed alarm level. The 
warning alarm shall be an audible alarm that has a 50% duty cycle and shall not require 
acknowledgment.  

The I-ITCS on-board subsystem shall contain an additional non-vital output to be used as a 
public address trigger. The necessity of the public address trigger will be determined during the 
design phase of the project. 

17.6 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7.  
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17.7 CITED REFERENCES 

The I-ITSC PTC System installed on JPB equipment shall satisfy the regulations and 
requirements of the following references: 

 

STANDARD TITLE 

49 CFR Part 236 Subpart I 

Code of Federal Regulations, “Rules, Standards, and 
Instructions Governing the Installation, Inspection, Maintenance, 
and Repair of Signal and Train Control Systems, Devices, and 
Appliances” Positive Train Control Systems 

CFR 49 Part 234 
Code of Federal Regulations, “Grade Crossing Signal System 
Safety” 

49 CFR Part 235 

Code of Federal Regulations, “Instructions Governing 
Applications for Approval of a Discontinuance or Material 
Modification of a Signal System or relief from the Requirements 
of Part 236” 

49 CFR Part 236 

Code of Federal Regulations, “Rules, Standards, and 
Instructions Governing the Installation, Inspection, Maintenance, 
and Repair of Signal and Train Control Systems, Devices, and 
Appliances” 

General Order No. 175 
California Public Utilities Commission, “Rules and Regulations 
Governing Roadway Worker Protection Provide by Rail Transit 
Agencies and Rail Fixed Guideway Systems” 

AAR Manual of Standards and 
Recommended Practices 

Association of American Railroads, “AAR Communication and 
Signal Division Manual of Recommended Practices - Volumes I 
through IV” 

AAR Manual of Standards and 
Recommended Practices - 
Section 590 

Association of American Railroads, “Locomotive Electronics 
System Architecture” 

AAR Manual of Standards and 
Recommended Practices - 
Section 591 

Association of American Railroads, “Locomotive System 
Integration Operating Display” 

Various Interoperable Train Control (ITC) Standards 

Caltrain PTCDP Caltrain PTC Development Plan 

Caltrain PTCIP Caltrain PTC Implementation Plan 
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18.1 INTRODUCTION 

18.1.1 GENERAL 

All computer hardware and software to be provided under this Contract, whether resident within 
a microprocessor-controlled intelligent subsystem on-board or off the vehicle, provided as part 
of test or interface equipment, provided for the purpose of post-download data analysis and 
processing, or incorporated within training technology and non-generic Bench Test Equipment 
(BTE), is subject to the requirements provided in this section.  

Hardware and software requirements depend on the degree to which the hardware and/or 
software is custom designed for or applied to this project. 

Commercially available hardware or software shall be readily available in the US through retail 
and wholesale sources and shall be subject to the documentation and training requirements of 
this section. 

Non-commercially available hardware or software shall be developed or modified according to 
the requirements in this specification.  It shall be subject to all of the design, documentation, and 
training requirements herein. 

18.1.2 QUALIFICATIONS 

In relation to software and microprocessor-based systems, the Contractor, as the responsible 
systems and software integrator, shall utilize robust systems engineering and software 
development processes, and subcontractors who are providing software and microprocessor-
based systems (including the Contractor itself if so engaged) shall also utilize robust software 
engineering and software development processes. 

The Contractor's and subcontractors’ systems engineering and software development 
processes, including proprietary or internal procedures, shall be available for inspection and/or 
review by the JPB or its designee during any regularly scheduled site visit, such as QA audits, 
Design Reviews, FAIs or routine hardware inspections. 

18.1.3 DESIGN PROCESS 

Software documentation shall be in accordance with IEEE Std 1558-2004, Standard for 
Software Documentation for Rail Equipment and Systems or EN 50128-2011 Railway 
applications - Communication, signaling and processing systems - Software for railway control 
and protection systems, along with those additional requirements set forth within this document.  

Software Quality Assurance (SQA), design processes and documentation shall be fully 
integrated with the corresponding hardware processes. 

Software development shall be reviewed as an integral part of each design review for any 
system which utilizes software.  In this regard, all software code relevant to the design under 
review shall be formatted as block diagrams and flow charts for easy comprehension by those 
attending the design reviews.  This requirement flows down to any and all subcontractors in 
attendance.   

SQA shall be part of all applicable QA audits or inspections.  Software revision control shall be 
administered in the same manner as drawing revision control per Section 20.3.4. 
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In addition to the requirements of this section, any software, firmware, processing device, or 
computer providing a safety-critical function shall comply with the requirements of Section 
21.6.1, System Safety Program. 

The software design and development processes and procedures required by this section and 
used in the development of the software shall remain in place through the duration of the 
Contract and shall apply to all software revisions. 

An overall, vehicle-level System Functional Description (SFD) meeting the following 
requirements shall be provided by the Contractor.  The SFD shall:  

 Clearly define all subsystems (electrical, networked, mechanical, structural, pneumatic, 
etc.) which make up the overall vehicle system. 

 Clearly describe and graphically depict the interfaces between these subsystems. Where 
the interfaces between subsystems are extremely complex, the interface may be 
generally described in the SFD, but the details must be fully described in the Interface 
Control Documents required in Section 7.7.3. 

 Describe how the requirements of the Technical Specification (TS) are allocated to the 
subsystems, including the possible decomposition of single requirements into multiple 
requirements which are allocated to multiple subsystems. 

 Define a common terminology for all subsystems which is to be used by all 
subcontractors. 

 Define the system's LRUs (Line Replaceable Units) and LLRUs (Lowest Level 
Replaceable Units). 

An SFD, meeting the following requirements, shall be provided for each subsystem.  The SFD 
shall: 

 Clearly describe and graphically represent the subsystem hardware components and the 
interfaces between these components. 

 Describe the allocation of the TS requirements, including derived requirements, among 
the subsystem components.  Where the subsystem components are further divided into 
subcomponents, the SFD shall describe the allocation of requirements to these 
components down to the level of the LLRU. 

 Clearly describe the allocation of requirements to hardware and the allocation of 
requirements to software, including the allocation of requirements to all programmable 
logic devices used in the system. 

 Provide a technical description of the hardware and of the software used to execute 
each function. 

 Provide a technical description of all key algorithms used to implement allocated 
requirements. 

 Contain a table which links each Software Configuration Item (SCI) to a specific 
subsystem component and to the specific processor in which the SCI runs.  The table 
shall link each SCI to its design documentation (Software Requirements Specification; 
Software Design Description) by document number.  Each SCI shall be identified by 
assigned part number, and each processor shall be identified by manufacturer's part 
number and descriptive name. 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS 18-3 (Conformed 6/22/2016) 

Section 18 – Software And Microprocessor-Based Systems 

 Contain a table which identifies all Programmable Logic Devices (PLD), including, but 
not limited to, Complex Programmable Logic Devices (CPLDs) and Field-Programmable 
Gate Arrays (FPGAs).  The table shall identify the device by manufacturer's part number, 
and shall also identify, by part number, the data used to customize the device to the 
specific application.  It shall also identify the means used to program each PLD, and the 
documentation, by document number, which shall be provided to describe the design of 
the PLD. 

 Contain a description of each programmable logic device used in the subsystem, which 
includes a description of each function performed by the PLD. 

 Reference Section 18.3.1 for additional SFD requirements.  

18.2 SOFTWARE SYSTEMS REQUIREMENTS 

Software may be written in a high or low level language; however, high-level languages such as 
functional block programming or C/C++, etc., are preferred.  The language, and its 
implementation for the selected microprocessor system, shall be commercially available in 
English.  

The Contractor and its subcontractors shall use the current versions of all software and of all 
operating systems available at the time of the Contractor’s final proposal or BAFO.  Obsolete 
operating systems shall not be used.  In the event that an operating system becomes obsolete 
(defined as no longer supported by its subcontractor) during the life of the Contract, the 
Contractor shall supply to JPB a migration plan to a current operating system, which migration 
plan shall describe the consequences to all affected hardware and software. 

Compilers and other software development tools shall be commercially available and shall be 
most recent versions (at the time of the Contractor’s final proposal or BAFO) fully supported by 
the tool subcontractor.  Proprietary compilers shall not be used. 

The use of proprietary communications protocols shall be only as approved by the JPB.  As a 
minimum, proprietary protocols will only be permitted if they are fully described in the Interface 
Control Document (ICD) and if the JPB is granted full rights to the use of the protocol.  Design, 
verification, and acceptance testing shall be to the finalized ICD and tests shall cover all ranges 
such as for timing defined in the ICD. 

18.2.1 GENERAL FEATURES 

Software shall perform the following basic functions: 

 Implement the desired control scheme such that the specified performance is achieved. 

 Monitor all inputs for unsafe, erroneous, or unknown conditions or combinations of such 
conditions. 

 Sample all input conditions at rates sufficient to detect and remedy all unsafe or 
damaging conditions.  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.  All software shall be designed to ensure that the timing requirements for 
safety-related tasks are always met. 

 Limit all output commands to safe levels for all combinations of input conditions, this to 
avoid equipment damage and hazards to personnel. 
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 Perform system self-diagnostic routines and respond promptly, safely, predictably and 
appropriately to detected faults.  The self-diagnostics shall include tests for program 
corruption and integrity in read/write memories such as EEPROM and flash memory. 

 Respond safely, predictably and appropriately when powering up or recovering from 
power interruptions.  All power interruptions likely to have corrupted temporary storage 
shall be detected, and shall cause the system to re-initialize all affected routines and 
temporary data.  Detection of power interruptions may be by hardware.  

 Provide for thorough interrogation of all input, output, and internal conditions by internal, 
system-level, vehicle-level and external diagnostic equipment.  

 Use location-in-car digital inputs to ascertain the location at which the host processor is 
installed, and to condition software execution accordingly. 

 Provide software version numbers within the firmware code, accessible to the system- 
and vehicle-level diagnostic systems.  If the software includes data or Operation 
Parameter Files (OPFs) which can be modified by the subcontractors or by the JPB, a 
modification to such files shall be reflected in the software version numbers. 

 Multi-chip programs shall self-test during initialization to assure that the correct 
complement of chips is installed.  The use of multi-chip programs shall be minimized to 
facilitate software upgrading.  The software upload time requirements will apply to multi-
chip programming applications.    

 Processor system parameters shall be adjustable during commissioning via PTU.  
During the design review, potential parameters shall be provided for discussion and 
selection by the JPB. 

 Watchdog timers (or similar approaches) shall be used to detect processor stalls and 
other execution failures.  The stalled systems shall automatically reset to a normal state.  
All such resets shall result in a fault being logged to facilitate problem investigation and 
repair.  Watchdog resets shall not be considered part of normal acceptable operation of 
a system. 

 Software Patches shall not be used.  Fully-complete, internally consistent software items 
shall be generated for all software changes. 

18.2.2 TESTABILITY AND TESTING 

All system-level and subsystem-level features and functions of the vehicle software systems, 
which implement system-level or subsystem-level requirements of the Specification that are 
allocated to software, shall be capable of being tested on a system-level or subsystem-level in 
the field, using portable test equipment and procedures provided under this Contract.  Specific 
approval by JPB is required for any system-level or subsystem-level feature specifically required 
by the Specification which is not capable of being tested on a systems-level or subsystem-level. 

Type tests of all vehicle systems and subsystems shall verify the proper operation of all 
software features, including diagnostics.  The type tests shall demonstrate that the system 
under test can successfully recognize and report all faults and events to the Monitoring and 
Diagnostic System (MDS).  Criteria for triggering faults and the system responses, including the 
number of cycles to equipment lockout, shall be evaluated.  Where such tests may result in 
damage to the system hardware, the fault or event may be simulated to avoid such damage.  
Such testing shall be performed any time the software is changed prior to placing the vehicles 
into revenue service. 
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Software testing shall be part of the total project testing process.  Test procedures, testing and 
test reports shall follow the review, witnessing and documentation process. Software testing 
shall be a prerequisite to higher level testing, such as system-level and vehicle-level tests.  
Software validation test procedures must be approved by JPB prior to the execution of the tests. 

18.2.2.1 Non-Regression Test  

After the initial version of software release is installed on the cars, all future software revisions 
shall undergo a non-regression test. The non-regression test shall consist of a laboratory test in 
accordance with its (JPB-approved) testing process and procedures and a vehicle test proving 
that the performance of the vehicle has not been altered inadvertently in any way.  

After successful completion of such tests, a test version of the new software revision shall be 
placed on a limited number of cars and dynamically tested for a period of time as approved by 
JPB.  Only after results of the dynamic tests on the limited number of cars have been approved 
by the JPB shall a new software revision be applied to the fleet or any portion of the fleet.  
Application of any software revision to any portion of the fleet at any time shall be in conformity 
with the approved Configuration Control Plan. 

18.2.3 DELIVERY OF SOFTWARE 

Each software release shall be provided to JPB on CD-ROM, DVD or flash drive, and shall 
include executables, updated software documentation, updated user documentation, a Software 
Version Description (SVD) and a Software Verification and Validation Report (SVVR).   

An initial release of software executables for all carborne systems shall be supplied to JPB 
within 180 days of the Conditional Acceptance of the first car set.  The initial release shall 
include Portable Test Unit (PTU) executables.   

An initial release of non-carborne software shall be supplied to JPB within 180 days of 
Conditional Acceptance of the relevant system. 

When half of the total number of cars has been delivered, the Contractor shall deliver to JPB all 
software executables for carborne systems.  

Within 180 days after the delivery of the final car, the Contractor shall deliver final versions of all 
software.   

After the delivery of the final software versions and through the end of the warranty period, any 
additional software changes shall be accompanied by a delivery of the updated software, 
including documentation and a detailed description of all changes.  

18.3 SOFTWARE DOCUMENTATION 

18.3.1 NON-COMMERCIALLY AVAILABLE SOFTWARE  

Thorough and accurate software documentation shall be provided.  The documentation shall be 
sufficient for the JPB to fully comprehend and analyze the operation of the equipment in which 
the software is to be installed.  

The methodology for software documentation shall be as found in IEEE-1558-2004 or EN 
50128-2011.   
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Documentation for non-commercially available software shall be divided into two categories, as 
follows: 

Category A:  Application-specific software, developed or adapted specifically for this 
Contract. 

Category B:  Application-independent software; that is, (1) fixed system software that is 
used in multiple applications (e.g., operating systems), or (2) software that is encapsulated 
in a replaceable component (e.g., intelligent power modules) and in either above case was 
not developed or adapted specifically for this Contract. 

Documentation for software in Category A shall meet all requirements of this Specification.  
Documentation for software in Category B may be exempt from certain Specification 
requirements, as approved by the JPB. 

Requests for classification of software as Category A or B shall be submitted to JPB.  In any 
event, Category B software must be of an existing, service-proven design.  New software first 
developed, or software adapted under this Contract, that is intended for use on other 
applications as well shall be considered as Category A regardless of the subcontractor's 
intended use of the software in the future. 

The placing of detailed software design documentation in an escrow account, in lieu of submittal 
to JPB, is permitted, as approved by the JPB provided that sufficient software information is 
provided in sufficient detail to enable JPB to evaluate overall system performance and 
compliance to the Specification.   

The software documentation shall conform to IEEE Std 1558-2004 or EN 50128 -2011 Section 
5.3.  

The Contractor shall submit the following documents to JPB. Documents shall be per system, 
as appropriate.   

 

  APPLICATION 

DOCUMENT 
PTU OR  

BENCH TEST 

EQUIPMENT 

VEHICLE AND  
WAYSIDE  
SYSTEMS 

System Functional Description SFD Y Y 

Software Project Management Plan SPMP  Y 

Software Quality Assurance Plan SQAP  Y 

Software Configuration Management 
Plan 

SCMP  Y 

Software Verification and Validation Plan SVVP  Y 

Software Verification and Validation 
Report 

SVVR  Y 

Software Requirements Specification SRS Y Y 
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  APPLICATION 

DOCUMENT 
PTU OR  

BENCH TEST 

EQUIPMENT 

VEHICLE AND  
WAYSIDE  
SYSTEMS 

Interface Control Documents ICD Y Y 

Software Design Description SDD  Y 

Software Requirements Traceability 
Matrix 

SRTM Y Y 

Software Test Plan STP  Y 

Software Test Procedure STPr  Y 

Software Test Report STR Y Y 

Software Version Description SVD Y Y 

Software User Manual SUM Y Y 

These software documentation submissions are required regardless of whether software is 
service-proven software, reused without modification; service-proven software, reused with 
minor or major modification; or newly developed software.   

The Contractor's SVVP and SVVR shall reflect the verification and validation related to 
integration of systems at the car level. 

Each subcontractor shall identify in the sub-system SFD each SCI by assigned part number.  
The SFD shall identify all software used by the system including Category A, Category B, and 
Commercially Available Software.  The SFD shall also identify separately all software tools 
needed to produce the system software. 

Each Contractor and subcontractor software document shall conform to IEEE Std 1558-2004, 
including the additional IEEE Standards as cited in Section 5 of IEEE Std 1558-2004 or EN 
50128, as appropriate. 

Following approval, any changes to the software shall be formally submitted and tested prior to 
fleet-wide implementation.  All software documentation shall be revised concurrently with 
software changes. 

An SVD shall accompany each release of software, including the first release.  The SVD shall 
contain a description of problems addressed, known problems yet to be addressed, features 
added, requirements added or changed, design changes, changes to related software 
documents and evidence of document review, test plan changes, and test results.  An updated 
(and revised as necessary) SVVR shall accompany each SVD. 

Software User’s Manuals (SUM) shall include installation and removal instructions for software 
requiring installation and removal by JPB (PTU or BTE software).  The SUM for all software 
having a Graphical User Interface (GUI) shall provide a navigation path to every screen, and the 
available methods for exiting a screen, both with and without applying permanent changes.  The 
SUM for all software with a GUI shall describe all icons, controls and indications on each screen 
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to the extent that the intended use is clear, including allowable ranges for inputs and outputs.  
All warning and error screens must be described in detail. 

18.3.2 COMMERCIALLY AVAILABLE SOFTWARE 

Some software supplied under this procurement may be commercially available to a wide 
variety of users.  Examples include operating systems supplied by integrated circuit 
manufacturers and database software for wayside fault analysis.  The Contractor shall submit a 
list of software which is commercially available to the general public.  JPB will determine which 
software may be classified as Commercially Available Software. 

For Commercially Available Software, software documentation requirements are limited to the 
following: 

 The original data storage/transfer media (CD-ROM) functional and usage details 

 All provider manuals 

 All licenses required for JPB’s site use 

 Descriptions of any configuration or customization such as the selection of options or 
features or the setting of parameters 

The Contractor shall incorporate training on how the software is to be used in the specific 
application for which it was provided.  This instruction shall be provided as part of the Training 
Program described in Section 23.5. 

18.4 HARDWARE 

Carborne and custom computer hardware shall be designed and constructed in accordance with 
the general electronic design principles of Section 16.26. 

All software and hardware delivered or developed under this Contract shall be capable of 
accommodating calendar dates in the range from 2000 to 2099.  The date data processing shall 
not experience abnormal ending and/or invalid or incorrect results from the hardware, software, 
data repository or firmware in operation as part of the JPB’s business processes.  Each 
hardware, software, data repository or firmware's date data interface shall use a four-digit year 
format. 

Carborne computers shall be powered by dedicated, transformer-isolated power supplies 
powered by the LVPS.  A special algorithm shall be provided to ensure that computer shutdown 
and restart occur in a safe, graceful and predictable manner; that spurious faults are not 
generated during shutdown or restart; that stored diagnostic data is not lost during shutdown or 
restart; and that time stamp integrity is maintained on all diagnostic data through any shutdown 
and restart process, including immediately after restart. 

All processor system input and output signals shall be transmitted through isolation buffers.  
High voltage inputs and outputs shall be isolated external to the microcomputer card rack.     

Program code and fixed data shall be stored in reprogrammable non-volatile memory.   

Software upgrades shall be performed using a password-protected function on the PTU. This 
requirement is not applicable to systems which are not reprogrammable by PTU. The time 
required to upload the entire software complement for a given system, including time to replace 
firmware embodied in FPGAs, CPLDs, and the like, shall be no more than one hour. 
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To minimize the number of individual batteries that must be maintained, the use of battery 
backup shall be limited to the extent practical. The Contractor shall propose all battery backup 
applications.   

Program expansion shall be possible without modification of the hardware.   

Expandability and capacity requirements are as follows: 

a) The software shall not utilize more than 50 percent of the installed memory capacity at 
Final Design Review.  This requirement applies individually to each type of memory 
installed, whether it is EEPROM, Flash PROM, RAM, or other types. 

b) Peak CPU processing time demands shall not be greater than 60 percent of the 
available processor capacity. 

c) The hardware shall include spare input and output channels of each type used to 
interface with the vehicle-level controls.  In addition, the architecture and assembly 
construction shall allow for the installation of additional I/O hardware. 

d) The Contractor shall provide a plan for carrying out software upgrade campaigns fleet-
wide on an expedited.  The plan shall incorporate provisions in individual systems, in the 
PTUs, and/or in on-board networks, that will permit individual technicians to upload new 
software to multiple processors in a simultaneous or overlapping manner. 

e) Each processor system having more than one installation per car (such as door 
controllers) shall provide one or more digital inputs, as needed, dedicated to reading 
location-in-car identification jumpers permanently installed in car wiring. 

18.5 CONFIGURATION CONTROL 

The Contractor shall develop a Software Configuration Control Plan (SCCP) for tracking 
software changes to individual cars on JPB’s.  The SCCP shall also control software on non-car 
equipment such as PTUs, BTE, and similar, and shall include a sub-program to ensure 
continuing compatibility between car software and non-car software.  The SCCP shall be 
consistent with the Contractor's approach to configuration control of hardware, and require 
similar approvals and tests. 

All software shall be identified by a name and a unique version number and date.  The name 
shall identify the equipment into which the software is installed.  Every release of a new version 
of software shall be reflected in an update to the version number and date. 

The Contractor shall maintain a database of the software version of every SCI on each car and 
in each piece of non-car equipment.  The database shall be kept current by the Contractor at all 
times and made available upon request.  The software version status of every software item on 
the car shall be provided by the Contractor at the time of Conditional Acceptance/Acceptance of 
each car.  The software version status of every software item on each piece of non-car 
equipment shall be provided by the Contractor at the time of Conditional Acceptance / 
Acceptance of that piece of equipment. 

A utility shall be provided with all PTUs, BTEs and Software Workstations by which a unique 
Version ID value can be calculated using CRC-32 on the executable file for each SCI.  The 
calculated Version ID shall be included in the SVD of each software release. 
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18.6 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7.  

18.7 CITED REFERENCES 

The following standards or references were cited in this Section: 

STANDARD TITLE 

IEEE Std 1558-2004 Standard for Software Documentation for Rail Equipment and Systems 

EN 50128 - 2011 Railway applications - Communication, signaling and processing 
systems - Software for railway control and protection systems 
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19.1 GENERAL 
The Contractor shall plan, conduct, and maintain a test program for the vehicle and other 
equipment specified herein. Testing shall verify the conformance of components, assemblies, 
subassemblies, subsystems, systems and vehicles to drawing, specification, and performance 
requirements. The Contractor shall prepare a Master Test Plan. The Master Test Plan shall be a 
top level document delineating all testing and associated schedule parameters for the vehicle.  

In general, all equipment, components, and systems shall be subject to Contract verification by 
testing. Personnel trained to properly perform tests shall conduct testing in accordance with JPB 
approved, written procedures using defined criteria. 

The complete car and its apparatus shall undergo a comprehensive test program to substantiate 
required design and performance characteristics, as documented in the Master Test Plan. The 
Contractor shall be responsible for designing, scheduling, managing, and executing this test 
program. Any test executed without a plan and procedure approved by the JPB prior to start 
shall be repeated at the Contractor’s expense. Comprehensive design conformance, production 
conformance, vehicle post-arrival, vehicle acceptance and vehicle routine acceptance tests shall 
be performed. 

The Contractor may submit previously established data in lieu of a new test. The data shall 
substantiate the design using test procedures and conditions which meet or exceed those 
specified herein for the same application. Such data shall not be older than three years, except 
as approved by JPB. The JPB will be the sole judge of acceptability of the data. Should 
submitted data not be acceptable to JPB, the Contractor shall complete the tests as specified 
with no increase in Contract cost or extension of the delivery schedule. 

All labor and materials necessary to conduct the tests specified herein, such as weights, 
instrumentation, and data processing equipment shall be provided by the Contractor. The 
Contractor's site personnel shall be certified as Qualified Maintenance Personnel (QMP) per 49 
CFR 238.109, as well as all other applicable regulations. 

As appropriate, tests shall be conducted on track or under simulated conditions. Wayside 
electrical power sources shall have the characteristics specified in TS 2. 

The JPB reserves the right to participate in any testing performed by the Contractor, 
Subcontractor(s) or sub-suppliers at JPB’s own discretion. The Contractor shall give at least 
twenty-one (21) working days' written notice to JPB prior to the start of any specified test. All 
specified tests shall be arranged to facilitate witnessing and verification of parameters thereof by 
representatives of JPB and shall be conducted in the presence of such representatives unless 
directed otherwise by JPB. 

If an item fails a test, it shall be modified to meet the Specification requirements, and retested at 
the Contractor’s expense. 

The tests required herein are considered a minimum by the JPB; however, the Contractor shall 
be responsible for assuring that each design and performance requirement of this Specification 
is assigned to a specific test effort, or other method of compliance demonstration acceptable to 
the JPB whether or not such testing is explicitly identified in this section. The Contractor and its 
subcontractors shall perform additional testing as deemed necessary by the JPB in order to 
determine full compliance with the Specification. Categories of required tests are described 
below. 

Additional testing, at JPB’s discretion, may be required in order to diagnose and resolve 
outstanding technical issues. Additional tests, if required, will be requested prior to acceptance 
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of a vehicle. The Contractor is required to participate in and supply technical assistance for such 
tests, including providing and installing instrumentation. If these additional tests demonstrate 
that any equipment is non-compliant with the Contract Documents, the Contractor shall be 
responsible for all costs (including JPB’s costs) associated with conducting any test that 
demonstrated non-compliance. The Contractor shall be responsible for corrections and retests 
until compliance is demonstrated to JPB satisfaction. 

19.1.1 DESIGN CONFORMANCE TESTS (DCT) 

Design conformance tests shall demonstrate compliance with design requirements to the 
operating and environmental extremes. Design conformance tests are divided into four 
categories: component design conformance tests, system design conformance tests, vehicle-
level design conformance tests and train-level design conformance tests. These tests shall be 
performed on production components, systems, and vehicles, after they have successfully 
passed the production conformance tests. Design conformance tests are performed on the 
highest level of assembly that will allow demonstration of design compliance. Design 
conformance tests are generally performed on one or two production units, as specified herein. 

Those instruments, sensors and transducers used for design conformance testing shall have 
been calibrated before the test, and calibration certificates for same shall be available for 
inspection by the JPB on the day prior to the start of the test. Copies of these same certificates 
shall be included in the test report. 

19.1.2 PRODUCTION CONFORMANCE TESTS (PCT) 

Production conformance tests include all efforts necessary to demonstrate that the unit to be 
delivered operates within specified limits, and is in compliance with pre-established production 
requirements. Production conformance requirements may range from an inspection and 
functional demonstration for a simple component to a full system demonstration of the vehicles. 
Unless a specific environment or operating limit is necessary to demonstrate function, tests are 
routinely performed at ambient conditions. Production conformance tests are performed on all 
units. 

19.1.3 VEHICLE POST-ARRIVAL TESTS 

The Contractor’s post arrival testing shall be performed on JPB territory by the Contractor prior 
to delivery of the cars to JPB for acceptance. Refer to Section 19.13. These tests shall be 
performed to verify that, once on JPB property, the vehicles function as intended. These tests 
shall be witnessed by the JPB and must be completed prior to the start of JPB's Acceptance 
Testing period to ensure that the cars are properly adjusted and in suitable condition for JPB 
Acceptance Testing. Refer to Section 19.14 for JPB Acceptance Testing. 

19.1.4 VEHICLE ACCEPTANCE TESTING  

Following JPB’s concurrence with the Contractor's verification that all adjustments and test 
preparations have been made, JPB's acceptance test period shall begin. At the successful 
completion of the acceptance period, each car shall have completed a burn-in period as per 
Section 19.14, during which the JPB, in concert with the Contractor, will review and evaluate the 
vehicle performance on a daily basis. 
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Only after successful completion of the Acceptance (Burn-in Testing) will the vehicle be 
considered for Conditional or Final Acceptance. 

19.2 MASTER TEST PLAN (MTP) 

The Master Test Plan (MTP) shall address all tests demonstrating the Contractor’s compliance 
with the Technical Specifications. The initial MTP shall be submitted to JPB sixty (60) days after 
NTP and updated once a month thereafter. 

The MTP shall include identification, descriptions and preliminary dates for the following: 

a) All suppliers' and subcontractors' tests to be completed at the suppliers' or 
subcontractors' plants 

b) All Contractor's tests to be completed at its plant prior to delivery 
c) All tests to be conducted by the Contractor on JPB property 
d) All tests for which the Contractor or its sub-contractors are proposing previous test 

reports and service history in lieu of testing 

The Contractor shall prepare and maintain a test matrix as part of the MTP. The matrix shall list 
all tests and procedures and provide information pertaining to the approval status of each. 

If a component, subsystem, or system is identical in design to service-proven equipment, JPB 
may, at their discretion, waive all or a portion of the testing requirements. To request a testing 
waiver on service-proven equipment, the Contractor shall submit: 
 

1) A list of the sites where the equipment is currently utilized. 

2) The quantity of the component utilized at each site. 

3) The average amount of revenue service time logged for the component at each site. 

4) The name, title, and phone number of a person at each site who JPB can contact to 
discuss the performance history of the component. 

5) A detailed description of the differences, if any, between the component application and 
implementation from site-to-site and the proposed application on the JPB vehicles. 

6) Results of testing conducted on the component for the sites where it is currently in 
revenue service. 

7) A specific cost breakdown of JPB potential cost reduction, on a type test -by-type test 
basis, if the waiver is granted. 

8) Any additional information requested by JPB. 

The MTP shall identify any tests for which the Contractor does not plan to submit test reports; 
e.g., some component production conformance tests at the manufacturer’s facility, or test 
reports for tests classified as commercial (quality assurance) tests; however, these reports shall 
be available upon request by JPB until the expiration of the Warranty period. 

The MTP shall include a description of the test organization, testing team and its modus 
operandi during the testing at JPB. 

19.3 TEST SCHEDULE 

Test schedules shall be prepared for all tests listed in the MTP. The schedules shall be updated 
monthly once the test program has commenced. The schedules shall identify the type of testing 
to be performed, the location and date of the testing, the status of the applicable test 
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specification, and the representation required at the test (e.g. vendor, Contractor, JPB, etc.). No 
two Design Conformance Tests shall be scheduled simultaneously, thus allowing JPB 
management to attend all DCTs.   

19.4 TEST PROCEDURES 

The Contractor shall submit test procedures at least sixty (60) working days in advance of each 

test to JPB. Each test procedure shall have a unique identifier correlating the procedure to the 

MTP and allowing one test to be closed out without administrative dependence on other tests to 

achieve close-out. The test procedures submitted to JPB for review, must be identical to or a 

translation of the actual version used for the testing.  

All test procedure changes shall be submitted to JPB prior to the implementation of the test 
procedure change. A history of all test procedure revisions shall be contained within the test 
procedure. This history shall identify the revised sections and define the changes to those 
sections. Revision tracking should be used to mark any text revised since the previous 
submission.  

The front page of each procedure shall contain entry locations for the name, part number, serial 
number and software revision (if applicable) of the component/system to be tested, as well as 
the name and employer of the tester.  

Test procedures shall be used to define the conduct of all testing. As a minimum, test 
procedures shall contain the following: 

 Title of Test 

 All relevant specification requirements 

 All referenced design documents shall be listed with document number and revision 
level.  

 Test objective 

 Test description, including: 

o References to all relevant drawings and schematics 
o Test logistics (component, system and/or vehicle identification, geographic 

location, date and time, etc.), as applicable 
o Detailed description of the test process 
o Required instrumentation, including sensor descriptions and locations, calibration 

dates, etc. plus schematics indicating the instruction set-up  
o Identification of any pre-requisite tests or inspections 

 Pass / Fail criteria for each test step.  

 Methods for data reduction and analysis, including any forms used to determine and 
present results.  All data reduction forms shall explicitly indicate the parameter(s) being 
measured (temperature, stress, voltage, acceleration, sound pressure level, current, 
displacement, etc.) and the specification-allowable limits for same.  Parameters with 
tested and measured values outside of specification limits shall be highlighted.   

 Summary of results and recommendations 

The test procedure shall constitute the basis for the test report; that is, the test report shall 
simply be the test procedure with all the appropriate data provided, plus a summary of results 
and recommendations.  See Section 19.5 for additional test report requirements.   
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19.5 TEST REPORTS 

For each design conformance test performed, a test report shall be prepared and submitted to 
JPB, regardless of the outcome of the test. Design conformance test reports shall be submitted 
to JPB within fifteen (15) days after completion of testing. Test reports of all production 
conformance tests shall be included in each Car History Book. 

Each test report must have a unique document number and revision control. The test report 
shall reference the relevant test procedure and its revisions level used for the testing. 

Test reports containing data entries for each test conducted on a component, subsystem, 
system, or vehicle shall be kept on file in the Contractor’s office. Any documentation required to 
detail the test results, such as chart recordings or other testing instrumentation output, shall be 
attached to the field test reports. Copies of the test reports and attached documentation and 
copies of original electronic files from test instrumentation shall be submitted to the JPB. Any 
electronic files that cannot be read by freely available viewers shall be converted by the 
Contractor to a commonly available format or at least 5 licenses of the required viewer shall be 
provided to JPB for unrestricted use.  

Completed test reports shall be made available to the JPB at source inspection locations even if 
these locations are different from the testing location where the original documents are filed. 

The test report shall be accompanied by a signed statement from the Contractor’s quality 
assurance personnel indicating that information contained in the test summary sheets is 
accurate and demonstrates compliance with the specification requirements. This statement of 
compliance shall list the identification numbers of each test summary sheet contained in the 
submittal as well as the identification number, name, and serial number of each component 
tested under each summary sheet. 

The test reports must be clear, detailed and include all information necessary for JPB to decide 
whether the equipment under test meets the design criteria. 

19.6 COMPONENT DESIGN CONFORMANCE TESTS 

The following subsections contain component design conformance tests, which shall be 
performed by the Contractor, or under its direction, to demonstrate conformance to the 
requirements of this Specification. All component design conformance tests must be 
successfully conducted, and the test reports approved, prior to the commencement of the 
trainset-level performance design conformance tests (Section 19.9). 

19.6.1 GENERIC TESTS APPLIED TO ALL EQUIPMENT 

19.6.1.1 Electrical & Electronic Equipment 

All electric equipment installed on the vehicle shall be type tested in accordance with IEC 
60077, Electric Equipment for Rolling Stock, or IEEE 16, Standard for Electrical and Electronic 
Control Apparatus on Rail Vehicles. 

All electronic equipment installed on the vehicle shall be type tested in accordance with IEC 
60571, Electronic Equipment Used On Rail Vehicles. 
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19.6.1.2 EMI Tests 

All car subsystems, regardless of power level, must be subjected to lab EMI/EMC tests. This 
testing must include as a minimum the following tests: 

 Radiated Emissions 

 Conducted Emissions 

 Radiated Susceptibility 

 Fast Transient Bursts 

 Electro-static Discharge 

 Fluctuations, dips, short interruptions of voltage supply 

The Contractor shall develop a test procedure for each of these tests to a recognized standard 
such as IEEE 16 or EN 50121-3-2 and submit this procedure and test report for approval. 

19.6.1.3 Flammability & Smoke Emission 

Combustible materials supplied for this car shall be tested to the Flammability and Smoke 
Emission requirements of Section 16.24. The Contractor may submit test data from tests 
performed on prior programs for approval, provided the Contractor firmly establishes, to JPB's 
satisfaction, that the formulation of materials tested is precisely the same as the material for this 
car procurement. 

19.6.1.4 Shock & Vibration 

All equipment shall be shock and vibration tested per IEC 61373, unless otherwise approved by 
JPB. 

19.6.2 FIRE ENDURANCE TESTS 

The Contractor will test the floor and roof assemblies in accordance with NFPA 130 and ASTM 
E 119 to demonstrate fire endurance. The following test conditions must be met:  

a) At least one of each penetration type used in the vehicle must be included in the test 
specimen. Penetrations should be spaced from each other at a distance no greater than 
will exist in the actual construction.  

b) Test specimen must be loaded to simulate AW3 passenger loading conditions. 
Concentrated loads must be applied to simulate underfloor equipment.  

c) Test specimen will include at least three typical transverse supports.  

d) Test specimen must represent the actual construction utilized in production. This includes 
the floor covering, floorboards, floor structure, thermal and acoustical insulation, and floor 
pans.  

e) Specimen under test will be placed within the combustion chamber with a clearance not 
less than 8 inches from the furnace wall. 

19.6.3 DOOR PANEL 

One door panel of each type, selected at random by the JPB, shall be tested to confirm 
compliance with the strength requirements listed in Section 12.2.2. 
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19.6.4 WINDOWS 

Windshields shall be tested in accordance with Federal Regulation 49 CFR 223, Type I testing. 
Side-facing windows, including side door and sliding windows, shall be tested in accordance 
with Federal Regulation 49 CFR 223, Type II testing. Two windows of each type shall be 
selected for testing from the production lot by the JPB. 

19.6.5 SEAT FRAME 

Seats shall be tested per APTA SS-C&S-016-99, Rev. 2.  

One operator's seat shall be tested per APTA SS-C&S-011-99. 

19.6.6 AC TRACTION MOTORS 

The first motor and one additional motor, selected at random by JPB, shall be given an IEC 
Publication 60349-2 "type" test, by the manufacturer. 

A JPB production inverter shall be used for the type test. No alternatives will be allowed.  

19.6.7 AC AUXILIARY MOTORS 

One motor of each type, selected at random by the JPB, shall be given an IEC Publication 
60349-2 "type" test, IEEE Std 11-2000 “type” test, or equivalent test as approved to 
demonstrate its capabilities and power rating. The test shall include a heat run. Motors of each 
type shall be tested at full load. 

Motors smaller than 1 HP are exempt from these tests, except for motors with a critical function. 

AC motor type tests shall be run with the corresponding inverter as the power source, as 
determined by JPB. 

19.6.8 PROPULSION CONVERTER/INVERTER, AUXILIARY INVERTER, AND LVPS 

The propulsion converter/inverter, APS and LVPS design conformance tests shall be performed 
on one of the first four units of each type produced, selected at random by the JPB. Tests shall 
comply with IEC 61287 type test requirements for the environmental ranges and supply voltages 
given in Sections 2.2.6 and 10.1. 

19.6.9 BRAKE RESISTOR 

The first brake resistor shall be given a type test per IEC 60322. The first brake resistor shall 
also be tested as part of the Propulsion System Combined test. 

19.6.10 BATTERY 

A battery set, selected at random by the JPB, shall be tested per IEC 60623 to establish that the 
batteries will meet the requirements of this Specification. Testing shall include  

a) A discharge / charge cycle at 0.2C5 A and a temperature of 20 + 5ºC 
b) A high discharge test at 5C5 A and a temperature of 20 + 5ºC. 
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c) An open circuit test shall be performed after fully charging the battery and 
allowing the battery to rest for 4 hrs. with open circuit to confirm the correct cell 
change of > 1.3 V for NiCad batteries.  

d) A load profile test to verify the electrical performance of the battery in simulated 
loading and temperature conditions 

Cell voltages shall be continuously measured during the tests and recorded every 10 min.  

19.6.11 TRUCK 

One of the first four motor trucks, and one of the first four trailer trucks, complete with bolster (if 
applicable), shall be used for both the Static and Fatigue Load tests. The same trucks shall be 
used for both series of tests. The Primary Suspension Test shall be run concurrently with the 
Fatigue Test. The first car shall be used in the performance of the Wheel Load Equalization 
tests in accordance with Section 4.2.2. 

Not less than one hundred (100) strain gauges shall be applied to each truck subjected to the 
static and fatigue load tests, at locations of anticipated high stress as well as at locations where 
subsequent comparative review of the test results and the FEA indicate strain gauges should be 
placed. The initial strain gauge locations shall be identified by principal stress diagrams 
developed via the FEA in Section 4.1.2, confirmed by a stress-coat test, and as approved by the 
JPB. 

Test loads specified herein are minimum. The Contractor is responsible for selecting test loads 
that will provide a high level of confidence in the adequacy of the truck design. 

All trucks installed under the cars shall be of that design which passes the tests specified 
herein, as well as all other applicable requirements of this Specification. 

19.6.11.1 Static Load Test 

The Static Load Test shall be designed to demonstrate that the trucks are compliant with the 
specified standards. As a minimum, in order to demonstrate that both the motor and trailer 
trucks have adequate static strength, the following test requirements and test criteria apply. 
Should additional or more severe testing be required to demonstrate compliance with the 
standards and requirements stated herein, it shall be the Contractor’s responsibility to perform 
same. 

The purpose of these tests is to verify that the maximum allowable static stresses selected by 
the Contractor, and approved by the JPB, are not exceeded under maximum expected static 
loads. 

The trucks and bolsters (if applicable) shall be loaded twice, with complete release of the load 
between applications. Methods, points of test load application, and reaction shall simulate as 
closely as possible the actual loading conditions to which the trucks will be subjected in service. 
Maximum allowable static stresses shall be consistent with the truck design and analysis, 
reference section 4.1.2. 

The vertical test load shall not be less than 5% above an end truck's share of total vehicle AW3 
loading, minus the weight of the truck. The lateral load shall not be less than 15 percent of the 
vertical component. The longitudinal load shall not be less than the maximum possible 
instantaneous braking effort with track brake, and a 40 percent adhesion level at AW3 load. The 
lateral and longitudinal loads shall act as if they were applied at the center of gravity of the 
carbody loaded to AW3 load. 
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Accessory loads, such as brake units and traction motors, shall represent maximum steady 
state conditions; for example, (1) maximum motor torque and brake unit weight, and (2) 
maximum brake unit reaction and motor weight loads shall be applied (separately) during the 
testing. The higher of the two stresses as calculated from the measured strains resulting from 
the two load applications, in each case, shall be compared to the approved allowables. 

If any stresses so selected exceed the approved allowables, the truck design shall be corrected 
and the truck retested at the Contractor's expense. This process shall continue until all stresses 
calculated and selected as above are under allowables. If the truck frame or bolster is used as 
auxiliary air reservoir, 1.5 times the maximum main reservoir pressure shall be applied 
throughout the static tests. 

The track brake support brackets and their method of attachment shall be static load tested in 
accordance with the above requirements. The track brake support static load test may be 
conducted separately from the test of the truck frame and bolster. 

Subsequent to the static load tests, a comparative review of the test results and the FEA shall 
be performed. Correlations between the test results and the corresponding FEA shall be 
examined in the following areas: 

 Applied external loads and the reaction forces at each supporting point. 

 Load path measured by strain gauges and the load path on principal stress diagram. 

 Strain gauge readings where steady stress distribution is expected to show general 
agreement with the FEA results. 

If the above comparative review reveals significant discrepancies (as determined by the JPB), 
the root cause(s) of the discrepancies shall be investigated and included within the report. 
Necessary adjustment shall be made to the FEA to minimize all discrepancies to the JPB’s 
satisfaction. 

19.6.11.2 Fatigue Test 

The Fatigue Test shall be designed to demonstrate that the trucks are compliant with the 
specified standards.  As a minimum, in order to demonstrate that both the motor and trailer 
trucks have adequate fatigue strength, the following test requirements and test criteria apply. 
Should additional or more severe testing be required to demonstrate compliance with the 
standards and requirements stated herein, it shall be the Contractor’s responsibility to perform 
same. 

The motor and trailer trucks each shall undergo not less than two million cycles of dynamic 
loading as specified below. Each truck type shall be tested as a complete unit, and may contain 
its internal elastomeric cushioning and springs, or an approved substitute thereof, but not shock 
absorbers. 

Upon completion of the above two million cycle test, each truck type shall be tested in additional 
increments of one million cycles with the load increased for each increment according to the 
approved load schedule. This test shall continue until truck failure or six million cycles, 
whichever occurs first. The additional cycles above the initial two million are solely to determine 
fatigue life margin and not a test of truck acceptability. 

The mean vertical load shall be 5% above the truck's share of AW2 loading minus the weight of 
the truck, and the applied vertical load shall vary about the mean vertical load plus and minus 
25 percent. The lateral load shall vary between 15 percent of the mean vertical load acting 
towards one side of the truck, and 15 percent of the mean vertical load acting towards the other 
side. 
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The longitudinal load shall vary between 15 percent of the mean vertical load acting towards 
one end of the truck, and 15 percent of the mean vertical load acting towards the other end. The 
lateral and longitudinal loads shall act as if they were applied at the center of gravity of the 
carbody at full load, with resulting vertical loading applied to the bolster. 

Accessory loads shall vary between plus and minus 100 percent of their maximum steady state 
values. Motor loads shall cycle between the worst case of maximum tractive effort or braking 
torque in the forward and reverse directions. Separately, the brake unit loads shall cycle 
between full cylinder pressure braking in the forward and reverse directions. In all cases, the 
track shall be assumed to have not less than 40 percent adhesion. 

Phasing of the loads shall be selected by the Contractor and approved by the JPB, and shall 
produce the worst-case stresses at critical locations. If the truck frame or bolster is used as 
auxiliary air reservoir, 1.0 times the maximum main reservoir pressure shall be applied 
throughout all fatigue tests. 

The track brake support brackets and their method of attachment shall be fatigue tested using 
appropriate horizontal and vertical fatigue loads. The track brake support fatigue test may be 
conducted separately from the test of the truck frame and bolster. 

Stresses calculated from strains measured at critical locations shall not exceed fatigue 
allowables. Critical locations and fatigue allowables shall be selected by the Contractor and 
approved by the JPB. Actual mean stresses recorded during testing shall be consistent with 
design values and shall correlate within 15% at critical locations. The Contractor shall 
demonstrate that test loads are consistent with design loads; corrections in test data correlation 
may be approved by the JPB to compensate for test load variations. 

Prior to the test, the test trucks shall be magnetic particle or dye penetrant inspected for cracks 
and other defects which might impair the performance of the truck during the test. Magnetic 
particle and dye penetrant inspections shall be in accordance with the requirements of Section 
16.4.5. Any such defects shall be repaired using an approved procedure in accordance with the 
requirements of Section 16.22 covering welding. Type, size, location, and repair of each defect 
shall be documented by photographs and drawings, and all documentation shall be included in 
the truck fatigue test report. 

During the fatigue test, the truck shall be inspected periodically to detect possible crack initiation 
and progression. If evidence of crack progression or weld (or structural) failure is found, the test 
shall be halted, the appropriate corrective action taken, and the test re-run from the beginning 
(zero cycles). At the conclusion of the test, a magnetic particle or dye penetrant inspection shall 
be made for cracks. The post-test inspection procedure shall replicate the pre-test inspection 
procedure. If cracks are found which were not present before the test, the design shall be 
corrected, and the test rerun from the beginning (zero cycles) at the Contractor's expense. This 
process shall continue until a test is run which results in no cracking. 

19.6.11.3 Primary Suspension Tests 

A load/deflection test and accelerated aging tests shall be performed to demonstrate that the 
spring rate of the primary suspension system, and the creep rate for the materials used, is 
within design limits. The purpose of these tests is to verify that the primary suspension system 
performance meets design requirements, and will not produce excessive deflections under any 
service load, or allow any portion of the vehicle to exceed the specified clearance envelopes. 
Data from previous tests on the same primary suspension elements may be submitted and if 
acceptable to the JPB this test will be waived. 
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19.6.11.4 Equalization Test 

To verify truck equalization, the first car, with air springs inflated, shall be tested in accordance 
with APTA PR-M-S-014-06, latest revision, for Class G equipment. In the event that the required 
equalization is not attained as a result of these tests, the truck design shall be corrected and the 
truck retested at the expense of the Contractor. 

19.6.11.5 Pressure Test 

If the truck bolster is used as part of the air suspension volume, the bolster reservoir shall be 
pressure tested in accordance to criteria defined within the Static Load Test and Fatigue Test 
section above. 

The above testing assumes that all trucks are of identical design. In the event that the motor 
and trailer trucks are different in design, pressure tests described above shall be repeated for 
each type of truck. 

19.6.11.6 Truck Radiographic Inspection Test 

One of the first four production trucks of each type (but not the ones subjected to static and 
fatigue tests above), including the frame, bolster (if applicable), and any other primary structural 
members, shall be qualified by 100% radiographic inspection of all critical welds. Radiographs 
shall be made in accordance with AWS D1.1. Inspection quality level shall be selected by the 
truck manufacturer to be consistent with truck design, but shall not be of lesser quality than that 
required by AWS D1.1. In the event a weld fails to meet the acceptance level, production 
variables shall be reviewed and corrected as appropriate. This process shall continue until a 
truck passes the radiographic inspection. Critical areas shall be sectioned and etched to 
demonstrate weld soundness. There shall not be less than three etched sections at each critical 
area; the location of each shall be approved by the JPB. 

19.6.12 COUPLER AND DRAFT GEAR 

19.6.12.1 Coupler and Draft Gear General Tests 

Coupler and draft gear design conformance tests shall be performed on the first production unit, 
and shall include tests which validate the performance and capacities of the following: 

a) Coupler draft and buff loading 
b) Draft gear deflection and emergency release 
c) Anchor-casting static loading 
d) Gathering range and mechanical coupling and uncoupling 
e) Electrical coupling and uncoupling 
f) Pneumatic coupling and uncoupling 
g) Coupler lateral stop strength 
h) Coupler energy absorption device capacity 
i) Coupler centering and manual release, with verification of maximum force to manually 

move coupler 
j) Coupler manual operation (simulated power loss/control failure) and verification of 

maximum manual force 
k) Coupler life cycle testing: coupling/uncoupling of coupler heads with live power to 

demonstrate that electrical heads are durable and cables do not chafe or fail 
prematurely. 
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l) Energization of “dead” (no air compressor) trainset brake and main reservoir pipes 
automatically when coupling to a “live” trainset  

19.6.12.2 Drawbar Testing 

If drawbars are used, the drawbars, their attachments and housings shall be tested to 
demonstrate that their designs meet the strength requirements of this Specification. 

19.6.12.3 Tests for push back coupler 

The non-recoverable portion of the push back coupler energy absorption system shall be tested 
dynamically at an impact speed of 20 mph. A test is required for each distinctly different push 
back coupler. 

The push back coupler absorbers shall be considered as having passed test if: 

a) The peak load does not exceed the design peak load by more than 10%. 
b) The absorbed energy in the design stroke is within 10% of the design value. 
c) No fracture or cracking occurs, unless it can be shown that this cracking does not affect 

the ability to repeatedly meet the maximum load and energy absorption requirements of 
the design. 

19.6.13 TRACTION GEAR UNIT 

The traction gear unit design conformance test shall be constituted as separate 100-hour tests 
on two gear units, selected at random by JPB, and which shall be mounted with torque load 
simulation. Gear units may also be tested in the mechanical drive system test setup (assembled 
as traction motor, gearbox with couplings, and wheel and axle). The tests shall subject the units 
to conditions that are 20 percent more severe than would occur under the most extreme 
operating conditions (i.e., transmitted power increased by 20 percent). 

Tests shall commence with the units at 16º C to 32º C (60º F to 90º F). A fan or other device 
may be provided such that in-service airflow conditions are simulated. The temperature rise 
measured in the oil sump shall not exceed the gear oil supplier's recommendations for 
maximum temperature, consistent with the service intervals between oil changes as called out 
in the Contractor's maintenance manuals. The direction of rotation shall be reversed every 
successive 5 hours until the 100-hour test is completed. 

During testing, gear units shall display no signs of excessive heat, noise, or vibration. After 
completion of the test, gear units shall be disassembled and all parts examined. Gear tooth 
mesh shall be checked and recorded before and after the test. Any sign of deterioration of any 
part shall be investigated jointly with the JPB. Test reports (one for each gear unit) shall include 
test records of running time, oil temperatures, and vibration and sound level readings taken at 
intervals as required to verify compliance with this Specification. 

19.6.14 PANTOGRAPH 

The following pantograph tests, as a minimum, shall be performed: 

a) Dimensional checks 

b) Auto Drop System  

c) Raising and lowering operation 

d) Full operating range confirmation including contact force 
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e) Air tightness  

f) Mechanical endurance  

g) Resonant frequency search 

h) Transverse vibration withstand  

i) Shock withstand  

j) Transverse rigidity  

k) Measurement of degrees of freedom of collector head 

l) Electrical (relay and contactor) operation  

m) Rated and maximum current heating (vehicle at standstill) 

n) Insulation and dielectric values 

19.6.15 MAIN TRANSFORMER 

The Main Transformer shall be tested per IEC 60310. 

19.6.16 EVENT RECORDER 

The Event Recorder shall be tested by providing simulated inputs for each of the signals to be 
recorded by the Event Recorder and verifying signal reception, storage and retention. 

The Event Recorder shall be tested and certified as being compliant with the FRA requirements 
in 49 CFR Part 229. 

19.7 SYSTEMS DESIGN CONFORMANCE TESTS 

The following subsections describe systems design conformance tests, which shall be 
performed by the Contractor, or under its direction, to demonstrate conformance to the 
requirements of this Specification.  All system design conformance tests must be successfully 
conducted, and the test reports approved, prior to the commencement of the trainset-level 
performance design conformance tests (Section 19.9). 

19.7.1 INDIVIDUAL SYSTEM CONTROLS 

All control systems, including propulsion (the converter and inverter tested separately), auxiliary 
electric (the inverter and LVPS tested separately), braking, air conditioning, coupler, door 
control, monitoring & diagnostic system (MDS) and positive train control (PTC) shall be tested to 
meet their respective performance requirements, functional requirements and the environmental 
requirements provided in Section 2.2.5. 

19.7.2 NETWORK SYSTEM 

The Contractor shall conduct a laboratory simulation test of the vehicle and train control network 
systems. The train bus (e.g., WTB) shall simulate an eight-car trainset and prove the capability 
to detect consist of 6, 7 or 8 cars automatically. The vehicle bus (e.g., MVB) shall be simulated 
as a per car type bus. The simulation equipment shall be representative of an actual car/train. It 
shall include actual nodes (e.g., gateways) of each type, actual network management 
computers, coupler contacts and wire lengths that are equivalent to the actual application. 
Testing shall follow the test requirements per IEC 61375, ISO 11898 and EN 50325-4, as 
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applicable for the vehicle and trainset designs. This test must also demonstrate the ability of the 
vehicle train control networks to failover to the redundant network in a seamless, transparent 
manner. This shall be demonstrated by intentionally introducing failures (as approved by JPB) in 
the primary network, and observing zero loss of function in vehicle and trainset operations.   

The Contractor shall perform validation testing of each Interface Control Document (ICD) 
defining the interface between the networks and each subscriber system. 

This simulation equipment shall remain intact and available for additional testing until at least 
one year after acceptance of the first production car. 

19.7.3 MONITORING AND DIAGNOSTIC SYSTEM 

Using a setup similar to the one described in Section 19.7.2, the Contractor shall conduct a 
laboratory simulation test of the MDS to demonstrate the system’s ability to meet the 
requirements defined in Section 8.2. 

The Contractor shall test the MDS equipment using a simulator that is representative of each 
car type. The test shall also include a simulation of an actual trainset. The equipment used for 
the initial laboratory test does not have to be production quality in order for the test results to be 
accepted; however, once production equipment is available, it must be tested by a repeat of the 
laboratory simulation test, and will be subject to the JPB’s approval. The equipment shall 
include network management computers, coupler contacts and wire lengths that are equivalent 
to the actual application, and shall be representative of each equipment type. The Contractor 
shall finalize the laboratory setup after the car equipment configuration is approved. 

Data transfer over WIFI shall also be part of the MDS testing. 

19.7.4 PASSENGER INFORMATION AND COMMUNICATION SYSTEM 

The Contractor shall perform an integrated design verification test of a complete passenger 
information and communication system to verify conformance with Section 14. The Contractor 
may use a simulator for GPS and/or train speed input. 

19.7.5 PROPULSION SYSTEM 

The propulsion system and electric braking design conformance test shall be conducted on one 
of the first four production systems, and shall include tests to satisfy the following subsections. 

19.7.5.1 Combined System and Operation System Capacity Test 

A laboratory test shall be conducted on a set of propulsion equipment using a dynamometer 
simulating vehicle inertia, train resistance and grades. The dynamometer may be effected by 
means of flywheels and/or programming of a motor-generator. 

All actual production propulsion and related equipment shall be provided for the test, including 
main transformer, traction motors, power electronics, dynamic brake equipment, control logic, 
and other propulsion equipment intended for use on the car. The test shall also include friction 
brake system control electronics to simulate appropriate and realistic friction braking system 
interaction with propulsion system operation and logic. All equipment shall be production-grade 
and positioned and wired to simulate on-car configuration. Modifications are permitted only as 
required to simulate external inputs or as approved by the JPB. Maximum ambient temperature 
shall be presented to all equipment via heated air sources or other approved means. 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS19-15 (Conformed 6/22/16) 
 Section 19 – Test Program  

The test shall demonstrate that all relevant requirements of Sections 2 and 10 are met; that all 
equipment operates continuously (as appropriate) below approved ratings; and that stable 
operation is achieved under all conditions. Equipment temperatures, currents, voltages, speed, 
response times, and other pertinent information, as approved by the JPB, shall be recorded and 
provided in the test report. 

Conformance to Section 2.3.6 performance requirements shall be accomplished by 
programming the simulator to mimic the specified routes with the indicated profiles. 

All test results shall be provided to the PTC system supplier. Motor curve data and other basic 
system information shall also be provided to the PTC system supplier. 

Consumed and regenerated energy shall be determined during the combined system test, 
utilizing simulation of test track profiles at JPB with actual speed limits, and AW0 car weight. 
The consumed and regenerated energy shall be measured for minimum of 10 runs in each 
direction with both 100% and 0% line receptivity. The energy consumed and regenerated per 
mile shall be calculated. 

19.7.5.2 Electromagnetic Interference 

A laboratory test shall be conducted on a set of propulsion equipment, including dynamic 
braking and controls, to confirm that electromagnetic emissions meet the conducted, inductive 
and radiated interference emission requirements. The test report shall document that the 
measured emissions comply with the applicable emission limits. 

19.7.6 FRICTION BRAKE SYSTEM 

The friction brake system design conformance test shall be conducted on one of the first three 
production systems, and include tests to satisfy the following subsections. All new, production-
grade components shall be tested at the place of manufacture. 

19.7.6.1 Response 

The friction brake system shall be tested to determine worst-case parameters of output force, 
time, and response to all control inputs. 

19.7.6.2 Linearity 

Dynamometer test runs shall be made for simulated car weights of AW0 and AW3 from entry 
speeds of 10, 25, 45, 65, 79, and 110 mph. For each entry speed, input signals calling for 25, 
50, 75, and 100 percent of full service braking effort, and for emergency braking effort, shall be 
provided. Each test shall be run starting with both cold and hot initial disc conditions. Results 
shall be plotted to show both the instantaneous and average relationships between input signals 
and output braking effort over the above specified speed and weight ranges for both motor and 
trailer trucks. 

19.7.6.3 System Capacity 

One set of braking equipment shall be tested on a dynamometer capable of replicating the 
vehicle weight loadings and the JPB route profile.  

All braking and related equipment shall be provided for the test, including a disc and caliper 
assembly, air compressor, ECU & PCU, and other brake equipment intended for the car. All 
equipment shall be production configuration. Modifications shall be permitted only as required to 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS19-16 (Conformed 6/22/16) 
 Section 19 – Test Program  

simulate external inputs, or as approved by the JPB. All equipment shall be exposed to 
maximum ambient temperature via heated air sources or other approved means. 

Motor and trailer truck brake loadings shall be based on the approved car weight distribution. 

The test shall demonstrate that all relevant requirements of Sections 2 and 11 are met; that all 
equipment operates below approved ratings; and that stable operation is achieved under all 
conditions. Equipment temperatures, currents, voltages, speed, response times, and all other 
pertinent information, as approved by JPB, shall be recorded and provided in the test report. 

Conformance to performance requirements shall be accomplished by programming the 
simulator to mimic the specified routes with the indicated profiles. 

All test results shall be provided to the PTC system supplier. Graphs of rate command vs. 
pressure vs. retarding force and other basic system information shall be provided in the test 
report and also to the PTC and propulsion system suppliers. 

19.7.6.4 Pressure Test 

One set of pneumatic brake system components shall be proof-tested at 150% of its normal 
maximum operating pressure. The criterion for acceptance is that no permanent damage to 
components shall occur. 

19.7.6.5 System Endurance Test 

A complete truck set of friction brake equipment, including the calipers, PCU and ECU, shall 
undergo an endurance test of 1 million cycles of normal applications and releases. The criterion 
for acceptance shall be no failures. Brake reaction forces shall be simulated on the actuators 
and slack adjuster operation shall be simulated via shims or other JPB-approved method. 

19.7.6.6 System Environmental Test 

A complete car set of friction brake equipment, including the electronic control unit and air 
supply system, shall undergo an environmental test. At least one production-grade assembly of 
each type shall be tested. 

The environmental test shall be conducted over the temperature and humidity range specified in 
Section 2.2.5. The test shall consist of maximum brake cycles while varying the temperature 
and humidity the equipment is exposed to between minimum and maximum temperature and 
humidity conditions while recording performance parameters for the equipment at minimum, 
nominal, and maximum vehicle power supply voltages for the system. 

The test schedule shall commence with an overnight cold soak at the minimum temperature 
with the power off. The equipment shall then be turned on and tested, after which the equipment 
shall undergo eight min-max temperature cycles at 95% RH with each cycle lasting six hours, 
including holding at the minimum and maximum temperatures for at least one hour during each 
cycle. 

19.7.7 DOOR SYSTEM 

19.7.7.1 Qualification Test at Manufacturer Facility 

The door system qualification test shall include the following tests at ambient temperature. To 
the extent practical, these tests shall be performed on rigs using actual vehicle door assemblies 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS19-17 (Conformed 6/22/16) 
 Section 19 – Test Program  

modified to replicate the worst case floor camber (positive and/or negative) the door tracks will 
experience 

a) Initial power-on  

b) Vehicle-based control opening and closing function 

c) Crew member switch (trainset-based control) opening and closing  

d) Door opening and closing timing, and timing adjustability (with the door system PTU) 

e) Manual test switch closing (test pushbutton on door controller) 

f) Obstruction detection (all modes)  

g) ADA announcement (light and buzzer) 

h) Door closed and locked loop status  

i) Manual opening/closing  

j) Mechanical lock and cut-out  

k) Ground bonding resistance  

l) Door system power consumption  

m) Door system operation on tilting platform  

n) Door system voltage-withstand  

o) Emergency unlock device  

p) Open and close forces 

q) Motor protection  

r) Water leakage testing 

19.7.7.2 Endurance Test 

Door, door operator, control, and door obstruction sensing design conformance tests shall 
include an accelerated life test of 1 million cycles for the complete door system. The criterion for 
acceptance is that these tests be completed without failure before the first car is ready for final 
assembly. Door speed and noise tests shall be performed at the beginning, mid-point, and end 
of the life test for comparative evaluation. 

19.7.7.3 Environmental Test 

A set of door, door operator and controls shall be tested with a temperature range specified in 
Section 2.2.5 to prove that the functions and performance of the door system meet the 
environmental requirements of this Specification.  

19.7.7.4 Additional Door System Tests 

Automatic platform extenders, bridge plates, or lifts, if used, shall be tested per the requirements 
of Section 12. 

19.7.8 HVAC SYSTEM 

One (1) HVAC system and its complete controls shall be given a "two-room" (interior and 
exterior) design conformance test by the HVAC manufacturer to verify the proper functioning of 
the heating, ventilation, cooling, and reheating systems, and their specified level of performance 
at the conditions specified herein. 

This test shall be successfully completed prior to the vehicle climate room test. 
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Unit air capacity shall be demonstrated at simulated external static pressures, similar to car 
static pressures, when the unit is complete and in place with the car's air distribution system. 

Operation of variable fresh air intake system shall be verified. 

The HVAC equipment shall be tested according to ANSI/ASHRAE Standard 37, "Methods of 
Testing for Rating Unitary Air Conditioning Equipment"., The test shall be conducted using two 
rooms, simulating both interior car temperature and outside ambient temperature. The air flow 
shall be adjusted per HVAC system design conditions. The tunnel air-enthalpy arrangement 
shall be used to measure air flow. Wet and dry bulb temperatures shall be measured with 
motorized psychrometers, as recommended by the ANSI/ASHRAE Standard 41.6. The 
secondary applicable test method shall be selected by the Manufacturer from Table 1 of 
ASHRAE Standard 37. The instrumentation and required test data shall meet the requirements 
of Tables 2 and 3 of ASHRAE Standard 37. The unit shall be tested in an independent 
laboratory, or other laboratory as approved by the JPB. 

Heating capacity shall be calculated based on the measured power consumption during heaters 
operation. 

19.7.8.1 Data Requirements 

All data, except as otherwise indicated, shall be continuously recorded by computerized data 
acquisition systems using appropriate transducers. Airside pressure drops and motor speeds 
may be recorded manually at least once every 15 minutes, and whenever test variables change. 
Prior to the design conformance test, the air conditioning unit shall be evacuated, dehydrated, 
and charged with refrigerant as specified in Section 13.4. The data listed below shall be the 
minimum recorded by the Contractor during testing. 

a) Temperatures: 

 Evaporator air inlet: ºFDB and ºFWB (ºCDB and ºCWB) 

 Evaporator air outlet: ºFDB and ºFWB (ºCDB and ºCWB) 

 Condenser air inlet: ºFDB (ºCDB) (and ºFWB, (ºCWB) if required) 

 Condenser air outlet: ºFDB (ºCDB) (and ºFWB, (ºCWB) if required) 

 Air adjacent to high limit switch 

 Air adjacent to back-up over temperature protection device.  

 Discharge at compressor (12 inches (300 mm) away from compressor) 

 Suction at compressor (12 inches (300 mm) away from compressor) 

 Liquid leaving condenser 

 Liquid at TXV: Each circuit 

 Suction at evaporator: Each circuit 

 Compressor crankcase oil 

 Condenser fan motor housing 

 Evaporator blower motor housing 

 Interior of the Temperature Control box 

Note: All refrigeration system thermocouples shall be soldered to the metal surface and 
insulated 
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b) Pressures (psig or Bar):  

 Discharge at compressor 

 Suction at compressor 

 Liquid leaving condenser 

 Liquid leaving sub-cooler (if applicable) 

 Suction at evaporator outlet - each circuit 

c) Pressures (inches of water or Pa):  

 Fan total or fan static 

 Air supply plenum: static 

 Evaporator coil air pressure drop 

 Static pressure differential across nozzle inside of air tunnel 

 Condenser coil pressure drop 

d) Barometric pressure: (inches of mercury or mm) 

e) Electrical: Compressor, Condenser, and Evaporator Motors: 

 Volts: each phase, per motor 

 Amps: each phase, per motor 

 Watts, per motor, per heating stage 

 RPM (per motor, except compressor motor) 

 Power factor, per motor 

f) An event recorder shall be used to monitor the operation of the following components: 

 Compressor(s) 

 Evaporator blower(s) 

 Condenser fan(s) 

 Solenoid valves 

 Overhead heat: each stage 

 High limit switch 

 Back-up protection device 

 Pressure switches 

19.7.8.2 Temperature Control Test 

Temperature control components shall be exposed to the simulated temperature environments 
they will experience on the car. For this test, all elements of temperature control shall be verified 
on temperature rising and temperature falling, including a demonstration of the pump-down 
and/or bump-start control sequences. 

The temperature controls’ annunciation functions shall be tested for their ability to monitor 
proper operation of the system. The interior and exterior rooms of the two-room set-up shall be 
instrumented with temperature measuring devices to determine when various control-switching 
points are reached. 
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Malfunction of the system or components at any temperature shall constitute a failure of the 
test. The use of substitute control switches is not permitted. 

19.7.8.3 Control Stability Test 

This test shall be performed to demonstrate that the unit functions correctly as the control 
voltage varies through the specified range. 

Under steady state operation at design conditions, the nominal control voltage should be varied 
between the limits specified in Section 9.2.2 to show the effect of such change. The system 
shall be shut down and restarted while the control voltage is at its minimum value. 

19.7.8.4 Cooling Capacity 

A cooling capacity test, per ANSI/ASHRAE Standard 37, shall be conducted at the design 
conditions listed in Section 13.2. 

19.7.8.5 Maximum Operating Conditions 

A system functional test shall be performed simulating the 105°FDB/75°FWB 
(41°CDB/24°CWB) ambient and the design interior conditions listed in Section 13.2. 

The successful unit test criteria shall consist of continuous, 2-hour operation of the system at 
maximum operating conditions without shut-down due to high pressure, modulation, circuit 
breaker trip, compressor motor overload, device failure or other. 

At the completion of 2 hours operation, the system shall be stopped momentarily, then 
restarted. The system shall continue to function properly with all components safe from 
malfunction or a failure will be declared. (Note: There is no capacity to be met). 

19.7.8.6 Extreme Ambient Test 

An extreme ambient test shall be conducted at temperature above 105°FDB/75°FWB 
(41°CDB/24°CWB) ambient and calculated interior temperature with an AW3 passenger load 
until system shut down due to high pressure. As the condenser air temperature rises, 
modulation operation and/or compressor unloading shall be demonstrated. There is no capacity 
requirement to be met. An event recorder shall indicate all significant events, capacity 
modulation, including solenoid valves operation, and component switchings. 

19.7.8.7 Low Temperature Operation (without Passenger Load) 

A test of low temperature operation shall be performed at the temperature of the air entering the 
evaporator coil, such temperature based on a mixture of the interior design air temperature and 
the ambient air compressor lockout temperature. After establishment of the above specified 
temperature conditions, the unit shall be operated continuously for a period of 4 hours. During 
the duration of the test, the air conditioner shall operate without damage to the equipment and 
without formation of any ice or frost on the evaporator coil or piping. Proper oil return to the 
compressor shall be verified by periodic observation of the compressor oil sight glass (if 
applicable), or by other means if direct observation is not possible with the unit operating. 

Proper condensate drainage shall also be observed and recorded. If no evidence of condensate 
drainage is present after the 4 hour period, the interior air wet bulb temperature shall slowly be 
raised to the point where positive condensate drainage occurs, and the test continued for a 
minimum of one (1) additional hour. 
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The condensing and evaporating temperatures shall be within the compressor safe operation 
range as defined by the compressor manufacturer. The superheat at compressor, and oil sump 
temperature, shall be within compressor manufacturer’s recommended range. 

19.7.8.8 Insulation Efficiency 

Insulation Efficiency shall be determined with the evaporator input air and the surrounding 
indoor portion of the unit at 27ºCDB/24ºCWB (80ºFDB/75ºFWB). After establishing the specified 
temperature conditions, the unit shall be operated continuously for a period of 4 hours. During 
the test, no condensed water shall drop, run, or blow off of the unit's casing or drain pan and 
enter the car interior. 

19.7.8.9 Condensate Carry-Over 

At the conditions specified in Section 19.7.8.8, the Contractor shall perform a test demonstrating 
that condensate off the evaporator shall not be carried by the air stream into the air discharge 
plenum.  

19.7.8.10 Abnormal Heating Condition, Restricted Air 

During this test, the unit ambient temperature shall be maintained at 21º C (70º F) with the unit 
operating in full heating mode. The test shall begin by slowly restricting the unit-mixed air inlet to 
the extent that the heater unit temperature rises 1º C (2º F) per minute until the high-limit switch 
cycles off. The test operator shall then release the restriction to the point where the high-limit 
switch stays closed. The heating test shall continue to simulate the dirty filter condition until a 
steady state is reached. Temperature readings shall be recorded every 5 minutes. 

The test shall be performed, and data recorded, at nominal auxiliary AC power, and shall meet 
the following acceptance criteria: 

a) The back-up protection device shall not open during the test 

b) The temperature inside the unit shall not cause damage to the equipment and 
components 

c) The high-limit switch shall open at the design set point ±5º C (±10º F) 

19.7.8.11 Abnormal Heating Condition, No Air 

The unit ambient temperature shall be maintained at 21º C (70º F). Power shall be applied to 
the heaters with no air blowing over the heaters. The system shall be operated as the high-limit 
switch cycles. 

19.7.8.12 The acceptance criteria of Section 19.7.8.10 shall apply. Protection 
Device Back-Up Protection Test 

The unit ambient temperature shall be maintained at approximately 70º F (21° C). Prior to power 
application to the heaters, the high- limit switch and the airflow sensor shall be electrically 
shorted. Temperatures reached at any time before and after the back-up protection device 
opens shall not cause damage to the equipment. Equipment interior temperatures shall be 
recorded until it is evident that all temperatures inside the HVAC unit are decreasing. 

This test shall be performed at nominal, minimum and maximum voltages to the heating 
equipment. 
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19.7.8.13 Rain Test 

A rain test at a simulated wind velocity of 121 km/h (75 mph) from the front, 80 km/h (50 mph) 
from the side, and the worst combination of these two velocities and directions, shall be 
conducted for a 1-hour duration on a fully assembled HVAC unit. Dielectric tests on the unit 
shall be performed before and after the rain test per UL 1995, Section 52. 

19.7.8.14 Variable Fresh Air Intake 

Operation of the fresh air dampers shall be verified, including proper positioning of the dampers 
and manual verification of the fresh air flow at nominal, fully-opened and fully-closed damper 
positions. 

19.7.9 AUXILIARY POWER SUPPLY (APS) COMBINED SYSTEM TEST 

The APS shall be tested in conjunction with the as-built auxiliary vehicle equipment in a 
combined auxiliary system test. Normal and abnormal APS operations shall be simulated such 
as, but not limited to, power-on and -off, with and without battery power available, short- and 
long-term power interruptions, over-voltages and under-voltages, over-current, etc. The test set-
up load configuration shall be arranged such that the worst case inductive power factor 
achievable on the vehicles is used in the test. Testing shall be performed with the following 
loads: 

a) APS Output Loads 

 Air brake compressor 

 HVAC system including both units (worst case starting sequence) 

 HVAC maximum steady state load 

 LVPS (if powered through the APS) 

 Simulated additional loads, as appropriate 

b) LVPS Output Loads 

 Battery charging (actual battery, totally discharged) 

 Lighting 

 All other vehicle low voltage loads (worst case). These loads may be simulated. 

The APS Combined Systems Test shall include a worst case total load run, based on the loads 
noted in a) and b) above. The worst case load is defined as the maximum achievable 
combination of all possible APS loads. The unit shall be run for 8 hours continuously with these 
loads applied with no failures.  

If the Contractor supplies different size APS and/or LVPS units, each unit shall be tested 
separately to the above requirements.  

19.7.10 PTC FUNCTION 

The Contractor shall perform a complete PTC system design conformance test that 
demonstrates full compliance with Section 17. This test shall use actual production-grade, on-
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board vehicle PTC equipment, but the Contractor may use simulators for the office, wayside, 
and data communication subsystem equipment.  

19.7.11 LAB EMI TESTS 

The Contractor shall demonstrate through specified conducted and inductive emissions tests 
that the train worst-case emissions are electro-magnetically compatible with all JPB systems.   

The Contractor shall perform Lab Conducted Electro-magnetic Interference (EMI) Tests based 
on UMTA-MA-06-0153-85-6, and Lab Inductive EMI Tests based on UMTA-MA-06-0153-85-8.  

In addition to separate power unit tests, a combined test of the propulsion system and the 
auxiliary converter(s), with actual vehicle loads, shall be performed to ensure EMC. Testing 
shall include verification of power factor and harmonic emissions. 

Worst case Lab testing shall include variations of the input voltage as stated in Section 2.2.6. 

19.8 VEHICLE-LEVEL DESIGN CONFORMANCE TESTS 

The following subsections contain tests which shall be conducted on fully constructed cars of 
each configuration (or components for CEM elements) as defined below, specific to each test, 
and prior to delivery of the cars to the JPB. All tests shall be performed on the cars ultimately to 
be used for the first trainset, unless otherwise approved by the JPB.  

19.8.1 CARBODY STRUCTURAL TESTING 

The first carbody structure of each car type that is distinctly structurally different shall be tested 
by the Contractor to demonstrate that the structure complies with this Specification 
requirements. The tests shall be performed at a JPB-approved facility. Tests shall not 
commence until the stress and crashworthiness analyses have been approved. 

The test car shall be a structurally complete shell, including side doors as required by Section 
12, but excluding such items as exterior and interior trim, windows, seats, lights, interior lining, 
or other parts that would obscure any structural member from view, or that would interfere with 
the performance of the test. If the carbody has a fiberglass or other non-structural front-end 
mask, it shall be attached to the carbody of the test car. Underfloor equipment shall be 
simulated by equivalent weights at their respective locations. 

The bare test article (carshell) shall be weighed, and the weight recorded prior to installation of 
any test equipment. The car shall be supported on its trucks, or an equivalent simulation. 

The longitudinal force of the testing machine shall be applied measured by means independent 
of those producing the force, eliminating error due to friction.  

The Contractor may conduct preliminary tests, but all critical dimensions and flatness of 
sheathing must be verified after these tests, and before the official test begins. The official test 
(test of record) must be witnessed by the JPB. 

19.8.1.1 Test Procedure 

The procedure shall include a description of the equipment used to load the test article, in what 
increments the test article will be loaded, the type and location of strain gauges, the location of 
deflection gauges, and details of the data acquisition system. Drawings and sketches shall be 
included to clarify the text.  
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19.8.1.2 Strain Gauges 

A minimum of 200, critically-located, strain gauges, per test, shall be applied to the car structure 
for the compression tests, the vertical tests, the diagonal jacking tests, and the collision and 
corner post tests. Some of the gauges may be used for more than one test if their location on 
the structure is appropriate for other tests, but readings from at least 200 strain gauges in 
locations where the stress may be critical shall be obtained for each test. The location of the 
strain gauges shall be based on the Contractor's experience and the results of the approved 
stress analysis, but shall be subject to JPB approval. Drawings and sketches showing the 
location of the strain gauges shall be prepared by the Contractor and provided to the JPB. 

19.8.1.3 Deflection Gauges 

Vertical deflection of the carbody shall be measured in the region of the side sill. At least ten 
gauges shall be used per side for this purpose. Gauges shall be located at the end sills, at the 
bolster (if applicable), and halfway between the bolster and the end of the car. The remaining 
gauges shall be evenly spaced between the three locations. Measurements shall be taken to 
the nearest 0.01 inch, and the deflection values used for comparison to the requirements shall 
be the average of the readings recorded on both sides of the car. The Contractor may submit 
alternative means of measuring vertical deflection, with equal accuracy, for the JPB’s 
consideration. 

To measure the longitudinal deflection of the car during compression testing, a deflection gauge 
shall be applied at the end sill, near the ram. 

For the diagonal jacking test, deflection gauges shall be applied at the four corners of the 
underframe, and at the lowering jack, to measure the vertical movement at those points. 

Approved deflection gauges shall be applied in the critical doorway and window openings in 
order to measure the change in the diagonal dimensions of the openings during the tests. 

During the vertical load test, changes in transverse width of the car at the belt rail; at the top of 
the door post due to bending; and in the diagonal dimensions of the door opening due to 
carbody shear loads shall be measured and recorded in an approved manner. 

19.8.1.4 Vertical Load Test 

Each carbody section shall be subjected to an applied vertical load equal to its calculated share 
of an AW3 load, evenly distributed or representing the actual weight distribution if heavy 
equipment will be present in the finished car. Loads shall be applied in increments of the 
maximum load as follows: 25, 50, 75, 87.5, and 100 percent. The load shall be returned to zero 
after each incremental loading in order to examine the carbody for any permanent set. To avoid 
disturbing the points of load application, a load not exceeding 2 percent of the maximum load 
may be used in lieu of the zero load at all zero loading conditions. Maximum-recorded stresses 
shall not exceed those defined in Section 3.1.3. 

All side doors, hangers, and operators shall be installed throughout the vehicle, and these doors 
shall be opened and closed electrically by the door operators at each increment of vertical load, 
up to and including the maximum, to verify that any carbody distortion under load has no 
adverse effect upon door operation. 

Under a vertical load corresponding to an AW3 condition, the maximum stress computed from 
the recorded strains shall not exceed the permissible design values defined in Section 3.1.3. 
Upon removal of the AW3 load, the residual stresses shall not exceed calibration tolerance of 
the instrumentation. 
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19.8.1.5 Compression Test 

A compression load of the value given in Section 3.1.3 shall be applied to the buff stops in the 
end underframe with a hydraulic ram. This load shall be applied longitudinally at the vertical 
centerline of draft. Cushioning, such as with lead sheets, may be used to assure uniform 
bearing of the ram on the base plate. The vertical load during this test shall be either AW0 or 
AW3, whichever presents the worst case. 

Loads shall be applied in 25, 50, 75, 87.5 and 100 percent increments of the maximum load, 
and shall be returned to zero after each load increment in order to examine the carbody for the 
onset of permanent deformation. Deflection and strain readings shall be taken before the test, at 
all load increments, and at zero load after each increment. To avoid disturbing the precise 
location of load application devices, a load not exceeding 2 percent of the applicable maximum 
longitudinal loading may be used in lieu of zero loading at all zero loading conditions. 

Stresses obtained from the test shall not exceed those defined in Section 3.1.3. Recorded 
residual stresses after removal of the compression load shall not exceed the calibration 
tolerance of the instrumentation. 

19.8.1.6 Diagonal Jacking Test 

A complete (all car sections) carbody structure, loaded to equal its AW0 weight, and with the 
motor truck (or equivalent weight) hanging from the body bolster, shall be supported 
symmetrically at two jack pads located on the side sills adjacent to the body bolsters. The 
support points shall be capable of resisting vertical loads in both directions so that torsional 
moments may be resisted at this end. One of the jacks shall first be raised in five equal 
increments until only 10 percent of the original load is carried on the opposite jack. Deflection 
and strain readings shall be taken before the test at all load increments, and at zero load 
application after each increment. The same jack shall then be lowered in the same increments 
until only 10% of the original load is carried on that jack. The same measurements shall be 
taken as the initial test above. 

If the car shell structure is not symmetrical along the longitudinal center line of the car shell, the 
same tests as above shall be repeated on the opposite jack, including both raising and lowering 
the jack. 

Under no diagonal jacking loading shall the maximum stress from the recorded strains exceed 
the material's yield strength, and the recorded residual strains after return to the original 
symmetrical jacking condition shall not exceed the calibration tolerance of the instrumentation. 

19.8.1.7 Collision Post Elastic Tests 

If the design includes distinct collision posts in order to meet the requirements of Sections 
3.1.3.8, and 3.1.3.9 on end frames, then these posts shall be tested as follows:  A longitudinal 
load shall be applied at 30 inches above the top of the underframe, for cab end collision posts, 
and 18 inches above the top of the underframe for non-cab end collision posts. The Contractor 
shall propose the load magnitude, based on the FEA results, but it shall not be less than 50,000 
lbs. and shall be of sufficient magnitude to provide strain gage readings that can be compared 
to the FEA results. 

19.8.1.8 Collision Post Elastic-Plastic Test 

If the cab car design includes distinct collision posts in order to meet the requirements of 
Section 3.1.3.8 and 3.1.3.9 on end frames, then the collision post and its connections shall be 
tested as follows:  A longitudinal load shall be applied at 30 inches above the top of the 
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underframe. The load shall be increased until the ultimate strength or the required energy 
absorption per Section 3.1.3.8 has been reached, whichever occurs last. The test article shall 
include the entire end frame and sufficient structure to reproduce the support conditions at each 
location of the end frame. 

19.8.1.9 Corner Post Longitudinal Elastic Tests 

If the design includes distinct corner posts in order to meet the requirements of Section 3.1.3.8 
and 3.1.3.9 on end frames, then these posts shall be tested. A longitudinal load shall be applied 
at 18 inches above the top of the underframe. The Contractor shall propose the load magnitude, 
based on the FEA results, but it shall not be less than 30,000 lbs. and shall be of sufficient 
magnitude to provide strain gage readings that can be compared to the FEA results. 

19.8.1.10 Corner Post Transverse Elastic Tests 

If the design includes distinct corner posts in order to meet the requirements of Section 3.1.3.8 
and 3.1.3.9 on end frames, then these posts shall be tested as follows: A transverse load shall 
be applied at 18 inches above the top of the underframe. The Contractor shall propose the load 
magnitude, based on the FEA results, but it shall not be less than 30,000 lbs. and shall be of 
sufficient magnitude to provide strain gage readings that can be compared to the FEA results. 

19.8.1.11 Crash Energy Management Tests 

Tests are required for the components of the crash energy management system if CEM is used 
to satisfy the requirements of this technical specification. All components that are used to 
provide the design energy absorption of the CEM system and any fuses shall be tested. Test 
specimens shall be full-scale components, fabricated to the final production configuration using 
the final fabrication processes. 

Energy absorbers shall be tested dynamically with an impact speed of 20 mph. Structural fuses 
may be tested dynamically or quasi-statically. 

Requirements for testing the energy absorption capacity of the push back coupler are given in 
Section 19.6.12. 

Energy absorbers and structural fuses shall be considered as acceptable designs if: 

a) The peak load does not exceed the design peak load by more than 10%. 

b) For energy absorbers, the absorbed energy in the design stroke is within 10% of the 
design value for that component. 

c) No fracture or cracking occurs, unless it can be shown that this cracking does not affect 
the ability to repeatedly meet the maximum load and energy absorption requirements of 
the design. 

19.8.2 WATERTIGHTNESS 

The watertightness test shall be performed per Section 19.11.1. On the first car the fresh air and 
electric equipment ventilation intake ducts 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. 
The criterion for test acceptance is that there shall be no evidence of moisture in the ducts 
downstream of the water. 
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19.8.3 CAR SHELL AIR LEAKAGE 

To assure positive internal carbody pressurization, the first carbody shell shall be given an air 
leak smoke bomb test with the interior pressurized to a minimum of 0.75 inches of water (185 
Pa). All openings related to ventilation shall be sealed during this test. All leaks shall be 
investigated and the car design modified as necessary. 

19.8.4 DOOR OPERATION 

Before delivery, the first production car, and one other car selected later by the JPB, shall have 
all doors operated for 1,000 continuous trouble-free cycles. The first car tested shall be loaded 
to AW3, uniformly distributed, for the door cycle test.  

Before and after the 1000-cycle test, the opening and closing time of all doors, as well as the 
closing forces, shall be measured and recorded under loading up to 105% of AW3. Failure to 
operate at the speeds specified in Section 12.2.1, or any indication of binding, shall necessitate 
corrective action to be taken by the Contractor. 

After the final timing and closing force test, the Contractor shall perform a test under AW0 
loading where all doors are operated for 100 continuous trouble-free cycles. 

Any door or door control failure occurring prior to completion of the entire test will nullify the test, 
and the test shall be re-run completely after the fault has been corrected. 

19.8.5 VEHICLE CLIMATE ROOM TESTS 

The air conditioning and heating system on one complete car shall be tested in an approved rail 
vehicle climate laboratory capable of maintaining a temperature from 35ºF (2ºC) to 125ºF 
(52ºC), with all vehicle equipment, including HVAC, operating at maximum capacity, and 
capable of maintaining any level of relative humidity between 25 percent and 90 percent. 
Temperature variations in the climate laboratory shall not exceed 5ºF (3ºK) from 2 feet (600 
mm) above the rail to 2 feet (600 mm) above the car roof, and from end-to-end of the car. 
Equipment shall be provided to simulate passenger latent and sensible heat load inside the car, 
and solar load, including   solar radiation through windshield glass. Fans may be used to 
circulate air in the laboratory. 

The climate laboratory shall be capable of simulating the effect of wind wipe on the car's heat 
transfer characteristics. Test conditions for the hypothetical case of a car traveling at the 
maximum design speed of 177 km/h (110 mph) at the lowest design ambient temperature of 
39°F (4°C) shall be simulated by lowering the climate room temperature to a value calculated to 
present test conditions equivalent to the hypothetical case. Fans may be used, as needed, to 
achieve test conditions. 

The data acquisition system shall have a sufficient number of channels to record all required 
data, and to allow for time synchronization if multiple data recording devices are used. Data 
sampling rate shall be adjustable, with the fastest rate at one (1) sample per second. 
Instrumentation shall be as required by ANSI/ASHRAE Standards 37, 41.1 and 41.6. In 
addition, the test instrumentation shall have the ability to monitor and record all significant 
events and equipment capacity modulation in real time. 

The interior temperatures shall be measured at a minimum of 60 representative locations inside 
the passenger area, including vestibules/doorways, and a minimum of 2 locations in the cab and 
in the toilet. 
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19.8.5.1 Air Balance and Car Pressurization Test 

Testing shall begin with an air balance test and a car pressurization test as specified in Section 
13.5, with a "dry" evaporator coil condition. The volumes of fresh, recirculated and exhaust air, 
and the total volume of air delivered to the car, shall be measured and recorded. 

Air flow shall be measured using a flowhood type instrument with appropriate adaptors for each 
air intake/outlet. Climate room temperature shall be maintained at 70ºF (21ºC). 

Air diffuser adjustments shall be verified and corrected, as necessary, to conform with the 
temperature uniformity requirements of Section 13.2.2. 

The evaporator coil air pressure drop, blower motor amps, watts, volts, and speed shall be 
compared with the manufacturer's coil curve data and motor specifications. 

The Contractor shall make all necessary adjustments to conform to the HVAC system design 
parameters and requirements of Sections 13.2.2 and 13.6.1. 

19.8.5.2 Heat Transfer Test 

The overall carbody heat transmission shall be measured and shall comply with (not to exceed) 
the HVAC system design criteria. 

The test should be performed at the minimum design temperature of 4°FDB (39°CDB). The 
fresh air intakes shall be closed for this test. The internal heat source, such as simulated 
sensible, and passenger and solar loads, shall be used to heat the car interior. 

19.8.5.3 HVAC Control Verification Test 

This test should be performed to demonstrate that the HVAC system controls and sensors 
perform as designed by exercising the control system across the full range of ambient and 
interior conditions. 

The test shall be performed as described in Section 19.7.8.2, except that actual thermal load 
equipment shall be used inside the car instead of simulated interior temperature. 

19.8.5.4 Cooling System Tests 

The cooling system testing shall begin after the car has been exposed to an ambient design 
temperature condition of 94ºFDB/72ºFWB (34.5ºCDB/22ºCWB) for at least 12 hours; 8 hours 
with the doors open and car interior temperature similar to the ambient temperature, then 4 
hours with doors closed and the specified solar load applied. Following this soaking, the Pull-
Down test shall be initiated, and time required to stabilize car interior temperatures shall be 
measured. 

The following cooling tests shall be performed as a minimum: 

a) Steady State Operation at Design Conditions Test, with design ambient temperature and 
design passenger and solar load. 

b) Refrigerant Charge Verification Test, to verify that the proper refrigerant charge has 
been applied to the air conditioning units. The verification shall be based on the 
comparison with the results of the HVAC unit design conformance test per Section 
19.7.8, including operating pressures, temperatures, superheat and sub-cooling. This 
test may be combined with the Steady State Operation at Design Conditions Test, and 
with other tests as applicable. 
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c) Door Cycling Cooling Test to determine the time required for the interior temperatures to 
recover after a door opening on one side of the car, as would occur during revenue 
service. This test shall be performed for high level and low level entry doors separately. 
It is not required that all four doors on one car side open simultaneously.  

d) Maximum Operating Conditions Test, as described in Section 19.7.8.5, except that the 
actual design passenger and solar loads shall be provided inside the car. 

e) Extreme High Ambient Temperature Operation Test, as described in Section  19.7.8.6, 
except that actual the AW3 passenger load and full solar load shall be provided inside 
the car. 

f) High Pressure Control Test, to demonstrate the ability of the HVAC system to restart 
when a high pressure shut-down occurs. 

g) Low Ambient Temperature Operation Test; this test shall be performed in a manner 
similar to the test specified in Section 19.7.8.7. Ambient temperature shall be maintained 
slightly above the refrigerant compressor lockout temperature, to insure that the climate 
room temperature excursions do not lock out the compressors, and with internal 
passenger and solar load sufficient to maintain a cooling mode for the entire duration of 
the test. 

h) Condensate Carry Over Test; this test shall be performed under the same ambient 
conditions as the test per Section 19.7.8.9 and with AW3 passenger load inside the car. 

i) Layover Cooling test to demonstrate compliance with Section 13.8 

For each test above, temperatures and other measured parameters shall be recorded for at 
least 30 minutes after ambient and interior temperatures stabilize. 

The interior temperatures, including the specification allowable temperature variations, shall 
comply with the requirements specified in Section 13.2.2 for all tests except tests e) and f) as 
given above. 

Samples of refrigerant shall be taken from the air conditioning system of the tested car after all 
tests have been completed, and shall be analyzed for contaminants by an approved laboratory. 
Test results shall satisfy the requirements of ARI Standard 700, except that high boiling residue 
shall not exceed 5% and moisture content shall not exceed 45 ppm. If the laboratory analysis 
should reveal an unacceptable level of contaminants, the charging procedure shall be modified 
as necessary, and another test shall be made to verify the new procedure, continuing until an 
acceptable result is obtained. 

19.8.5.5 Heating System Test 

The heating system testing shall begin after the car has been exposed to an ambient design 
temperature condition of 39°F (4°C) for at least 8 hours with doors open and car interior 
temperature similar to the ambient temperature. Following this soaking, the Warm-Up Test shall 
be performed, and time required to stabilize car interior temperatures shall be measured. 

The following heating tests shall be performed as a minimum: 

a) Layover Heating Test to demonstrate compliance with the Section 13.8. 

b) Warm-Up Test from stable heating layover conditions 

c) Steady State Test at heating/winter design conditions without passenger and solar load. 
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d) Steady State Test at heating/winter design conditions with design passenger load to 
demonstrate ability to control the interior temperature, including temperature variations, 
as required by Section 13.2.2. 

e) Door Cycling Heating Test to determine the time required for the interior temperature to 
recover after the door opening on one side of the car, as will occur during revenue 
service. . This test shall be performed for high level and low level entry doors separately. 
It is not required that all four doors on one car side open simultaneously.  

f) Forced Air Heater Overtemperature Protection, Restricted Air Test; this test shall be 
performed in a manner similar to the test per Section 19.7.8.10 for all forced air heaters 
on the vehicle, including the HVAC overhead heaters, cab heater(s) and any other 
forced air heaters used on the vehicle. 

g) Forced Air Heater Overtemperature Protection, No Air Flow Test; this test shall be 
performed in a manner similar to the test per Section 19.7.8.10 for all forced air heaters 
on the vehicle, including the HVAC overhead heaters, cab heater(s) and any other 
forced air heaters used on the vehicle. 

h) Forced Air Heater Overtemperature Protection, Backup Overtemperature Protection 
Test; this test shall be performed in a manner similar to the test per Section 19.7.8.10 for 
all forced air heaters on the vehicle, including the HVAC overhead heaters, cab heater(s) 
and any other forced air heaters used on the vehicle. 

i) Cab Heater Test to demonstrate proper operation and required performance of the cab 
heater. This test may be combined with the Steady State Heating Design Conditions 
Test per item c) above. 

j) Cab Windshield Defroster/Demister Test; this test shall verify both the defrosting and 
demisting performance of the windshield heater(s). This test shall be performed at the 
minimum ambient temperature specified in section 2.2.5. 

k) Water Freeze Protection Test for the verification of the water freeze protection in the 
toilet and associated plumbing. This test shall be performed at the minimum ambient 
temperature specified in section 2. 

For tests a) through e) above, temperatures and other measured parameters shall be recorded 
for at least 30 minutes after ambient and interior temperatures stabilization. 

Interior temperatures, including the specification allowable temperature variations for tests b) 
through e) above, shall comply with the requirements specified in Section 13.2.2. 

19.8.6 INTERIOR LIGHT INTENSITY 

Interior light intensity readings shall be taken (with no light from any other sources) on one of 
each car type to verify requirements in Section 15. 

19.8.7 HEADLIGHT AND AUXILIARY LIGHT TEST 

All headlights and auxiliary lights shall be tested to prove compliance with the requirements of 
49 CFR 229.125. 
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19.8.8 COMMUNICATION SYSTEM 

The PA system and the intercom station on one car of each configuration shall be fully tested for 
correct operation and intelligibility per the requirements of Section 14. All other communication 
system equipment shall be fully tested for correct operation per Section 14. 

19.8.9 STATIC CLEARANCE ENVELOPE TEST 

One car of each configuration shall be pushed or powered through a clearance template to 
verify that each car configuration complies with the JPB’s static envelope. 

19.9 TRAINSET LEVEL PERFORMANCE DESIGN CONFORMANCE 
TESTS  

All component and systems design conformance tests must be successfully completed, and the 
test reports approved, prior to the commencement of any trainset-level performance design 
conformance tests. 

Vehicle running tests shall mostly be performed on a single eight-car trainset; however a few 
tests require two trainsets. 

All train acceptance testing and qualification testing shall be performed at the JPB designated 
test site. The Contractor shall schedule all operational testing so as not to interfere with 
passenger service or system maintenance. The operating rules and procedures required in the 
Contract for passenger service operation shall be approved and placed in effect before any 
operational testing begins. 

As a minimum, two runs in each direction shall be made for each propulsion and braking 
performance test. In addition to specification compliance verification, this series of tests shall 
also be used to determine the equipment settings and calibrations for the propulsion and 
braking portions of the trainset acceptance program. After the successful completion of the 
trainset level performance design conformance test program, the trainset used in the test shall 
be restored to its original configuration and retested with the complete trainset acceptance 
program instrumentation package. 

All weights used to simulate AW2 and AW3 passenger load states shall be provided by the 
Contractor.   

All recorded data shall be normalized for voltage and grade within the data reduction portion of 
the Contractor's test report. All recordings taken during the trainset performance level design 
conformance testing shall become the property of the JPB. 

If the trainset or apparatus fails to satisfy the specified performance and design criteria, the 
trainset, with the necessary adjustments, shall be redesigned and retested at the Contractor's 
expense. If modifications are necessary, they shall be effected on a fleet-wide basis. 

The Contractor shall supply one complete Data Acquisition System (DAS) to JPB prior to the 
commencement of any testing, this unit shall not be used by the Contractor and shall become 
the property of JPB at the time of delivery. The Contractor shall use a second DAS to perform 
all testing as defined. The second DAS unit shall be supplied to JPB at the conclusion of 
required testing on the last car and shall become the property of JPB at the time of delivery. 
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19.9.1 INSTRUMENTATION FOR TRAINSET PERFORMANCE TESTING 

The test trainset shall be equipped with Contractor-supplied, multiple-channel recorders. 
Recorded data shall include a printed official test report and a digital copy of all runs stored on 
an FTP server, accessible by JPL. The Contractor shall supply all recorders, sensors, pickups, 
signal converters, equipment racks, test wiring termination panels, calibration equipment, wiring, 
and inverters necessary to operate this instrumentation using the car low voltage battery system 
supply. Internal combustion engines driving a generator will not be permitted. 

Galvanic isolation devices shall be provided as part of the instrumentation package to isolate 
the inside car instrumentation wiring and equipment from high voltages. No exposed terminals 
with potential differences greater than 50 volts will be permitted. 

Accuracy and response of the instrumentation shall be sufficient to determine compliance with 
the Specification and design criteria. 

The following channel assignments shall be permanently recorded simultaneously during the 
tests, as indicated below: 

a) Vehicle speed  

b) Acceleration (positive and negative) 

c) Tractive effort command per truck 

d) Tractive effort delivered per truck 

e) Brake/Overvoltage resistor current 

f) Spin-Slide system operation of propulsion and brakes, including the speed of each axle 
during the spin/slide test runs 

g) Brake cylinder pressure per truck  

h) Brake disc temperature on one motor truck axle and on one trailer truck axle, using 
thermocouples embedded in brake pads [Note:  Wheel temperature and braking system 
noise shall be measured on all braking performance runs] 

i) Overhead Contact System (OCS) voltage 

j) Total OCS current drawn at the pantograph 

k) OCS power factor and harmonic distortion 

l) Propulsion and braking trainline signals,  

m) One-second time intervals 

n) Distance intervals, using a digital odometer to record 3, 30 and 300 m (10, 100 and 
1000-foot) increments 

o) Four spare analog channels for additional tests which may become necessary to resolve 
the Contractor's or JPB's questions 

19.9.2 PROPULSION DESIGN TESTS 

The first series of propulsion tests shall be run at AW0, and a second series of tests shall be run 
at AW2. Performance requirements shall be as noted in Sections 2.3.6 and 10.1.5 for the test 
conditions described below.  
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a) Acceleration rates and balancing speed for five, evenly-spaced trainline tractive effort 
commands, accelerating from a stop. 

b) Time to reach 20, 40, 60, 79 and 110 mph from a standing start with a maximum power 
command. 

19.9.3 BRAKING PERFORMANCE TESTS 

The first series of tests shall be run at AW0, and the second series of tests shall be run at AW3. 
In all friction stop tests, for each run, brake discs shall be cooled to a maximum of 250º F as 
measured by thermocouples before initiation of any test. Wheel temperature and brake system 
noise shall be monitored during all braking performance tests. Performance requirements are as 
noted in Sections 2.3.6 and 11. 

As part of the trainset performance design conformance test, the Contractor shall verify that the 
vehicle conforms to the performance simulation. The following tests shall be conducted: 

a) Blended maximum service brake stops from 177, 127, 105, 88, 56, and 32 km/h (110, 
79, 65, 55, 35, and 20 mph) 

b) Blended minimum service brake stops from 32 km/h (20 mph) 

c) All-friction maximum service brake stops from 177, 127, 105, 88, 56, and 32 km/h (110, 
79, 65, 55, 35, and 20 mph) 

d) All-friction minimum service brake stops from 32 km/h (20 mph) 

e) EB stops from 177, 127, 105, 88, 56, and 32 km/h (110, 79, 65, 55, 35, and 20 mph). It 
shall be possible to manually activate slide control for EB during this test. 

19.9.4 THERMAL CAPACITY TESTS 

One trainset shall be fully instrumented and used to verify compliance with the duty cycle 
requirements specified in Sections 2.3.6.2. 

19.9.5 WHEEL SPIN/SLIDE 

All power and braking modes shall be used in verifying compliance with all wheel spin/slide 
provisions given in Section 2.3.6.11, including the application of braking tractive effort at the 
jerk-limited rate following spin/slide activity. The speed of each axle of the spin/slide test train 
shall be monitored and recorded, as well as all other parameters necessary to verify 
compliance. 

19.9.6 AUXILIARY INVERTERS 

The Contractor shall monitor auxiliary inverter voltage and frequency throughout all trainset 
performance testing to verify consistent, reliable inverter performance. Recordings which 
contain inverter operating characteristics, taken during the auxiliary inverter design conformance 
test and these trainset performance tests, shall be copied and included in an inverter test report. 

19.9.7 RIDE QUALITY 

Ride quality tests shall be performed on the first trainset. Tests shall demonstrate compliance 
with the ride quality specifications of Section 2.7. 
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As a minimum, ride quality tests shall consist of operating the trainset in a simulated local 
revenue run under two load conditions: AW0 and AW2. 

Instrumentation capable of concurrently measuring the magnitude of the vertical, longitudinal, 
and lateral shocks and vibrations anticipated given Caltrain’s present track classifications shall 
be provided and monitored by the Contractor. The instrumentation shall also have provision for 
annotation so that significant track features can be correlated to the measured accelerations. All 
sensors shall measure tri-axial acceleration. Sensing units shall be located on the car floor 
above the intersection of the car longitudinal center line and the following: a power truck 
transverse center line, a trailer truck transverse center line, the center of one section of the car 
between trucks, and at three seat locations as determined by the JPB. Seat location sensors 
shall include the seat pan and the seat floor. Rotational vibrations of seat pans need not be 
measured. For measurements on seats, a test subject approximating the average passenger 
weigh of 79.5 kg shall be used. Acceptability of the ride quality will be determined by an analysis 
of the recorded root-mean-square accelerations.  

In the event the dynamic behavior of the trainset does not meet Specification requirements, the 
Contractor shall submit to the JPB, within 8 weeks, a program containing a mathematical 
analysis of the problem and a proposed course of action for its correction. If the JPB approves 
the analysis and corrective measures, the latter shall be installed on the test trainset within 12 
weeks at the expense of the Contractor, the trainset shall be retested, and, if the measures are 
successful, they shall be applied to all trainsets. If not successful, the analysis and corrective 
steps shall be repeated and resubmitted, and the trainset retested until Specification compliance 
is attained. 

19.9.8 NOISE AND VIBRATION 

After equipment installation, sound level and vibration tests shall be performed on one six-car 
trainset, at AW0 car weight, to confirm that the readings are compliant with Sections 2.5 and 
2.6. 

Measurements shall be taken on tie and ballasted, at grade, newly-ground, welded track and 
wherein reflections from nearby walls, floors, or other equipment will not influence the directly 
radiated sound by more than 2 dBA. Measurements shall be made with an ambient sound level 
not less than 10 dBA below the continuous, steady-state sound level produced by the 
equipment being measured when evaluated using the same scale or octave band. 

For these tests, the following shall be recorded: 

a) Description of sound level or vibration source being measured, including pertinent 
statistical information 

b) Description of the environment where sound level or vibration source is measured, 
including a sketch showing source position 

c) Operating conditions of sound level or vibration source during measurements 

d) Pertinent meteorological data 

e) Locations and orientations of microphones with respect to sound level source. These 
shall be indicated on the sketch required by item b). 

f) Equipment used for making measurements 

g) Description and measurements of ambient sound levels 

h) Data obtained, including range of variation 
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i) Instrument settings, corrections, and calibration records 

Results shall be evaluated, and any corrective action required shall be approved by the JPB. 

19.9.9 PARKING BRAKE 

A parking brake system test shall be performed on the first trainset. Design compliance with 
Section 11.6 shall be demonstrated by measuring the force required to move the trainset with 
the parking brake applied. 

19.9.10 HORN AND BELL 

The horn and bell, as mounted on a completed trainset, shall be tested for conformance to the 
requirements of Section 3.2.2 and 49CFR229.121 & 129. This requires testing of both ends of a 
trainset. 

19.9.11 TRAINLINES AND TRAIN CONTROL NETWORK TESTING 

The train control network used for the communication of all vehicle control units and diagnostic 
displays shall be monitored during the trainset performance design conformance testing to 
demonstrate that the train control network architecture is reliable both for the cases of normal 
operation (one six car consist) and of abnormal operation (two six car consists coupled 
together).   

Testing of the 6 car trainsets shall demonstrate that a future 8 car train operation will be 
possible.  

Automatic failover to the redundant train control bus shall also be demonstrated. 

19.9.12 TRAIN LEVEL MONITORING AND DIAGNOSTIC SYSTEM TESTING 

The monitoring and diagnostic system, as well as TOD functionality, shall be tested on the first 
trainset to verify that it functions in accordance with the requirements of Section 8.2. 

The diagnostic function of each individual system shall be tested to ensure that all events and 
excursions from the specified function and performance are captured as faults, and that these 
faults are successfully transmitted to the MDS on the relevant vehicle, and to the MDS on the 
lead car for display on operational TOD. The PTU may be used to access car subsystems to 
simulate all possible faults and to verify the correct logging of the faults by the LDTS, the CDS 
and the MDS (Reference Section 8.2). All faults, events and information shall be correctly 
displayed on the TOD in the cab car. 

Testing shall be partitioned into stationary and dynamic testing, as appropriate for the nature of 
the simulated faults. 

The interface and functionality of the MDS and the wireless Local Area Network shall be tested. 
Testing shall be conducted to insure that events and faults can be downloaded over the network 
and that the diagnostic database at the CMF is updated correctly. 

19.9.13 EVENT RECORDER  

The event recorder shall be tested similarly to the MDS testing described in the section above.  
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19.9.14 PTC SYSTEM 

The Contractor shall conduct static and dynamic PTC testing of the train. Static tests shall verify 
the correct functioning of the departure test as a minimum. Dynamic testing shall verify the 
compatibility of the car borne equipment with the wayside train control system over the Caltrain 
alignment. The PTC functionality shall be verified as specified in Section 17 at all speeds.  

19.9.15 ELECTROMAGNETIC COMPATIBILITY 

An EMI/EMC test shall be performed on a six-car train per the requirements of the approved 
EMI test procedures. 

Testing shall verify the EMI requirements in Section 2.4.4 and include: 

 Conducted EMI 

 Radiated EMI 

 Inductive EMI 

 Radio Susceptibility 

The test reports shall document that the measured emissions comply with the applicable 
emission limits. 

19.9.15.1 Field Conducted EMI Test 

The Contractor shall develop a Conducted EMI Test Procedure and perform a Field Conducted 
EMI Test based on the procedures of “Conductive Interference in Rapid Transit Signaling 
Systems, Volume II: Suggested Test Procedures”, UMTA-MA-06-0153-85-6, Method 
RT/CE02A, Conductive Emission Test, Vehicle. 

The test procedure shall include worst-case conditions, including worst case track circuit length. 
The test location(s) shall be agreed between JPB and the Contractor. 

19.9.15.2 Field Inductive EMI Test 

The Contractor shall perform Field Inductive EMI Tests based on the procedures of “Inductive 
Interference in Rapid Transit Signaling Systems, Volume II: Suggested Test Procedures”, 
UMTA-MA-06-0153-85-8. 

19.9.15.3 Field Radiated EMI Test 

The Contractor shall perform a Field Radiated EMI Test defined in UMTA-MA-06-0153-85-11.  
Measurements for compliance with the emission limits given in section 2.4.4 shall be conducted 
50 feet (15.24 m) from the centerline of the rails. 

19.9.15.4 Field Immunity Testing Using Hand-held Radio 

The Contractor shall test all car systems for RF immunity from car mounted and hand-held two-
way radios. This includes cellphones and all types of VHF and UHF radios used by the JPB and 
emergency responders.  

19.9.15.5 Magnetic Field Testing 

The contractor shall measure magnetic field emissions inside the car, and at a distance from the 
car where a person could reasonably expect to be, such as a station platform   
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19.9.16 TWO TRAIN TEST 

Two completed trainsets (the performance test trainset and one other) shall be coupled to 
demonstrate successful non-revenue operation as a 12 car train. 

19.9.16.1 Trainline Capacity 

Two six-car trainsets coupled together, shall be tested to demonstrate that all trainline functions 
perform as intended. Voltage drop testing shall be performed as appropriate. 

Tests shall be performed prior to acceptance of the first trainset. Any modifications required as a 
result of these tests shall be incorporated in all cars prior to delivery. 

Testing of the two 6 car trainsets shall demonstrate enough margins to prove that a future 8 car 
train operation will be possible.  

19.9.17 MISCELLANEOUS BODY TESTS AND ADJUSTMENTS 

Two completed and coupled trainsets shall be checked for proper truck, end buffer, coupler, and 
trainline cable and hose clearance on a horizontal curve having a minimum radius as specified 
in Section 2.2.2. This shall be effected by running the coupled trainsets around a curve of that 
radius. Car ends shall be checked to insure that the proper inter-car clearance exists for all 
orientations of the two trainsets. All interior, exterior, roof, and underfloor surfaces shall be 
carefully observed. Couplers shall be checked for proper swing and clearance from truck and 
undercar components. All cables and hoses shall be checked for clearance, stretching, and 
chafing. Tests shall be performed at both AW0 and AW3 loads. Tests shall also be carried out 
with one fully loaded trainset with no air in the air springs and coupled to another trainset at 
maximum upward dynamic bolster spring extension. The effect of both fully worn wheels on the 
trainset with no air in the springs, and new wheels on the trainset's maximum upward dynamic 
bolster spring extension, shall be calculated and factored into clearance measurements. 

Two completed trainsets shall be coupled and checked for proper truck, underfloor, coupler, and 
trainline cable and hose clearance for both the crest and sag on the minimum vertical curve 
given in Section 2.2.2. Tests shall be performed at both AW0 and AW3. Tests shall also be 
conducted with one fully loaded trainset with no air in the springs, having fully worn wheels, 
coupled to another trainset with new wheels at maximum upward dynamic bolster spring 
extension. 

Couplers shall be tested to verify the specified gathering range and centering. 

19.9.18 LOW SPEED AND COUPLING TESTS 

The first two trainsets shall be tested to demonstrate compliance with the low speed coupling 
requirements of Section 5.3. The Contractor shall participate in all coupling tests. 

19.9.19 ROLL BACK PREVENTION 

The Contractor shall perform a test with an AW3-loaded car on JPB's maximum design grade to 
demonstrate successfully transitioning from brake to motoring without roll back if a sufficient 
amount of tractive effort is requested.  
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19.9.20 ROLL BACK PROTECTION  

The Contractor shall perform a test with an AW3-loaded car to demonstrate compliance with 
section 11.3.5.  

19.9.21 VEHICLE COUPLING AND DIESEL FLEET COMPATIBILITY TESTS 

The Contractor shall perform a series of static and dynamic tests to demonstrate towing 
operation between an eight-car trainset and the JPB's existing diesel fleet. Tests shall be 
performed to demonstrate that a diesel locomotive can either pull or push a 8 car train for 
rescue operations. . 

19.9.22 ENERGY CONSUMPTION TESTS 

The energy consumption value for motoring shall be determined by utilizing maximum line 
speed. One trainset at AW0 weight, with appropriate instrumentation to measure energy 
consumption, shall make ten runs in each direction. The energy consumption in watt-hours/train 
mile shall be the total energy consumed during test in watt-hours divided by train miles.  
Regeneration shall be cut out for these test runs.  

19.9.23 COMMUNICATION SYSTEM TEST  

The radio, the PA system and each intercom station shall be tested for clarity of voice 
transmission and reception. The Automated Announcement system shall be tested in both 
directions to confirm that all station and information announcements are played at the correct 
locations along the entire JPB alignment. All Contractor-furnished communications equipment 
shall be checked for correct functionality. 

19.9.24 CLEARANCE TEST 

A clearance test shall be performed along the entire JPB corridor to verify clearance with all 
wayside structures, including tunnels. The cars shall be equipped with means to simulate the 
dynamic outline under conditions which represent the worst case. 

19.9.25 GAPPING TEST 

Operation of the vehicle’s automatic controls at all OCS phase breaks and at the Trolley Bus 
crossing shall be verified. 

19.9.26 30-DAY OPERATION SIMULATED PASSENGER SERVICE 

The first trainset shall be given a 30-Day Operation Simulated Passenger Service Test. The 30-
Day test shall be conducted only after having successfully completed all other car and trainset 
tests. The test shall be conducted in simulated revenue service with an AW1 passenger load, 
stopping at every station and cycling all four doors on the side opposite the platform. All 
systems shall be operational and function in accordance with the Specification requirements. 

Monitoring and diagnostic data shall be downloaded after each day of testing to create an 
electronic archive of this test. This data shall be made available for review at the conclusion of 
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each day of testing to check for failures. All failures shall be evaluated and corrected before the 
next day of testing unless otherwise approved by the JPB. 

Final approval of this test shall be given after the trainset has, to the satisfaction of the JPB, 
performed without a failure which would normally cause an in-service delay for an uninterrupted 
period of thirty (30) days, in simulated passenger service, excluding any days required for 
regular inspections in accordance with JPB operating procedures. The trainset shall accumulate 
a minimum of 4,000 miles of operation during this 30-day test. If 4000 miles have not been 
accumulated at the end of the 30 day period, the test shall be extended until the 4000 mile 
threshold is achieved.  

19.10 COMPONENT LEVEL PRODUCTION CONFORMANCE 
(ROUTINE) TESTING 

All equipment supplied under this contract shall be given functional acceptance tests and 
environmental conformance tests as appropriate at the manufacturer's facility prior to shipment 
to the Contractor. All equipment shall also be given an integrated functional test on the 
completed car under the direction of the Contractor prior to delivery to JPB (Reference Section 
19.12). The test to be performed on each component shall be in accordance with the standards 
listed in this Specification, and the approved test plan for the component, system, or car. 

The following subsections contain component level production conformance test requirements 
for major components to be approved by JPB. 

19.10.1 GENERIC TESTS APPLIED TO ALL EQUIPMENT 

19.10.1.1 Electrical Apparatus 

Each component that is separately assembled, housed, and wired into a packaged unit prior to 
installation in the car shall be tested per IEC 60077 at its point of manufacture, and a certified 
test report, signed by the responsible Quality Assurance representative of the manufacturer, 
shall be furnished to the JPB. Tests shall be in accordance with a JPB-approved standard for 
the type of electrical apparatus being tested.  

19.10.1.2 Electronic Equipment  

All electronic equipment shall be routine tested per IEC 60571.  

For component burn-in requirements refer to section 16.26.4. 

Each test shall include an insulation test as specified in Section 19.11.6. 

Control and communications equipment shall be functionally tested and certified for 
performance in accordance with manufacturer's specifications and test codes, as approved by 
the JPB.  

19.10.2 AIR CONDITIONING UNIT 

Prior to shipment to the Contractor, each air conditioning unit shall be placed in a test cell and a 
heat load applied to both the evaporator and condenser coils. The unit shall be given a 
complete functional test to verify its performance including capacity modulation and control 
points of all pressure and temperature sensors and switches. Power consumption of all motors, 
system pressures and temperatures, and the applied loads to the evaporator and condenser 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS19-40 (Conformed 6/22/16) 
 Section 19 – Test Program  

shall be recorded. The unit heating equipment staging and the functioning of the over 
temperature protection devices shall be verified. 

Refrigerant samples shall be taken from the first six units following the test run and analyzed by 
an independent laboratory, according to a plan approved by the JPB, to verify the adequacy of 
the cleaning and evacuation/dehydration. Test results shall comply with the requirements of ARI 
Standard 700, except that high boiling residue shall not exceed 5% and moisture content shall 
not exceed 45 ppm. If the results from the first six units are acceptable, a sampling plan of one 
unit in six shall be employed thereafter. If the first six units are not acceptable, the affected units 
shall be purged, re-cleaned and re-sampled, and, in addition, the second group of six units shall 
be sampled and the refrigerant and oil analysis cycle repeated. 

The manufacturer shall conduct a dielectric voltage withstand test on each HVAC unit according 
to IEC 60077-1. 

19.10.3 MOTORS 

Each traction motor and AC motor shall be given a routine test by the manufacturer, as 
specified in IEC 60349, as appropriate. 

19.10.4 TRACTION GEAR UNITS 

Each traction gear unit shall be given the manufacturer’s routine test which shall include the 
following: 

a) Gear tooth mesh shall be checked to verify that it is within the manufacturers tolerances 
before the gear unit is operated. 

b) No load operation at 177 km/h (110 mph) equivalent car speed (assume fully worn 
wheels) for 10 minutes in each direction. Sound and vibration levels produced by each 
gear unit, and gear sump oil temperature, shall be continuously monitored. All gear units 
which produce abnormal oil temperature or noise shall be rejected. 

19.10.5 BRAKE RESISTOR  

The brake resistor shall be routine tested per IEC 60322.  

19.10.6 MAIN TRANSFORMERS 

All main transformers shall be routine tested per IEC 60310. 

19.10.7 PROPULSION CONVERTER/INVERTER, AUXILIARY INVERTER, AND LVPS 

Each propulsion converter/inverter, auxiliary inverter, and LVPS shall be given a routine test per 
IEC 61287 by the manufacturer in accordance with approved procedures to verify compliance 
with all aspects of the following for the nominal environmental conditions defined in Section 
2.2.5: 

a) Nominal values of all outputs to within approved tolerances 

b) All control features 

c) Nominal values of all fault detection and annunciation settings to within approved 
tolerances 
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d) Insulation and isolation requirements, including High Potential testing. Insulation shall be 
tested as required in Section 19.11.5. High Potential testing shall be per Section 19.11.6. 

19.10.8 BATTERY 

In compliance with IEC 60623 each battery shall be given a visual inspection followed by 
electrical and physical inspections as defined in the section for batch acceptance.  

19.10.9 AIR BRAKE EQUIPMENT 

Air brake equipment shall be subject to the following: 

a) All electrical and electronic assemblies shall undergo an insulation resistance and high 
potential test. 

b) Each air compressor shall be given a functional test and a capacity test. 

c) All valves and electrical and electronic assemblies shall be functionally tested and 
certified for performance in accordance with manufacturer's specifications and test 
codes, as approved by the JPB. 

d) All reservoirs shall be tested and certified in accordance with ASME Codes for Unfired 
Pressure Vessels. 

e) All pneumatic brake system components shall be tested at the compressor safety valve 
operating pressure. Leakage and component damage shall not occur. 

19.10.10 PANTOGRAPH 

The production conformance testing of the pantograph shall be comprised of dimensional and 
functional tests. 

19.10.11 PTC 

Each PTC system supplied to the vehicle fleet shall be tested for electrical integrity, function, 
and conformance to the requirements of Section 17. 

19.10.12 EQUIPMENT LEVEL WATER TIGHTNESS  

The water tightness tests shall also be performed on individual exterior boxes designed to be 
watertight. During the test of the boxes, spray shall be directed at the exposed sides and ends 
of the boxes as would normally occur during car washing operations, and as a simulation of 
water spray from the wheels. 

Traction motor lead connections shall also be given a water test. Water flow rate and velocity 
shall be the same as for the carbody water test. 

19.11 VEHICLE LEVEL PRODUCTION CONFORMANCE TESTS 

Tests listed in this Section shall be performed on each car prior to delivery to the JPB. The 
Contractor's vehicle level production conformance test shall include all tests and adjustments 
which can be made prior to delivery in order to keep Post Arrival Testing, specified in Section 
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9.1.3, and any subsequent adjustments, to a minimum. Console controls and indicators shall be 
included in the Contractor's test procedures, as appropriate, to verify functional operation of the 
cab console and its interface with all relevant vehicle and wayside systems. 

The following subsections contain vehicle-level tests which shall be performed by the 
Contractor, or under its direction. 

19.11.1 CAR LEVEL WATER TIGHTNESS 

For each car, all areas of the car sides, ends, and roof, including doors and windows, shall be 
given a complete test for water tightness. Tests shall be made before installation of sound 
deadening material, thermal insulation, and interior finish and outside painting. Water shall be 
sprayed from nozzles which are spaced no more than 90 cm (3 feet) from, and aimed directly at, 
the surface being tested. Not less than 2.4 liters/min (0.625 gallons per minute) shall be 
delivered to each square foot of surface being tested, and the nozzle velocity of the water shall 
be not less than 45 m (150 feet) per second. 

All spray applications shall run for a minimum of 10 minutes before inspection for leaks begins, 
and shall run continuously during the inspection.  

Water tightness shall be maintained during car wash operation.  

19.11.2 WEIGHING 

The Contractor shall weigh each fully completed and assembled car at the time of shipment. 
Weighing shall be conducted on approved, level, tangent track. The weight of each truck of the 
cars shall be provided separately. A weighing device which provides a permanent record of the 
weight shall be used, and weight tickets shall be submitted to the JPB as originals in the Car 
History Book. The weighing device shall be maintained within an accuracy of 0.5 percent. The 
Contractor shall submit written verification that the weighing device was calibrated within 2 
weeks prior to the first weighing, and that is has been calibrated at least once each year over 
the life of this Contract. No trainset shall be accepted which exceeds the maximum AW0 weight 
specified in Section 2.3.5. 

19.11.3 CAR WIRING 

Car wiring testing shall be performed at the manufacturer's facility for individual devices and 
apparatus, and at the Contractor's facility on all cars after the wiring and equipment installations 
are complete. 

19.11.4 WIRING CONTINUITY CHECKS 

All circuits shall be tested to ensure continuity and correct polarity of equipment and devices. All 
frame grounds and terminal connections shall be checked for tightness. Trainline and bus 
continuity shall be verified on each vehicle. 

19.11.5 INSULATION RESISTANCE TESTS 

Insulation resistance tests shall be conducted before and after the high potential tests are 
performed. Tests shall be conducted to verify the state of the insulation as referenced to the 
case or carbody, between wiring of different voltage classes, and between the input and output 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS19-43 (Conformed 6/22/16) 
 Section 19 – Test Program  

circuits of high voltage line switches and circuit breakers. Semiconductor devices shall be 
protected against the test voltage by means of shorting jumpers if they are not inherently 
protected by the circuits in which they are used. 

Isolation of all car circuits from ground shall be verified by test with a multimeter or other low 
voltage device, as approved by the JPB. 

Should problems develop which indicate a need for more thorough testing, JPB may require the 
Contractor to perform (repeat) the insulation resistance and high potential tests as specified 
herein. 

On items with double insulation, such as brake resistors mounted on an insulated frame, each 
level of insulation shall be individually tested; e.g., resistor to frame, and frame to carbody. 

The following insulation resistance limits shall apply when all circuits on the vehicle of a given 
voltage class are connected in parallel under all conditions of temperature and humidity: 

NOMINAL CIRCUIT VOLTAGE 
VOLTS DC OR AC RMS 

MINIMUM INSULATION RESISTANCE 

Below 90 Volts 2 megohms at 500 Vdc 

90 to 300 Volts 4 megohms at 1000 Vdc 

Above 300 Volts 5 megohms at 1000 Vdc 

Test limits for individual devices or apparatus shall be higher than the above listed limits, as is 
appropriate for that hardware, so that the limits for the completed vehicle are met. 

19.11.6 DIELECTRIC TESTS 

High potential tests shall be conducted after the insulation resistance tests are completed and 
passed. The high potential test shall be conducted on all circuits within a device, system, or 
vehicle. Tests shall be conducted to verify the state of the insulation as referenced to the case 
or carbody, between wiring of different voltage classes, and between the input and output 
circuits of high voltage line switches and circuit breakers. 

Semiconductor devices may be protected against the test voltage by means of shorting jumpers 
if they are not inherently protected by the circuits in which they are used. 

All components and systems shall be in place when the high potential tests are being 
performed. The Contractor shall jumper together the various wires in a given system to insure 
that all parts of the system are tested, and to prevent capacitive currents or fault currents from 
passing through and damaging low voltage devices. 

On items with double insulation, each level of insulation shall be individually tested. 

High potential tests of electric equipment shall be performed in accordance with IEC 60077-1. 
Electronic equipment shall be tested in accordance with IEC 60571.  

19.11.7 DOORS, OPERATORS, AND CONTROLS 

Doors and their operating equipment shall be tested and adjusted on all cars to assure smooth 
functioning, attainment of the required speed of operation, and proper functioning of controls, 
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signals, and interlocks. The obstruction sensing design shall be checked for proper operation 
and adjusted as necessary. 

All doors shall be operated a minimum of 100 consecutive, successful cycles. Initiation of the 
cycling shall be through trainlines. Proper forces for opening and closing shall be verified on 
each door before and after the above cycling. 

Proper functioning of door controls and associated safety features (door light, traction interlock, 
bypass switch, obstruction detection, pushback, buzzer, etc.) shall be verified during the cycling 
test. 

The obstruction detection feature shall be checked for proper operation and adjusted, if 
necessary, as specified in Section 12 prior to the start of cycling test. This feature shall operate 
properly, without the need for readjustment, at the end of the cycling tests. 

Any door or door control failure occurring prior to completion of the test will nullify the test, 
requiring that the test be restarted from the beginning following documented correction of the 
failure. 

Manual doors, such as the cab door, body-end door, locker and equipment access doors, and 
equipment box covers shall also be checked for proper operation and watertightness. The end 
doors shall be tested with the HVAC system blowers operational and de-energized to check for 
proper operation under both conditions. 

19.11.8 AIR CONDITIONING 

The proper operation of the cooling equipment in each car shall be demonstrated by a functional 
test. The air conditioning units on each car, with all car side doors closed, shall be run for 
approximately 1 hour. Each air conditioner shall be introduced to full load conditions, either by 
introducing a heat load, or blocking airflow. A manifold pressure gauge set shall be applied to 
each air conditioner and, prior to system shutdown, all functions, including capacity modulation, 
all pressure control switches, expansion and solenoid valve operation, and system pump-down 
shall be verified. During operation of the air conditioners, panels shall be removed and unit 
piping checked for refrigerant leaks. The system refrigerant charge and the refrigerant condition 
(wet or dry) in both liquid sight glasses shall be recorded. The car interior air balance shall be 
verified. The oil level in the compressor shall be recorded (if applicable). 

19.11.9 HEATING 

The heating system shall be functionally tested in all cars. The operation of the controls shall be 
verified by using the PTU. 

19.11.10 LIGHTING SYSTEM 

The function of the interior lighting system shall be verified. 

The headlights and auxiliary lights on each cab car shall be adjusted to meet the requirements 
of Section 15.4. All other exterior lights shall be verified for proper function. 
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19.11.11 PROPULSION SYSTEM 

The propulsion system, including the propulsion control unit, converter/inverters, contactors, and 
all related devices, shall be tested as a complete system on the vehicle, using actual inputs from 
trainlines, the Master Controller, speed sensors, etc. 

All modes of operation shall be verified, and all calibrations and adjustments shall be performed 
and verified to be within acceptable ranges. Verification of correct wheel rotation direction shall 
be made by driving both trucks with the inverters. 

All inputs from, and outputs to, other vehicle systems such as doors, friction brakes, and the 
MDS shall be tested and correct responses validated. 

19.11.12 FRICTION BRAKE 

The Contractor shall perform a complete functional test of the friction brake system prior to 
shipment of each car from its plant. Tests shall include verification of command and load-weigh 
signals, brake cylinder pressure settings, control and indicator checks, system leakage tests, 
and a functional test of the brake fault detection system. 

19.11.13 PNEUMATIC SYSTEM LEAKAGE TEST 

The following pneumatic system leakage test steps shall be performed on each car, both at the 
Contractor's facility, and prior to track operation at the JPB's facility: 

a) Place all cut-out cocks in their normal operating position. 

b) Allow the air suspension system to become fully charged and determine that the leveling 
valves are in "lap" position. 

c) Monitor main reservoir pressure. 

d) Adjust the variable load valve pressures and compressor governor to their normal 
operating pressures. 

e) After the system is fully charged, and with the brakes in emergency, slowly bleed air 
from the main reservoir until the air compressor starts. Close the main reservoir bleed 
valve, and allow the compressor to recharge the system. 

f) After the compressor cuts out, and after any drain valve action has terminated, record 
the main reservoir test gauge reading and start the timer. 

g) After 3 minutes (for temperature effect), again record the main reservoir test gauge 
reading. 

h) Wait 5 minutes more and record the main reservoir test gauge reading again. 

i) Main reservoir pressure drop shall not exceed a total of ten psi for the full 8-minute 
period, and a total of five psi for the last five minutes of the period. The compressor shall 
not start during the timed test period. 

If the car fails to meet the above requirements, the leakage must be detected and corrected and 
the car retested until the requirements are met. 
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19.11.14 COMMUNICATION 

The PA system and each intercom station shall be tested for clarity of voice transmission and 
reception. All Contractor-furnished communications equipment shall be checked for correct 
functionality. 

19.11.15 PTC 

Prior to installation of PTC equipment, the Contractor shall verify the associated car wiring for 
proper installation, continuity, and insulation resistance. Proper polarity and voltage shall be 
verified. After installation of the PTC equipment, a functional system test shall be conducted to 
verify proper installation and interface, which shall include a PTC "Departure Test" per Section 
17.5 and a low speed test to check for speed sensor inputs and tag reader verification. 

19.12 TRAINSET SYSTEM PRODUCTION CONFORMANCE TEST 
(FUNCTIONAL VERIFICATION) 

The production conformance test procedure for the trainset functional system verification shall 
include check-off lists, which shall be completed as a record that all on-board systems have 
been tested and functioned as required. 

The Contractor shall also demonstrate that all discrepancies logged against the trainset during 
its construction and test period, by either the Contractor's own inspection forces or JPB 
inspectors, have been suitably resolved to the JPB's satisfaction. 

19.12.1 TRAINLINES 

The Contractor shall verify the accuracy of each car's trainline connections by use of a test 
panel connected to the coupler's electric head, and indicate, by the illumination of lights or other 
appropriate means, that the proper trainline wires are energized when all car controls, including 
the console controls, door controller, and PA systems, are operated. 

19.12.2 COMMUNICATION 

The radio, the PA system and each intercom station shall be tested for clarity of voice 
transmission and reception per section 14.3. All Contractor-furnished communications 
equipment shall be checked for correct functionality. 

19.12.3 DESTINATION AND INFORMATION SIGNS 

The Contractor shall prepare and submit for JPB approval test procedures demonstrating 
proper, accurate, and reliable operation and compliance with Section 14.6 for all destination and 
information signs on each vehicle of the train. 

19.12.4 MONITORING AND DIAGNOSTIC SYSTEM 

A functional system test shall be conducted to verify proper operation of the Monitoring and 
Diagnostic System in each car of the train, including the TOD in the cab cars. 
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19.12.5 TRAINSET LIMITED PERFORMANCE TEST 

The Contractor shall demonstrate that each trainset's performance is compliant with the 
requirements of Sections 10 and 11, at the Contractor's manufacturing facility, or other 
approved location, prior to shipment to the JPB. For the purpose of this TS section, each 
trainset shall be tested at AW0 load for up to at least 45mph.  Instrumentation for this testing 
shall comply with section 19.9.1 with the following reduced signal set to be recorded: 

a) Vehicle Speed 

b) Acceleration  

c) Tractive effort command per truck 

d) Tractive effort delivered per truck 

e) Spin-Slide system operation of propulsion and brakes 

f) Brake cylinder pressure per truck  

g) Overhead Contact System (OCS) voltage 

h) Total OCS current drawn at the pantograph 

i) Propulsion and braking trainline signals,  

j) One-second time intervals 

k) Distance intervals, using a digital odometer to record 3, 30 and 300 m (10, 100 and 

1000-foot) increments 

Any adjustments required as a result of these tests shall be made by the Contractor and shall 
be noted in the Car History Book. 

19.13 POST-ARRIVAL TESTING 

Post-arrival tests shall be satisfactorily completed by the Contractor as one of the conditions of 
acceptance. All tests shall be performed on all vehicles; however, no Post-Arrival Tests shall be 
conducted on any vehicle until all Train-Level Performance Design Conformance Tests are 
complete, and the test report(s) for same are approved. The JPB shall have access to all post-
arrival test program data and files. 

After receipt of each trainset at the JPB's property, but before it is operated, it shall be jointly 
inspected by the JPB and the Contractor. The Contractor shall make adjustments, repairs, or 
replacements as is required for proper operation, or as deemed necessary by the JPB before 
post-arrival testing is begun. 

Should a repair or replacement be required as the result of inadequate pre-arrival production 
conformance testing, the Contractor shall provide the JPB with evidence that the inadequacy 
has been corrected prior to shipment of additional vehicles. 

Successful completion of all of the Contractor's post-arrival tests shall be required before the 
vehicle will be considered to have been Delivered to the JPB. Following delivery the time period 
allocated for JPB Acceptance and train burn in testing shall commence. Refer to section 19.14. 
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19.13.1 POST ARRIVAL TEST PROCESS & PROCEDURES 

Post-Arrival testing shall be performed by the Contractor, as expeditiously as possible, following 
shipment of each trainset. Once the Contractor has successfully completed the post-arrival 
tests, the vehicles shall be prepared for JPB acceptance testing. If inconsistencies occur during 
post-arrival testing, testing will be stopped and the Contractor shall take the appropriate 
corrective action. Once the corrective action has been taken, the Contractor shall repeat the 
relevant post-arrival test(s) to verify that the inconsistency has been resolved, and that the 
vehicle is ready to resume testing. The Contractor shall resume testing upon JPB’s direction. 

Post-arrival testing shall be conducted at JPB's facilities, with JPB staff present. 

The following subsections contain tests which shall be performed by the Contractor as a 
condition of Delivery of the cars: 

19.13.2 PNEUMATIC SYSTEM LEAKAGE TEST 

The pneumatic system leakage test described in Section 19.11.13 shall be performed by the 
Contractor at the JPB facility on each car prior to track operation at JPB. 

19.13.3 FUNCTIONAL TESTS 

An abbreviated functional test of each vehicle system shall be made to verify proper operation. 
Cab console controls and indicators shall be included. Portable Test Units (PTUs) shall be used 
to the maximum extent possible. Devices bypassed by the use of PTUs (master controller and 
door-open and door-close buttons, for example) shall also be tested. These tests shall be 
performed at the JPB facility on each trainset prior to track operation at the JPB. 

19.13.4 PTC FUNCTIONAL TESTS 

PTC apparatus shall be tested statically in the shop and dynamically on JPB track, using 
procedures approved by the JPB to ensure proper operation.  

19.13.5 MISCELLANEOUS BODY TESTS AND ADJUSTMENTS 

The following tests and adjustments shall be performed at the acceptance site on each trainset 
prior to track operation at the JPB: 

a) Truck clearances, dimensions, and heights shall be verified 

b) Buffers shall be verified for proper alignment and level 

c) Air springs and vehicle floor heights shall be adjusted to within the specified design 
tolerances 

19.13.6 DYNAMIC TESTS 

The Contractor shall perform dynamic testing of each trainset on the JPB corridor. The 
Contractor shall perform acceleration, braking and steady-state running tests in different 
operating modes at 20, 35, 55, 79 and 110 mph at AW0 load. Testing shall be a subset of the 
acceptance testing per section 19.9. The Contractor shall verify and demonstrate reliable 
operation of the PTC system. 
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19.14 ACCEPTANCE TESTING (BURN-IN) 

After successful completion of Post-Arrival testing, the Contractor shall perform a 1,600-km 
(1,000-mile) burn-in acceptance test (burn-in) on each trainset. The test will be conducted in 
simulated revenue service with an AW0 loading. The test will include stopping at every station 
and cycling all four doors on the side opposite of the platform. All systems shall be functional. 

If inconsistencies or failures occur during the JPB acceptance testing, the JPB will stop testing 
and will issue a Notice of Non-Acceptance, requiring the Contractor to take appropriate 
corrective action. Once the corrective action has been completed, the Contractor shall 
immediately repeat the relevant testing to demonstrate that the trainset is ready to resume 
acceptance testing, and the accumulated burn-in mileage will be reset to zero. Acceptance 
testing of each trainset shall be completed in a maximum of four calendar weeks. If acceptance 
testing is not completed in four calendar weeks, the JPB will issue a Notice of Non-Acceptance, 
requiring the Contractor to suspend testing and take appropriate corrective action. The 
Contractor shall resume testing immediately after corrective action is completed. 

During burn-in, the Contractor shall keep event logs during all tests. These logs shall be 
downloaded daily and reviewed jointly by the JPB and the Contractor. Failures or excessively 
logged events shall cause repair of the respective systems and shall automatically reset the 
1,000-mile count. The burn-in shall be performed following procedures approved by the JPB. 

19.15 TEST INSTRUMENTATION 

The Contractor shall provide the necessary instrumentation, testing equipment, tools, diagnostic 
equipment, spare parts, and all other equipment and supplies necessary for the performance of 
both post-arrival and burn-in acceptance testing prior to the first trainset being tested. 

The JPB shall have access to all acceptance test program data and files. 

19.16 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7. 

19.17 CITED REFERENCES 

The following standards or references were cited in this Section: 

STANDARD TITLE 

49 CFR 238.111 
Code of Federal Regulations, “Passenger Equipment Safety 
Standards” Pre-revenue service acceptance testing plan. 

IEC 60077 Electric equipment for rolling stock 

IEEE16 
Standard for Electrical and Electronic Control Apparatus on Rail 
Vehicles 

IEC 60571 Electronic Equipment Used On Rail Vehicles 
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STANDARD TITLE 

APTA SS-C&S-016-99 Rev. 2 Standard for Passenger Seats in Passenger Rail Cars 

APTA SS-C&S-011-99 Standard for Cab Crew Seating Design and Performance 

IEC 60349-2 
Electric traction - Rotating electrical machines for rail and road 
vehicles - Part 2: Electronic converter-fed alternating current 
motors 

IEEE Std 11-2000 
IEEE Standard for Rotating Electric Machinery for Rail and Road 
Vehicles 

IEC 61287 
Railway applications - Power convertors installed on board rolling 
stock - Part 1: Characteristics and test methods 

IEC 60322 
Railway applications. Electric equipment for rolling stock. Rules 
for power resistors of open construction 

IEC 60310 
Railway applications - Traction transformers and inductors on 
board rolling stock 

IEC 60623 NiCad Batteries 

IEC 61375 Electric railway equipment – Train bus 

ISO 11898 Road vehicles — Controller area network (CAN) 

EN 50325-4 
Industrial communication subsystem based on ISO 11898 (CAN) 
for controller-device interfaces. CANopen 

ANSI/ASHRAE Standard 37 Methods of Testing for Rating Unitary Air Conditioning Equipment 

ANSI/ASHRAE Standard 41.6 Standard Method for Measurement of Moist Air Properties 

IEEE Standard 1476  Standard for Passenger Train Auxiliary Power Systems Interfaces 

EN 50155 Railway applications. Electronic equipment used on rolling stock 

UL 1995, Section 52 Heating and Cooling Equipment 
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20.1 QUALITY ASSURANCE (GENERAL) 

The Contractor shall establish and maintain a JPB-approved Quality Assurance (QA) Program 
that complies with ANSI/ISO/ASQ Q9001-2008 or approved equal, and FTA QMC Guidelines, 
FTA.PA.27.5194.12.1. Subcontractors, manufacturers, and suppliers selected by the 
Contractor, whether foreign or domestic, shall also comply with this requirement.  

The Quality Program shall assure that all aspects of the Contract are in conformance with the 
design, materials, and workmanship requirements provided in this specification. The QA 
Program shall also be consistent with JPB’s Quality Management Plan, when applicable.  Ref. 
Appendix G. 

The provisions of the Contractor’s quality management program shall be imposed on the 
Contractor’s entire organization and on all Subcontractors and Suppliers. The Contractor shall 
assure conformance with the quality assurance requirements of all such entities. The Contractor 
shall make available for JPB’s review and inspection all required procedures, plans, manuals, 
and any other documentation to be used to ensure conformance. 

The JPB-approved Quality Programs of the Contractor, subcontractors, manufacturers, or 
suppliers shall not be changed without JPB’s concurrence. 

JPB shall have the right to verify implementation of any aspect of the Contractor’s operation as 
it relates to Quality Assurance Requirements or the QA Program at any time. 

The Contractor shall perform all work required by its Quality Management Program and conduct 
regular quality program audits. JPB reserves the right to conduct an initial audit of the 
Contractor's Quality Program prior to issuance of the Purchase Order for this Contract. 

JPB may suspend the Work if the Contractor fails to promptly correct deficiencies identified by 
JPB via corrective action requests, failure analysis reports, non-conformance reports, or other 
contractual communication. Any delay resulting from such a suspension shall not be considered 
grounds for excusable delay.  

20.2 PROJECT QUALITY PLAN 

The Contractor shall submit a Project Quality Assurance Plan (PQP) conforming to the 
requirements of ANSI/ISO/ASQ Q9001-2008 and FTA.PA.27.5194.12.1 no later than sixty (60) 
days after NTP. This plan shall identify the controls, resources, and skills the Contractor will 
apply for the duration of the Contract to satisfy project quality system requirements.  

20.3 QUALITY MANAGEMENT PLAN 

The Contractor shall submit a Quality Management Plan (QMP) with the PQP. The QMP shall 
list the Contractor’s procedures describing the methods for planning, implementing, and 
maintaining quality. 

The Contractor’s QMP shall, at a minimum, adhere to and contain the Contractor’s approach to 
compliance with the following fifteen (15) quality elements described in the FTA’s “Quality 
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Assurance and Quality Control Guidelines, FTA.PA.27.5194.12.1,” or adhere to ISO 9000 series 
standards as applicable. 

The fifteen (15) quality elements are as follows: 

1) Management responsibility 
2) Documented quality system 
3) Design control 
4) Contractor document control 
5) Procurement and Purchasing 
6) Product identification and traceability 
7) Manufacturing process control 
8) Inspection and testing 
9) Inspection, measuring, and test equipment 
10) Inspection and test status 
11) Non-conformance 
12) Corrective action 
13) Quality records 
14) Quality audits 
15) Contractor and Subcontractor Training 

For all software in any carborne equipment, the Contractor and all Subcontractors shall provide 
a Software Quality Assurance Manual with the QMP, or shall include within the QMP a section 
defining the software configuration and documentation requirements.  

JPB reserves the right to request the quality assurance manuals of any Subcontractors. 

20.3.1 MANAGEMENT RESPONSIBILITY (ELEMENT 1) 

The Contractor shall clearly establish and implement a quality management structure for the 
Contract. All personnel related to the quality elements of the project shall be identified in an 
organization chart and their roles and responsibilities clearly documented. The ultimate 
responsibility for quality shall rest with the highest level individual within the quality organization, 
and shall be fully independent from other functional areas. This person shall be independent of 
the program and program manager and shall have direct access to Contractor senior 
management. The roles and responsibilities of that person shall be clearly identified in the 
Contractor’s QMP. 

20.3.2 DOCUMENTED QUALITY SYSTEM (ELEMENT 2) 

The Contractor shall establish and implement a quality management system directly applicable 
to the Contract. The system shall clearly identify quality objectives for the Contractor and these 
objectives shall extend to all subcontractors and suppliers, as applicable. The quality 
management system shall be presented as part of the PQP. 

Documented quality procedures, records, and instructions shall be developed for all phases of 
the project, including; design, manufacturing, testing, acceptance and warranty. The procedures 
shall be readily available to the appropriate Contractor personnel and shall be maintained in a 
current state. 
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20.3.3 DESIGN CONTROL (ELEMENT 3) 

The Contractor shall establish and implement measures to ensure that engineering procedures 
are well defined and designs are prepared, controlled, verified, issued, and revised in 
accordance with the requirements of the approved quality system. Applicable regulatory 
requirements, industry codes and standards, and acceptance criteria shall be identified, used, 
and documented. 

Measures shall be implemented through the Quality organization to ensure that all specification 
requirements are addressed in the design. One acceptable approach to accomplishing this 
objective would be independent monitoring of the Technical Specification Compliance Matrix 
(TSCM; reference Section 1.3) by the Contractor’s quality organization. QA organization 
objectives in this regard would be: 

 Ensure that all explicit and implied specification requirements are incorporated into the 
TSCM during the Contractor’s construction of same  

 Ensure that each of the specification requirements is accommodated in an approved 
manner by monitoring the Contractor’s response to each requirement as entered in the 
TSCM   

Original designs and changes to approved designs shall be subject to change control measures, 
and both shall be approved only in accordance with the requirements of the PQP. 

20.3.4 CONTRACTOR DOCUMENT CONTROL (ELEMENT 4) 

The Contractor shall develop and implement a system, for the Contractor’s own use, for the 
control of all documents related to the project including, but not limited to: 

 Contract Documents (e.g., Contract Requirements and Technical Specifications) 

 Correspondence 

 Deliverables as defined in the Technical Specification and Contract Documents 

 Design Documents 

 Quality Documents 

 Drawings 

 Plans, Procedures, and Reports 

 Manuals, Parts Catalogs and Training Materials 

A revision tracking system shall be implemented on all documents, as applicable, and a formal 
log of all Contract material shall be established and maintained. Formal internal Contractor 
approval and sign-off shall accompany all Contract documents submitted to the JPB, including 
all Subcontractor submittals, which must be reviewed, modified as necessary to be in 
conformance with the Technical Specification, and approved by the Contractor prior to submittal 
to the JPB. Contractor shall implement a system that provides for prompt identification and 
retrieval of all project documents. 

20.3.5 PROCUREMENT AND PURCHASING (ELEMENT 5) 

The Contractor shall establish and implement measures to ensure that all procurement and 
purchased components and services conform to the requirements of the Contract. These 
measures shall provide for developing purchase specifications that conform to, and are 
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consistent with, the Technical Specifications, incoming inspection, source inspection, inspection 
of Subcontractor production facilities, audits of Subcontractor work and documentation, and the 
review of Subcontractor quality assurance manuals and procedures. 

The Contractor shall conduct meetings with Subcontractors or provide other means to clarify 
provisions of the Contractor’s procurement documents for materials and components supplied 
for this Contract. Procurement documents shall incorporate adequate technical and quality 
provisions. These requirements shall be identified by reference to the JPB Technical 
Specification, specific drawings, specifications, codes, standards, regulations, procedures, 
instructions, and acceptance criteria. Each major system subcontractor shall be given a 
complete copy of the JPB Technical Specification. JPB shall be permitted to review Contractor-
issued purchase orders to confirm that these requirements are forwarded to all Subcontractors. 

The Contractor shall establish requirements in purchase orders and specifications, and 
implement measures which ensure that all items are handled, stored, and shipped in 
accordance with the quality management program requirements. These measures shall be 
consistent with the configuration management of Section 22.4 and car history book 
requirements of Section 22.5. These measures shall include, but are not limited to, instructions 
and procedures for: 

 Marking parts and assemblies in accordance with the bar coding requirements of 
Section 23.8. 

 Identifying and selecting parts used in the manufacture and assembly of systems and 
subsystems in accordance with both JPB- and Contractor-approved designs and 
documentation, such that there are no non-compliant, improper or incorrect parts utilized 

 Marking non-conforming parts in accordance with the requirements of Element 11, 
herein 

 Identifying and providing cautionary markings (e.g., “fragile”, “high voltage”, etc.) 

20.3.6 PRODUCTION IDENTIFICATION AND TRACEABILITY (ELEMENT 6) 

The Contractor shall establish and maintain effective material identification and traceability 
controls to prevent the use of incorrect or defective items and to ensure that only correct and 
acceptable items are used and installed. 

Identification shall be maintained either on the items or in documents traceable to the items 
throughout all production phases, including receipt, storage, fabrication, repair, and shipping. 

Markings shall be transferred to each part of an identified item when subdivided and shall not be 
obliterated or hidden by surface treatments. The status of inspections, tests, and other activities 
shall be maintained with indicators, such as tags, stamps, shop travelers, and/or other JPB-
approved means. 

Item identification methods and procedures shall be fully consistent with the Contractor’s 
Configuration Control Plan, and implemented to ensure that product traceability is established 
and maintained in a manner that allows critical components, subsystems and final assemblies to 
be traced to a particular project, specific warranty, test report, supplier, purchase order, batch 
number, point-in-time, applicable drawings, specification, or other document during all stages of 
production, delivery, and installation or end use. 
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20.3.7 MANUFACTURING PROCESS CONTROL (ELEMENT 7) 

Control of manufacturing and production processes shall be properly monitored and reviewed 
by the Contractor. Procedures defining the methods of monitoring, reviewing, and revising 
production and manufacturing processes and procedures shall be properly documented. Special 
processes where inspection after their completion in not possible or practical, such as welding, 
nondestructive testing, and heat treatment shall be monitored to assure compliance with their 
respective requirements. 

The Contractor shall prepare and submit a Manufacturing Plan.  Included within this 
Manufacturing Plan shall be a Test and Inspection Plan.  The Manufacturing Plan shall be 
portrayed (in addition to the text descriptions) in a flow chart format.  As a minimum, the 
Manufacturing Plan shall contain: 

a) Designated Hold and Inspection points, both in sequence and location, for the 
production process specific to the Contract. All manufacturing personnel shall abide by 
Hold and Inspection points and shall not obscure work to be reviewed. JPB may, at its 
discretion, view any area for inspection. The Contractor shall, at its own expense, make 
modifications such that the Work can be adequately inspected. 

b) A Manufacturing Team Organization Chart, with assurances that all personnel in all 
aspects of the manufacturing discipline (procurement, manufacturing, assembly, quality 
control and testing) are qualified to do the work, and certified as necessary.   

c) A Corrective Action Plan which contains procedures for detecting and eliminating non-
conforming items, a procedure for determining the root cause of the non-conformance, 
and a procedure for insuring that there will be no further recurrences of non-
conformance of the specific item.   

d) Instructions and Procedures for control and revision of the work, and for timely release of 
the latest revision of the work instructions and shop drawings to the production floor.   

e) Individualized plans related to specific systems containing procedures to address 
removal and/or repair of any component within the system, and procedures for the 
inspection and testing of the replaced and/or repaired system.   

20.3.8 INSPECTION AND TESTING (ELEMENT 8) 

The Contractor shall plan and conduct inspections in accordance with the quality assurance 
manual and the Manufacturing Plan (see above). The inspections shall verify conformance of all 
items and activities to the JPB-approved procedures, instructions, and drawings. Contractor 
inspections shall be conducted in accordance with a JPB-approved written checklist by persons 
other than those who performed the Work. Contractor inspection personnel shall prepare 
accurate records of all inspections. Inspection records shall indicate: 

 Inspector’s name 

 Date 

 Equipment type description 

 Model and serial number 

 Nature and number of observations made 

 Number and type of deficiencies found 

 Quantities approved and rejected 
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 The nature of corrective action taken or intended. 

 Applicable reference documentation 

The Contractor shall strictly maintain inspection procedures. The procedures shall be applied to: 

 Contractor acceptance inspections 

 Source inspections 

 Receiving inspections 

 In-process inspections 

 Production inspections 

 Hold-point inspections 

 Final inspections 

 First article inspections 

 Pre-shipment inspections 

The Contractor shall provide for the inspection of all incoming materials. The inspections may 
take place at the Suppliers’ facilities, Subcontractors’ facilities, or at the Contractor’s facilities. 
The Contractor shall specify, subject to JPB’s approval, the type of inspection employed for 
each item, either sampling, statistical, or 100 percent. When the Contractor or Subcontractors 
employ sampling or statistical inspection, the details shall be provided in their quality assurance 
manuals. A method of tightening the sampling inspection standards in the event samples fail the 
acceptance criteria shall be included in the sampling program procedure.  

The Contractor shall include as part of the receiving inspection: 

 Checklists for materials and components. 

 Subcontractor material and component acceptance test records. 

 Certifications or test results required by the purchase specification or purchase order. 

The Contractor shall notify JPB in advance of all inspections and tests during the manufacture 
of items, and shall allow adequate time for JPB to attend prior to performing the inspection or 
test. 

Functional testing, operational testing, and acceptance testing of components, systems and the 
vehicle shall be performed under controlled conditions in accordance with the quality assurance 
manual and the requirements of Section 19. 

The Contractor shall have provisions in place to ensure that any previously inspected area of 
the Work will be re-inspected to the acceptance criteria after rework, modifications, or retrofits. 

20.3.9 INSPECTION, MEASURING AND TEST EQUIPMENT (ELEMENT 9) 

The Contractor shall establish and implement JPB-approved control measures to ensure that 
tools, gauges, instruments, and other measuring and test equipment used for the Work on this 
Contract are calibrated in accordance with the quality assurance manual. These measures shall 
also ensure that all such items are of proper type, range, accuracy, and tolerance for their 
specified use. 

Measuring and test equipment shall be calibrated, adjusted, and maintained at prescribed 
intervals against certified equipment traceable to the National Bureau of Standards. The 
calibration status shall be labeled or otherwise recorded to ensure adherence to calibration 
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schedules. Evidence of compliance shall be readily available for JPB inspection and shall 
identify the date of the last calibration, the individual who performed the calibration, and when 
the next calibration is due. 

Reference Section 19.1.1 for additional instrumentation calibration requirements.   

20.3.10 INSPECTION AND TEST STATUS (ELEMENT 10) 

The Contractor shall maintain a system to track the inspection and test status of systems, 
subsystems, assemblies, subassemblies, components, materials, and vehicles during 
manufacturing, installation, testing, and warranty. The inspection tracking system shall identify 
the status of any inspected item to indicate acceptance, conditional acceptance, rejection, 
disposition, or a pending inspection. The system shall be capable of identifying the present 
inspection status of any of the tracked items named above. 

The Contractor shall provide a verification of item readiness in the form of completed and signed 
inspection check sheets. Before any vehicle is shipped to JPB, a certificate attesting to 
completion of pre-shipment inspection and testing, with a level of overall acceptance to JPB’s 
satisfaction is required in order to ship a new vehicle. 

The inspection check sheets and pre-shipment certification shall ultimately be included in the 
vehicle Car History Book. 

20.3.11 NON-CONFORMANCE (ELEMENT 11) 

The Contractor shall establish and implement measures to ensure that items that do not 
conform to specified requirements and/or JPB-approved drawings and standards are controlled 
to prevent inadvertent installation. The control measures shall contain procedures for identifying, 
documenting, segregating, and/or disposing of non-conforming items, and shall include 
procedures for notifying the relevant organizations (e.g., the Subcontractor or JPB). Defective 
items shall be red-tagged or otherwise marked and segregated where practical in a designated 
holding area, pending disposition instructions. 

The Contractor shall review and dispose of non-conforming materials. Contractor entities 
participating in this review, at a minimum, shall include representatives from the Contractor’s 
Materials, Engineering, Production, Procurement, and Quality departments. Contractor review 
dispositions shall be defined in its procedures and may include “rework in-house” to satisfy 
requirements, “accept as-is,” and “return to supplier” for rework, repair or replacement. The 
Contractor shall request JPB approval when it believes nonconforming product shall be 
accepted as-is or repaired. “Accept as-is” and “repair” dispositions shall be supported by 
submission of justifications, repair procedures and an explanation of the root cause for the 
failure or detect. 

The Contractor shall promptly recommend corrective actions to prevent recurrence of the 
defects, and take follow-up action to verify the completion of corrective actions. 

Any material that the Contractor identifies as “repaired” must be approved by the JPB prior to 
being used. 

20.3.12 CORRECTIVE ACTIONS (ELEMENT 12) 

Corrective action procedures shall be established, documented, and maintained by the 
Contractor and its Subcontractors. These include procedures for the determination of the root 
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cause of non-conforming work, and the corrective action needed to prevent recurrence, and 
procedures for analysis to detect and eliminate potential causes of nonconforming work.  

Corrective action procedures shall be established by the Contractor and Subcontractors for the 
following, as a minimum: 

a) Determining the root cause of product non-conformance and taking the corrective 
actions needed to prevent recurrence 

b) Analyzing processes to detect and eliminate potential causes of product non-
conformance 

c) Initiating preventive actions to address problems at a level commensurate with the risks 
encountered 

d) Ensuring that corrective actions are taken and that they are effective 

e) Implementing and recording changes in procedures resulting from corrective actions 
taken 

With regard to item c) above, the Contractor and Subcontractors shall establish and maintain 
preventive action procedures to identify and eliminate the causes of potential non-conformities 
at a level commensurate with their risk, the preventive action procedures shall define 
requirements for the following, as a minimum: 

f) Determining potential nonconformities and their root causes 

g) Evaluating the need for action to prevent reoccurrence of non-conformities 

h) Determining and implementing actions to be taken 

i) Maintaining records of results of actions taken 

20.3.13 QUALITY RECORDS (ELEMENT 13) 

The Contractor shall ensure that all quality assurance records and procedures are prepared and 
maintained in accordance with the quality assurance manual. All records and procedures shall 
be submitted to JPB. They shall be legible, identifiable, readily retrievable, and protected 
against damage, deterioration, and loss. The records shall include, but not be limited to:  

 Process control reports 

 Welder qualification certificates 

 Weld qualification records 

 Inspection and test reports 

 Inspection check sheets 

 Inspector certification records 

 Calibration reports 

 Non-conformance reports 

 Corrective action reports 

 Audit reports 

 Other pertinent data 

The quality records procedure shall identify the records to be retained, and the responsibility for 
preparing, and collecting for indexing, filing, storing, maintaining, and providing disposition for 
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the records. The quality records procedure shall identify the retention times and final disposition 
for each record. 

20.3.14 QUALITY AUDITS (ELEMENT 14) 

The quality assurance manual shall describe the form, schedule, and checklists to be used for 
the audits conducted to verify Contractor compliance with all aspects of the quality management 
program and its effectiveness. Audit plans shall be developed and shall identify the scope, 
schedule, personnel, and the notification of organizations to be audited. 

Audits shall be performed in accordance with the checklists by personnel who have not been 
assigned responsibility for performing the portion of the Work being audited. These personnel 
shall have the authority to conduct independent audits, recommend actions to correct, 
recommend actions to prevent recurrence of deficiencies, and take follow-up actions to verify 
timely completion of the corrective actions. Audit results shall be presented to personnel 
responsible for the area being audited for their review and submission of plans for corrective 
action (which may or may not include the auditor’s recommended corrective actions). 

20.3.15 CONTRACTOR AND SUBCONTRACTOR TRAINING (ELEMENT 15) 

Personnel that perform work affecting the quality of work on this project shall be qualified on the 
basis of appropriate education, training, and/or experience. The Contractor and Subcontractor 
shall develop and implement training programs to ensure that their personnel have the 
knowledge, skills, and proficiency to perform their assigned duties and produce a quality product 
for the JPB. Complete training records shall be maintained by the Contractor and 
Subcontractors to demonstrate compliance with their training programs. 

Personnel required to perform quality functions shall receive training in accordance with the 
approved quality program. Training shall be directly applicable to the tasks being performed and 
refresher training shall be administered when there are changes to the functions or processes. 
Training shall be documented and readily available for review by JPB. 

20.4 QUALITY ASSURANCE PROVISIONS FOR WORK IN-
PROGRESS 

20.4.1 CORRECTIVE AND PREVENTIVE ACTION 

The difference between corrective and preventive action procedures shall be delineated in the 
Contractor’s PQP. Corrective action procedures shall address actual nonconformities that have 
occurred. Preventive action procedures shall address the potential for nonconformity. 

The Contractor shall establish and maintain procedures for taking corrective and preventive 
actions that address the entire scope of the problems encountered and take their risks into 
account. 

For failures of any kind in systems, devices, apparatus, components, and parts, the Contractor 
or its Subcontractor, supplier, or manufacturer shall perform a documented failure analysis to 
determine the root cause of the failure and corrective action(s) necessary to eliminate the 
problem and cause of failure. 
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Corrective action procedures shall be effective in addressing failures and defects from non-
conformance reports, and as reported from each source, including the JPB. Methods shall 
include root cause determination, problem analysis, recording results, determining the most 
effective corrective action, and verifying that corrective actions have been taken and that they 
are effective. 

Preventive action procedures shall require the use of all available information to eliminate 
potential sources of nonconformity. Methods shall include data and information analysis, 
determining the best approaches to preventing nonconformity, implementing and ensuring 
effectiveness of preventive action plans, and forwarding significant details of actions taken for 
review by the Contractor’s management.  

20.4.2 USE OF STATISTICAL TECHNIQUES 

The Contractor’s PQP shall identify specific needs and requirements for statistical techniques in 
controlling production processes. Statistical quality control application software program(s) used 
in acceptance of parts, materials, or processes by the Contractor or its Subcontractors shall be 
documented and based on recognized and accepted statistical quality control methods. 
Statistical quality control application software program(s) intended for use on the project shall be 
defined and submitted to JPB. 

20.5 JPB AUDIT 

The Contractor shall conduct internal quality assurance audits according to its documented 
procedure and audit plan to ensure that its quality system is functioning as required; that is, that 
the Contractor and Subcontractor workforces are working to approved quality procedures and 
standards. Audits and follow-up actions shall be documented as evidence that corrective actions 
are taken by responsible persons within the Contractor organization. Audits shall be performed 
to approved checklists by personnel other than those who performed the work. Contractor 
internal and Subcontractor audit reports shall be made accessible to JPB representatives at the 
Contractor facilities upon request.  

The JPB will audit the Contractor's quality assurance activities to determine compliance with the 
approved PQP. During the initial audit of the Contractor's quality assurance functions, the JPB 
reserves the right to audit the quality management programs of the Subcontractors. 

The JPB will notify the Contractor of noncompliance found during audits. The Contractor shall 
correct any non-compliance promptly and request approval for the corrective action taken. Non-
compliance with any portion of the approved PQP 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. 

After corrective action of the noncompliance has been verified, the Contractor will be notified, 
and Contract work may resume. Schedule delays caused by non-compliance with the approved 
PQP shall not justify an extension of time under the Contract. 

Audit reports shall be submitted within fifteen (15) working days of the audits. 
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20.6 FIRST ARTICLE INSPECTION (FAI) 

20.6.1 GENERAL 

The Contractor shall prepare an FAI Plan that includes a log and schedule of FAIs not later than 
one hundred and twenty (120) working days after NTP. 

The plan shall include FAI status, a list of planned pre-FAI submittals specific to the inspection 
article, corresponding letter numbers (both submittals and responses), and FAI report status. 
The Contractor shall keep the plan current and submit it to the JPB at least once per month until 
the FAIs are completed. 

Equipment shall be shipped from the point of manufacture only after an FAI has been offered, 
performed, passed and approved by JPB. 

JPB reserves the right to participate or waive its participation in any FAI. 

The Contractor shall perform independent pre-FAIs to ensure readiness for formal FAIs. 

The Contractor shall perform FAIs on components built using approved production processes 
and tooling, and shall jointly with the JPB establish the level of quality of workmanship for the 
balance of like components. 

The Contractor shall not conduct the FAI until the JPB has approved the design drawings of the 
article and all open issues from design reviews are resolved. Conditionally Approved drawing 
status may be considered acceptable for conducting the FAI, provided that the Contractor 
assures JPB that the drawing review comments will be resolved as agreed with JPB, and 
provided that solutions will be included in the FAI item and verified by the Contractor during its 
pre-FAI. 

No FAI shall be conducted on any component or system requiring a design conformance test 
(DCT) until the test has been conducted and approved, and the final configuration of the 
component or system has been established.   

The Contractor shall not conduct the FAI until JPB has approved the FAI package. Conditionally 
Approved FAI package status may be considered acceptable with the same stipulations as 
applied to Conditionally Approved drawings as mentioned above. 

The Contractor shall provide an individual notice to the JPB for each FAI at least thirty (30) 
calendar days prior to the conduct of the FAI. The Contractor shall not schedule more than one 
DCT and/or FAI event on the same date, or two DCT and FAI events in different locations within 
the same two work weeks without prior approval by JPB. 

DCTs and FAIs shall be scheduled on dates that are mutually acceptable to both the Contractor 
and the JPB” 

The FAI shall verify that production hardware complies with design configuration and drawings 
as agreed upon during the FDR. Equipment accessibility and maintainability, down to the lowest 
level replaceable unit (LLRU), shall also be assessed during FAI.  The factory acceptance test 
procedures and results shall be available for review at the FAI. JPB may request the Contractor 
perform the factory functional acceptance test at the FAI. 

The FAI report shall be submitted to JPB after the performance of any FAI. The FAI shall remain 
open until all FAI items are closed and the Contractor submits a final JPB-approved FAI report. 
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20.6.2 FAI COMPONENTS, EQUIPMENT, AND APPARATUS 

The Contractor shall perform FAIs for the equipment listed below at the source of manufacture 
or assembly.  If more than one type of component or system is provided in the car, then an FAI 
shall be performed on each type.   

a) A complete carshell of each type, and separately, prior to the FAI of the complete 
carshell, FAIs shall be conducted on the following major carshell components:   

 Underframe and end underframe 

 Side frames 

 Roof 

 End structure, including corner posts, collision posts and structural shelf, if provided 

 Floor structure 

 Cabs  

b) Trucks, and separately, wheel and axle units 

c) Couplers and draft gear, including a separate FAI of the coupler electric portion, if 
automatic couplers are provided 

d) Vehicle and train control network equipment rack 

e) MDS equipment rack 

f) APS System, including the APS inverter and LVPS.  Separately, there shall be an FAI of 
the battery, including its installation.  The roll-out tray presented for FAI shall be fully 
functional. 

g) Pantograph 

h) Propulsion system.  There shall be a separate FAI for each of the following propulsion 
system components: 

 Traction motor 

 Gear unit and coupling 

 Propulsion control and inverter group 

 Main transformer 

 Input filter 

 Brake Resistor 

i) Friction brake system.  There shall be a separate FAI for each of the following friction 
brake system components: 

 Air compressor 

 Electronic control package (carborne) 

 Pneumatic control rack (carborne) 

 Tread brake unit (if provided) 

 Disc brake unit (if provided) 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS20-13 (Conformed 6/22/2016) 

Section 20 – Quality And Inspection 

 Hand brake 

Inspected First Articles shall be retained for the duration of the manufacturing period and stored 
in a secure area at the Contractor's facilities. These items shall be made available for inspection 
and comparison at the request of JPB. These items may be utilized for production of the last 
cars with prior approval by JPB, and provided these items conform to the latest approved 
configuration. 

20.6.3 FAI PACKAGE REQUIREMENTS 

At least thirty (30) working days prior to conducting each FAI, the Contractor shall submit an FAI 
package to JPB for review process and approval. Each package shall contain: 

a) Schedule and agenda  

b) Vendor name, address, phone number and contact person 

c) Component list with latest drawing status for the equipment to be inspected  

d) Correspondence status 

e) Contractor inspection plan 

f) Participating Contractor representatives 

g) A complete set of approved or conditionally approved (if the JPB is willing to permit 
conduct of the FAI with portions of the design only conditionally approved) drawings and 
software documentation (with JPB comments) for the item to be inspected. 

h) For purchased items, a copy of the vendor's purchase order (with commercial items 
excluded) 

i) Completed vendor inspection forms that control and document acceptance of in-process 
work. 

j) Completed vendor and Contractor final inspection reports and applicable certification(s) 

k) Completed test documents that reflect that the unit has passed the qualification test(s) 

l) All draft user education deliverables associated with the components and/or system 
under first article inspection 

At the FAI site, the Contractor or Subcontractor shall provide the following: 

m) Inspection work space that provides the proper environment for inspection of the 
components, equipment, apparatus, or car 

n) Inspection tooling capable of removing equipment down to the LLRU level  

o) Test and measurement equipment 

p) Performance of the production conformance test to the approved test procedure 

20.7 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7.  
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20.8 REFERENCE STANDARDS 

The following standards or references were cited in this Section: 

STANDARD TITLE 

ANSI/ISO/ASQ Q9001-
2008 

American National Standards Institute/International Organization for 
Standardization/American Society for Quality, “Quality management 
systems – Requirements” 

AAR M-1003 Association of American Railroads, “Manual of Standards and 
Recommended Practices” 

FTA.PA.27.5194.12.1 Federal Transit Administration, “Quality Management System 
Guidelines” 

 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS21-i (Conformed 6/22/2016) 

Section 21 – Reliability, Availability, Maintainability And Safety 

SECTION 21 - RELIABILITY, AVAILABILITY, 
MAINTAINABILITY AND SAFETY (RAMS) 

 

Contents 

SECTION 21 - RELIABILITY, AVAILABILITY, MAINTAINABILITY AND SAFETY (RAMS) ...... i 

21.1 GENERAL ................................................................................................................... 1 

21.2 APPLICABILITY OF EN50126-1 ................................................................................. 1 

21.3 RELIABILITY ............................................................................................................... 1 

21.3.1 GENERAL .................................................................................................................. 1 

21.3.2 RELIABILITY PROGRAM PLAN ..................................................................................... 3 

21.3.2.1 Reliability Prediction Summary Plan.................................................................... 3 

21.3.2.2 Reliability Program Plan ...................................................................................... 3 

21.3.2.3 Reliability Demonstration Plan and Procedure .................................................... 3 

21.4 AVAILABILITY ............................................................................................................ 4 

21.5 MAINTAINABILITY ...................................................................................................... 4 

21.5.1 MAINTAINABILITY PLAN .............................................................................................. 4 

21.5.2 MAINTAINABILITY DEMONSTRATION PLAN .................................................................... 5 

21.5.3 SCHEDULED AND PREVENTIVE MAINTENANCE ............................................................. 5 

21.6 SAFETY ....................................................................................................................... 5 

21.6.1 SYSTEM SAFETY PROGRAM PLAN .............................................................................. 6 

21.6.2 GENERAL SAFETY DESIGN REQUIREMENTS ................................................................ 6 

21.6.3 FAILURE-INDUCED HAZARDS ...................................................................................... 8 

21.6.4 FIRE AND LIFE SAFETY .............................................................................................. 8 

21.6.5 SAFETY UNDER NORMAL OPERATING AND MAINTENANCE CONDITIONS ........................ 9 

21.6.6 HUMAN ERRORS AND OTHER EXTERNAL INFLUENCES ................................................. 9 

21.6.7 HAZARD MANAGEMENT .............................................................................................. 9 

21.6.8 HAZARD ANALYSIS ...................................................................................................11 

21.6.8.1 Preliminary Hazard Analysis ..............................................................................11 

21.6.8.2 Fault Tree Analysis ............................................................................................12 

21.6.8.3 Failure Modes, Effects, and Criticality Analysis ..................................................12 

21.6.8.4 Operating Hazard Analysis ................................................................................13 

21.6.9 EMI SAFETY ANALYSIS .............................................................................................13 

21.6.10 SOFTWARE SAFETY ..................................................................................................13 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS21-ii (Conformed 6/22/2016) 

Section 21 – Reliability, Availability, Maintainability And Safety 

21.6.11 SAFETY AND SECURITY CERTIFICATION .....................................................................13 

21.6.12 VEHICLE SAFETY PROVISIONS ...................................................................................14 

21.6.12.1 Emergency Equipment .......................................................................................14 

21.6.12.2 Markings and Emergency Signage ....................................................................14 

21.7 REQUIRED CONTRACT SUBMITTALS.....................................................................15 

21.8 CITED REFERENCES ................................................................................................15 

 

 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS21-1 (Conformed 6/22/2016) 
Section 21 – Reliability, Availability, Maintainability And Safety 

21.1 GENERAL 

The Contractor shall design safe and reliable vehicles that minimize downtime for preventive 
and corrective maintenance activities. Designs shall assure that vehicles perform as required 
without excessive failures, delays, interrupted service, or hazards to passengers, maintenance 
and operational personnel. 

Reliability, Availability, Maintainability and Safety (RAMS) are an essential part of these 
performance Specifications. The Contractor’s RAMS engineer, who shall participate in every 
project meeting, shall be an integral part of the vehicles’ design, manufacturing, testing, and 
acceptance activities. RAMS will be discussed at each design review meeting and updates will 
be provided by the RAMS engineer.  

The Contractor shall work closely with the Subcontractors to ensure that RAMS’ requirements 
are met. 

All equipment shall comply with all applicable local, state, and federal standards as well as rules 
and regulations. 

21.2 APPLICABILITY OF EN50126-1 

The Contractor shall comply with the standards commonly used in US.  The Contractor shall 
comply with the Code of Federal Regulations (CFR) requirements, wherever applicable; 
however, the Contractor may be permitted to use EN50126-1 for those items not explicitly 
covered by the CFR.  JPB may agree to the Contractor’s use of EN50126-1 provided the 
Contractor submits the following to JPB for information and decision making: 

a) A list of those specific areas which are not covered by the CFRs but which are 
addressed by EN50126-1 

b) The list of the projects with the names of the Authorities where the Contractor has 
successfully implemented the standard 

c) The list of relevant documents that the Contractor submitted to the identified projects/ 
Authorities with brief description of each document 

d) A list of the discrepancies between EN50126-1 and the Contract requirements, if any  

21.3 RELIABILITY 

Each component, assembly, subsystem, and system element shall be designed to perform its 
function(s) under the specified design operating conditions without failure for the durations 
specified herein.  

21.3.1 GENERAL 

Mean Distance Between Failure (MDBF): The MDBF of a car class is the ratio of the total 
operating distance accumulated by the total population of the cars in the class to the total 
number of relevant chargeable failures which result in a defined Train Delay. MDBF shall be 
calculated by using JPB-approved Contractor software.  

Train Delay: An incident causing a revenue train to be: a) more than five minutes and fifty-nine 
seconds late at its destination terminal; b) annulled (either at its original terminal or en route); or 
c) rerouted. 
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The Contractor shall furnish equipment that meets the Mean Distance Between Failure (MDBF) 
requirements of this specification, considering all failure modes for components, assemblies, 
subsystems and system elements, the combination of which shall result in realization of the 
following: 

 Car Level MDBF = 160,000 miles (258,000 km) 

The Contractor shall collect data and analyze results for one six-car trainset.  

Mean Distance Between System Component Failure (MDBSCF): The MDBSCF of a system is 
the ratio of the total operating distances, D, accumulated by the total population of cars in the 
class, to the total number of chargeable failures, F, occurring for a defined population of 
components within each specified system of the cars in the class during the time t. It is 
expressed by the following equation: 

MDBSCF = (D/F)t 

Relevant Failure: A relevant failure is an independent failure that results in a temporary or 
permanent loss of function of an item caused by either of the following: 

 A fault in a component while operating within its design parameters and the specified 
environmental specification limits 

 Improper operation, maintenance or testing of a component as a result of (flawed) 
Contractor-supplied documentation 

Relevant failures shall also include intermittent, unverified and software failures which occur and 
can be determined as legitimate failures during warranty testing. Failures that cause a train 
delay shall also be documented in the failure reporting process. If available, the time, place or 
type of service in which the car was being operated at the time of a failure shall be properly 
documented.  
 
Chargeable Failure: All relevant failures shall be determined as Chargeable Failures or Non- 
chargeable failures by joint agreement between JPB and Contractor, regardless of whether or 
not the failure causes a train delay.  
 
Non-chargeable failures to be excluded from the calculation include the following: 

a) Secondary failures (A secondary failure is a failure occurrence in equipment of another 
subsystem due to the primary failure) 

b) Replacement of consumable items except for those not achieving their design life 

c) A failure due to JPB not performing the approved recommended preventive maintenance 
actions 

d) Failures due to vandalism or physical mistreatment at a human interface 

e) Failures due to an accident for foreign object damage 

f) Failures due to operating or weather conditions outside of the specified climatic range(s) 

The Contractor shall furnish equipment that maximizes MDBSCF within the context of the 
Contractor's recommended maintenance practices.  The Contractor shall submit proposed 
MDBSCF numbers for each system component.  MDBSCF numbers shall be based on actual 
failure rates that have been achieved in service similar to the JPB's service.  For any 
components that do not have service history, the Contractor shall use MIL-HDBK-217F, as 
specified in Section 21.3.2.1, or other recognized industry standard source of reliability data, as 
approved by JPB.  The Contractor may use their internal reliability database if it were used on at 
least three other similar projects and if approved by JPB.  All proposed MDBSCF values shall 
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be accompanied by sufficiently detailed information demonstrating that the equipment reliability 
is the maximum achievable for the submitted equipment. 

Reliability shall be demonstrated in actual revenue service during the warranty period. Systems 
which fail to meet reliability goals, after an agreed initial time period, shall be treated as Fleet 
Defects as identified in the Contractual Terms and Conditions. 

At any time up to and including the completion of the warranty period, for any chargeable failure, 
the Contractor shall review the failure and provide a failure analysis report to JPB for review 
process and approval. 

21.3.2 RELIABILITY PROGRAM PLAN 

The Contractor shall submit a Reliability Program Plan within 12 months following NTP. The 
Plan shall include a Reliability Prediction Summary Plan, a Reliability Program Plan, and a 
Reliability Demonstration Plan. 

Reliability Progress Reports shall be submitted to JPB on a monthly basis as part of the Monthly 
Progress Report. 

21.3.2.1 Reliability Prediction Summary Plan 

The Reliability Prediction Summary Plan (RPSP) for all specified car systems shall demonstrate 
that the specified MDBF and MDBSCF shall be achieved. The calculation shall be based on the 
annual average operating distance as specified in Section 2.1. The reliability prediction shall use 
certified field failure data to establish predicted failure rates. If no such data exists for a 
particular component, the Contractor shall use the MIL-HDBK-217F part stress method for the 
"ground mobile" environment. 

The report shall show the typical MDBSCF for every major system identified in these 
Specifications. The Contractor shall elaborate on (a) the methodology employed to arrive to 
these numbers, (b) the methodology that allows the Contractor to predict compliance with the 
reliability requirements, (c) how maximization of the MDBF and MDBSCF numbers was 
achieved.  

Conversion from time to distance shall be based on specific component operational duty cycles. 

21.3.2.2 Reliability Program Plan 

The Reliability Program Plan shall address applicable elements of MIL-STD-785B; including:  

a) The Reliability Program objectives 

b) The Reliability Program schedule, which shall identify specific tasks with start and finish 
dates and illustrates how these tasks are coordinated and integrated with major program 
milestones for design, manufacturing, and testing via the inherent schedule logic 

c) Organization of personnel responsible for managing the reliability program 

d) Controls for subcontractor activities to assure their compliance with reliability program 
methods and objectives  

21.3.2.3 Reliability Demonstration Plan and Procedure 

The Contractor shall develop the Reliability Demonstration Plan and Procedure, which, via 
vehicle testing, shall validate the approved MDBF and MDBSCF numbers. This Plan and 
Procedure, which shall also detail implementation of the approved reliability program, shall be 
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submitted on a quarterly basis beginning twelve (12) months after NTP. The Contractor shall 
provide (as a minimum) the following in its Reliability Demonstration Procedure: 

a) All equipment failures reported during reliability testing shall be classified as chargeable 
or non-chargeable failures 

b) The procedures shall describe the details of the reliability burn-in period for each vehicle. 
All equipment failures during the burn-in shall be reported and recorded, but not counted 
in establishing MDBF and MDBSCF values. 

c) A proposed general plan for corrective action shall be developed and provided to JPB. 
The plan shall include proposed demonstration restart procedures and a proposed 
design change process. The plan shall clearly identify a specific method for verifying the 
effectiveness of change(s). Demonstration Plan credit may not be taken for time from 
previously failed tests, and the specified performance and other required characteristics 
of the equipment shall not be negatively changed to achieve reliability requirements. 

d) A record shall be maintained which contains all information necessary to calculate 
MDBF and MDBSCF values for the vehicle and major systems, and to verify successful 
demonstration of the MDBF and MDBSCF requirements. The failure record shall be 
available for review by JPB. 

e) Preventative maintenance procedures specified for the equipment during normal 
operation shall be performed by JPB during the reliability demonstration. 

21.4 AVAILABILITY 

Availability is the ability of a trainset to be ready for Revenue Service Operation within a time 
frame that does not jeopardize the JPB schedule, provided JPB follows the Contractor's 
recommended maintenance practices. The Contractor shall provide an Availability Plan 
describing as a minimum the quantity of EMUs necessary to meet the JPB operational goals, 
and the methodology and the control process by which the Contractor proposes to ensure 
availability of the vehicles.  The Availability Plan shall be submitted to JPB for review process 
and approval. 

21.5 MAINTAINABILITY 
The vehicle shall incorporate designs which minimize MTTR (Mean Time To Repair, including 
all access time) and costs throughout its intended useful life. The objectives of the 
maintainability program, including both corrective and preventive maintenance, shall provide for 
enhancement of vehicle availability, minimization of maintenance costs, and minimization of 
vehicle downtime.  

21.5.1 MAINTAINABILITY PLAN 

The Contractor shall submit a Maintainability Program Plan detailing all schedules and activities 
for the car's corrective and preventive maintenance including the expected MTTR for major 
components.  

This plan shall be submitted to JPB three hundred and sixty five (365) calendar days after NTP, 
and submitted quarterly after that date.  
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The Contractor's maintainability program shall follow MIL-HDBK-470A, and include a detailed 
plan outlining all schedules and activities for vehicle corrective and preventive maintenance. 
The plan shall outline each maintenance task, MTTR anticipated values for each major system 
and EMU, time schedules, recommended tools, personnel, and skill levels required. These 
recommendations shall be based upon those of the Contractor and of the equipment suppliers. 
The weighted average of the component MTTRs shall illustrate compliance with the overall 
MTTR requirements. This plan shall be coordinated with the maintenance manuals. 

21.5.2 MAINTAINABILITY DEMONSTRATION PLAN 

As part of the training program for maintenance personnel, selective servicing, scheduled and 
preventive maintenance, troubleshooting, change-out of components, on-vehicle corrective 
maintenance, and use of special tools shall be demonstrated where special emphasis, 
instruction, or proficiency is needed. Vehicle movement under disabled conditions shall also be 
demonstrated. The Contractor's demonstrations shall verify that the durations of the 
maintenance tasks fall within the times established by the Maintenance Plan. The Contractor 
shall provide a list of suggested maintenance demonstration tasks. 

The Contractor shall submit a Maintainability Demonstration Procedure no later than ninety (90) 
calendar days before delivery of the first trainset. The Contractor shall video record all 
demonstrations and deliver them as part of the training aids. Video recordings shall be provided 
to JPB in DVD format. 

21.5.3 SCHEDULED AND PREVENTIVE MAINTENANCE 

Scheduled and preventive maintenance are comprised of all tasks necessary to service the 
vehicle, to defer or prevent failures, and to maximize equipment life. 

The scheduled intervals between periodic inspections shall be:  

 92 days in accordance with 49 CFR 229.25 and 238.307 

 184 days in accordance with 49 CFR 229.23 

 368 days in accordance with 49 CFR 229.27 

 1104 days in accordance with 49 CFR 238.309  

The Contractor shall suggest at which intervals the first major overhaul and/or life cycle 
maintenance activity is required, and the time required to perform these activities.  

Scheduled activities during the initial 368 day period shall be limited to inspection, filter cleaning 
or replacement, and replacement of consumables.  

21.6 SAFETY 

The vehicles shall be designed and constructed to be safe to passengers, persons near the 
vehicle, and JPB employees, both under normal operating conditions and in the event of 
equipment failure. The Contractor shall ensure that all systems' safety aspects are considered 
for each individual system and for systems as integrated to complete the vehicle and system 
component design. 
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21.6.1 SYSTEM SAFETY PROGRAM PLAN 
The Contractor shall develop, implement, and maintain a comprehensive System Safety 
Program Plan (SSPP) based on the guidelines and requirements of MIL-STD-882E within 90 
calendar days after NTP. Specific parts of MIL-STD-882E are referenced herein. These 
references shall not be construed as limiting the applicability of other parts of MIL-STD-882E, 
referenced or not. Requirements may be waived or amended only where approved by the JPB. 

The SSPP shall specify the System Safety Program scope, objectives, activities and schedule, 
deliverables and reporting, identity and organization of program participants, and methods and 
techniques by which Contractor will meet the JPB system safety requirements. The SSPP shall 
define system safety program interfaces with other EMU project elements such as project 
planning and management, scheduling, supplier control, reliability and maintainability, manuals 
and training, technical requirements, EMU and subsystem design, software development and 
quality assurance, analysis, and test. 

The SSPP, as required by Task 101 of MIL-STD-882E, shall contain a section on software 
safety, which shall apply to either software or firmware which controls or monitors safety-critical 
functions. The software portion of the SSPP shall describe how the following will be 
accomplished: software and function definition, implementation and oversight of the software 
design and verification process, software hazard analysis including the identification of software 
as safety-critical or non-safety-critical, software safety reviews, software hazard monitoring, 
reporting and tracking, and software integration with hardware at each stage of the design and 
testing process for components and systems incorporating software for safety-critical purposes. 

The SSPP shall identify all hazards related to the vehicle and impose those design 
requirements and management controls which preclude mishaps by eliminating hazards or 
reducing the risk to levels acceptable to the JPB. The SSPP shall be an integral part of the 
design, construction, testing and car acceptance program and shall be continuously maintained 
throughout as design, construction, testing and car acceptance evolve and progress. Safety 
requirements defined in this Specification section and elsewhere shall be incorporated into the 
SSPP and the Contractor’s designs. 

The Contractor’s SSPP shall incorporate requirements from 49 CFR 238, Subpart B (specifically 
49 CFR 238.105), and 49 CFR 236, Subpart I, as applicable to electronic hardware and 
software used to control or monitor safety functions in passenger equipment. 

The Contractor shall provide all necessary documentation and support the JPB in application of 
a modification to its PTC Safety Certification in accordance with 49 CFR 236 requirements 
including an independent third party review. 

21.6.2 GENERAL SAFETY DESIGN REQUIREMENTS 
Hazards shall be resolved according to the order of precedence listed in Paragraph 4.4 in MIL-
STD-882E, with the restriction that hazards with Category 1 and 2 severity (as defined in MIL-
STD-882E) shall be resolved only by methods A.4.3.3a or A.4.3.3b of Paragraph A.4.3.3, and 
as mandated by this Section 21.6.  

The general safety design requirements of Paragraph A.4.3.3 in MIL-STD-882E, and the 
guidelines listed below, shall be incorporated into the design of all vehicle systems affecting 
safety. 

a) Only components with demonstrated high reliability and which have been proven in 
conditions similar to the projected service shall be utilized 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS21-7 (Conformed 6/22/2016) 
Section 21 – Reliability, Availability, Maintainability And Safety 

b) For design purposes, all devices not guaranteed fail-safe shall be assumed capable of 
failing in permissive modes 

c) All electronic circuits and software shall be assumed capable of failing in permissive 
modes 

d) Systems shall be based on closed-circuit principles in which energized circuits result in 
permissive conditions, while interrupted or de-energized circuits result in restrictive 
conditions 

e) All vital circuits not wholly within the system apparatus enclosure shall be double-wire, 
double-break, with the exception of connections to non-vital circuits, which may be 
single-wire, single-break. 

f) Any component or wire becoming grounded shall not cause a permissive condition. 
Safety circuits shall be kept free of any combination of grounds that will permit a flow of 
current equal to, or in excess of, 75 percent of the release value of any device in the 
circuit. 

g) Circuit impedances, signal encoding, shielding, layout, and isolation shall be selected to 
minimize the effects of interference to the extent that safety is maintained under all 
conditions 

h) Commands that result in permissive conditions shall be propagated by no less than two 
independent signals, both of which must be present before the permissive condition can 
occur. The lack of either signal shall be interpreted as a restrictive command. 

i) Systems controlled by variable level signals shall be arranged such that zero signal level 
results in the most restrictive condition. At least one enabling signal, however, 
independent from the variable control signal, shall be present before the control signal 
can modulate the system to a more permissive level. 

j) Circuit breakers and fuses shall be guaranteed by the manufacturer to successfully 
interrupt rated currents. Circuit breakers and fuses shall be applied such that the 
maximum circuit fault currents cannot exceed the manufacturer's guaranteed operating 
ranges. These evaluations shall consider system voltages, temperatures, and any other 
factors that may affect the rating.  Similarly, all protective devices must be designed to 
accommodate the worst case duty cycle of the system in which they are located without 
triggering into the fault mode.  

k) Systems that rely on structural integrity for safety shall have sufficient safety factors such 
that failures are not possible within the life of the vehicle under all possible conditions 

l) Systems subject to wear shall not wear to permissive states within a period no less than 
three times the approved overhaul period under the worst-case combination of duty 
cycle, environment, and all other influences. Such devices shall be clearly indicated as 
SAFETY CRITICAL in the maintenance manuals. 

m) Mechanical systems which apply force to achieve safe states shall not depend upon the 
application of fluid pressure or electrical energy unless specifically specified or 
approved. 

n) All locks, catches, and similar devices affecting safety shall be either self-engaging 
without the application of power, or, if engaged by the application of power, shall remain 
fully and safely engaged in the absence of power 

o) All systems shall function safely under all combinations of supply voltages, fluid 
pressures, shock, vibration, dirt accumulation, and the JPB’s environment. 
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p) All safety related systems, and devices within those systems, shall be clearly identified 
as SAFETY CRITICAL in all maintenance manuals, procedures, and training materials. 

21.6.3 FAILURE-INDUCED HAZARDS 

Vehicle equipment and systems shall be designed and constructed to revert to safe modes 
under failure conditions. The Contractor shall employ high quality components, proven systems, 
redundancy, checking devices, and other techniques to accomplish this goal. 

Vehicle systems whose failure could result in hazards of Category I or II severity shall conform 
to both of the following design principals, and shall be validated via the various Design 
Conformance Tests specified herein: 

a) The failure of a single device shall not result in a permissive condition 

b) An undetected failure of any device shall not permit a subsequent device failure to result 
in a permissive condition 

The term "failure" includes both the initial device failure and all related, consequential device 
failures caused by the initial failure. For switches accessible to passengers, operation of the 
switches shall be treated as failures for purposes of the analysis. 

The term "device" includes any component or system, whether electrical or mechanical. 

The terms "restrictive" and "permissive" relate to potential system responses, which result in 
either a more-safe or less-safe condition, respectively, such as, but not limited to: stop vs. 
proceed, a lower speed vs. a higher speed, deceleration vs. acceleration, brakes applied vs. 
brakes released, actuation of alarm vs. no actuation of alarm. 

Systems shall conform to the safety design principals by one or both of the following methods: 

c) The utilization of fail-safe devices; that is, devices with known, guaranteed-by-the-
manufacturer failure modes, such as signal-grade relays 

d) Independent channels with independent checking of each channel. All channels shall 
indicate a permissive state in order for the controlled system to achieve a permissive 
state. Failure in any channel shall not affect any other channel, or force the system into a 
permissive state. Lack of correspondence between channels shall be alarmed, and shall 
force a restrictive state on the system. Checking equipment invariably requires devices 
conforming to this method. 

Failures in equipment which result in an indication of danger, whether or not actual danger 
exists, shall be considered dangerous until proven otherwise. A failure which results in an 
indication of safety, when in fact a dangerous condition may exist, shall not be considered safe. 

21.6.4 FIRE AND LIFE SAFETY 

All vehicle components and systems shall be designed for the prevention of fire and protection 
of the public, employees, and emergency response personnel from injury due to fire, smoke, 
explosion, or panic due to fire, and protection of system elements from damage by fire or 
explosion. All vehicle components and systems shall be in accordance with the fire safety 
requirements of 49 CFR 238 and NFPA 130 Chapter 8, except where more restrictive 
requirements are imposed by this Technical Specification. The Contractor shall perform a Fire 
Safety Analysis as required by 49 CFR 238.103(c). 
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The vehicle design shall provide for equipment to be located outside of the passenger 
compartment, whenever practical, in order to isolate potential ignition sources from combustible 
materials. Vehicle end-caps and the floor shall be designed to prevent propagation of an 
underfloor fire to the vehicle interior. Fire-stops shall be provided at floor and roof penetrations. 
Enclosures for control and other critical equipment shall be located to provide protection against 
environmental contamination and mechanical damage. 

21.6.5 SAFETY UNDER NORMAL OPERATING AND MAINTENANCE CONDITIONS 

The vehicle shall present a safe, hazard-free environment to passengers, and all operating and 
maintenance personnel. 

Personnel shall not be exposed to tripping hazards, sharp points and edges, lethal or injurious 
voltages, toxic materials, abrupt or unexpected accelerations, or similar hazards. Equipment 
location, illumination levels, colors, graphics, and surface finishes shall be selected to maximize 
visibility of step edges, windscreens, controls, and other objects with which the passengers 
must interface. 

Normal and emergency equipment and controls which the passenger may operate shall be 
clearly identified, and operating procedures shall be presented in both printed and graphic 
formats. 

Maintenance manuals, procedures, and training shall indicate the proper handling, storage, and 
disposal of hazardous materials. Hazard levels shall fit within categories (i.e., note, caution, 
warning, etc.) with labels or descriptions kept constant in all manuals. Exposure of maintenance 
personnel to lethal or injurious voltages shall be minimized through compartmentalization, 
interlocks, and similar measures. All equipment enclosures containing hazardous materials, 
lethal or injurious voltages, or other risks shall be clearly labeled on both the outside and inside 
of the equipment enclosures.  

Maintenance, operating, training, and other manuals shall clearly identify all hazardous 
materials and equipment. All maintenance procedures involving hazards shall contain clear 
identification of the hazard and instructions to minimize or eliminate the hazards during the 
conduct of the procedure. 

21.6.6 HUMAN ERRORS AND OTHER EXTERNAL INFLUENCES 

All systems shall minimize and protect against unsafe conditions resulting from human error. No 
sequence of operations, proper or improper, or the simultaneous activation of any controls, shall 
result in an unsafe condition. Where conflicting commands, such as simultaneous power and 
brake, are requested, the more restrictive shall result. 

Maintenance of safety-related equipment shall be arranged such that the effects of errors are 
minimized.  

21.6.7 HAZARD MANAGEMENT 

The Contractor shall develop a Hazard Resolution Report (HRR) and Hazard Management 
database to track completion of the EMU Hazard Management activities and resolution of all 
identified Category 1, 2, and 3 hazards. The Contractor shall submit the HRR’s and HMD’s 
formats sixty (60) days after NTP. The initial HRR is due within two hundred and forty (240) 
calendar days after NTP.   
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The database will track completion of mitigations of EMU hazards using a table derived from the 
FTA Basic Events Table and the OHA. The HRR hazard item tracking will include all items 
related to Category 1, 2 and 3 hazards identified in the FTA, OHA, FMECA, and other analyses 
such as an EMI Safety Analysis, Fire Safety Analysis, and Software Safety Analysis, as 
applicable. The table will identify each hazard’s source analysis and ID number for traceability. 

A table in the HRR will summarize the hazard management status, describe issues and 
approach, identify open items, and provide conclusions. The Contractor shall provide updates at 
the monthly Safety and Security Certification Review Committee (SSCRC) meetings. 

When the database indicates all System Safety Program tasks are completed and approved by 
JPB, and that all identified Category 1, 2, and 3 hazards are satisfactorily resolved or controlled, 
the Contractor shall provide a copy of the database in a format approved by JPB. The database 
will serve as the summary and directory of required supporting documentation, and will verify 
that each EMU hazard is controlled to the level required by JPB.  

The Contractor shall identify all failure-induced and normal operating (non-failure condition) 
hazards as falling into severity Categories 1, 2 and 3, as defined in MIL-STD-882E, Table I. 
Hazards shall be compiled into lists and submitted to JPB. 

Hazard lists shall be organized into a Preliminary Hazard List (PHL), as described in MIL-STD-
882E, Task 201, which identifies the potential hazards early in the development. Similar hazards 
lists shall be generated, while performing the Subsystem Hazard Analysis (SSHA), and System 
Hazard Analysis (SHA). 

The PHL shall be generated and prioritized as to severity for all severities of 3 or less. The PHL 
shall constitute a complete list of all identifiable events and their unmitigated severity level. The 
list shall also include all materials used in the maintenance of the vehicle which are hazardous 
to personnel or environment. All identified hazards shall be given a unique identifier for tracking 
purposes. 

In addition to those hazards identified by the Contractor, the following hazards shall be included 
in the listings and shall be considered hazards of Category 1 or 2 severity: 

 Emergency brake fails to apply when requested 

 Service brakes fail to apply when requested 

 Propulsion fails to cease when requested 

 No-motion detection system indicates no-motion when train is moving 

 Door opens spontaneously when not commanded 

 Door opens on wrong side of car 

 Door closes on person's limb and indicates door closed and locked to the control system 

 Door interlocks erroneously indicate door is closed and locked 

 Excessive currents or overheated equipment cause fire hazard 

 Indication of uncoupled when not uncoupled 

 Train moves in wrong direction 

 Train speed and track curvature combine in such a manner as to cause a train to derail 
or a vehicle to overturn 

 Onboard equipment causing EMI affecting wayside signaling system or other onboard 
systems 
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 Wayside equipment causing EMI affecting wayside signaling system through vehicle or 
onboard systems 

 Emergency brake fails to stop at required distance(s) per specification 

 Service brake fails to provide requested braking rate 

21.6.8 HAZARD ANALYSIS 

Contractor shall perform hazard analyses on all hazards identified in the developed hazard lists. 
Per-hour failure rates shall be established for each Category of hazard severity. Analyses shall 
demonstrate that the vehicle conforms to the requirements of this Specification and that all 
identified hazards are either eliminated, or reduced to levels of risk acceptable to JPB. 

All hazard analyses shall be adjusted or amended as the vehicle design and construction 
progresses.  

The analysis methods shall be selected by the Contractor as appropriate for the system under 
evaluation and the Category of hazard severity. Hazards of Category 1 and 2 severity shall 
receive analyses sufficiently rigorous to demonstrate that the hazard cannot occur under any 
reasonable conditions. The Contractor shall be prepared to demonstrate by test the validity of 
any portion of all analyses of Category 1 or 2 severity hazards. Failure rate for Category 1 and 2 
hazards must be less than 10-7 instances per hour of operation. Failure rate for Category 3 
hazards must be less than 10-5 instances per hour of operation. 

Standard failure and safety analysis methods, and published failure rates for components, shall 
be utilized wherever possible. All proposed analysis methods shall be submitted to JPB. 

Analyses shall examine the trainset in all possible coupled configurations, and shall include 
circuit faults within the coupler electrical circuits. 

Analyses shall identify all maintenance errors that could result in unsafe conditions, such as 
incorrect adjustment of sensors, and incorrect adjustments of the door obstruction sensing 
system to cite two, but not all, examples. Analyses shall also include design errors that could 
produce unsafe conditions, such as improper breaker type or rating and temperature or 
environmental dependence on proper operation for use in checking design. 

Hazard analyses shall include the following: 

a) Preliminary Hazard Analysis (PHA) 

b) Fault Tree Analysis (FTA) 

c) Failure Modes, Effects, and Criticality Analysis (FMECA) 

d) Operating Hazard Analysis (OHA) 

21.6.8.1 Preliminary Hazard Analysis 

The Contractor shall perform a Preliminary Hazard Analysis (PHA) for all Hazard Severity 
Category 1, 2 and 3 hazards. The PHA is due within one hundred and eighty (180) days after 
NTP.  

The PHA shall constitute an initial assessment of hazards which identifies potential provisions to 
control hazards, consistent with MIL-STD-882E. The PHA shall address all identified Category 
1, 2 and 3 hazards, and shall consist of a general description of each hazard; assessment of 
potential causes and effects of each hazard, including an estimation of the hazard severity; and 
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a list of potential corrective actions that the Contractor, its Subcontractors, and other project 
participants might take to eliminate or control each hazard. 

21.6.8.2 Fault Tree Analysis 

The Contractor shall perform a Fault Tree Analysis (FTA) for all hazard severity category 1 and 
2 hazards. The initial FTA is due within two hundred and seventy (270) calendar days after 
NTP. 

The Contractor shall perform the FTA consistent with the Fault Tree Handbook, NUREG-0492, 
published by the U.S. Nuclear Regulatory Commission. The Contractor shall develop a fault tree 
for each top-level Category 1 and 2 hazard identified in the PHA, investigating all significant 
causes, conditions, and mitigations related to the hazards. 

The Contractor shall tabulate all bottom-level events from the fault trees in a Basic Events 
Table. The Basic Events Table will include: 

a) Event ID number 

b) Event description 

c) Event frequency 

d) Event responsibility 

e) Remarks, including cross-references to FMECA and OHA items 

f) Action required 

21.6.8.3 Failure Modes, Effects, and Criticality Analysis 

The Contractor shall perform a Failure Modes, Effects, and Criticality Analysis (FMECA) for all 
equipment in all EMU systems. The initial FMECAs are due within three hundred (300) calendar 
days after NTP. 

The FMECAs will systematically analyze each potential equipment failure mode of each 
equipment item, and for each failure mode, determine the hazard severities, failure rate, failure 
effects, means of failure detection, and failure management strategies. The Contractor shall 
update and review the FMECAs on a periodic basis, including the Final Design Review phase, 
this to ensure that necessary design modifications are made and that these modifications do not 
introduce new safety-critical failure modes. 

Critical hazardous events identified in the FMECAs will show as basic events in the fault trees. 

FMECA data shall be a key input to the maintenance manuals and training program. 

The FMECAs shall provide: 

a) Identification of those potential single-point failures which could critically affect single 
failure points critical to proper EMU performance and human safety 

b) A basis for selecting the locations and coverage of performance monitoring and fault 
sensing devices and other built-in automatic test equipment 

c) Design engineers with a method of selecting a design with a high probability of 
operational success and safety 

d) Early visibility into potential EMU interface problems 

e) A list of possible failures which can be ranked according to their category of effect and 
probability of occurrence 
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f) Early criteria for test planning 

g) A tool which helps evaluate proposed design, operational, or procedural changes and 
their impact on EMU performance or safety. 

21.6.8.4 Operating Hazard Analysis 

The Contactor shall perform an Operating Hazard Analysis (OHA) addressing hazard 
relationships between personnel and the EMUs. The initial OHA is due within two hundred and 
seventy (270) calendar days after NTP. 

The OHA shall address operating and maintenance activities. It shall document hazards 
identified in the PHA and analyzed in the FTA which are associated with actions by operating 
and maintenance personnel. The OHA is a type of Subsystem Hazard Analysis (SSHA). 

Critical hazardous events identified in the OHAs shall be shown as basic events in the fault 
trees.  

OHA data shall be a key input to the maintenance manuals and training program. An important 
outcome of the OHA will be a list of recommended operating and maintenance procedures 
associated with the EMUs which JPB must perform to maintain train safety and to eliminate and 
control hazards. 

21.6.9 EMI SAFETY ANALYSIS 

The Contractor shall conduct and submit to the JPB a safety analysis which demonstrates that 
the JPB is protected against hazards due to EMI. It shall include a description of the EMI 
detection system (see Section 2.4.5) and changes in EMI resulting from component failures. 

21.6.10 SOFTWARE SAFETY 

The Contractor shall ensure that the safety program includes a Software Safety Plan meeting 
the requirements of 49 CFR 238.105. 

21.6.11 SAFETY AND SECURITY CERTIFICATION 

The Contractor shall develop a Safety and Security Certification Plan meeting the requirements 
of the JPB Safety and Security Certification Program.  The Safety and Security Certification 
Plan shall contain, as a minimum, the following steps: 

 Step 1: Identify Certifiable Elements 

 Step 2: Develop Safety and Security Design Criteria 

 Step 3: Develop and Complete Design Criteria Conformance Checklist 

 Step 4: Perform Construction Specification Conformance 

 Step 5: Identify Additional Safety and Security Test Requirements 

 Step 6: Perform Testing and Validation in Support of the SSC Program 

 Step 7: Manage Integrated Tests for the SSC Program 

 Step 8: Manage “Open Items” in the SSC Program 

 Step 9: Verify Operational Readiness 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS21-14 (Conformed 6/22/2016) 
Section 21 – Reliability, Availability, Maintainability And Safety 

 Step 10: Conduct Final Determination of Project Readiness and Issue Safety and 
Security Certification 

The Safety and Security Certification Plan format shall be submitted thirty (30) calendar days 
after NTP and the plan is due thirty (30) calendar days after approval of the format. 

21.6.12 VEHICLE SAFETY PROVISIONS 

21.6.12.1 Emergency Equipment 

Each car shall have emergency equipment and a first aid kit in compliance with 49 CFR 239.101 
and JPB emergency preparedness policy.  In addition, one Automated External Defibrillator 
(AED) shall be supplied on each car.  The emergency equipment, first aid kit and AED shall be 
located in the passenger area, accessible to passengers via frangible glazing or a removable 
gasket, and accessible to crew via crew key. 

21.6.12.2 Markings and Emergency Signage 

All interior and exterior markings, decals and labels shall conform to the following:  

a) The Contractor shall clearly and permanently label (no decals) or tag each airline, hose, 
and valve; each electrical jumper, breaker, and receptacle; each electrical box, locker, 
and panel; each equipment box, locker, and compartment; and each item inside each 
box, locker, panel, and compartment. The labels shall be made from stainless steel. 
Labels and tags shall be applied proximate to the item when the label or tag is not part of 
the item assembly and the item is subject to replacement during unscheduled or 
scheduled maintenance. Labels and tags shall be affixed with mechanical fasteners. 
Glued on labels are not acceptable. 

b) Decals for the various system functions and instructions shall be applied where 
applicable. All decals shall be edge sealed, and the application approved by the JPB. 

c) Permanent metal "Danger - XXX Volts" tags to warn of voltages above battery voltage 
and other warning tags shall conform to FRA regulations and ISO-3864. Self-adhering 
tags shall not be utilized. Metal tags and their fasteners exposed to electrical equipment 
shall be covered with insulating paint.  

d) Embossed or intaglio metal tags shall be provided to identify all electrical and 
mechanical (including valves) components. Plastic, self-adhering tags shall not be 
utilized. 

e) Labels which certify that each car has been fully equipped in accordance with FRA 
Glazing Requirements, 49 CFR 223, shall be riveted in place by the Contractor. The 
labels shall be in plain view from inside the passenger compartment and by the cab. 

f) A metal letter "F", 0.3 inches thick by three inches high, shall be permanently affixed to 
each side of the car, below the operator's compartment windows.  The same letter is to 
be affixed to the non-cab cars at the end to be determined by JPB during the design. 

g) Permanent metal "No Smoking" placards shall be mounted in the operator's 
compartment and in the restroom. The placards shall be a stainless steel plate with 
photo-etched, paint-filled, black letters. 

h) Interior "No Smoking", "Emergency Exit", “Not an Exit“ and "Caution" signs, and other 
permanent directional or advisory signs for passengers and/or crew members, shall be 
as directed by JPB. 
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i) ADA-compliant “Priority Seating” signs shall be provided in the appropriate areas. 

j) Signage and locators showing the location of emergency exits and instructions on their 
operation shall be provided in each car per 49 CFR 239.113. Both doors and windows 
shall be marked. Low-location exit path marking shall be in compliance with APTA SS-
PS-004-99, latest Rev., “Standard for Low-Location Exit Path Marking”. 

k) All interior emergency signage shall be produced on strontium aluminate-based, photo 
luminescent material to facilitate reading under adverse lighting conditions. After a 
charging period of 30 minutes under normal interior lighting conditions, the material shall 
remain luminescent for a period of 150 minutes, minimum. Interior emergency signage 
shall be in compliance with APTA SS-PS-002-98 latest Rev., “Standard for Emergency 
Signage for Egress/Access of Passenger Rail Equipment.” 

l) Each car shall be equipped with retro-reflective exterior safety decals to assist 
emergency personnel during rescue operations, in compliance with 49 CFR 238.114 and 
APTA SS-PS-002-98, latest Rev., “Standard for Emergency Signage for Egress/Access 
of Passenger Rail Equipment.” At minimum, all emergency exits, both doors and 
windows, shall be marked. 

m) All labels provided for passengers shall have raised lettering and Braille for the visually 
impaired.  

n) The markings on all stainless steel labels shall be sand etched or engraved to a depth of 
0.008 inches, minimum, and filled with paint. 

The Contractor shall comply with Federal OSHA Hazard Communication Standards 29 CFR 
1926.59 and 29 CFR 1910.1200, which require that manufacturers, importers and distributors 
properly label all containers of hazardous materials or components and furnish a Material Safety 
Data Sheet (MSDS) for each hazardous material supplied. Revised MSDSs must be submitted 
to consignee when there is a change in composition or when significant new information 
concerning Hazardous Materials or ways to protect against hazards become known. The MSDS 
must be available in electronic and hard copy at the facility. 

21.7 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7. 

21.8 CITED REFERENCES 

The following standards or references were cited in this Section: 

STANDARD TITLE 

MIL-HDBK-217F Reliability Prediction of Electronic Equipment 

MIL-STD-785B 
Reliability Program For Systems and Equipment Development and 
Production 

MIL-HDBK-470A Designing and Developing Maintainable Products and Systems 

49CFR229.23 Railroad Locomotive Safety Standards.  Periodic inspection: General 

49CFR229.27 Railroad Locomotive Safety Standards.  Annual tests 
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STANDARD TITLE 

49CFR238.307 
Passenger Equipment Safety Standards.  Periodic mechanical 
inspection of passenger cars and unpowered vehicles used in 
passenger trains 

49CFR238.309 
Passenger Equipment Safety Standards.  Periodic brake equipment 
maintenance 

Title 49, Part 609 
Code of Federal Regulations, "Transportation of Elderly and 
Handicapped Persons." (FTA) 

Title 49, Parts 27 and 
37: 

Code of Federal Regulations: "Transportation for Individuals with 
Disabilities." (U.S. Dept. of Transportation) 

Title 49, Part 223 
Code of Federal Regulations, “Passenger Equipment Safety 
Standards” (U.S. Dept. of Transportation, Federal Railroad 
Administration – Office of Safety) 

Title 49, Part 229 
Code of Federal Regulations: “Passenger Equipment Safety 
Standards” (U.S. Dept. of Transportation, Federal Railroad 
Administration – Office of Safety) 

Title 49, Part 238 
Code of Federal Regulations: “Passenger Equipment Safety 
Standards” (U.S. Dept. of Transportation, Federal Railroad 
Administration – Office of Safety) 

Title 49, Part 239 
Code of Federal Regulations: “Passenger Equipment Safety 
Standards” (U.S. Dept. of Transportation, Federal Railroad 
Administration – Office of Safety) 

MIL-STD-882E 
Military Standard: “Standard Practice for System Safety.” (U.S. Dept. 
of Defense) 

EN50126-1 
The specification and demonstration of Reliability, Availability, 
Maintainability and Safety (RAMS) 

FA-MA-90-5006-02-01 
Handbook for Transit Safety and Security Certification, November 
2002 
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22.1 GENERAL 

The Contractor shall control the design, manufacturing, assembling, testing, and delivery of the 
cars and other Contract deliverables to ensure that the Work meets or exceeds the Contractual 
requirements.  

JPB may, at its option, monitor any or all Contractor activities, review any or all designs, and 
inspect and test any or all equipment.  

Unless JPB agrees otherwise, all business is to be conducted in the English language only, 
including all meetings, correspondence and other documents that are submitted to JPB. 

22.2 PRE-COMMENCEMENT CONFERENCE (“KICK-OFF”) MEETING 

A pre-commencement conference shall take place no later than twenty-one (21) days after NTP 
at a location selected by JPB to accomplish the following: 

a) Introduce JPB’s personnel to the Contractor's management team. 

b) Establish formal channels of communication, procedures for document control and 
numbering, meeting protocols, numbering submittal copies of various documents, and 
review. 

c) Review the Contractor's Project Control methodology and mobilization.  

d) Confirm the Contractor's management team and the scope of Subcontractors' tasks. 

e) Confirm that the Contractor is familiar with JPB's intended operations and maintenance 
environment. 

f) Provide early identification of the information needs and decisions required from JPB. 

g) Provide orientation to JPB’s personnel regarding the Contractor’s engineering drawing and 
document format, numbering system, and method of revision. 

h) Establish and confirm a date to hold the Specification Review Meeting (SRM). This 
Conference and the SRM can be scheduled on consecutive days for availability of staff and 
travel considerations. 

i) Establish and confirm a date to hold the first several design reviews in the Conceptual 
Design Review Phase 

22.3 MANAGEMENT PLANS, SCHEDULE 

The Contractor shall establish an organization to efficiently manage this program. The 
organization shall be highly responsive to the needs of JPB. 

22.3.1 MANAGEMENT PLANS  

The Contractor shall submit a Management Plan to JPB for review and approval within two 
months of Notice to Proceed. The Plan shall outline in explicit detail the organization, controls, 
planning, and schedules of the Work. The Management Plan shall be consistent with the Project 
Quality Management Plan as defined in Section 20.3. The Management Plan shall include, at a 
minimum, the following specific information, including references to other plans as indicated: 
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a) An organization chart, including identification of all key personnel and managers for 
significant departments. The organization chart shall distinguish between lines of authority 
and communication, and clearly show both.  All Lead Technical Specialists must be shown 
on the organization chart.  

b) A management chart which clearly depicts the design, manufacturing, and testing roles and 
responsibilities of the Contractor and each major subcontractor or supplier for all 
components described in the Technical Specification. The company name, affiliation, 
principal contact and position, and the location at which the work will be performed shall be 
included. This information shall be consistent with, and expand upon, the Contractor's 
proposal, and is considered a critical submittal in the initiation of Contract work. System 
Integration responsibilities for all major interfaces shall be identified in the chart. This 
management chart, and any changes thereto, shall be as approved by JPB during the 
course of the Contract. 

c) Contractor’s Accident Prevention and Crisis Management Plan. 

d) A Work Breakdown Structure (WBS) and a Master Program Schedule (MPS).  Reference 
Section 22.3.3 for detailed WBS and MPS requirements. 

e) A description of the management tools and protocols used to insure that the vehicles will be 
provided per the approved Master Program Schedule.  

f)  A description of the management tools and protocols used to insure the development and 
utilization of the specified Technical Specification Compliance Matrix (TSCM).  Reference 
Section 1.3. 

g) A configuration management plan for all submittals,  including a method of control for 
subsequent revisions. 

h) A description of technical management tools used to insure that all vehicle subsystems are 
appropriately integrated with one another, with the vehicle, and with the wayside as needed. 

i) A subcontract management plan, which identifies all proposed Subcontractors and Suppliers 
whose subcontract, agreement, or purchase order with the Contractor, has a value in 
excess of $1,000,000. The plan shall identify the standards and criteria used to ensure 
Contract compliance by all Subcontractors and Suppliers. A Subcontractor or Supplier 
identified in the subcontract management plan for a portion of the Work shall be the same 
entity or person identified as the proposed prime Subcontractor or Supplier for said portion 
of the Work in the Contractor’s Proposal upon which the Agreement is awarded. 

j) A shipping plan to indicate the carriers by name, the insurance carriers, the methods of 
shipment, the duration of each transit, quantities being shipped, and arrival dates at JPB 
facilities. 

22.3.2 MONTHLY PROGRESS REPORT (MPR) 

Commencing one month following Notice to Proceed, the Contractor shall supply monthly 
progress reports to JPB. These reports shall be provided both textually and in graphical form, as 
appropriate.  

Each progress report shall be submitted monthly to JPB no later than the 10th day of the 
following month, and shall include the following as a minimum: 

 Summary of work accomplished during the month 
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 Comparison of the actual progress with the planned progress.  This would include the 
scheduled activities, major procurements, subcontracts, submittals, design releases, 
JPB-reviewed items, and any other activities and/or events that may potentially impact 
the approved schedule. 

 Contract Milestone status 

 Problem areas, with proposed solutions and/or work around plans 

 Change Order log 

 Action Item matrix 

 Weight report 

 Major work and program activities planned for the upcoming six months (“six-month look 
ahead” 

 Special reports may be requested by JPB. Topical reviews may be held to address 
problem areas 

22.3.3 MASTER PROGRAM SCHEDULE (MPS) 

A Master Program Schedule (MPS) shall be submitted monthly with the MPR. The MPS shall 
consist of a schedule narrative and a Critical Path Schedule (CPS). The narrative, at a 
minimum,  shall include the approach to the work and schedule, fabrication, manufacturing, and 
assembly plants and methods, FAI’s, testing, shipping, and delivery.  

The CPS shall show project milestones in calendar days with NTP as the starting date. Project 
milestones and activities shall be logically connected beginning with NTP. 

22.3.3.1 Work Breakdown Structure 

A Work Breakdown Structure (WBS) shall be submitted and approved by the JPB prior to the 
Contractor’s submittal of the initial Master Program Schedule (MPS).  The approved WBS shall 
constitute the foundation for the construction of the MPS with regard to Contractor’s scope of 
work.  The WBS shall be constructed in a hierarchal manner with the major tasks as 
independent headings and subtasks beneath.  As a minimum, the major tasks in the WBS shall 
include the following: 

 Planning 

 Design 

 Manufacturing 

 Testing 

 Acceptance (including User Education) 

 Warranty 

Subtasks shall be listed underneath the major tasks with as many hierarchal levels as 
necessary to convey the Contractor’s full scope of work. 

All tasks shall be numbered, using Engineering Decimal Notation. 

The corporate responsibility for each task shall be provided. 

Tasks shall not overlap one another. 
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22.3.3.2 Schedule 

The Contractor shall submit a Project Schedule which shall show key planning, design, 
manufacture, test, training acceptance and warranty activities, including all significant project 
events and milestones. The Schedule shall correlate to the WBS in a manner such that it will be 
possible to link each Contractor scope of work item on the WBS to an activity on Master 
Program Schedule. The Project Schedule shall include a Critical Path Method (CPM) analysis 
presented in Primavera P6Pro scheduling software. 

22.3.3.3 Schedule Controls 

The Contractor shall submit updated schedules monthly during the entire duration of the project. 
Since any schedule float belongs to the project, the Contractor shall not be entitled to any 
extension in Contract Time, or recovery for any delay incurred until all contract float is used or 
consumed and performance or completion of the work extends beyond the corresponding 
Contract Time. Any such extensions must be fully justified. 

The Project Schedule shall employ computerized Critical Path Method (CPM) for the planning, 
scheduling and reporting of the Work as described in the Technical Specification and the 
Contract Documents. The Contractor shall create and maintain the schedule using Primavera 
P6Pro scheduling software. 

Within seven (7) calendar days after award of Contract, the Contractor shall designate in writing 
an authorized Technical Manager, consultant, firm or representative as an assigned scheduler 
who shall be responsible for coordinating with JPB during the preparation and maintenance of 
the Work Breakdown Schedule and the Master Program Schedule. The Contractor shall verify 
the capability of the assigned scheduler by providing a description of projects to which the 
Technical Manager, consultant, firm or representative as the assigned scheduler has 
successfully applied CPM network analysis. This verification information shall include a 
minimum of two projects valued at least half the value of this Contract and which were 
controlled throughout the duration of the project by means of initial creation of, and periodic 
systematic review, update, and revision to, a CPM schedule. JPB may reject the Contractor’s 
proposed scheduler based on the resume. Notification of such will be given in writing, and the 
Contractor shall submit a substitute scheduler within ten (10) calendar days. The scheduler 
accepted by JPB may not be reassigned or replaced without JPB’s approval. No delays to any 
submittals are allowed due to rejection of a scheduler.  

The Contractor shall submit a Mobilization Plan, due on the day the JPB issues Notice to 
Proceed to the Contractor.  The Mobilization Plan shall detail, in a schedule format, the 
Contractor’s major planned activities for the first 30 days of the Contract, including, but not 
limited to, all activities in which the JPB is expected to participate.   

 

The Contractor shall update and submit the Project Schedule and Narrative Report on a 
monthly basis throughout the duration of the Work. The Data Date for recording monthly 
progress will be the 1st of each month. 

The Master Program Schedule shall consist of, but not be limited to, the following activities: 

 NTP 

 Baseline/Detailed Schedule Acceptance 
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 All Contractor and subcontractor design and procurement activities.  Toward this end, 
each major vehicle subsystem shall be identified by a dedicated heading, and the 
various phases of the design effort (Conceptual, Preliminary, Final) identified on the 
schedule.  The culmination of each phase shall be indicated by a design milestone.  
Intermediate design reviews of known significance within each phase shall also be 
indicated on the schedule.   

 Component, System and Vehicle Design Conformance Tests and First Article 
Inspections 

 All major product, document and user education deliverables 

 Spare Parts-related activities  

 Integrated Vehicle-Level Schematics and Narrative development 

 Manufacturing-related activities 

 Testing-related activities 

 Vehicle Delivery, Substantial Completion, Conditional Acceptance and Final Acceptance 
dates. 

 Contract Completion. 

The Master Program Schedule shall also show the sequence and interdependence logic of 
activities required for complete performance of the Work.  The Contractor shall ensure all work 
sequences are logically valid and that the schedule provides a coordinated plan of the work, 
clearly and accurately identifies the critical path, and provides a legend for all abbreviations. 

The Contractor shall respect the following protocols in the development of the schedule and 
schedule: 

a) A unique, logical activity number utilizing an alphanumeric designation system tied to the 
sequence of work 

b) A unique and specific description of the type of work and its location 

c) Activity durations in whole working days for computational purposes, but shown in 
months for graphical displays 

d) Do not use leads and lags when the creation of an activity will perform the same 
function. 

e) Do not use negative lags and when a positive lag is necessary it cannot be longer than 
the predecessor 

f) Do not use constraints in the schedule except for contractual milestones (JPB may allow  
exceptions to this requirement) 

g) The only open-ended activities shall be the first activity and the last activity; no additional 
open-ended activities will be accepted.  

h) Excessive predecessor/successor usage on any activity will not be permitted, and each 
activity must have a finish relationship as a successor. 

i) The schedule will have at least one chain of activities, linked by logic, that constitute a 
critical path from the current data date to the completion of the project. Critical Path is 
defined as those activities on the longest path through the network. The critical path 
shall be noted on the baseline schedule and each update in red. 

j) All float contained in the Project Schedule, as initially accepted or generated thereafter, 
shall be considered a project resource available to either the Contractor or JPB as 
needed. 
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k) The Contract completion date as determined by the allowed number of days is for the 
sole benefit of JPB and while the Contractor may plan and schedule it’s work in a 
manner that enables early completion of the Contract, JPB shall have no liability to the 
Contractor and the Contractor shall have no Claim against JPB for any delay associated 
with the Contractor’s early completion of its work. 

l) Use of float suppression techniques, such as: preferential sequencing (arranging critical 
path through activities more susceptible to JPB-caused delay), special lead/lag logic 
restraints, zero total or free float constraints, extended activity times, or imposing 
constraint dates other than as required by the contract, shall be cause for rejection of the 
project schedule or its updates. 

JPB reserves the right to require certain schedule, work breakdown structure, or file naming 
system codes to be used in order to integrate this vehicle procurement with other projects. Any 
such requirements will be provided to the Contractor after NTP. 

Activity Calendars should use five (5) working days or seven (7) working days (i.e. procurement, 
deliveries) with basic JPB holidays identified.  

In developing the Master Program Schedule, the Contractor shall be responsible for ensuring 
that the Subcontractor work scope and sequencing at all tiers, as well as its own work, is 
included within the schedule. If a subcontract for a Subcontractor has not yet been awarded for 
a certain portion of the work, the Contractor remains responsible for the development of the 
schedule for the work as described under this item. After the Subcontractor award of 
subcontract, the Contractor shall modify this data to reflect any changes resulting from this new 
contractual arrangement. In no event, shall such schedule modification extend a milestone. 

Once the Master Program Schedule is approved by JPB, it becomes the Baseline Schedule for 
the project. Progress payments due to the Contractor shall be withheld if the Contractor fails to 
submit an acceptable Baseline Schedule. 

22.3.3.4 Submittal Details 

Every submittal of Schedule and Narrative will be in both native file format and Acrobat PDF 
format, and uploaded into SharePoint, or some other source as directed by the JPB. 

22.3.3.5 Preliminary Schedule 

The Contractor shall submit a Preliminary Schedule to the JPB within fourteen (14) calendar 
days following JPB issuance of Notice to Proceed. The Preliminary Schedule shall incorporate 
all planned activities within the first 180 days after NTP. 

The purpose of the Preliminary Schedule is to provide interim initial scheduling while the 
Contractor prepares, submits and obtains approval of its overall Project Baseline Schedule. 

The Preliminary Schedule will incorporate all planned activities within the first one hundred and 
eighty (180) days after NTP, followed by interim summary activities for the duration of the 
Work. Except for the interim summary activities, preparation of the Preliminary Schedule and 
detailed activities shall comply with the requirements specified for the Baseline Schedule. 

Interim summary activities will be consistent with the Contractor’s planned critical path and flow 
of work through completion of the contract. Interim summary activities in the Preliminary 
Schedule are not limited in activity duration and shall be replaced in the Baseline Schedule by 
detailed work activities.  
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22.3.3.6 Baseline Schedule 

The Contractor will submit a Baseline Schedule to the JPB within fourteen (14) calendar days 
following JPB issuance of Notice to Proceed. The baseline schedule shall be a Critical Path 
Method Schedule and utilize coding structure provided by the JPB. 

The Baseline Schedule will be consistent with all requirements set forth in section 22.3.3.3. 

22.3.3.7 Monthly Schedule Progress Updates 

Progress Schedules will consist of an updated schedule based on the Baseline Schedule, and 
must be submitted to the JPB on a monthly basis. Progress Schedule must be maintained 
current and revised as necessary to accurately depict the Contractor’s actual prosecution of 
the work.  

On a monthly basis, the Contractor shall submit the above described project schedule and a 
narrative including  

 a description of the progress for all scheduled activities and deliverables during the 
report period,  

 an estimated percent completion of all scheduled activities and deliverables in process,  

 a description of any delays and technical problems that occurred during the report period 
and an explanation of the delays/problems, including a description of delaying/problem 
factors, their impact, description of the corrective actions taken or proposed to mitigate 
those delays/problems, and  

 comments on the status of the next month’s major tasks.   

This report may be integrated with the Monthly Progress Report, required by Section 22.3.2. 

JPB's review of the Contractor's Baseline Project Schedule shall be for conformance to the 
requirements of the Technical Specification and Contract Documents only. Acceptance by JPB 
of the Contractor's Baseline Project Schedule does not relieve the Contractor  of any of its 
responsibilities with regard to the Baseline Project Schedule, or of the Contractor’s ability to 
meet interim milestone dates (if specified) and the Contract completion date, nor does such a 
review and acceptance expressly or by implication warrant, acknowledge or admit the 
reasonableness of the logic, durations, manpower or equipment loading of the Contractor’s 
Baseline Project Schedule. The schedule update “data date” (or the schedule “cut-off” date) 
should be the first day of the month. The Contractor shall submit schedule update and narrative 
report within ten (10) calendar days of the data date. 

Updating the Baseline Project Schedule to reflect actual progress made up to the date of a 
schedule update shall not be considered revisions to the Baseline Project Schedule. If, as a 
result of the monthly schedule update, it appears the Baseline Project Schedule no longer 
represents the actual execution and progress of the work, the Contractor shall submit a revision 
to the Baseline Project Schedule for the JPB’s consideration. 

In the event of disagreements at the Progress Review Meetings (reference Section 22.3.4) 
concerning actual progress to date, JPB's determination shall govern. Upon completion of the 
progress review meeting, the Contractor shall revise the Baseline Project Schedule to reflect 
progress as of the data date of the progress review meeting and include any approved revisions 
to the Baseline Project Schedule.  

22.3.3.8 Recovery Schedule 

If the Baseline Project Schedule appears to no longer allow attainment of the Project completion 
date, the Contractor shall submit a revised project schedule that has been adjusted to recover 
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the current slippage. Such recovery schedule shall meet the requirements of the Master Project 
Schedule as delineated herein and shall be maintained alongside the Baseline Project Schedule 
until such time as recovery is accomplished. The Contractor may improve the schedule by 
performing sequential activities concurrently, or by performing activities more quickly than 
planned with additional manpower or equipment. The Contractor will attach a written narrative to 
the recovery schedule that will describe each of the revisions to the schedule logic, activity 
durations and/or assigned manpower. 

22.3.3.9 Time Impact Analysis for Proposed Change Orders and Delays 

Should the Contractor propose an extension of the project duration due to a Change Order or 
other occurrence on the project, the Contractor shall submit to JPB a written Time Impact 
Analysis illustrating the influence of the change order or occurrence on the Contract Schedule. 
Each Time Impact Analysis shall include a Fragmentary Network (Frag Net) incorporated into a 
copy of the then-current Project Schedule demonstrating how the Contractor proposes to 
incorporate the change order or occurrence into the Project Schedule. The Time Impact 
Analysis shall generally describe the effect of the impact based on the date of the occurrence; 
the design/production/testing status at that time; and the schedule recalculation of all affected 
activities. Upon acceptance of a change order, the Contractor shall update the Project Baseline 
Schedule with the change order Frag Net to produce a revised Baseline Schedule. Time 
extensions will not be granted for any duration in which the Contractor was otherwise 
concurrently delayed. Upon approval by JPB, the change order or occurrence shall be included 
in the next Baseline Schedule update. 

The Contractor shall notify JPB within five (5) days of any occurrence that may justify an 
extension of Contract time, or adjustment of milestones. The Contractor shall demonstrate 
(using a Frag Net) how such occurrence may affect the schedule, then track such effects noting 
any changes in sequencing and/or mitigation efforts. The status of work prior to, the predicted 
effect, and the effects during and after the occurrence shall be compared to determine any valid 
Contractor time extension or milestone adjustments. 

An extension in the scheduled date of Contract intermediate milestones, Substantial Completion 
of a portion of or of all the Work, or Final Completion will only be granted in the event of 
Excusable Delays affecting Work activities on the critical path or on activities which due to the 
delay become critical. 

22.3.4 PROGRESS REVIEW MEETINGS (PRM) 

The objective of the Progress Review Meetings (PRM) is to review the past project activities, 
discuss the current project status and elaborate on the future project activities.  

The first meeting shall be held one month after NTP. PRMs will be held monthly unless agreed 
otherwise. Depending on the subject matter to be covered in the Progress Review Meetings, 
JPB may opt to conduct meetings at the car construction facilities or facilities of the Contractor's 
subcontractors. JPB will make this known to the Contractor at least ten (10) calendar days prior 
to the meetings. 

The Contractor shall submit an agenda to JPB ten (10) working days prior to the meeting. 

The Contractor shall distribute an agenda that includes JPB comments to all participants 
expected to attend the meetings three (3) working days prior to the scheduled meeting date. 

The appropriate Contractor personnel, based upon anticipated agenda, shall attend. 
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The Contractor shall prepare all meeting minutes of the Progress Review and Design Review 
Meetings and submit to JPB for review process and approval within five (5) working days of the 
meeting. The Contractor shall produce a cleanly typed working draft of the minutes of the 
meeting on the last day of the meeting. 

22.4 DESIGN MANAGEMENT 

22.4.1 GENERAL 

The Contractor shall implement efficient design management and design control processes to 
ensure that: (1) Specification design requirements are correctly translated into drawings and 
specifications used for procurement, manufacture, and testing and (2) that all specification 
requirements are incorporated into the design. 

The Contractor shall be responsible for all drawings and engineering changes presented by 
subcontractors and suppliers. 

The Contractor shall implement a Configuration Management Plan that maintains and assures 
the latest design configuration, whether manifested as a drawing, an analysis, an electronic file 
or other, is made available as quickly as practical to the JPB and relevant stakeholders, and that 
obsolete contract drawings and requirements are promptly removed from the system. 

Means of tracking the design changes, retrofits, upgrades, and field modifications shall be 
developed and implemented to assure that the latest car configuration shall be employed and 
made available to JPB. 

22.4.2 DRAWINGS, DOCUMENTS AND DATA AND ASSOCIATED CHANGES 

The Contractor shall use ANSI/NISO Z39.18-2005 (R2010), Scientific and Technical Reports – 
Preparation, Presentation, and Preservation as a guide in preparing the technical 
documentation to JPB for review and approval. 

The technical documentation shall define the configuration of system equipment in design, 
development, test, production, or operation, and shall describe the configuration to the lowest 
review and approval level required to ensure repeatable performance, quality, and reliability. 

The Contractor shall employ and maintain release (current version) records for technical 
documentation that defines and describes configurable design. Contractor submittals shall be 
provided in electronic format and shall be sufficiently detailed to enable JPB to determine with a 
high degree of confidence (based on applicable industry standards and practices) that the 
Contractor will deliver vehicles conforming to the Contract Documents, and which are designed 
and suitable for the environment in which they will be used.  

A clear and sufficiently detailed narrative shall be an integral part of all submittals.  

All dimensions shall be expressed in the English system. Where other dimensional systems are 
used, the equivalent English measurements shall be added, leaving the original intact and 
readable. 

All terminology used shall be conventional to the U.S. transit and railroad industries  

The Contractor shall submit fifteen (15) calendar days after NTP the templates and/or samples 
of all documentation it intends to submit in the course of the project, i.e., correspondence, 
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drawings, progress reports, test reports, and other documents. A mutual numbering scheme 
and document control plan will be discussed at the Kick-off Meeting.  

Changes to the approved documents, drawings, or data shall be controlled by the processing of 
engineering change requests (ECRs).  

A Class I ECR is an engineering change to any part, assembly, or equipment item of the vehicle 
when form, fit, function, interchangeability, or Specification requirements are affected.  

All other changes shall be designated as Class II changes. 

All Class I ECRs, together with documentation and cost information, shall be submitted to JPB 
for review; Class II ECRs shall be submitted to JPB for information only. 

The Contractor shall maintain and submit monthly to JPB for information an Engineering 
Change Status Report, which shall list all Class I and Class II changes, including their status 
and completion dates.  

22.4.3 DESIGN REVIEW PROGRAM 

The Contractor shall schedule and conduct design reviews for vehicles, all major vehicle 
systems, and systems integration. JPB will participate in all design reviews. 

Design reviews shall address all aspects of the system under consideration. The Design Review 
effort shall be continuous, and divided into three phases: (1) the Conceptual Design Phase, 
(2) the Preliminary Design Phase, and (3) the Final Design Phase.  There will be numerous 
intermediate design reviews within each phase on a per system basis (at least one per system; 
several for the more complex systems). Each phase shall culminate in a milestone design 
review in which all systems are discussed at the same gathering, or series of gatherings.  Prior 
to each milestone design review, a review package shall be submitted by the Contractor.  The 
review package shall include all relevant SFDs, drawings, technical data, analyses and any 
items needed for a meaningful technical dialogue.    

As a minimum, the following system designs shall be discussed at independent, dedicated (per 
system) design reviews, and be included in the milestone design review at the culmination of 
each phase:   

a) Carbody and Interior Design 
b) Trucks and Suspension 
c) Couplers, Drawbars and Draft Gear 
d) Train Control Network (MVB + WTB) 
e) Monitoring and Diagnostics System 
f) Auxiliary Power System 
g) Propulsion System 
h) Friction Brake System 
i) Side doors and door controls 
j) HVAC 
k) Communication and Passenger Information System 
l) Lighting System 
m) Positive Train Control (PTC) System 

Agenda items for each design review shall include the following: 

 Introduction of those in attendance (roles and responsibilities) 

 Technical dialogue regarding all aspects of the design: 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS22-11 (Conformed6/22/2016) 
 Section 22 – Contract Management 

o Discussion of the design approach 

o Discussion of the unresolved JPB design comments 

o Discussion of the system interface engineering with all other systems 

 Discussion of the systems RAMS design  

 Discussion of the systems Integrated Schematics and Narratives progress 

 Discussion of the system User Education progress 

 Discussion of the system schedule progress  

The Contractor shall submit as much design information as possible as it is produced by the 
Contractor and the Contractor’s subcontractors. JPB shall receive design information in small, 
up-to-date installments such that most problems can be discussed and resolved early within 
each design phase. Ideally, the milestone design meeting culminating each design review 
phase should be limited to confirmation of previously approved submittals and to the resolution 
of open items.  

The Contractor shall submit a detailed agenda and relevant dates for each design review 
meeting to JPB at least thirty (30) working days prior to the meeting date. The agenda shall 
include all categories of design review topics noted above.  The Contractor shall also provide 
five (5) copies of each relevant drawing to JPB prior to the PDR. 

Following are the requirements and expectations relevant to each specific design review phase: 

22.4.3.1 Conceptual Design Review (CDR) Phase 

The purpose of the CDR phase is for the Contractor to seek the JPB’s early agreement on the 
approach to the design of the vehicle and its systems. The designs proposed during the CDR 
phase shall be based on and consistent with this Specification, and shall provide sufficient 
information to fully describe the design approach and any alternatives that may be available, 
and to detail the performance of each subsystem relative to the Specification requirements. The 
CDR phase shall be implemented progressively on a system-by-system basis. The Contractor 
shall include Subcontractor participation at each CDR phase design review meeting. 

The detailed content of the Contractor packages submitted for the CDR phase milestone design 
review shall describe the work completed during this phase of the Contract. A final package of 
all required and Approved submittals (drawings, analyses, calculations, samples, test reports, 
etc.) shall be prepared and presented to the JPB at the conclusion of the CDR phase as 
validation for the progression into the Preliminary Design Review (PDR) phase. 

22.4.3.2 Preliminary Design Review (PDR) Phase 

A formal PDR phase shall be implemented to capitalize on the progress made during the CDR 
phase. It is anticipated that by the conclusion of the PDR phase approximately 60 percent (60%) 
of the total engineering effort required for the vehicles will be completed. 

In addition to individual system design and overall system integration, reliability, maintainability 
and safety of system designs shall be the primary focus within the PDR phase. 

The detailed content of the Contractor packages submitted for the PDR phase milestone design 
review shall describe the work completed during this phase of the Contract. PDR packages and 
meeting agendas shall include review of design elements due during the PDR phase, and other 
topics or scheduled work required in these Technical Specifications or as agreed to by the 
Contractor and the JPB. A final package of all required and approved submittals (drawings, 
analyses, calculations, samples, etc.) shall be prepared and presented to the JPB at the 
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conclusion of the PDR phase as validation for the progression into the Final Design Review 
(FDR) phase. 

22.4.3.3 Final Design Review (FDR) Phase 

The FDR phase shall be conducted incrementally as the detailed design of each subsystem 
approaches completion, production-level drawings are made ready for review, and design 
conformance tests for each component and system are performed. All drawings shall be 
available for review at each design review session. The FDR phase shall be that phase in which 
it is confirmed that the design of the system/subsystem under review fully complies with the 
Specification requirements. During the FDR phase, the Contractor shall demonstrate that all 
design-related safety hazards have been mitigated to the JPB’s satisfaction. 

The detailed content of the Contractor packages submitted for the FDR shall present the work 
completed during this phase of the Contract as detailed in the Contractor’s Approved WBS and 
MPS. FDR packages and meeting agendas shall include confirmation of design elements and 
other topics or scheduled work required in these Technical Specifications A final package of all 
required and approved submittals (drawings, analyses, calculations, samples, test reports, 
inspection reports, etc.) shall be prepared and presented to the JPB at the conclusion of the 
FDR phase. 

The Final Design Review Phase shall be considered closed at the successful conclusion of the 
milestone FDR design review meeting and when all component and system Design 
Conformance Tests and First Article Inspections for those components and systems which were 
part of the design review process are fully approved.   

22.4.3.4 Design Baseline and Conformed Specification 

The design baseline shall be established at the completion of the Final Design Review Phase 
and will serve as the premise for the conformed specification and subsequent change control 
procedures. The design baseline configuration drawings, material specifications, and 
procedures shall be submitted to JPB.  

22.4.3.5 Production Baseline 

The production baseline shall be established at each DCT and FAI and again at a vehicle level 
prior to shipping the first EMU. Changes after DCT and/or FAI shall be documented and 
submitted to JPB. 

The FAI unit(s), with the exception of the EMU, shall be retained at the FAI location to be used 
as a standard and only shipped as the last unit(s). 

22.4.4 IMPLEMENTATION OF THE DESIGN REVIEW PROCESS 

All Contract Documents shall be submitted to JPB for review, the JPB-assigned disposition 
which will be “Approved”, “Conditionally Approved”, “Review and Resubmit”, or “Information 
Only. 

The Contractor shall review Subcontractor submittals (documents, drawings, procedures, data 
sheets, etc. and stamp accordingly.) prior to sending them to JPB. JPB will review and respond 
only to those submittals that were stamped “Approved” or “Conditionally Approved” by the 
Contractor. Review and Resubmit Subcontractor submittals shall not be forwarded to the JPB. 
Other submittals will be forwarded for “Information Only” and JPB responses will not be 
provided, unless the JPB determines that there is a need to do so. 
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“Approved” means JPB concurs with the information in its submitted form and the Work shall 
be performed in accordance with the information submitted. 

An approval shall not be construed as permitting any departure from the Contract, unless the 
submittal requests a deviation and JPB issues a waiver or a Change Order, or relieving the 
Contractor of any responsibility for the design. 

“Conditionally Approved” means JPB conditionally agrees with the submitted information in 
principle, but some details must be changed as indicated by the JPB comments. 

The Work on the affected item may proceed concurrent with mitigation by the Contractor of the 
conditions for approval. 

“Review and Resubmit” is defined as JPB not accepting the design, requiring the Contractor 
to revise and resubmit the document, drawing or data to JPB based on the comments provided 
by JPB, prior to commencing the affected portion of the work. 

“Information Only” is defined as the submittal was provided as information to assist in review 
of a required submittal or to satisfy a request. Specific approval and comment not required. 

22.4.5 AS-BUILT DRAWINGS 

Within three hundred and sixty five (365) days following the acceptance of the first EMU, the 
Contractor shall submit a comprehensive list of every as-built drawing, schematic, electronic 
circuit, and wiring diagram, accompanied bill of material and related narrative produced by the 
Contractor and at every level of the Subcontractor and supplier.  

Within one hundred and eighty (180) days of the approval of the list, the Contractor shall submit 
all documents on the list. 

All required information shall also be supplied in a single approved electronic format.  

22.5 CAR HISTORY BOOKS 

The Car History Book shall contain a record of tests, measurements, analysis, procedures, 
origins and identity of major components, and hardware and software configurations performed 
on each specific car. Forms and records included in the book shall contain signatures and 
certifications as appropriate.  

Each car’s history book shall accompany the car through manufacture, acceptance and the 
warranty period. The contents of the book shall be originals. 

The book’s cover/binder and all external labels shall be durable, robust and waterproof. The 
cover/binding shall reasonably match the thickness of its contents. Pages must be arranged so 
that photocopies can be accomplished without compromising the integrity of the binding. 

The Contractor shall provide the proposed Car History Book format and the Table of Content to 
JPB within one hundred and twenty (120) days of NTP.  

The Contractor shall submit to JPB the Car History Book, as both a hard copy and in an 
approved electronic format and media, for each vehicle within two (2) weeks of car acceptance.  

The Contractor shall be responsible for employing an acceptable system of configuration control 
in keeping individual Car History Books current. 



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS22-14 (Conformed6/22/2016) 
 Section 22 – Contract Management 

22.6 SPECIFICATION REVIEW MEETING (SRM) 

In order that the Contractor acquires a comprehensive understanding of the Technical 
Specification requirements, the Contractor shall arrange for a series of engineering meetings 
commencing no later than four weeks post-NTP.  Qualified Subcontractor engineers shall be 
present at those meetings in which their systems are discussed.  The Contractor’s technical 
management staff and individual systems engineers shall also be in attendance. 

The meeting shall progress through the Technical Specification system-by-system.  The 
dialogue will be open, with the JPB emphasizing key points and the Contractor/Subcontractor 
asking questions in order to solidify their understanding of both the JPB’s requirements and 
intent.   

The Contractor is cautioned that the SRM is not to be used as a forum for the Contractor and/or 
Subcontractor to seek relief from certain hardware or other relatively minor requirements.  The 
thrust of the SRM discussions shall be concept-based.  An acceptable approach would be for 
the Contractor (or Subcontractor) to open the discussion of each system by making a 
presentation of their design philosophy for that system followed by an active technical dialogue 
amongst all parties in attendance.   

22.7 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7.  

22.8 CITED REFERENCES 

The following standards or references were cited in this Section: 

STANDARD TITLE 

None  
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23.1 GENERAL 

The Contractor shall provide mock-ups, education, and all tools necessary for the JPB 
personnel to support EMU operation, service, and maintenance. 

The Contractor shall provide qualified personnel to assist in performing technical support both 
on and off JPB property. This support shall be available from the time the first EMU is delivered 
onto JPB property until the completion of the warranty period of the last vehicle. Also, personnel 
shall be available as needed before the first EMU is delivered in order to advise the JPB about 
how to best prepare the maintenance facilities to accommodate the EMUs. 

23.1.1 ON-SITE PERSONNEL 

The Contractor shall provide full-time, on-site, and qualified maintenance personnel to perform 
maintenance (warranty repairs, troubleshooting, diagnostics, field modifications, etc.) of the 
vehicle and all on-board systems and respond to JPB questions related thereto; to assist with 
testing; and to resolve operation and maintenance problems from the time the first EMU is 
delivered onto JPB property until the completion of the warranty period of the last vehicle. The 
personnel shall provide support during the warranty period, by diagnosing and repairing failures, 
providing spare parts, and responding to any warranty claims, including initiation and follow-up 
of remedial actions. On-site personnel shall include field-service engineers, technicians, and 
repair personnel as required, to provide 24-hour coverage. All expenses for providing this 
support shall be borne by the Contractor. On-site support personnel tasks shall include, but not 
be limited to the following:  

a) On-site commissioning and testing 

b) Reliability program support 

c) Warranty program support 

d) Troubleshooting support 

e) Additional training and continuing education support 

f) Technical support for maintenance activities in the field 

g) Developing alternative sources of spare parts and maintaining contact with spare part 
suppliers 

h) Providing technical studies and evaluations as required 

i) Coordination with the JPB regarding the completion of all approved field modifications 

All on-site support personnel shall have a minimum of five (5) years of experience in the design, 
manufacture, installation, and maintenance of the EMU equipment and shall be fluent in 
English, verbal and written. 

23.1.2 ON-CALL PERSONNEL 

During the period of acceptance testing through the completion of all of the warranty periods, 
the Contractor shall provide on-call engineering and technical specialists for technical 
assistance, warranty-related repairs, investigation and correction of repetitive failures or design 
defects. The Contractor shall, within one working day from receipt of the JPB‟s request for 
assistance, notify the JPB as to its proposed course of action, including the names and titles of 
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response personnel and the time and date of their arrival on-site, if such on-site support is 
requested by the JPB. The JPB shall have the right to take corrective action(s), at the 
Contractor‟s expense, if in the JPB‟s opinion the Contractor‟s corrective action plan 
inadequately addresses the JPB‟s concerns. The Contractor will be informed of the JPB‟s intent 
to take corrective action in order to afford the Contractor the opportunity to revise its plan to the 
JPB‟s satisfaction. 

23.1.3 TECHNICAL SUPPORT PLAN 

The Contractor shall submit a Technical Support Plan to the JPB detailing how they intend to 
satisfy the technical support requirements of this Contract. The plan shall be submitted sixty 
(60) days before delivery of the first EMU and shall include: 

a) The Contractor‟s approach to technical support.  As a minimum, this plan shall include: 

 Description of how the cars will be shipped to the JPB 

 Description of the vehicle unloading process onto JPB property 

 Description of Contractor‟s plan for establishing a semi-permanent facility from which 
to operate during the design conformance, commissioning, acceptance testing and 
warranty phases of the fleet delivery process 

 Description of what the Contractor will need the JPB to provide during the fleet 
delivery process 

 A detailed description of the Contractor‟s design conformance test plans, including a 
test schedule 

 A detailed description of the Contractor‟s commissioning process 

 A detailed description of the Contractor‟s acceptance testing process 

 A detailed description of the Contractor‟s warranty plan and procedures 

 Description of the Contractor‟s plan to provide spare parts for testing, acceptance 
and warranty 

b) An organizational chart indicating the organization and the technical support staff. 

c) The qualifications and resumes of the persons who shall provide the technical support. 

d) Plan for accessing the on-call support personnel.  

23.2 MOCK-UP AND PRESENTATION MATERIAL. 

The Contractor shall provide a production cab mock-up; public demonstration samples, 
renderings and computer simulations; and, models that will be used as follows: 

a)  Public demonstration samples. (TS 23.2.1) 

b) Models. (TS 23.2.2) 

c) Renderings and computer simulations. (TS 23.2.3) 

d) Production cab mock-up. (TS 23.2.4) 

For all elements described herein, excluding 23.2.4, JPB will have thirty (30) work days to 
demonstrate and receive public feedback about the samples plus fifteen (15) additional work 
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days to collect and analyze the results, before providing a response to the Contractor, 
irrespective of other turn-around requirements for Contractor submittals in the Contract. 

23.2.1 PUBLIC DEMONSTRATION SAMPLES  

General 

Public outreach as part of the new bi-level EMU procurement process is an important 
component of JPB planning and project delivery. The public demonstrations samples are an 
integral part of the public outreach.  

The Contractor shall submit, thirty (30) calendar days after NTP, a Public Demonstration 
Samples Development and Delivery Plan, including a delivery schedule addressing the design, 
production and delivery activities.  

The plan shall contain, as a minimum:  

 The design, production and delivery steps, and a schedule of all steps and activities 

 A description, (with applicable documentation) of the materials and expected finishes 

The deliverables shall be safe and withstand handling by the public.  

The Contractor shall submit all relevant drawings, Material Safety Data Sheets [MSDS] and 
samples to the JPB. 

JPB will commit necessary resources to assist with (a) the design, (b) the selection of the 
materials and finishes, and (c) an efficient review process.  

Once the public outreach is complete, the samples shall become the property of the JPB.  

23.2.1.1 Public Demonstration Samples’ Specifics 

The JPB intends to keep the samples in the Bay area, which will be sufficient for the public to 
examine the samples and provide feedback.  

The Contractor shall deliver the samples as soon as they become available. 

23.2.1.1.1 Prototype Seating 

The Contractor shall prepare three different prototype seat concepts to the JPB. Once the JPB 
approves the seat type, the Contractor shall deliver this type for public demonstration.  

The Contractor shall deliver four of the approved prototype seats for demonstration.  

23.2.1.1.2 Decorative Material Samples 

The Contractor shall provide three samples of each material (i.e., plastics, upholstery, paint 
chips, floor coverings, and other decorative materials) to the JPB.  

23.2.1.2 Handholds 

The Contractor shall deliver a sufficient number of handholds and supports so as to be utilized 
by up to ten individuals.  

23.2.1.3 Bicycle Stands 

The Contractor shall deliver bicycle stands and securing mechanisms capable of demonstrating 
the installation of up to twenty (20) bicycles.  



PCEP Procurement of Bi-Level EMU Vehicles 

Contract #14-PCJPB-P-056 TS23-4 (Conformed 6/22/2016) 
Section 23 – In-Service Support 

23.2.1.4 Lavatory 

The Contractor shall deliver one non-functional lavatory capable of demonstrating space and 
approaches. It shall be ADA compliant.  

23.2.1.5 Interior and Exterior Lighting Samples 

The Contractor shall deliver two types of each light.  

23.2.2 MODELS 

Within thirty (30) work days after the JPB‟s acceptance of the exterior design, the Contractor 
shall commence building two hundred (200) scale models of each car type for internal and 
external distribution and two (2) six-car Trainsets for display purposes. The car models shall be 
built so they are no smaller one-hundredth scale.  The trainset models shall be built so they are 
no smaller than one-seventy-fifth scale and shall be complete with a mounting base, clear 
plastic cover and carrying case. The completed models shall be delivered to JPB no later than 
180 days prior to the delivery of the first car. 

23.2.3 RENDERINGS AND COMPUTER SIMULATIONS 

23.2.3.1 RENDERINGS  

The Contractor shall furnish five (5) copies 11” x 17” and an electronic version of a color, 
isometric-perspective, artistic vehicle rendering (in the form of a drawing). The renderings shall 
be delivered to JPB no later than sixty (60) calendar days after NTP. The Contractor shall also 
provide an additional five (5) interior and five (5) exterior color detail renderings to JPB at 
various, relevant stages during the development of the car design and appearance. 

23.2.3.2 COMPUTER SIMULATIONS 

The Contractor is to submit the computer simulation similar to one discussed during the 
negotiation at San Mateo. 

23.2.4 PRODUCTION CAB MOCK-UP 

The Contractor shall provide a fully detailed cab mock-up.  The mock-up shall extend from the 
rear bulkhead of the cab (inner facing surface of the passenger area) forward to the windshield, 
sufficiently far enough so that all operator sightlines can be examined. The mock-up shall be 
available before the cab arrangement is finalized and will allow the JPB sufficient time for review 
and design change.  The mock-up shall contain sufficient detail to enable JPB to fully visualize 
and critique the final design concept and details. 

The mock-up shall be complete with regard to both exterior and interior details, and shall show 
the location and arrangement of all cab devices including, but not limited to, the windshield, 
control console, Train Operator's Display (TOD), doors, lockers, windshield demisters, windows, 
windshield wipers, information signs, sun visors, and seats.  Operable interior and exterior 
lighting and air distribution systems shall be included. Actual components and construction 
materials shall be used throughout; however, substitute materials, as approved, may be used 
provided that their use does not substantially alter the configuration of the intended full design.  
The use of any substitute components and/or materials must be individually approved by the 
JPB.   
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The mock-up shall be reviewed and inspected by the JPB at the Contractor's facility throughout 
its construction phases.  JPB comments generated during inspections shall be incorporated into 
the mock-up.  The Contractor shall demonstrate on the mock-up that, as a minimum, the 
following requirements are met before the represented designs are finalized, and prior to 
production: 

a) General industrial design of the cab is acceptable to JPB 

b) Glare and reflections on the windshield have been minimized so that light sources inside 
and outside of the car do not obscure the Operator's vision through the windshield 

c) Indicators and displays are clearly legible and readable under all conditions, including 
bright sunlight 

d) The cab equipment is functionally designed with all cutouts, bypass switches, and circuit 
breakers logically zoned and grouped. This requires that the maintainability aspects of 
all cab equipment shall be thoroughly investigated and defined. 

e) The cab console, inclusive of the TOD and other displays and controls normally 
available for Operator use, shall be developed with proper consideration for function and 
ergonomics 

f) Proper operation of windshield heater 

g) The sun visors properly shade the Operator from bright sunlight without compromising 
safe visibility through the windshield or side windows 

h) Exterior lighting levels 

i) The front destination sign meets the requirements of Section 14.6.1 

j) The Operator‟s seat functions as required, and allows the Operator easy access to all 
operational needs and provides the required visibility 

23.3 NOT USED 

23.4 USER EDUCATION MANUALS 

Unless otherwise specified, the Contractor shall follow the process for developing and 
organizing technical documentation as specified in APTA RP I&M-002, latest version, 
“Recommended Practice for Passenger Rail Equipment Technical Documentation.” The 
following technical documents shall be produced for the equipment supplied under this Contract.  

TITLE QUANTITY 

Operating Manual 250 

Fault Isolation Guide 10 

Integrated Schematics and Narrative 10 

Maintenance Procedures Manual 10 
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TITLE QUANTITY 

Illustrated Parts Catalog 10 

Education Program 10 

The goals of the technical documents shall be completeness and accuracy of technical material 
coverage in the most concise manner possible. Abbreviations, acronyms, definitions, and 
symbols used in the Technical Documents shall comply with the current version of the following 
standards: 

 ASME STD Y14.38, Abbreviations and Acronyms 

 IEEE STD 315, Graphic Symbols for Electrical and Electronic Diagrams 

 IEEE STD 91, Graphic Symbols for Logic Diagram 

 ASME STD Y32.10, Graphic Symbols for Fluid Power Diagrams 

 ASTM/IEEE SI10, American National Standard for Use of the International System of 
Units (SI): The Modern Metric System 

 IEEE STD 100, The Authoritative Dictionary of IEEE Standard Terms 

JPB will consider allowing the Contractor the use of IEC60617 Graphical Symbols for Diagrams.  

23.4.1 GENERAL 

The Integrated Schematics and Narratives, the User Education Manuals and Illustrated Parts 
Catalogs are an integral part of JPB‟s maintenance operation. Consequently, the Contractor 
shall develop these deliverables for this Contract following a very strict and systematic process 
including a number of review cycles.  For systems that include JPB-furnished material, the 
Contractor shall incorporate all JPB-provided information, data, illustrations and other similar 
items into the user education deliverables created for this project. This incorporation shall be 
seamless, and such JPB-furnished material will not be simply attached as an appendix to the 
Contractor‟s other deliverables, but integrated as a whole. 

In addition to printed versions of the deliverables, the Contractor shall supply electronic versions 
of all materials and the associated support system(s) to allow JPB to maintain the deliverables 
once the Contract is completed. 

JPB shall have the full and unrestricted right to use, copy, convert, change, modify, publish, 
post, embed and/or link any and all user education material, including text, graphics and other 
data, without the permission or approval of the Contractor or any of its Subcontractors or 
suppliers. To document this right, prior to delivery of the first draft deliverable, the Contractor 
shall provide a written document, signed by the appropriate Contractor personnel, that provides, 
transfers and allows JPB the full and unrestricted right to copy, convert, change, modify, 
publish, post, embed, link or in any way use any and all Maintenance Manual information 
provided under this Contract.  

The provided written document shall include use of all material provided as part of the 
Interactive Web-Compatible Manuals and Drawing (IWCM) defined in Section 23.4.2 and shall 
in no way limit JPB‟s ability to use the provided Maintenance Manual information as JPB deems 
appropriate. 
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Unless specifically stated otherwise, the use of the word “manual(s)” shall mean any and all 
manuals and catalogs specified anywhere in this Technical Specification, including training 
Materials. 

23.4.1.1 User Education Manuals Program Plan 

The Contractor shall prepare a User Education Manuals Program Plan. The purpose of this plan 
is to identify all of the elements associated with the development of manuals for this Contract. 
As a minimum, the plan shall include: 

a) A description of the process the Contractor intends to follow to develop the manuals 

b) The schedule for manuals development 

c) A Manuals‟ Style Guide.  The Contractor shall submit a style guide, including an 
electronic version, and format for each of the manuals required under this Contract. The 
Contractor shall use the style guide to develop all manuals. All Subcontractors shall use 
the same style guide for the development of their manuals for use on this Contract.  

d) An organization chart showing the person with overall responsibility for development of 
the manuals, along with all persons, departments, or vendors who will be working on the 
manuals. 

e) The methods to be used to assure that the manuals reflect the reliability and 
maintainability analyses upon which they are based 

f) The revision tracking methodology to be used in the manuals 

g) The Contractor‟s approaches to using the styles provided in the Style Guide. 

h) The quality program to be used to assure the accuracy and completeness of the 
manuals 

i) The audit and sign-off sheets that shall be used during manuals development 

j) A plan for serializing, updating and issuing each set of manuals 

k) A description of how the manuals‟ information supplied to the Contractor by the various 
Subcontractor‟s will be: 

 Received in a timely manner 

 Reviewed by the Contractor and checked for accuracy 

 Reworded and re-formatted such that all sections of each manual, and all manuals, 
are written and formatted in a fully consistent manner; that is, written in “one voice”  

23.4.1.2 Integrated Schematics and Narrative (ISN) and Related Documents 

23.4.1.3 Submission Schedule 

The Contractor shall submit draft copies of all user education deliverables to JPB for review on 
a chapter-by- chapter basis; however, each deliverable must be submitted as a complete unit 
before receiving JPB‟s approval. All draft deliverables shall be completed and submitted to JPB 
with delivery of the first EMU along with review sign-off sheets designated herein. All 
deliverables shall be 100% complete and provided to JPB no later than the Delivery of the 2nd 
Trainset. Note that manuals to be used for training shall be submitted ninety (90) calendar days 
prior to the start of training in accordance with the specifications herein. Information initially 
gathered during design conformance and acceptance testing, training, all warranty periods, and 
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as a result of engineering changes shall be incorporated into the deliverables and submitted as 
revisions. 

23.4.2 INTERACTIVE WEB COMPATIBLE MANUALS AND DRAWING SYSTEM 
The Contractor shall provide an Interactive Web-Compatible Manuals and Drawing (IWCM) 
system. The IWCM shall contain all Operations, Heavy Repair, Running Repair, Preventative, 
Overhaul, BTE, Parts Lists, Wiring, and ISN deliverables in their entirety, including all graphics 
and information. A separate link shall be provided that will allow connection to, and viewing of, 
each relevant carshell, truck and system (including electrical and pneumatic schematics) 
drawing. Electronic manuals based on HTML, in combination with a Web Browser that is 
compatible with JPB‟s system, shall be provided. Users of each manual or drawing in electronic 
format shall be able to read and scroll through text and illustrations just as if reading a hard copy 
manual. The user shall be able to search text and illustrations based on key words, text strings, 
and part numbers. The user shall be able to browse the parts catalog and search by part 
number, keywords, text string, and other information as approved by JPB. The IWCM shall be 
functional on conventional laptop and desktop computers. The system shall be compatible with 
commonly-available Web browsers, such as those developed by Microsoft and Firefox. The 
Contractor shall provide any other necessary specialized software and hardware required for 
the system that is not currently available and/or supported by JPB. The Contractor shall provide 
a minimum of ten (10) days of JPB-approved training for up to five (5) JPB staff on development 
and continued maintenance of this system.  
The system shall also include the following: 

a) A workstation, complete with a state-of-the-art computer and operating system at the time of 
delivery.  The workstation requirements include the following: 

 At least two minimum 23 inch flat screen HD LCD color monitors 

 State of the art removable media RW drive(s) and flash card slot(s) 

 Hard disk of a large size that is available on the market, but no less than 1 terabyte 

 Maximum internal RAM compatible with the OS, but no less than 16GB 

 Integrated 100/1000 base network card 

 IEEE 802.11 (all commercially available standards) compatible Wi-Fi card 

 Keyboard 

 Video card capable of driving multiple monitors 

 Sound card 

 Speakers, active 

 Modem 

 Wireless infrared mouse 

 At least six USB 3.0 ports 

 At least one Ethernet port 

 Color printer/scanner that is capable of printing on 11 x 17 inch paper. 

b) Software: This shall include the latest versions of Microsoft Windows, Microsoft Office 
(professional edition), the latest version of AutoCAD, virus scan, and other software that 
may be required to allow JPB the ability to edit and maintain the manuals, illustrated parts 
catalogs, the ISN and training materials. 
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c) Warranty:  Reference the Terms and Conditions portion of this Contract. 

d) Training: Unless otherwise approved in writing by JPB, the Contractor shall use Microsoft 
Office, Adobe Acrobat and AutoCAD software to develop the manuals, illustrated parts 
catalogs, ISN and training materials. In the event that other JPB-approved software is used, 
the Contractor shall provide a minimum of ten (10) days of JPB-approved training for up to 
five (5) JPB personnel for each type of software that is used by the Contractor. The training 
shall ensure that JPB personnel are qualified to use the software to maintain all user 
education deliverables. 

23.5 USER EDUCATION PROGRAM 

23.5.1 GENERAL 

The User Education Program material shall include a general program outline, and Instructor 
Manuals containing details of the material to be presented, participant manuals, all 
supplemental training material, and training aids. 

Objectives of the Education Program shall be to train JPB personnel to: 

a) Become proficient in the operation, inspection, maintenance, servicing, troubleshooting, 
and repair of the cars 

b) Understand and effectively use the Technical Documents provided under the Contract 

c) Select, order, and stock replacement parts for equipment supplied under the Contract 

The Contractor shall develop a detailed, comprehensive Education Program for all JPB 
personnel. The User Education Program shall be organized into the following course categories 
(or modules): 

d) Introduction and Familiarization, to cover the basic operation and configuration of the 
cars 

e) Operation and Fault Isolation, to cover features and operation of the cars, along with 
diagnostic strategy for fault isolation 

f) Servicing and Maintenance, to cover detailed maintenance and fault isolation of 
equipment and systems on the cars 

g) Use of the Illustrated Parts Catalog 

Training shall incorporate all pertinent information approved by JPB and necessary to comply 
with the requirements of 49 CFR 238.109, including daily and periodic inspections. An initial 
outline and final draft of the Qualified Maintenance Person (QMP) and Qualified Person (QP) 
training programs shall be submitted to the JPB. Final drafts shall be due 30 calendar days in 
advance of the start of dynamic testing on JPB property. 

The User Education Program shall include both classroom and field instruction and be 
organized into modules to target different personnel and departments.  

Nomenclature for all components used in the User Education Program shall be in accordance 
with the terminology used on drawings, schematics and wiring diagrams, and incorporated in 
operating and maintenance manuals. 

The User Education Program shall include JPB staff with the following functional 
responsibilities:  
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h) EMU Engineers and Train Crew  

i) Maintenance Personnel  

 Field (daily inspections and running repairs) 

 Electrical 

 Non-Electrical 

 Shop (periodic inspection and heavy repair) 

 Procurement (Illustrated Parts Catalogs only) 

23.5.2 TRAINING AIDS 

The Contractor shall provide to JPB all training aids, including mock-ups, scale models, 
electronic presentations, video demonstrations, photos, special and diagnostic testing 
equipment, and any special tools required ninety calendar (90) days prior to the start of training. 
Spare parts may be used during the training sessions as described in this section. The 
Contractor shall provide enlarged copies of all panels in the EMU cab for operator training. 

23.5.3 TRAINING PROGRAM PLAN 

The Contractor shall submit a training program plan to JPB no later than one hundred and 
eighty (180) calendar days after NTP. The Contractor shall develop and provide a training 
program that fully complies with the requirements of the Technical Specification and the 
Contract Documents and shall include and accommodate, at a minimum, the sessions, hours 
and number of trainees. At a minimum, the plan shall include: 

a) A narrative description of all planned training for JPB personnel 

b) A matrix showing each session and the training information to be included within each 

c) A training style guide 

d) A training schedule developed in accordance with the requirements of the Contract, or 
as recommended by the Contractor and agreed to by JPB. It shall include all the 
information required to facilitate planning and delivery of the training program. This 
schedule may be incorporated within the matrix described in b) above  

e) The Contractor‟s approach to training JPB instructors who will deliver training to JPB 
personnel subsequent to the Contractor's involvement. It shall describe the Contractor's 
approach, resources, hours required, and any training aids that will be included. 

f) A description of the training experience of the department that will be chiefly responsible 
for preparing and implementing the training programs. The description shall include 
qualifications and resumes of the training personnel who will be delivering the training. 

g) An objective testing/evaluation system to report on the progress of each trainee during 
training. The results of this system shall be considered confidential and furnished only to 
personnel designated by JPB. 

23.5.3.1 Training Style Guides 

The Contractor shall submit a training style guide, including an electronic version, and a 
proposed format for the instructor guides and student guides required under this Contract. The 
Contractor shall use the training style guide to develop all required training materials. All of the 
Contractor‟s major Subcontractors shall use the same training style guide for the development 
of their training materials to be used on this Contract, although it remains the Contractor‟s 
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responsibility to ensure that all training materials are perfectly consistent, and that all training is 
presented in a single, unique format.   

23.5.3.2 Training Session Outlines 

The Contractor shall submit outlines of all planned training for JPB personnel. The outlines for 
each training course shall include: 

a) Performance objectives that state the expected results, the conditions under which 
performance will occur, and the measures and standards to be applied 

b) The sequence of learning activities 

c) An outline of the content 

d) The percentage of classroom versus hands-on training to be delivered 

e) Learning strategies to be used (e.g. classroom presentation, hands-on practice, and paper 
and pencil exercises) 

f) Methods and criteria for evaluating the performance of trainees 

g) Resources required, such as equipment and shop space 

h) The duration of each training course 

23.5.3.3 JPB-Furnished Resources 

The JPB will support the training program as follows:  

a) Provide classroom space for lectures and practical training on equipment. The locations and 
class times shall be arranged at the convenience of the JPB. 

b) Provide or allow the use of actual equipment or spare parts furnished under this Contract for 
use as training aids in lieu of mock-ups. These training aids may be used for practical 
exercises in adjustment, testing, disassembly, and assembly of equipment. Any parts used 
during training must be submitted to the JPB for acceptance inspection prior to returning to 
stock. 

c) Provide shop space for instructional purposes upon prior written notification. The Contractor 
shall be responsible for scheduling all instructional activities using JPB space according to 
its needs. 

d) Provide EMUs for instructional purposes outside normal service needs upon proper written 
notice from the Contractor and scheduling by the JPB. 

e) Arrange for track allocation for operations, including the provision of power, dispatching 
services, and operation supervisors. 

All of the aforementioned are to be provided and scheduled at the JPB‟s convenience. 

23.5.3.4 JPB Reviews 

The Contractor shall conduct in-process reviews of the training and all aspects of the training 
development process during this Contract. When possible, the training program reviews should 
be held in conjunction with the manual in-process reviews. (It is noted elsewhere in this 
specification that draft maintenance manuals shall be made available at the FAI for each 
system).  The first review shall be conducted within 150 calendar days after NTP. Subsequent 
review dates shall be coordinated with the JPB, but in no case shall they be held less often than 
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once every 90 calendar days. In-process reviews shall become more frequent as training 
approaches. During these reviews, the Contractor shall: 

a) Present the status of the training program versus the Contract requirements, including 
action items status from previous reviews 

b) Present all completed training material, or portions thereof, for the JPB‟s review, including 
action items status from previous reviews 

c) Present any issues related to the development of the training program which need to be 
addressed by the JPB 

d) Make those persons who are part of the training program available for interview at the JPB‟s 
request. 

These reviews may be conducted at the same time and location as the maintenance manual 
reviews. If they are not, the location shall be as determined by the JPB. An agenda and 
materials to be presented during the review shall be submitted to the JPB prior to the review 
date.  

23.6 SPECIAL TOOLS, DIAGNOSTIC EQUIPMENT, TEST 
EQUIPMENT & WORKSTATIONS 

The Contractor shall furnish special tools, diagnostic, test, and analytical equipment in quantities 
and at times as noted in the Contract Terms and Conditions. 

All tools and equipment shall be supplied along with manufacturing drawings, parts lists, 
applicable software and manuals explaining their use, care and maintenance.  

23.6.1 SPECIAL TOOLS 

Special tools include, but are not limited to, any jigs, fixtures, equipment, hand tools, power 
tools, or other tools and equipment necessary to inspect, calibrate, adjust, maintain, repair, 
assemble, and disassemble the vehicle or systems that are not commonly available from 
commercial tool suppliers.  

23.6.2 DIAGNOSTIC EQUIPMENT 

The diagnostic equipment is divided into two categories: Portable Test Units (PTUs) and Bench 
Test Equipment (BTE). 

23.6.2.1 Portable Test Units (PTUs) 

PTUs are necessary to maintain, troubleshoot and diagnose the EMU and EMU systems status.  

A centralized diagnostic port shall be provided to connect a PTU to monitor vehicle bus traffic 
and to download fault logs from all interconnected control units.  

Independent PTU connection points at major control units are acceptable. For such equipment, 
it is expected that at least top level fault information will still be made available on the vehicle 
bus. Detailed fault information will then be accessible by the PTU on the local connection. 

PTUs shall be Windows-based, ruggedized laptop computers suitable for the intended service 
(railroad maintenance shop environment) licensed to the JPB. They shall have the necessary 
interface adapters and be configured with all necessary software to connect to the vehicle bus 
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and/or to specific electronic control units to display in real time all actual vehicle and subsystem 
operating conditions.  

23.6.2.2 Bench Test Equipment (BTEs) 

Bench Test Equipment (BTEs) shall be designed to confirm the status of the system or system 
components that have been removed from the vehicles. BTEs shall be provided for each 
microprocessor-controlled system and all pneumatic systems. 

23.6.3 TEST EQUIPMENT 

The Contractor shall leave all equipment, including all instrumentation, used for car and trainset 
qualification testing with the JPB. 

23.6.4 WORKSTATIONS 

The workstations are divided into data workstation, APC workstation and technical 
documentation library workstation. The workstations shall be Windows-based equipment 
licensed to the JPB with Internet and Ethernet connections. 

Each workstation shall be provided with an easily expandable server suitable for connecting the 
workstations with other workstations.  

23.6.4.1 Data Workstation 

The data workstation equipment shall enable JPB personnel to  

 retrieve all data including fault data, CCTV footage, APC data, SLDT data 

 view downloads,  

 analyze all such data downloaded from the vehicles,  

 modify and transmit fault text, fault attributes,  

 update „real time‟ information to be displayed on interior and exterior signs,  

 modify on-board Automatic Announcement System messages.  

Each workstation shall include a Laser Printer. For data management purposes, one 
workstation can act as a data server, as long as there are fail-over mechanisms to allow for the 
case where one workstation is off-line. The system configuration shall allow the JPB, using its 
own hardware and the data workstation software, to install at least ten additional data 
workstations. 

23.6.4.2 APC Workstation 

The contractor will supply two APC data workstations. JPB will determine the installation 
location of the workstations.  

The APC workstation equipment will collect and store passenger count information. It must 
permit JPB to view and analyze passenger count information. The contractor will supply details 
of the APC data analysis capabilities. 

The contractor must be fully responsible for qualification of the system. 
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23.6.4.3 Technical Documentation Library Workstation 

The document workstation equipment shall enable JPB personnel to view, make revisions and 
add new information to both paper and electronic documents: ISN, manuals, drawings, letters, 
and reports. 

The workstation shall include flat-screen displays capable of displaying an ANSI D size drawing 
without proportioning, laser printers and two plotters capable of printing full size drawings up to 
ANSI E size.  

The required number of DVD writers with all necessary cables, pre-mastering/mastering 
software shall also be provided.  

23.6.5 SYSTEM LEVEL DYNAMIC TESTER (SLDT) 

The purpose of the System Level Dynamic Tester (SLDT) is to monitor vehicle systems while a 
train is being operated on the line at speeds up to the maximum design speed. The SLDT shall 
be capable of performing the most frequently desired maintenance tests, reducing the need for 
strip chart recorders, oscilloscopes and other bulky test equipment. The SLDT shall be capable 
of monitoring and recording a minimum of one hundred and fifty (150) analog and digital test 
points with sampling rates individually selectable to monitor signals at appropriate intervals so 
that equipment status may be isolated to a Line Replacement Unit (LRU). The Contractor shall 
submit a recommended list of test points to the JPB. 

The SLDT shall simulate a strip chart recorder and an oscilloscope, including monitoring 
selected signals in real time and the playback of recorded data and shall be configured using 
the PTE. Once a data set is configured for recording (using the PTE), the SLDT shall function 
autonomously without the PTE. Data recorded shall be transferred to the PTE for playback. 

The SLDT functionality may be integrated within the vehicle MDS system.  

23.7 SPARE PARTS 

23.7.1 GENERAL 

The Contractor shall furnish a list of recommended spare parts to support the Contractor‟s 
recommended maintenance practice. The list must be forwarded with the delivery of the first 
production trainset. The list shall remain current and must be resubmitted with the completion of 
warranty on both the first production trainset and the last production trainset. The list shall be 
predicated on Contractor and Subcontractor experience with the equipment in service on other 
properties, and on the JPB‟s maintenance requirements. This list shall be updated as the 
Contractor's design progresses and shall be finalized during the Final Design Review Phase.  

The list must be forwarded no later than 365 calendar days prior to the scheduled delivery of the 
first trainset. This list is to remain current and must be resubmitted with both the delivery of the 
first production trainset, and upon the completion of warranty of the first production trainset. 

The Contractor shall identify alternate vendor sources for spare parts wherever possible. 

23.7.2 CONSUMABLE PARTS 

Consumable parts are defined as those parts routinely replaced as part of the planned 
maintenance of the car and that, once replaced, are not expected to be re-used. Consumable 
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parts shall include such items as filters and brake shoes. For each part, its classification 
(consumable, replacement, repair, overhaul, etc.) shall be clearly indicated in the Parts Catalog. 

The Contractor shall furnish a list of recommended consumable parts necessary to maintain the 
cars on an annual basis. Consumption rate data, and data regarding lead time for procurement, 
shall be made available to the JPB in support of these consumable parts recommendations. 

23.7.3 REPLACEMENT PARTS 

Replacement parts shall be defined are parts not routinely replaced as part of the planned 
maintenance of the car, but that are reasonably expected to require replacement from time-to-
time due to random failure. In general, replacement parts shall be used after the completion of 
the warranty period to support on-going maintenance of the vehicles.  

The Contractor shall furnish a list of recommended replacement parts necessary to maintain the 
cars for 20 years, consistent with the Contractor‟s recommended maintenance practices. 

23.7.4 REPAIR PARTS 

Repair parts are parts that are not routinely replaced as part of the planned maintenance of the 
car, but that are reasonably expected to require replacement from time-to-time due to external 
causes such as vandalism, abuse, or accident. 

The Contractor shall furnish a list of recommended repair parts necessary to maintain the cars 
for twenty (20) years. Data regarding the lead time for procurement of repair parts shall be 
made available to JPB in support of these repair part recommendations. 

23.7.5 OVERHAUL PARTS 

Overhaul parts are parts that are expected to be replaced at planned intervals as part of the 
JPB‟s maintenance program, and that once replaced are expected to be remanufactured, 
overhauled, or reconditioned for further use.  

In the case of components that normally receive only a mid-life overhaul, the Contractor shall 
consider the likelihood of future technological obsolescence in making its recommendations. 
Consumption rate data, and data regarding the lead time for procurement, shall be made 
available to JPB in support of these overhaul part recommendations. The Contractor shall 
design and furnish individual shipping boxes to be used by the JPB to transport parts to be 
overhauled to maintenance shops, overhaul shops, and various repair facilities. 

23.8 COMPONENT IDENTIFICATION AND SERIAL NUMBERS 
(BAR CODING) 

All equipment shall be permanently identified with a supplier‟s name, part number, and revision 
level. The Contractor shall also utilize an approved bar coding system to identify all LRUs, 
LLRUs and all other replaceable components on the cars, all PTUs and BTEs, gauges, special 
tools and spare parts. The data for each part shall be as approved and shall include at least the 
manufacturer, model number, part number, serial number, date of manufacture, and JPB 
Catalog Number. The Contractor shall furnish the required number of approved hand-held 
scanners to be used by maintenance personnel to record maintenance activity, transfer such 
maintenance data to the configuration/maintenance control system, and to access the electronic 
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manuals for the part/device. The Contractor shall provide the required number of network-ready 
printers and associated label material and software to create automatic part and device 
identification labels. Paper labels shall not be used. 

A serialization plan, by system, indicating those items to be serialized, the location of the serial 
number tag (or engraving), and the method of revision control shall be provided.  Also, if a 
separate tag is required for configuration control, the plan shall address same.  Serial numbers 
and configuration numbers (if used) shall be provided to the JPB in an approved electronic 
format.  

23.9 REQUIRED CONTRACT SUBMITTALS 

The Contractor shall submit for JPB review and approval those documents identified in the CSR 
that demonstrate compliance with this section. Refer to section 1.7. 

23.10 CITED REFERENCES 

The following standards or references were cited in this Section: 

STANDARD TITLE 

49 CFR 238.109 
Code of Federal Regulations, “Passenger Equipment Safety 
Standards” Training, qualification, and designation program. 
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1. DEFINITIONS 

DEFICIENCY - A Deficiency (“Defect”) is a patent or latent flaw or defect in any of the 

equipment or Work or any Trainset, EMU, LRU, or component, or any failure of the equipment, 

or any LRU or component, to perform in accordance with the requirements of the Contract 

Documents either prior to Final Acceptance of the equipment or during the period of any 

Warranty as provided in the Contract. The Deficiency may relate to: 

 A failure or defect in design, materials, workmanship or functionality; or 

 An error, omission or deviation from Contractual standards,; or 

 A malfunction, failure or other problem resulting in the equipment or any LRU or 

component not performing in accordance with or meeting any requirement of the 

Contract,  

SERVICE PROVEN - A service-proven design will fall into one of the following two category 

classifications: 

1. Designs used in similar service and conditions 

The cars, systems, subsystems, and components that have demonstrated a history of 

satisfactory performance and reliability while installed on more than thirty (30) cars and 

operating for at least three (3) years after Final Acceptance, in similar rail car service, 

environment, and operating condition as those at JPB, without having any Fleet Defect. 

2. Designs not previously used in similar service and conditions 

Those cars, systems, subsystems, and components that do not meet a similar service, 

environment, or operating condition criterion may be proposed for approval if the design is 

basically unchanged from a service-proven design, but which must be varied slightly in 

design or manufacture to meet JPB requirements. The Contractor shall show, in detail, the 

proposed changes in the equipment, and reasons that such changes will not adversely 

affect the equipment’s operation, reliability, and maintainability in the JPB operating 

environment. 

LRU (Line Replaceable Unit) - A unit/component or subsystem that is normally replaced at 

CEMOF - Centralized Equipment Maintenance and Operations Facility. 

WARRANTY - A representation, promise or affirmation given by the Contractor to JPB regarding 

the nature, description, usefulness, suitability, lifecycle, condition, manufacture, construction, 

materials, workmanship or any other aspect of the Work, or any portion thereof, whether 

contained in any provision in the Contract entitled Warranty, in the Specifications, Statement of 

Work, or in any other provision of the Contract, including documents incorporated by reference 

or provided by any Subcontractor, Supplier, manufacturer or any other entity.   

2. GENERAL 
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A. The Contractor guarantees and warrants that all work, materials, equipment, 

Vehicles and Trainsets (including without limitation any Software) furnished 

under this Contract shall conform to the Contract Documents, including without 

limitation the Technical Specifications, and be free of any defects.  Except where 

longer periods of warranty are specified, the Contractor warrants all Vehicles and 

Trainsets furnished under this Contract, including all equipment, spare parts and 

materials, and all labor performed, shall be in full accordance with the Technical 

Specification, and shall be free of all defects in the design, materials, and 

workmanship for a period of 2 years upon Conditional Acceptance.  The warranty 

shall apply regardless whether the equipment, materials or labor were furnished 

or performed by the Contractor or by any of its subcontractors or suppliers of any 

tier. 

B. Upon notice from JPB of any failure or defect  in any such design, materials, or 

workmanship, the Contractor shall diligently perform all work necessary to 

determine the cause thereof, and the time necessary to remedy the Defect, and 

shall propose in writing to JPB how and in what manner it will remedy the Defect.  

If JPB determines that the proposal complies with the terms of the Technical 

Specification, it will authorize the Contractor to proceed to redesign, repair, or 

replace the defective or failed items within the agreed time period. JPB will not 

unreasonably withhold approval of the Contractors proposal. 

C. In determining the cause of the defect, the Contractor shall perform such 

investigations and tests as JPB may require to determine the cause, and to verify 

that such redesign, repairs, and replacements comply with the requirements of 

the Technical Specification.  All costs associated with such investigation, 

redesign, repair, replacement and testing, including, but not limited to, the 

removal, replacement, and reinstallation of equipment and materials necessary 

to gain access to defective LRU, shall be borne by the Contractor.  Should the 

Contractor fail to promptly make the necessary investigation, redesign, repair, 

replacement, and test, JPB may perform or cause to be performed the same at 

the Contractor’s expense. 

D. The Contractor warrants such redesigned, repaired, or replaced LRUs against 

defective materials and workmanship for the remainder of the warranty period or 

a period of 2 years from and after the date of acceptance by JPB of the 

redesigned, repaired or replaced LRU thereof, whichever occurs later. The 

parties do not intend for an “evergreen” warranty, and agree that in no event will 

the warranty for redesigned, repaired, or replaced LRUs extend for a term 

greater than four years from the date of acceptance by the JPB.  . 

E. Subject to the approval of JPB, Contractor personnel may use JPB facilities and 

special equipment to perform warranty work, provided that such work does not 

interfere with other JPB activities, and is performed in accordance with JPB 
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policies and directions.  JPB will designate which facilities and equipment may be 

used, and the schedule thereof.  JPB reserves the right to require the Contractor 

for expensed incurred using JPB facilities and equipment.  If JPB in its sole 

discretion determines that its facilities or special equipment cannot be made 

available, Contractor shall be responsible for obtaining its own facilities and 

special equipment at Contractor’s cost.  Damages to JPB’s property caused by 

the Contractor, or its subcontractors or suppliers, shall be the sole responsibility 

of the Contractor, and shall be corrected at the Contractor’s expense. 

F. At the sole discretion of JPB, as determined on a case-by-case basis, JPB 

owned spare parts may be utilized by the Contractor for correction purposes. The 

Contractor shall replace each borrowed part with a new part within thirty (30) 

calendar days. All costs associated with replacing the spare parts shall be borne 

by the Contractor. 

G. The Contractor shall be liable for the satisfaction and full performance of the 

warranties as set forth herein. 

3. TRAINSET, EMU, SYSTEMS, SUBSYSTEMS AND COMPONENTS WARRANTY 

REQUIREMENTS 

3.1 Base Warranty 

The warranty for each Trainset, EMU, LRU, system, subsystem and each component that is 

separately delivered, shall commence on the date JPB provides to Contractor a Notice of 

Conditional Acceptance of the Trainset, and shall be effective for a time period of two (2) 

years from the date the open items are closed for the conditionally accepted Trainset. The 

warranty for special tools and equipment, including, without limitation, portable test 

equipment, bench test equipment, diagnostic and test equipment shall be for a time period 

of two (2) years commencing on the date of their Conditional Acceptance by JPB.  

3.2 Subcontractor / Supplier Extended Warranties 

A. In the event any subcontractor, supplier or manufacturer offers any extended 

warranty not specified herein, the Contractor shall state the terms of such 

warranty or warranties in writing and shall extend same to JPB without additional 

cost to JPB. 

B. All warranties and guarantees of subcontractors, suppliers of any tier and 

manufacturers, whether expressed or implied, are deemed to be made for the 

benefit of JPB regardless of whether stated as such, and the Contractor shall 

enforce such warranties and guarantees for the benefit of JPB. If directed by 

JPB, the Contractor will require such Subcontractors, Suppliers and 

Manufacturers to execute and assign such warranties and guarantees directly to 
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JPB. The Contractor shall be jointly and severally liable for any such warranties 

or guarantees. To the extent that any such warranty or guarantee would be 

voided by reason of the Contractor’s negligence in incorporating any equipment, 

component or part into the work, the Contractor will be responsible, at its sole 

cost, for correcting such errors or omission, without cost or expense to JPB. 

3.3 Exceptions to Warranty 

A. The warranty shall not apply to the extent any of the following occurs: 

--A Defect was caused by JPB, or third parties under control of JPB, as a 

result of JPB’s(or the third party’s)  misuse or negligence.  

--A defect or accident not caused, either directly or indirectly, by the 

Contractor. 

--An LRU was repaired or altered in any way by JPB so as to adversely 

affect its performance or reliability. However, the Contractor shall demonstrate by 

adequate proof that JPB did not make repairs in accordance with the 

Contractor’s then current maintenance manuals, which had been supplied to JPB 

by the Contractor, or that the workmanship was not in accordance with 

recognized standards of the industry.  If not so demonstrated, such a failure shall 

not be deemed a JPB caused Defect. 

B. The warranty shall not apply to consumables, or to items furnished by JPB, 

except insofar as such an item is damaged by a Defect in an LRU for which the 

Contractor is responsible or if the Defect is due to defective design, manufacture 

or workmanship of the filters or seat cushions. 

3.4 Detection of Defects 

If JPB detects a defect within a warranty period as defined herein, it shall promptly provide 

verbal notification followed in 24 hours by written notification of the breach of any warranty 

provide for herein the Contractor’s Representative.  

3.5 Contractor Response 

A. Within two (2) working days after notification, the Contractor’s Representative 

shall either agree that the defect is in fact covered by warranty, or reserve 

judgment until the LRU is inspected by the Contractor’s Representative or is 

removed from the Vehicle and examined at JPB’s property or at the Contractor’s 

plant.  At that time, the Contractor will provide JPB with its analysis of the Defect, 

and the parties will attempt to resolve the status of warranty coverage on the 

LRU. 

B. Notwithstanding any time necessary for the Contractor to analyze and resolve 

warranty status, if the Contractor has not commenced redesign, repair or 
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replacement, or provided all parts and services needed to JPB to enable JPB to 

commence repairs, per Section 7.3.9 Repairs by JPB, within three (3) working 

days (or another time as reasonably agreed to by the parties) after the 

Contractors notification, JPB reserves the right to perform the required repairs 

without further notice to the Contractor and to be reimbursed for all associated 

costs. 

C. All corrections shall be without cost or expense to JPB. All costs and expenses of 

any correction shall be at the Contractor’s sole cost. The Contractor shall also 

bear all costs and expenses of removal, replacement and reinstallation and 

testing of other equipment, components, work and parts necessary to gain 

access to the Deficiency or to accommodate the correction. The Contractor shall 

also bear all transportation costs for or associated with any Deficiency or 

correction. 

D. The Contractor shall promptly provide to JPB, without cost or expense to JPB, all 

updated parts manuals and maintenance manuals that include all information 

related to any correction. 

E. In addition to correction of any Deficiency, the Contractor, at its sole cost, shall 

correct without cost or expense to JPB any other Trainset, EMU, equipment, 

component, work or part that was damaged or caused to be damaged or 

otherwise adversely affected by a Deficiency. 

F. All corrected components and parts used, and repairs made, to correct 

Deficiencies shall be subject to approval by JPB and shall be subject to the same 

requirements as are set forth in the Contract for the original components. 

G. If a correction hereunder has required the Contractor to reengineer or redesign a 

component, the Contractor shall, without cost to JPB and at Contractor’s sole 

cost, replace all JPB owned spare parts comprising that component with the 

corrected items or detail parts.  Both parties may mutually agree that the affected 

part may be changed in total or that only the repaired components must be 

replaced. 

3.6 Liquidated Damages 

In any instance during the warranty period in which a Deficiency causes a Trainset to 

become unavailable for service, and the Contractor fails to complete a correction to such 

Deficiency within a time sufficient to enable the Trainset to be tested and returned to service 

within five (5) calendar days after the Deficiency caused the Trainset to become unavailable 

for service, the Contractor shall pay to JPB as liquidated damages the sum of $2,182 dollars  

for each day that the Trainset is out of service, commencing with the first full out-of-service 

day. Liquidated Damages are the sole and exclusive remedy for delays as set forth in this 
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Section 3.6. All Liquidated Damages under this Contract are limited to a maximum of 10% of 

the Total Base Bid Trainsets Order Price.  

3.7 Scope of Warranty Provisions 

A. The Contractor shall correct Fleet Defects under the warranty provisions in 

Section 7.3.14, at the Contractor’s sole cost.  After correcting the Fleet Defect, 

the Contractor shall promptly undertake and complete, at the Contractor’s sole 

cost, a work program reasonably designed to prevent the occurrence of the same 

Fleet Defect in all other Vehicle purchased under this Contract including those for 

which the individual Vehicle or LRU warranty has already expired.  The work 

program shall include inspection and redesign, repair or replacement of the 

defective LRUs in all the Vehicles delivered or to be delivered under this 

Contract. 

B. The warranty on LRUs arising from Defects determined to be Fleet Defects shall 

apply to the entire fleet of Vehicles delivered or to be delivered under this 

Contract, and as to Vehicle previously accepted by JPB shall commence on the 

date remediation and correction by the Contractor is completed on the entire fleet 

accepted up to that date (“Corrected Date”).  The period of warranty shall be the 

greater of a) the full period of the entire original warranty on the defective LRU or 

b) one year from the Corrected Date.   

3.8 Repairs by Contractor 

A. The Contractor or its designated representative shall perform warranty covered 

repairs. If JPB requires the Contractor to perform warranty covered repairs in 

addition to the requirements of Section 7.3.1 Basic Warranty through 7.3.7 Scope 

of Warranty Provisions, the Contractor shall a) begin the work necessary to make 

repairs within three working (3) working days (or such other time as the parties 

may reasonably agree to), and b) complete the work within five (5) working days 

(or such other time as the parties may reasonably agree to) after receiving the 

Contractor’s notification from JPB.  JPB shall make the Vehicle or LRU available 

to complete repairs in a timely manner in coordination with the Contractor’s repair 

schedule.  Time extensions may be granted at the sole discretion of JPB. 

B. The parties will establish a methodology for warranty repairs prior to JPB charging 

the Contractor for any warranty work.  The Contractor shall provide at its own 

expense all spare parts, tools and special equipment required to complete 

repairs.  At JPB’s option, the Contractor may be required to remove the LRU 

including the entire Vehicle from JPB’s property while repairs are being 

performed.  Repair procedures shall be diligently pursued by the Contractor.  The 

Contractor shall assume all liability for damage to the Vehicle or any LRU from 

the time the LRU is released from JPB’s custody until it is returned to JPB’s 
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custody.  The Contractor shall provide at the time the work is completed and the 

Vehicle is returned to service a written statement detailing the following: 

 Diagnosis of the defect 

 The repairs made 

 Parts used 

 Hours of labor expended 

3.9 Repairs by JPB 

A. It is understood that if the Contractor fails to meet the warranty requirements JPB 

may elect to perform the repairs during the warranty period. . If the Contractor 

fails to remedy any such failure within a reasonable time (or immediately in the 

case of an emergency) after receipt of notice, the JPB shall have the right in its 

sole discretion to replace, remove, or otherwise remedy the failure at the 

Contractor's expense. In such an event, JPB will make repairs using the 

Contractor specified LRUs and / or parts supplied by the Contractor specifically 

for this repair.   

3.10 Contractor Supplied Parts 

JPB may request that the Contractor supply new LRUs for warranty covered repairs being 

performed by JPB.  These LRUs shall be shipped prepaid to JPB from any source selected 

by the Contractor.  Replacement LRUs shall be shipped directly to JPB’s maintenance 

facility.  

3.11 Defective Part Return 

The Contractor may request that defective LRUs covered by the warranty be returned to the 

manufacturing plant.  The Contractor shall make such requests no later than sixty (60) 

calendar days after repairs are completed.  The total cost for this action, including, but not 

limited to labor, packaging and shipping, shall be paid by the Contractor.  LRUs shall be 

returned in accordance with Contractor’s instructions at the Contractor’s cost. 

3.12 Reimbursement 

The Contractor shall reimburse JPB for all costs associated with JPB performing any 

warranty work that is the obligation of the Contractor to perform. 

3.13 Reimbursement for Defective LRUs and Parts 

The Contractor shall reimburse JPB for Defective LRUs and for additional parts (i.e. gaskets, 

etc.) that shall be replaced to correct the Defect.  The reimbursement shall be at the price 

indicated on the Contractor’s spare part list at the time of repair, and shall include taxes, 

where applicable. 
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3.14 Fleet Defect Status 

A. Without limitation of the JPB’s remedies, in the event that at any time prior to the 

expiration of the final Warranty Period, but excepting Line Replaceable Units 

(LRU) or Lowest Level Replaceable Units (LLRU), which have been abused, 

modified without the Contractor’s knowledge and concurrence, overhauled or 

remanufactured by a party other than the Contractor, or where JPB has failed to 

maintain or has neglected the LRU or LLRU, JPB may declare a fleet defect if 

any of the following occur: (a) all EMUs delivered or under warranty do not either 

(i) maintain an average aggregate Mean Distance Between Failures (“MDBF”) of 

at least 160,000 miles, or (b) failures of same root cause  of the same LRU or 

LLRU on the same system, subsystem or component leading to a failure rate 

exceeding twenty (20) percent of the total amount of LRU or LLRU existing in the 

same system, subsystem or component on all EMUs and at minimum three (3) 

EMUs during any period of twelve (12) consecutive months.  The Contractor shall 

notify JPB of a potential Fleet Defect if the failure trend shows that the rate of any 

item might exceed twenty (20) percent and at minimum three (3) EMUs in three 

(3) months period if the conditions do not change.   

For example, if failures of speed sensors, which can be an LRU of the propulsion 

motors, meet the criteria of one of the two categories shown above, JPB will 

declare a fleet defect of the speed sensor, regardless of the failure type (i.e. 

sensor, broken speed sensor wiring, connector, or a software problem that can 

only be solved with changing speed sensor type currently utilized).  The 

Contractor would then proceed with remedies as explained in the following 

paragraphs. 

B. Whenever a Fleet Defect is declared, without cost to JPB, the Contractor shall (a) 

within thirty (30) days or time as mutually agreed submit the retrofit program for 

JPB review and approval and (b) after thirty (30) days or time as mutually agreed 

of the JPB approval of the retrofit program, implement the program and make 

and apply any such design changes, and/or modifications, repairs, adjustments 

and replacements on the affected  delivered and non-delivered vehicles, 

regardless if the Warranty Period has expired for an individual EMU, as shall 

correct or prevent such failure and enable the vehicles to achieve the aforesaid 

MDBF. 

C. Whenever a fleet defect is declared, notwithstanding the date of expiration or 

commencement of any guarantee period as to any particular vehicle, system, 

subsystem, or component, the Contractor shall retrofit the affected  EMUs then in 

service, and shall implement any necessary design or material modifications as 

to vehicles not yet delivered, including re-testing of such redesigns or 

modifications in accordance with the provisions of Section 19 of the Technical 
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Specifications, that apply to the affected system and affected EMU.  If any such 

retrofit work is required, the Warranty Period as to the affected EMU, system, 

subsystem or component shall be reset to the warranty terms shown in this 

Contract from the completion of such retrofit work or the expiration of the 

previously effective guarantee period, whichever is later , but the Warranty will 

end latest at 4 years. 

D. Whenever a fleet defect is declared, each Accepted EMU shall be deemed to 

have the defective condition as a warranty defect and each EMU not yet 

Accepted shall be deemed to have the defective condition as an Open Item. 

E. JPB shall give the Contractor prompt notice of fleet defects or failures as they are 

identified.  In the event that such defects or failures require the removal of 

components or assemblies for the purpose of repairs or modifications, and such 

removals render the vehicles inoperable or unfit for safe and efficient operation in 

regular service, the Contractor, at no expense to JPB, shall furnish within forty-

eight (48) hours or times as mutually agreed an adequate number of spare 

components or assemblies for the temporary use by JPB so as to minimize and 

better yet to eliminate the downtime of the affected EMUs while repairs or 

modifications are being done.   

F. After eight (8) 6-car trainsets have been Conditionally Accepted, in the event 

during the warranty period that five or more of the EMUs are simultaneously 

inoperable, or unfit for safe and efficient operation in regular service even though 

operable, due to defects in design, materials or workmanship whether or not of 

the same type of kind, as determined by JPB, JPB may require the Contractor, 

within thirty (30) days or times as mutually agreed after receipt of written notice, 

to submit a Contractor’s proposal for a “Remanufacturing Program” or Campaign” 

to affect the necessary repairs, replacements or modifications, at no additional 

cost to JPB, in the shortest time possible and with the least disruption to or 

interference with regular service.  This shall also apply to any individual vehicles 

in which the Warranty Period has elapsed. 

G. The rights and remedies of JPB provided in this Paragraph shall not be affected 

in any way by any terms or conditions of the Contract concerning the 

conclusiveness of inspection and acceptance; and are in addition to and do not 

limit any rights afforded to JPB by any other Paragraph of the Contract. 

H. Within thirty (30) days after receipt of the Contractor’s recommendations for 

corrective action and adequate supporting information, JPB, at its sole discretion, 

will give the Contractor written notice to correct or partially correct any defect 
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within a reasonable time at either Contractor’s facility or at JPB provided location, 

as determined by JPB. 

I. In no event will JPB be responsible for any extension or delays in the scheduled 

deliveries or periods of performance under the Contract as a result of the 

Contractor’s obligations to correct defects, nor will there be any adjustment of the 

delivery schedule or period of performance as a result of the correction of defects 

unless agreed otherwise in writing by JPB.  This clause shall not be construed as 

obligating JPB to increase the Contract Price.  Any failure or refusal of the 

Contractor to take corrective action as required by this Paragraph shall be 

grounds for the Contractor default. 

3.15 Timelines 

Time is of the essence in the corrections of all Deficiencies and Fleet Defects. Unless 

otherwise directed in JPB’s notice to Contractor of a Deficiency or Fleet Defect, the 

Contractor shall commence correction of the Deficiency or Fleet Defect at the time specified 

by JPB, but in no event later than forty-eight (48) hours after the notice, unless JPB agrees 

to a longer interval. To ensure timely corrections, the Contractor shall make provisions to 

have available all necessary facilities and special equipment, and shall use such qualified 

engineers and product and system specialists as are necessary, including diversion of such 

persons from the Contractor’s other operations or from the operations of its Subcontractors 

and Suppliers. Contractor shall also use additional shifts and work on weekends and 

holidays, as necessary, to complete timely corrections in accordance with this Article. 

Corrections of a Deficiency shall be completed not later than fifteen (15) working days after 

the commencement of the corrections unless JPB agrees to a longer period. Corrections of 

a Fleet Defect shall be completed not later than three (3) months after JPB’s initial notice to 

Contractor of the Fleet Defect, unless JPB agrees to a longer period. 

3.16 Warranty Claim Submittal 

A. JPB approved Warranty claim forms shall be supplied and submitted to JPB, and 

will contain the following information 

1. Identification Data: 

 Warranty repair claim number 

 Vehicle number 

 Vehicle mileage 

 Repair date 

 Claim date 

 Failure description 

 Repairs made 
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2. LRU and Part Information 

 Quantity 

 LRU or Part number 

 LRU or Part description 

 Serial number(s) 

 Price 

3. Labor Information: 

 Labor hours 

4. EXTENDED WARRANTY 

JPB may decide to negotiate up to a 5-year extension to the base warranty stipulated in Section 

3.1.  Sections 3.2, 3.6, 3.14 do not apply to the extended warranty requirements.  

 

 

 

END OF VOLUME 7, WARRANTY 
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1.1. COMPENSATION 

1.1.1. BASE ORDER PRICE 

JPB will pay to the Contractor the Base Bid amount shown on Price Evaluation Form (PEF), line 
item no. 1. The Base Bid amount is hereinafter referred to as the Total Base Order Price.  The 
Total Base Order Price includes compensation for the Trainsets, as well as for all project 
management, training, insurance, bonding, delivery, testing, and all other costs incurred by the 
Contractor in performing the Work.  All prices are in US dollars and no adjustments will be made 
for any fluctuation in currency.  Sales tax is not applicable to the purchase of EMU‘s or spare 
parts that are incorporated into the EMU.  Contractor may add sales tax to invoices for special 
tools or parts that are not incorporated into the EMU.  

1.1.2. MILESTONE PAYMENT SCHEDULE 

The Milestones (M/S) described below, when reached or achieved (as determined by the 
Project Manager), constitute the basis for the Contractor to submit invoices.  

Where two or more descriptions of activities or accomplishments occur within one Milestone, all 
listed activities or accomplishments shall be successfully accomplished prior to payment for that 
Milestone. 

1.1.2.1. Price Item – Sixteen Trainsets  

These milestone (M/S) payments will be calculated from the Base Bid Trainsets Sub-Total, line 

item no. 6, from the ―Base Bid: 16 Trainsets (96 EMUs)‖ price form. 

 

M/S DESCRIPTION M/S (%) 
Cumulative 

M/S (%) 

A 
Approval of Mobilization Plan, Quality Plan and TS 

Compliance Matrix 
3.00  3.00  

B Approval of the Master Program Schedule 3.00  6.00  

C 
Award & Submittal to JPB – All Subcontracts of the major 
systems. (Ref. to TS 3, 4, 5, 7, 8, 9,10, 11, 12, 13, 14, 15 and 

17) 
7.00  13.00  

D1 Approval of Carbody FEA 1.00  14.00  

D2 Approval of Truck Frame FEA 1.00  15.00  

D3 Approval of the Carbody Strength Test Results 1.50  16.50  

E1 Approval of FAI for Carbody 1.00  17.50  
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E2 Approval of FAI for Trucks & Suspension 1.00  18.50  

E3 Approval of FAI for Coupler, Drawbars and Draft Gear 0.75  19.25  

E4 Approval of FAI for MDS and Event Recorder 0.75  20.00  

E5 
Approval of FAI for Primary and Auxiliary Electrical 

System  
0.75  20.75  

E6 Approval of FAI for Propulsion System 0.75  21.50  

E7 Approval of FAI for Friction Brake System 0.75  22.25  

E8 Approval of FAI for Side Door & Door Control System 0.75  23.00  

E9 Approval of FAI for HVAC System 0.75  23.75  

E10 
Approval of FAI for Passenger Information and 

Communication System 
0.75  24.50  

E11 Approval of FAI for Lighting System 0.75  25.25  

E12 Approval of FAI for PTC System 0.75  26.00  

F1-
F16 

Completion of Carbody (ready for shipment) each  Trainset  
16 x 
1.125   

44.00  

G1-
G16 

Authorization to Ship of each  Trainset from Contractor’s 
Facility 

16 x 
1.25   

64.00  

J1-
J16 

Upon Issuing the Notice of Conditional Acceptance for 
each Trainset  

16 x 1.5 
  

88.00  

K1-
K16 

Upon Issuing the Notice of Final Acceptance for each 
Trainset  

16 x 
0.75  

100.00  
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1.1.2.2. Price Item – System Support 

The following milestone payments will be calculated from the individual lines shown on the 
―System Support‖ price form. 

M/S Description M/S (%) 
Cumulative 

M/S (%) 

1. Management 

1.A Approval of Conceptual Design Review 10 10 

1.B Approval of Final Design Review 20 30 

1.C Approval of Trainset Qualification Tests 20 50 

1.D Conditional Acceptance of 1st Trainset 20 70 

1.E Approval of All Contract Submittals 20 90 

1.F Issue the Final Completion Certification 10 100 

2. Engineering 

2.A Approval of Conceptual Design Review 20 20 

2.B Approval of Final Design Review 20 40 

2.C Approval of complete information affecting form, fit 
and function, as well as all necessary interface and 
performance information to enable operational 
compatibility with future EMU orders 

35 75 

2.D Approval of Trainset Qualification Tests 10 85 

2.E Conditional Acceptance of the 1st Trainset 10 95 

2.F Approval of All Contract Submittals 5 100 

3. Testing 

3.A Approval of Master Test Plan 35 35 

3.B Approval of Trainset Qualification Tests 30 65 

3.C Conditional Acceptance of 10th Trainset 30 95 
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M/S Description M/S (%) 
Cumulative 

M/S (%) 

3.D End of First Year of the 1st Trainset Warranty 5 100 

4 & 5 Training and Manuals (combined) 

4&5.A Approval of the First Draft of All Manuals and 
Guides 

35 35 

4&5.B Approval of the Final Drafts of All Manuals and 
Guides 

25 60 

4&5.C Completion of All Pilot Courses 15 75 

4&5.D Completion of All Training 25 100 

6 & 7 Field Support and Warranty (combined) 

6&7.A Delivery of the 1st Trainset 25 25 

6.&.B Conditional Acceptance of the 1st Trainset 25 50 

6&7.C Conditional Acceptance of 6th Trainset 15 65 

6&7.D Conditional Acceptance of 11th Trainset 10 75 

6&7.E Conditional Acceptance of 16th Trainset 10 85 

6&7.F End of First Year of the 1st Trainset Warranty 10 95 

6&7.G Issue the Final Completion Certification 5 100 

 

1.1.2.3. Price Item – Spares, Special Tools, Test Equipment and Mock-ups 

The following milestone (M/S) percentages will be multiplied by the sum of the Total Prices for 
the Spare Parts, Special Tools, Test Equipment and Mock-ups, line item nos. 2, 3, 4, and 5 on 
the ―EMU Support‖ price form to determine the milestone payment amount. 

M/S Description M/S (%) 
Cumulative 

M/S (%) 

A Approval of Mock-ups 25 25 

B Acceptance of 25% of Spare Parts 10 35 



PCEP Procurement of Bi-Level EMU Vehicles 

____________________________________________________________________________ 

Contract #14-PCJPB-P-056    8 of 30                                           (Conformed 2/22/2016) 
Volume 5       Special Provisions 

 
 

12458506.2 

M/S Description M/S (%) 
Cumulative 

M/S (%) 

C Acceptance of the 50% of Spare Parts 5 40 

D Acceptance of 75% of Spare Parts 5 45 

E Acceptance of 100% of Spare Parts 5 50 

F Acceptance of 25% of Special Tools 10 60 

G Acceptance of 50% of Special Tools 5 65 

H Acceptance of 75% of Special Tools 5 70 

I Acceptance of 100% of Special Tools 5 75 

J 
Acceptance of 25% of Test and Inspection 
Equipment 

10 85 

K 
Acceptance of 50% of Test and Inspection 
Equipment 

5 90 

L 
Acceptance of 75% of Test and Inspection 
Equipment 

5 95 

M 
Acceptance of 100% of Test and Inspection 
Equipment 

5 100 

 

1.1.2.4. Price Item – Performance Bond 

The Contractor will be paid 100% of the cost of the Performance Bond shown on Line 6 in the 
―EMU Support‖ price form upon approval of the Performance Bond by JPB.  

1.1.3. DELIVERY OF INVOICE 

One copy of each invoice should be submitted in either hard copy (paper) format via mail or soft 
copy format (PDF) via email as follows: 

a) Hard copy (paper) invoices must be sent to the attention of: 

Accounts Payable 

Peninsula Corridor Joint Powers Board 

1250 San Carlos Avenue 

San Carlos, CA 94070 

b) Soft copy invoices must be sent to AccountsPayable@samtrans.com 

mailto:AccountsPayable@samtrans.com
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The Contractor may submit only one invoice per month.  The invoice shall indicate the 
milestone(s) completed, and shall include supporting documentation to evidence completion of 
each milestone claimed complete. Each invoice shall be executed by a designated 
representative of the Contractor appointed by the Contractor to have such authority in 
accordance with this Contract. Within ten (10) calendar days after receipt of the invoice, the JPB 
Project Manager will review the invoice for conformity with the requirements of the Contract, and 
will notify the Contractor of the amount approved for payment and the reason for disapproval of 
any remaining requested amounts or of any other information set forth in the invoice. Contractor 
and JPB‘s Project Manager may agree to a process for review of draft invoices in advance of 
submittal of each invoice. Payment shall be made within thirty (30) business days of receipt of 
an approved invoice. 

1.1.4. FINAL PAYMENT, FINAL COMPLETION CERTIFICATE 

The JPB will make final payment upon completion of the warranty term for the last Trainset (or 
Option vehicle) accepted, with no outstanding warranty claims. Such final payment shall 
constitute full and complete payment to the Contractor for the Work.   

Prior to submitting an invoice for final payment, Contractor shall secure and furnish to JPB in a 
form acceptable to JPB a full and complete waiver and release of any and all claims of any 
nature, including but not limited to mechanic‘s and other liens, or claim or right of lien or other 
encumbrance, from Contractor‘s Subcontractors and Suppliers.  Contractor‘s acceptance of the 
final payment constitutes and operates as a release to the JPB of any and all claims of the 
Contractor or any Subcontractor and Supplier and liability to JPB for anything theretofore done 
or furnished for or relating to or arising out of this Contract and the work done hereunder, and 
for any prior act, neglect or default on the part of JPB or any of its directors, officers, agents, or 
employees.  Should the Contractor refuse to accept the final payment as tendered by JPB, such 
refusal constitutes waiver of any right to interest on such payment. 

Upon approval of the Contractor‘s final invoice for the final payment, the JPB will issue a Final 
Completion Certificate.  The Final Completion Certificate shall be subject to any guarantee or 
warranty, expressed or implied, provided by the Contractor or pursuant to the Contract 
Documents. The issuance by JPB of the Final Completion Certificate is not be construed to be 
acceptance by JPB of any defective or inferior work, improper materials, or work not adhering to 
the requirements of the Contract Documents. JPB will transmit copies of the Final Completion 
Certificate to the Contractor and surety. 

1.2. TERM OF CONTRACT AND TIME OF PERFORMANCE 

The term of this Contract begins upon the Effective Date and continues through Final 
Acceptance by JPB of all Trainsets and any Option Vehicles and completion of the warranty 
period, including satisfactory resolution of all warranty claims, unless otherwise terminated or 
extended as provided in this Contract.  The Contractor shall not commence performing work 
under this Contract until it is authorized in writing by JPB to do so by a Limited Notice to 
Proceed. 

The parties agree that the JPB may issue both a Limited Notice to Proceed and, subject to 
available JPB funding, a Final Notice to Proceed, the JPB anticipates that Final Notice to 
Proceed will be issued on or before March 1, 2017, although this date may be extended, in 
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particular to allow completion of any work authorized under the Limited Notice to Proceed.   In 
the event that the JPB does not have available funding to issue a Final Notice to Proceed on or 
before March 1, 2017, the JPB may terminate the contract for convenience pursuant to General 
Provisions 1.15.   

The  scope of Work that is authorized by the JPB under the Limited Notice to Proceed  is the 
work subject to the following three Milestones:  Milestone A, Approval of Mobilization Plan, 
Quality Plan and TS Compliance; Milestone B, Approval of the Master Program Schedule; and 
Milestone D1, Approval of Carbody FEA. Contractor is also authorized to perform all 
engineering services scheduled to support the delivery of the EMUs, in particular the 
preparation of conceptual design documentation in support of the above three milestones.   In 
no event may Contractor invoice the JPB other than for the work described above.  Unless the 
JPB provides prior written authorization, Contractor will perform Work under the Limited Notice 
to Proceed for an amount not to exceed $41 Million. 
 

The Contractor shall perform the Work in accordance with the schedule set forth below.  Within 
sixty (60) days of issuance of a Limited Notice to Proceed, Contractor shall provide the JPB with 
a progress schedule in accordance with TS 22.3.3.  

In the event the JPB orders Option Vehicle(s), the order will specify the schedule for such 
Vehicle(s), including an alteration of the schedule for the Final Completion Certificate. 

The ‖Time from NTP‖ entries in the following table mean no later than the last calendar day of 
the numbered month, counting the month in which the Limited NTP is issued as month ‗0‘.‖  

Contractual Milestone 
Time from NTP 

(months) 

Arrival of the 1st Trainset at the JPB 36 

Substantial Completion of the 1st Trainset 42 

Arrival of the 2nd Trainset at the JPB 43 

Substantial Completion of the 2nd Trainset 45 

Conditional Acceptance of the 1st Trainset 45 

Conditional Acceptance of the 2nd Trainset 46 

Conditional Acceptance of the 3nd Trainset 47 

Conditional Acceptance of the 4th Trainset 48 

Conditional Acceptance of the 5th Trainset 49 

Conditional Acceptance of the 6th Trainset 50 

Conditional Acceptance of the 7th Trainset 51 

Conditional Acceptance of the 8th Trainset 52 

Conditional Acceptance of the 9th Trainset 53 

Conditional Acceptance of the 10th Trainset 54 

Conditional Acceptance of the 11th Trainset 55 

Conditional Acceptance of the 12th Trainset 56 
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Contractual Milestone 
Time from NTP 

(months) 

Conditional Acceptance of the 13th Trainset 57 

Conditional Acceptance of the 14th Trainset 58 

Conditional Acceptance of the 15th Trainset 59 

Conditional Acceptance of the 16th Trainset 60 

Completion of Training 54 

Delivery of Final sets of the Manuals and Guides 44 

Delivery of Final sets of Spare Parts 50 

Delivery of Final sets of Special Tools 50 

Delivery of Final sets of Test Equipment 50 

Delivery of Final sets of As Built Drawings 66 

Final Payment / Final Completion Certificate 88 

 

1.3. LIQUIDATED DAMAGES 

The Contractor understands that time is of the essence, and that the JPB will suffer significant 
damages if the above schedule is not met. Because of the difficulty of determining at the time of 
contracting the actual damages to JPB resulting from Contractor's delayed performance, the 
parties agree that the JPB may assess liquidated damages in the amounts set forth below:  

• $6,359 per calendar day for late Delivery of the 1st trainset,  

• $2,186 per calendar day for late Substantial Completion of each trainset including 
the 1st trainset. 

JPB and the Contractor agree that the payment of liquidated damages pursuant to this Section 
is not a penalty, and that the amounts specified herein are a reasonable forecast of the 
damages that JPB would suffer by reason of the Contractor‘s failure to achieve the required 
schedule. 

The total amount for all liquidated damages under this Contract shall not exceed ten percent 
(10%) of the Total Base Bid Trainsets Order Price. JPB may deduct the sum of liquidated 
damages from payments or other amounts due under this Contract. 

This section is in addition to the Liquidated Damages for failure to meet warranty obligations 
described in Volume 7 of this RFP.  

The parties agree that Liquidated Damages under this Contract shall be the sole and exclusive 
remedy for delay in Delivery of the first trainset, and delay in Substantial Completion of all 
trainsets.  

 

1.4. EXCUSABLE DELAYS 
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The Contractor will not be assessed liquidated damages if delay arises out of causes that were 
beyond the control and without the fault or negligence of the Contractor, and that could not have 
been avoided by exercise of due diligence and care by the Contractor. Such causes may 
include, but are not restricted to, acts of God or of the public enemy, acts of the government in 
its sovereign or contractual capacity, fires, floods, epidemics, quarantine restrictions, strikes or 
other labor disputes, freight embargoes, and unusually severe weather, but in every case the 
delay must be beyond the control and without the fault or negligence of the Contractor. The 
Contractor shall notify the JPB within forty-eight (48) hours of any event of excusable delay 
identified under such causes above.  

The Contractor shall give further detailed written notice to JPB within thirty (30) Days after the 
occurrence of an event the Contractor believes to be the basis of an excusable delay under this 
Section.  Such notice shall be accompanied by a fully documented and written request for an 
excusable delay, including the number of days of delay sought, and shall be supported by a 
delay analysis (including documentation of the steps taken to mitigate delay) and a recovery 
plan. Any request for an excusable delay that is not timely filed shall be barred.  Upon review of 
a timely filed request, JPB may make an equitable revision in the delivery schedule, by the 
number of days JPB determines to be appropriate. 

1.5. DELIVERY  

1.5.1. SHIPMENT AUTHORIZATION 

Contractor shall prepare and submit a shipping plan to the JPB for review and approval.  Each 
Trainset shipped from the Contractor's plant to JPB shall be complete, ready to run, and in 
compliance with all provisions of the Technical Specification, except as noted below. Prior to 
shipment of each Trainset, the Contractor shall obtain a shipping release signed by both the 
JPB‘s resident inspector and JPB's Project Manager or his or her designee. The shipping 
release shall certify that the Trainset is complete, has passed all pre-shipment tests described in 
the Technical Specification, complies with approved Contractor's drawings, is accompanied by 
an up-to-date Car History Book (CHB), and satisfies any other agreed upon conditions for 
shipping. The JPB Project Manager, at his or her sole discretion, may permit shipment of a 
Trainset with non-safety critical minor defects that will not affect testing and can easily be 
corrected after shipment. All known defects shall be submitted by the Contractor with the 
request for shipping release. The shipping release does not constitute conditional or final 
acceptance by JPB. 

1.5.2. SHIPMENT 

1.5.2.1. Trainsets, EMUs, Components 

If shipped by sea, all Trainsets, EMU‘s or EMU components shall be below deck and shall be 
enclosed to protect against damage from handling and from exposure to the marine 
environment. 

The Contractor shall arrange for shipment of Trainsets, EMU‘s and EMU components to be 
controlled so as to prevent damage. The shipped hardware shall be protected from damage 
during shipment. All parts removed for shipment shall be boxed securely and shipped with the 
EMU to which they belong. Shipments shall be packaged in accordance with the best 
commercial standards and practices to ensure the integrity, safety, and security of the EMU‘s 
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and other materials during transportation and handling. During shipment, each EMU shall be 
equipped with an impact recorder provided by the Contractor and approved by JPB. The 
recorder shall record all handling impacts. All records shall become the property of JPB and 
shall be included in the CHB. 

The Contractor shall require shippers to log and record any incidents of damage or potential 
damage to the EMU and EMU components, and of interruption of shipments. The Contractor 
shall report all such shipment incidents to JPB promptly upon the Contractor's receipt of such 
information, describing the nature of the shipment damage, potential damage or interruption, 
and the actions taken and to be taken to complete the shipment and repair any damage. 

The Contractor shall be responsible for safely and efficiently maintaining traffic in all areas 
affected by its shipment of EMU‘s on public roadways or by any other activities of the Contractor 
affecting roadway traffic, and shall comply with all requirements of any authority having 
jurisdiction over the roadway. 

The Contractor shall obtain, at its sole expense, any necessary import permits, shipping or 
travel permits, licenses, or duties  that may be required for the delivery of the Trainsets, EMU‘s 
or any other part of the Work. 

While EMUs may be shipped separately, the JPB will only accept delivery of a complete 
Trainset, unless an EMU is part of a separate Option order. 

1.5.2.2. Spare Parts, Special Tools, Test Equipment and Manuals 

The Contractor shall notify JPB's Project Manager at least ten (10) calendar days in advance of 
delivery of any spare parts, special tools and test equipment, and manuals. All such materials 
shall be delivered to the CEMOF.  Shipping documents shall accompany delivery of all 
materials. The shipping documents shall identify all parts by OEM part number, JPB symbol 
number (part number), serial number (where applicable), and JPB purchase order item number. 

Parts lists corresponding to Pricing Forms Spare Parts Price - SPP, Special Tools Price – STP 
and Test Equipment Price - TEP shall be submitted for approval at least (30) calendar days 
before notice of shipping. Upon approval of the parts lists, JPB will issue a no-cost purchase 
order under which the materials will be shipped. No deliveries shall be made without prior 
issuance of the spare parts purchase order. JPB will inspect all materials to confirm the 
accuracy of the shipping documents and to check for damage to the materials.  

1.5.3. SHIPPING DESTINATION 

All Trainsets, EMUs, spare parts, special tools, and all other portions of the Work shall be 
shipped FOB to JPB's Centralized Equipment and Maintenance and Operations Facility 
(CEMOF) at 585 Lenzen Avenue (Stockton Avenue), San Jose, CA, 95126.  

1.5.4. DELIVERY COMPLETION 

After delivery at JPB's CEMOF, each Trainset (or Option Vehicle) shall be examined jointly by 
representatives of JPB and the Contractor for shipping damage. Unless the parties mutually 
agree that damages have occurred to the Trainset (or Option Vehicle) that make it 
undeliverable, JPB will within 48 hours of the post-delivery examination, issue a receiving notice 
to the Contractor, which will acknowledge receipt of the Trainset (or Option Vehicle)  and 
describe any missing parts or visible damage that may have occurred during shipment. 
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Trainsets (or Option Vehicle) found to be undeliverable by the JPB shall be removed by the 
Contractor and shall be shipped to a location where appropriate repairs can be performed.  

1.6. SUBSTANTIAL COMPLETION 

Substantial Completion Certificate - A written certificate issued by JPB that signifies that a 
Trainset (or Option Vehicle)  has reached Substantial Completion which includes the completion 
of all production, assembly, furnishing, delivery, inspection, static and dynamic testing (except 
for burn-in) with respect to any Trainset (or Option Vehicle)  to a point where such Trainset (or 
Option Vehicle)  is ready for revenue service without any operating restriction that would inhibit 
an operator‘s ability to control, monitor, diagnose, or recover a Trainset (or Option Vehicle)  
during revenue service operations, including, but not limited to, operating restrictions to any of 
the following systems: 

 Trucks and Suspension; 

 Couplers, Drawbars and Draft Gears; 

 Trainlines and Network; 

 Monitoring, Diagnostics and Event Recorder; 

 Primary and Auxiliary Electrical System; 

 Propulsion; 

 Friction Brake; 

 Doors; 

 Heating, Ventilation, and Air Conditioning; 

 Communication System – Passenger Information; and, 

 Positive Train Control 

1.7. ACCEPTANCE 

1.7.1. GENERAL 

Acceptance will ordinarily take place in two stages—Conditional Acceptance and Final 
Acceptance.  The Contractor shall, at its expense, conduct acceptance tests on each delivered 
Trainset (or Option Vehicle) as set forth in TS, Section 19, Test Program. Neither Conditional 
Acceptance nor Final Acceptance of a Trainset (or Option Vehicle) relieves the Contractor from 
responsibility for errors, improper fabrication, and nonconformance to a requirement, or for 
deficiencies within the Contractor's control.  

All acceptance testing at the JPB facilities will be at times and locations as directed by the JPB 
so as not to interfere with JPB operations. Operation or movement of Trainsets (or Option 
Vehicle) during acceptance testing will be at JPB's direction and by JPB operating personnel 
only.   

1.7.2. CONDITIONAL ACCEPTANCE 

The JPB may Conditionally Accept a Trainset (or Option Vehicle) if the following conditions are 
satisfied: 

• The Trainset (or Option Vehicle) is Substantially Complete. 

• The Trainset (or Option Vehicle) satisfactorily passes all "burn-in" testing set forth in 
TS 19. 



PCEP Procurement of Bi-Level EMU Vehicles 

____________________________________________________________________________ 

Contract #14-PCJPB-P-056    15 of 30                                           (Conformed 2/22/2016) 
Volume 5       Special Provisions 

 
 

12458506.2 

• All safety related open items have been satisfied and closed. 

• The JPB determines that the Trainset (or Option Vehicle) is suitable for operation in 
revenue service, even if it is not yet totally responsive to all Contract requirements. 

All systems, subsystems, components, parts or equipment which are defective or otherwise do 
not conform to the requirements of the Contract Documents, as determined by JPB, may be 
rejected,  If directed by JPB, the Contractor shall promptly repair or remove and replace, in a 
manner acceptable to the JPB any portion of the Work as a condition of Conditional 
Acceptance.  No compensation or additional time shall be provided to the Contractor for repair, 
removal and replacement or correction of any Work or Services. 

Rejected systems, subsystems, components, parts or equipment or other portions of the Work, 
the defects in which have been subsequently corrected, shall not be used in the Work or as a 
replacement part or spare part unless approved, in writing, by JPB. 

Upon failure of the Contractor to repair, remove or replace defective or non-conforming 
systems, subsystems, components, parts, equipment, spare parts, or other portions of the 
Work, after notice in writing from JPB, JPB may, without limiting any other rights under the 
Contract Documents, cause the defective or non-conforming systems, subsystems, 
components, parts, equipment, spare parts, or other portions of the Work or Services to be 
repaired, removed or replaced by others.  Any costs reasonably and necessary incurred by JPB 
in having defective or non-conforming systems, subsystems, components, parts, equipment,  
spare parts, or other portions of the Work or Services repaired, removed or replaced shall be 
borne by the Contractor and such costs may be deducted from any monies due, or which 
become due, the Contractor. 

At the time of Conditional Acceptance of a Trainset (or Option Vehicle), the parties will mutually 
agree on a list with a list of open items that need correction as a condition of Final Acceptance.  
The JPB may place Conditionally Accepted Trainsets (or Option Vehicles) into revenue service. 
The warranty period for a Trainset (or Option Vehicle) an EMU will begin with Conditional 
Acceptance, except for parts and systems that require corrective action, which parts and 
systems will begin their respective warranty periods upon JPB agreement that the appropriate 
corrective action has occurred.  Conditional Acceptance does not relieve the Contractor of the 
liability to correct defects as required by the Contract.  

Title to each EMU shall pass to JPB upon Conditional Acceptance of the Trainset (or Option 
Vehicle).  The Contractor shall furnish and execute all necessary documentation to effect 
transfer of title at Conditional Acceptance. Transfer of title does not constitute Final Acceptance 
of the Trainset (or Option Vehicle) nor relieve the Contractor of any of its obligations under the 
Contract, nor preclude rejection of the Trainset (or Option Vehicle) by JPB. 

1.7.3. FINAL ACCEPTANCE 

JPB will make Final Acceptance of a Trainset (or Option Vehicle) upon the JPB's determination 
that the Trainset (or Option Vehicle) conforms in all respects to the Contract requirements.  As a 
condition of Final Acceptance, Contractor shall satisfactorily address all items left open at the 
time of Conditional Acceptance.    

1.7.4. CONTRACTOR’S PERSONNEL 

Contractor shall assign only competent personnel to perform work hereunder.  In the event that 
at any time JPB, in its sole discretion, desires the removal of any person or persons assigned by 
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Contractor to perform work hereunder, Contractor shall remove such person or persons 
immediately upon receiving written notice from  the JPB.  In the event that any of Contractor‘s 
personnel assigned to perform services under this Contract become unavailable due to 
resignation, sickness, or other factors outside of Contractor‘s control, Contractor shall promptly 
provide adequately qualified replacements.  In no event may a position remain unfilled.  Except 
for excusable delays as set forth in Section 1.5, unavailability of personnel, even due to factors 
outside of Contractor‘s control, does not provide Contractor an excuse from meeting the time 
requirements under this Contract. 

1.7.5. KEY PERSONNEL 

1.7.5.1. Contractor Project Team 

Detailed requirements for the Contractor‘s team are provided in the Technical Specifications, TS 
22.2. 

Key Personnel shall meet the minimum qualifications identified below.   In the event that at any 
time JPB, in its sole discretion, desires the removal of any person or persons assigned by 
Contractor to perform work hereunder, including but not limited to Key Personnel, Contractor 
shall remove such person or persons immediately upon receiving written notice from JPB.  

In the event that any of the Contractor‘s personnel assigned to perform services under this 
Contract become unavailable due to resignation, sickness or other factors outside of the 
Contractor‘s control, Contractor shall promptly provide adequately qualified replacements. In no 
event shall a position remain unfilled for more than one (1) month. The JPB has the right to 
review the qualifications and character of each individual who is proposed as a replacement Key 
Personnel and to approve or disapprove each Key Personnel prior to the commencement of any 
Work by each Key Personnel.  The Contractor shall not change any Key Personnel without the 
prior written approval of the JPB.   

A. Project Manager:  Minimum Qualifications – 15 years cumulative Project Manager 
experience, or demonstrated equivalent as determined by the JPB in its sole discretion. The 
Project Manager shall have demonstrated successful responsibility for the scope 
development, scope management and commercial performance of at least three similar 
vehicle supply projects and shall have met project goals and objectives. Additionally, the PM 
shall have an ability to plan and define program goals and devises methods to accomplish 
them; to develop in-depth knowledge of client objectives, contract terms; have the ability to 
Plan, direct, supervise, and control the execution of all business, technical, fiscal, and 
administrative functions of the project; and, identify responsibilities within the Contractor‘s 
Organization for executing project plans to key subordinates after careful assessment of 
how to utilize their qualifications and strengths. 

B. Engineering Manager: Minimum Qualifications – 15 years cumulative Engineering 
Management experience or demonstrated equivalent as determined by the JPB in its sole 
discretion.  The Engineering Manager shall have demonstrated successful knowledge of the 
engineering and design including integration on the projects similar in scope to the Caltrain 
project.  Additionally, the Engineering Manager shall have the ability to plan, assign 
responsibilities, work with the Client engineering and other personnel including consultants, 
and understand the Client objectives for the project. The following key engineers shall report 
directly to the Engineering Manager: 
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1. Lead Mechanical Engineer: Minimum Qualifications – 15 years cumulative Project 
Engineering experience or demonstrated equivalent as determined by the JPB in its sole 
discretion. The person shall have previously demonstrated, on a minimum of three 
Vehicle Projects, the ability to manage all the technical aspects of the project; the ability 
to work closely with the Project Manager on the status of the engineering milestones; 
ensure that resources are identified and utilized through life of project; and have 
demonstrated the ability to ensure all engineering deliverables are developed and 
submitted on time. 

2. Lead Electrical Engineer: Minimum Qualifications – 15 years cumulative Project 
Engineering experience or demonstrated equivalent as determined by the JPB in its sole 
discretion. The person shall have previously demonstrated, on a minimum of three 
Vehicle Projects, the ability to manage all the technical aspects of the project; the ability 
to work closely with the Project Manager on the status of the engineering milestones; 
ensure that resources are identified and utilized through life of project; and have 
demonstrated the ability to ensure all engineering deliverables are developed and 
submitted on time. 

3. System Integration Engineer - The Contractor shall assign a System Integration 
Engineer, or equivalent, person of appropriate competence, to be their organization‘s 
primary representative and point of contact for the JPB System Integration Program for 
the CalMod Project. The System Integration Engineer shall arrange for additional 
technical (or other) expertise that might be required for various scopes of work. 

The JPB System Integration Lead will host a formal integration meeting on a weekly 
basis, or as needed. The Contractor‘s System Integration Engineer and any other JMP 
requested Contractor resources shall attend. Relevant meeting information will be 
posted on the JPB SharePoint site and through normal electronic distribution for review 
and comment by all participants. The Contractor‘s System Integration Engineer shall 
ensure that the Contractor organization receives this information as needed. As the 
project progresses from design, through construction, to testing and commissioning, and 
then to final acceptance, non-Contractor personnel responsible for integration may be 
assigned and/or reassigned. It is the role of the Contractor and its representative and 
alternate representative to maintain continuity. 

4. RAMS Engineer: The Contractor shall assign a RAMS Engineer having adequate 
experience in planning, organizing, implementing and monitoring all RAMS related 
issues identified in the Contract.  The RAMS engineer shall have had a lead position in 
at least two programs similar in scope and duration to the Caltrain program. 

C. Quality Assurance / Quality Control Manager: 15 years cumulative QA/QC experience or 
demonstrated equivalent as determined by the JPB in its sole discretion. The person shall 
have demonstrated, on a minimum of three Vehicle Projects, the ability: to monitor and 
evaluate system data to determine contractor compliance and prepare comprehensive 
reports; to evaluate completed work or work in progress to ensure that it complies with the 
applicable codes and standards; to interact professionally with internal and external 
customers on all levels and be able to work well with diverse groups; possess strong written 
and oral communication skills; and have been responsible to perform vehicle appearance 
and functional inspections.  

D. User Education Manager: The Contractor shall assign a User Education Manager having 
adequate experience in planning, organizing, implementing and monitoring the training 
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program specified in the Contract.  The User Education Manager shall have implemented at 
least two programs similar in scope and duration to the Caltrain program.  

1.7.6. SUBCONTRACTORS AND SUPPLIERS 

The Contractor shall be fully responsible for the performance of all the Work and shall keep the 
Work under its control. No subcontract shall relieve the Contractor of any of the Contractor‘s 
obligation or liabilities under the Contract Documents. The Contractor shall be fully responsible 
and liable for the acts or omissions of all Subcontractors and Suppliers. The Contractor shall be 
solely responsible for reimbursing any subcontractors and JPB has no obligation to them.  
Contractor shall provide to JPB an executed copy of each subcontract, including any 
amendments. 

Contractor will make best efforts to ensure that each written subcontract with any 
Subcontractor/Supplier shall, at a minimum, contain the following express provisions: 

• Contractor, not JPB, is solely responsible for payment to the Subcontractor/Supplier 
for any amounts owing—and the Subcontractor/Supplier shall have no claim, and 
shall take no action against JPB (or its officers, directors, employees or sureties) for 
nonpayment by Contractor.   

• Subcontractor/Supplier agrees that the subcontract is subservient to this Contract 
and that it shall be bound to the applicable terms and conditions of this Contract.  

• Without limitation to the generality of the foregoing, the subcontract shall require 
Subcontractor/Supplier to agree to terms and conditions echoing or at a minimum 
effecting Section 7, of the General Conditions, Technology and Intellectual Property 
Rights. 

• Subcontractor shall comply with (1) FRA conditions of waiver or alternate compliance 
requirements in accordance with applicable FRA rules and regulations, (2) Final 
Environmental Impact Report (FEIR) approved standards for noise and 
electromagnetic emissions, (3) applicable standards and recommended practices as 
issued by the American Public Transportation Association (APTA), Association of 
American Railroads (AAR), and Americans with Disabilities Act (ADA) 49 CFR 38, 
and (4) CPUC requirements.  

• The Subcontractor‘s designs shall be fully compatible with all aspects of the JPB rail 
alignment and maintenance shop requirements.  

• Each Subcontractor shall make such schedule commitments and shall submit such 
schedules, scheduling information, and other required information to the Contractor 
as is necessary for the Contractor to comply with its schedule and reporting 
commitments to the JPB under this Contract. 

• All applicable FTA flow down compliance requirements shall be included in such 
subcontracts and the Contractor shall obtain all applicable FTA-required certifications 
before entering into any subcontract.   

• A provision making Subcontrators / Suppliers assignable to JPB, or their respective 
successors and assigns, upon JPB‘s written request following termination of this 
Contract.   
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• All guarantees and warranties under any Subcontract shall inure to the benefit of 
both JPB and the Contractor during the performance of the Work; upon Final 
Acceptance of the Work, such guarantees and warranties shall inure to the benefit of 
JPB.   

The JPB has pre-approved the Contractors listed by category in Form 1.B.7.  Contractor must 
receive the JPB‘s prior written approval before subcontracting any of the work in the categories 
set forth in Form 1.B.7 to any firm other than those listed as primary or alternate contractors for 
a specific category.   

1.8. JPB PROJECT MANAGER 

JPB's Project Manager for this Contract will be the formal contact between JPB and the 
Contractor. JPB's Project Manager will be responsible for, on behalf of JPB, all matters relating 
to this Contract.  The JPB Project Manager will schedule and preside over pre-production, 
periodic, and special meetings throughout the progress of the Work in accordance with TS 
22.3.4.  Changes to the Contract involving scope, cost, or time requires the approval of the JPB 
Project Manager, and may be executed by the Project Manager provided that such change 
orders do not exceed the authority delegated to the JPB Project Manager by the JPB's Board of 
Directors.  The exercise or failure to exercise power by the JPB Project Manager does not 
relieve the Contractor of any of its obligations under the Contract. 

1.9. JPB INSPECTION AND TESTING 

1.9.1. GENERAL 

JPB will test and inspect all EMU components, subsystems or workmanship prior to assembly of 
such components or work into the EMU production and prior to acceptance of the EMU‘s by 
JPB. JPB may either reject or require correction of defective material, workmanship, or 
nonconformity to this Contract. The Contractor shall make available tools, pits, hoists, scaffolds, 
platforms, other equipment, and assistance as may be necessary for inspections or tests. The 
Project Manager or his or her designee(s) will at all times have access to the work wherever it is 
in preparation or progress.  Prior to commencing any test, the Contractor shall prepare test 
plans for review by the JPB in accordance with the Technical Specifications. 

1.9.2. INSPECTORS 

JPB may station its resident inspectors at the Contractor's (and any Subcontractor's) plant and 
facilities during the manufacturing and production process, at JPB‘S own expense. JPB 
inspectors shall be provided access to the design, fabrication, assembly, and testing of the 
EMU‘s at all times, wherever in progress at the Contractor's, Contractor's Subcontractors', or 
JPB's facilities. Inspectors are employed solely for JPB's benefit, and are not intended as a 
source of advice or guidance or direction for the Contractor's employees, subcontractors, or 
suppliers. JPB resident inspectors shall have the right to view and participate in all inspections 
and testing conducted by the Contractor.  

The Contractor shall fully cooperate with the Inspector(s) in the performance of his or her duties. 
The Contractor shall provide any reasonable facilities including a private office, telephone and 
high speed Internet connection, desk and document storage facilities, and reasonable office 
supplies that the inspector(s) may require for the performance of their duties. The inspector(s) 
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will observe and may inspect the work, and will report their observations to the Project Manager. 
Except as expressly authorized by the Project Manager in writing, the inspector(s) will have no 
authority to accept, reject, or approve the work, to stop the work, to authorize any changes in 
the work, or to direct any extra work.  

1.9.3. TESTING 

The Contractor shall pay the costs of any inspection or test required of the Contractor by the 
Technical Specifications or other Contract Documents or which it requests for its own 
convenience. The Contractor shall maintain records of all inspections and tests covering the 
work under this Contract and shall make such records available to JPB and JPB‘s inspector(s) 
upon request during the performance of this Contract and for the duration of any Warranty 
periods.  

1.9.4. TESTING AT JPB FACILITY 

For the testing defined under the Technical Specifications  section 19, chapters 19.9 (Trainset 
Level Performance Design Conformance Tests) and 19.12.5 (Trainset Limited Performance 
Test) JPB will make available without additional cost to the Contractor facilities for testing at its 
facilities specified in test plans pursuant to the Technical Specifications, including testing at 
speeds up to 110mph.  All testing at the JPB facilities will be at times and locations as directed 
by the JPB so as not to interfere with JPB operations. Operation or movement of EMU‘s during 
testing will be at JPB's direction and by JPB operating personnel only.   

JPB will make available one (1) bay within CEMOF, with an in-floor lift and roof access. JPB will 
make available to the Contractor, to the extent possible as determined in the sole discretion of 
JPB, electric power and storage for EMU components at CEMOF. The Contractor shall furnish 
all personnel, supplies, and tools for EMU post-delivery work at JPB's facilities, and will furnish 
all equipment and other requirements for the EMU post-delivery work position not made 
available to the Contractor by JPB.  

The Contractor shall maintain JPB property in a neat and orderly condition, equal or better than 
the general maintenance facility condition. Upon completion of the Work, the Contractor shall 
remove all temporary buildings, structures, fences, scaffolding, surplus materials, and rubbish of 
every kind from the site of the Contractor's work on JPB property. 

The Contractor shall not be liable for delay caused by the JPB‘s failure to provide the facilities 
set forth in this Section.   

1.10. OPTIONS FOR ADDITIONAL VEHICLES, SPARE PARTS, SPECIAL TOOLS 
AND TEST EQUIPMENT, AND MAINTENANCE SERVICES  

1.10.1 Options for Additional Vehicles 

The JPB reserves the right in its sole discretion to exercise options to order up to 96 additional 
Vehicles (―Option Vehicles‖) as set forth in this section, the JPB will exercise its options for 
Option Vehicles by written notice to the Contractor. The notice shall specify the quantity of 
additional Vehicles being ordered.  Except as may be specified in an option order and agreed to 
by both parties, all Option Vehicles shall be identical in every way to base order Vehicles 
purchased under this Contract.  All conditions, technical specifications, and requirements of this 
Contract shall apply to Option Vehicles, except as noted below.   All Option Vehicle prices set 
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forth in this Contract are in U.S. currency and do not include any allowance for any contingency 
to cover anticipated increased costs of performance.    

Option 1 period.   At any time during the manufacturing process (i.e. any time up to eighteen 
(18) months prior to the start of fabrication of the last new car shell), the JPB may exercise an 
option to purchase up to 96 Option Vehicles.  The JPB may make one order of Option Vehicles 
during the Option 1 period, or may make multiple orders at different times.   The JPB may order 
Option Vehicles of any configuration (i.e. coaches, cab cars, bicycle cars, etc.) and any quantity.  
The unit prices for all Option Vehicles ordered during the Option 1 period will be the unit prices 
for the corresponding Option Vehicle type(s) set forth in the ―Option Cars‖ price form with no 
adjustment. 

Option 2 period.  After the time period for Option 1 has expired, but at any time within seven 
years of the effective date of this Contract, the JPB may exercise an option(s) to purchase 
additional Option Vehicles such that the total amount of Option Vehicles purchased does not 
exceed 96.   The JPB may order Option Vehicles of any configuration (i.e. coaches, cab cars, 
bicycle cars, etc.) and any quantity.  Unit prices for the corresponding Option Vehicle type(s) 
ordered during the Option 2 period will be the unit price for Option Vehicles set forth in the 
―Option Cars‖ price form, subject to the adjustment set forth in Section 1.10.1.2.  Additionally for 
the 1st order of vehicles in the Option 2 period the Re-mobilization and Project Management Fee 
will apply. 
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1.10.1.1 Milestone Payments – Option Vehicles  

Milestone payments will be calculated from the total price for each order of Option Vehicles:  

 

*Note: n represents the number of Option vehicles ordered  

 

1.10.1.2 Economic Price Adjustment/Escalation for Option Vehicles  

This Section shall be the exclusive measure of the Option prices for Option Vehicles ordered 

during Option Period 2 without regard to actual changes in the cost or use of labor or materials 

between the NTP and the date the JPB exercises an Option.  

The price for Option Vehicles purchased during Option Period 2 shall be subject to an 

adjustment as follows:   

The index value of a specific Producer Price Index category shall be established from the ―PPI 

Detailed Report‖, published monthly by the U.S. Department of Labor, U.S. Bureau of Labor 

Statistics, specifically using Industry Code 336510, Product code 336510-3Z, ―Passenger and 

freight train cars, new (excluding parts)‖ as shown in Table 11, ―Producer price indexes for the 

net output of selected industries and their products, not seasonally adjusted.‖, as of the month 

and year of the NTP.  

M/S DESCRIPTION M/S (%) CUMULATIVE M/S (%) 

A 
Return of the Executed 
Change Order with Updated 
Master Program Schedule 

5 5 

B 

Submittal of Executed 
Subcontract Agreement 
Change Orders for All Major 
Systems Suppliers 

10 15 

C1-
Cn 

Completion of Carbody 
(ready for shipment) of each 
Option vehicle 

n x C/n = 29 44 

D1-
Dn 

Authorization to Ship of each  
Option Vehicle from 
Contractor‘s Facility 

n x D/n = 20 64 

E1-
En 

 

Notice of Conditional 
Acceptance of each  Option 
Vehicle 

n x E/n = 24 88 

F1-
Fn 

Notice of Final Acceptance of 
Each  Option Vehicle 

n x F/n = 12 100 
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For Option Period 2 orders, the Option Prices will be calculated as the unit price for each Option 

Vehicle type being ordered from the ―Option Cars‖ price form plus (or minus) an amount equal 

to that same unit price times the percent difference (to two decimal places, rounding upward) 

between the index value as of NTP and the index value as of the month and year of the Option 

Vehicles order. 

For example, if the index value at NTP was 233.3, and the index value at the month/year of the 

Option Vehicle order is 232.7, the percent difference would be -0.26 percent. The Option Period 

2 unit prices would therefore be 99.74% [100%-0.26%] of the unit prices shown on the ―Option 

Cars‖ price form. 

Additionally for the 1st order of vehicles in the Option 2 period the Re-mobilization and Project 
Management Fee will apply. 

1.10.2 Option for Spare Parts, Test Equipment, and Special Tools  

The JPB reserves the right in its sole discretion to exercise options to purchase additional Spare 

Parts, Test Equipment, and Special Tools at the unit prices shown in the Price Forms. Such 

options may be exercised from time to time as may be desired by the JPB, but not later than six 

(6) months prior to the delivery of the last Trainset ordered under the base order or six (6) 

months prior to the delivery of the 1st EMU in an Option order, if exercised, whichever is later. 

No escalation of the unit prices will apply to these purchases. 

1.10.3 OPTION FOR MAINTENANCE SERVICES  

The JPB, in its sole discretion, will have the option to engage Contractor to perform the 

maintenance services that are described in Volume 8.  In the event the JPB exercises this 

option, Contractor will be bound to all the terms and conditions set forth in Volume 8 and will 

execute the Maintenance Services Agreement as finally negotiated.  Contractor‘s failure to 

execute the Maintenance Services Agreement upon the JPB‘s notification that it has exercised 

the maintenance services option is a material breach of this EMU Procurement Contract.   

The JPB may exercise its option for maintenance services at any time within 12 months of 

issuance of Notice to Proceed for the base order of Vehicles.  Upon exercise of its option, and 

execution of the Maintenance Services Agreement, the Maintenance Services Agreement and 

the EMU Procurement Contract will be separately administered and the terms of one will not 

apply to the other.   The JPB‘s further rights to exercise options for extensions of the 

maintenance services agreement are set forth in Volume 8.   

1.11. CONTRACT MODIFICATIONS 

1.11.1. CONTRACTOR CHANGES 

Any Contractor-proposed change in this Contract shall be submitted in writing to JPB for its prior 
approval.  Oral change orders are not permitted.  All Contractor initiated requests for a change 
shall be made within ten (10) days after Contractor knows, or should have known, of the issues 
giving rise to the request.  At JPB‘s request, Contractor shall provide information giving the 
basis for the requested change, or shall provide a proposal containing (i) the information set 
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forth in this Section, (ii) the information described below with regard to Value Engineering 
Change Proposals, and/or (iii) any other information the JPB deems necessary to evaluate the 
Contractor-proposed change. No change in this Contract may be made unless JPB gives prior 
written approval therefore.  The Contractor is liable for all costs resulting from, and/or for 
satisfactorily correcting, any specification change not properly ordered by written modification to 
the Contract and signed by JPB.  

1.11.2. VALUE ENGINEERING 

The JPB is committed to cost-effective implementation of the Project and encourages the 
Contractor to submit Value Engineering Change Proposals (VECP). Within six (6) months after 
NTP, the Contractor shall convene a Value Engineering Conference to identify possible cost 
savings in the proposed design. Key members of the Contractor‘s and JPB‘s engineering staffs 
shall be in attendance. The conference shall result in a list of Value Engineering Change 
Proposals (VECPs), which the Contractor shall present to JPB for approval.  An example of a 
VECP would be a Contractor suggested variance in the Technical Specification for the purpose 
of reducing cost or enhancing schedule without adversely impacting the quality or functionality 
of the Project. 

A. Description of the Value Engineering Change Proposal 

A VECP is a proposal to change the Contract Documents to reduce the cost of the Contract 
without impairing essential functions or characteristics of the EMU‘s, as determined by the JPB 
in its sole discretion. A mere reduction in quantities will not be considered a VECP.  The JPB 
retains the right to determine, in its sole discretion, if a VECP represents an opportunity to 
reduce costs without impairing essential functions.  Any VECP submission shall include a 
determination of essential functions and characteristics including analyses of the following: 

a. The relative service life of the proposed change and the existing requirement; 

b. The warranty service requirements of the proposed change and the existing requirement 
(level of effort and frequency); 

c. Environmental and aesthetic impacts of the change; 

d. Effects on system service; and 

e. Effects on other system components. 

B. Contents of the VECP Package 

At a minimum, the following information shall be submitted by the Contractor with each VECP: 

a. A narrative description of the proposed change.  In the event the JPB requests a VECP, 
it shall provide the description of the proposed change; 

b. A comparison of the differences between existing requirements and the proposed 
change, together with advantages and disadvantages of each changed item; 

c. A complete cost analysis; 

d. A justification for changes in function or characteristics of each item, and effect of the 
change on the performance on the end items; 

e. A description of any previous use or testing of the proposed approach, and the 
conditions and results; 
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f. An estimate of the costs of development and implementation of the proposed change; 
and 

g. A statement of the time by which a Contract modification accepting the VECP must be 
issued in order to achieve the maximum cost reduction, noting any effect on the Contract 
completion time or delivery schedule. 

The JPB, at its sole discretion, may request additional information to further the JPB‘s 
evaluation of the VECP. 

C. Review by the JPB 

The JPB will process the VECP expeditiously, but will not be liable for any delay in acting upon 
any VECP submitted pursuant to this SP 1.12.2, Value Engineering.  The Contractor may 
withdraw all or part of any VECP at any time prior to approval by the JPB, but shall be liable for 
costs incurred by the JPB in review of the withdrawn VECP, or part thereof.  Except in the case 
of a withdrawn VECP, the JPB and the Contractor are each responsible for its own costs in 
connection with preparation and review of a VECP. 

D. Approval or Rejection of a VECP 

The JPB will determine whether a VECP qualifies for consideration and evaluation.  VECP‘s that 
require excessive time or costs for review, evaluation, or investigations, or that are not 
consistent with the JPB‘s design policies and technical specification criteria, will be rejected.  
The Contractor shall have no claim for any additional costs or delays resulting from the rejection 
of a VECP, including development costs, loss of anticipated profits, or increased material or 
labor costs.  The JPB in its sole discretion may approve or disapprove, in whole or in part, any 
VECP submitted.   

E. Share in Savings 

Any net savings estimated to accrue to the Contractor due to an approved VECP will be split 
equally between the JPB and the Contractor, after taking into account any additional costs 
anticipated to be incurred by the JPB resulting from the VECP, including implementation. 

The Contractor is not entitled to share in either of the following: 

a. Any measurable net reductions in the JPB‘s costs resulting from the VECP, including 
costs of maintenance by the JPB and logistics; and 

b. Any reductions in the cost of performance of future contracts resulting from a VECP. 

F. Use of VECP’s by JPB 

All approved or disapproved VECPs and negotiated changes shall become the property of the 
JPB, and shall contain no restrictions imposed by the Contractor on their use or disclosure.  The 
JPB retains the right to use, duplicate, and disclose in whole or in part any VECP or data therein 
on any other or subsequent JPB projects without any obligation to the Contractor.  This 
provision is not intended to deny rights provided by law with respect to intellectual property 
rights. 

1.11.3. JPB CHANGES 

JPB may obtain changes to the Contract, both additive and deductive, by notifying the 
Contractor in writing.  As soon as reasonably possible after receipt of the written change order 
notice to modify the Contract, or by a date agreed to by the parties, the Contractor shall submit 
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to the JPB‘s Project Manager a detailed price and schedule proposal for the work to be 
performed and shall set forth any changes to the technical requirements of the Contract. J 

(1) The proposal shall detail all applicable direct costs or credits, including labor and 
materials, with the unit price and corresponding quantity, Subcontractor(s) or supplier(s) 
quote or purchase order, and mark up, etc. which makes up the total proposed cost or 
credit.  The information shall be in sufficient detail for JPB to determine if the proposed 
costs or credits are fair and reasonable. The information required by the JPB for 
inclusion in the proposal may include any of the information described above with regard 
to Contractor-initiated changes. 

(2) Contractor agrees that the combined profit of the supplier(s)/Subcontractor(s) and 
Contractor with respect to any change order work will not exceed 10% of the total 
submitted change order price unless the JPB approves such additional profit under 
circumstances deemed fair and reasonable by both the JPB and the Contractor.  
Calculation of profit for the change order is on the costs of Contractor.  The Contractor 
represents that all rates charged or credited by suppliers or Subcontractors contained in 
the proposal are equal to or better than rates charged or credited to other transit 
properties.  

(3) All receipts, vouchers and all other supporting documentation required to substantiate 
the material costs or credits will be available for JPB‘s inspection and verification. 

1.11.4. CHANGE ORDER 

Contractor‘s price and schedule proposal will be accepted or modified by negotiations between 
the Contractor and JPB.  At that time a detailed modification will be executed in writing by both 
parties.  Modifications that increase the cost to be paid Contractor may need to be approved by 
the JPB Board of Directors.  Disagreements that cannot be resolved through negotiations may 
be resolved in accordance with the procedures in Sections 1.12. and1.13, Disputes and Claims.  
In the event of a disagreement over a change order, JPB reserves the right in the reasonable 
exercise of its discretion to direct the Contractor to perform work though a change order that 
does not need to be executed by both parties.  The Contractor shall perform the work as 
directed and may exercise its rights to pursue a claim.  Regardless of any disputes, the 
Contractor shall proceed with the Work ordered.  

A change order must be issued and executed before any work is started on the items covered 
by the change order.  Any extra work done without a written change order signed by the JPB‘s 
authorized representative will be considered as unauthorized and at the sole expense of 
Contractor.  In the event Contractor receives direction, instruction, interpretation, or 
determination from any source which may cause any change in the Work, Contractor shall 
promptly notify JPB.  Such written notification will be given to JPB before Contractor acts on 
said direction, instruction, interpretation, or determination. 

The Contractor shall incorporate the requirements of this Section in its subcontracts with its 
Subcontractors and suppliers. 

1.11.5. BACKCHARGE 

 If the Contractor, after having been given notice and a reasonable time to cure, fails to 
repair or to replace, any item, part, component or otherwise perform necessary or 
required Warranty Work, the Project Manager will have the right to cause such repair or 
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replacement to be made, at the expense of the Contractor in accordance with this 
section.  

 JPB may accomplish any required redesign, repair, rework or replacement of any 
nonconforming Work by the appropriate and reasonable means available, and back-
charge Contractor for the costs and expenses incurred. 

 If the Contractor requests JPB provide the services of its personnel or equipment, or 
provide permanent, temporary or consumable materials for Contractor‘s use, JPB will 
charge Contractor for such items as set forth below. 

 In the event of emergency, JPB may proceed to furnish Work and back-charge 
Contractor for JPB‘s costs and expenses based on a labor rate of $TBD/hour. 

 The cost of such back-charge will include but not be limited to:  (a) fully burdened  labor 
costs; (b) material costs including shipping and handling; subcontractor or supplier costs 
directly related to performing the back charge work; (c) equipment and tool rentals at 
JPB‘s customary rates; (d) and a factor of fifty percent (10%) shall be applied to the total 
of the foregoing subsections (a), (b) (c) and (d) for indirect, overhead and administrative 
costs for the circumstances set forth above. 

 Prior to completion of the Contract, back charge costs will be treated as a Contract Price 
adjustment.  The Contractor shall pay the invoice within ten (10) business days from 
receipt.  The performance of such back charge by JPB shall not relieve the Contractor of 
any of its responsibilities under the Contract.  JPB‘s right to back charge is in addition to 
any and all other rights and remedies provided in the Contract or by law.   

1.12. DISPUTES AND CLAIMS 

1.12.1. PARTNERING 

The Parties agree to use the principles of partnering, collaboration, and cooperation to identify 
and engage in measures to prevent and resolve potential sources of conflict before they 
escalate into disputes, claims, or legal actions.  Such measures should extend to all levels of 
the Work, including lower-tiered subcontractors. 

1.12.1.1. Post-Award Partnering Workshop 

In order to achieve effective and efficient completion of this Project, the Parties agree to conduct 
a 1 to 2 day Partnering Workshop within sixty (60) days of NTP.  A Partnering Facilitator will be 
chosen and agreed to by both Parties. Certain project stakeholders may participate in the 
Partnering Workshop.  The Partnering Workshop will be conducted at a facility local to San 
Carlos, CA, will be facilitated by an independent facilitator mutually selected by the Contractor 
and the JPB, and will include, but not be limited to, the following topics: 

a. Developing and implementing an Issues Resolution Ladder (IRL) establishing a 
hierarchy of those individuals responsible for addressing issues as they arise during the 
course of the project. 

b. Developing and implementing a Partnering Implementation Plan to sustain the 
partnering relationship after the workshop by establishing periodic partnering workshops 
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and any procedures necessary for the identification and resolution of issues during the 
performance of the Work to be addressed by the partnering participants. 

c. Conducting facilitated Executive Partnering Sessions among the senior managers of 
each Party to discuss issues related to potential conflicts and to engage in collaborative 
problem solving. 

d. Conducting training for all Parties in teambuilding, collaborative problem solving, and 
conflict resolution skills. 

e. Conducting evaluations of the project partnering efforts. 

f. Goals statement describing their hopes for the project. 

g. Lines of communications procedures that identify how, when, and what people should 
communicate with one another on the project. 

h. Conflict resolution process that anticipates that people on the project will differ and that 
maps out steps to help them resolve their conflicts to mutual satisfaction. 

1.12.1.2. Periodic Partnering Workshops 

The purpose of the periodic Partnering Workshops, scheduled in the aforementioned Partnering 
Implementation Plan, is to evaluate the ongoing efficacy of the partnering relationship and to 
review/improve processes as necessary to efficiently identify and resolve project issues. At a 
minimum other topics for discussion may include: 

a. Current concerns that have arisen on the project; 

b. Review of team performance against project goals that were previously established, 
with development of action plans as needed; and 

c. Enhancement in communications procedures and conflict resolution processes. 

1.12.1.3. Allocated Costs for Partnering Workshops 

Except as noted below, each party is responsible for all of its own costs incurred to prepare for 
or participate in the Partnering Workshop(s) including but not limited to each party‘s costs for:  

• Participating staff and other personnel;  
• Support and office staff; 
• Consultants;  
• Subcontractors;  
• All travel costs including transportation, lodging, per diem, expenses; and  
• Presentation materials, computers, projection equipment;  
• General administration. 

 
The following costs are an exception to each party bearing its own costs.  These costs shall be 
paid by the Contractor: 

• Leased facilities for the workshops or meetings other than the Project offices in San 
Mateo; 

• Partnering Workshop facilitator; and 
• Catered meals for the workshops 
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1.12.2. CONTRACTOR CLAIMS 

1.12.2.1. Issue Resolution Ladder; Conditions Precedent to a Claim 

The JPB and the Contractor shall seek to resolve all disputes regardless of the amount in 
controversy initially at the project management level. If unresolved at the project management 
level, the Parties shall seek to resolve all disputes through the partnering process, including 
escalation of the dispute through all levels of the agreed-upon Issue Resolution Ladder (IRL) 
established under paragraph 1.12.1.1, as a condition precedent to submitting any claim. The 
IRL at a minimum shall include escalation of the dispute to the Project Delivery Director and the 
JPB‘s CalMod Executive Director prior to submission of a claim.  

The IRL also shall address the JPB‘s review time to make a decision and the Contractor‘s 
appeal time of the JPB‘s decision in order to escalate a dispute to each next step in the IRL.  
Unless otherwise agreed, the JPB‘s review time and the Contractor‘s appeal time both shall be 
fifteen (15) calendar days. Any dispute and appeal by the Contractor shall be in writing and 
include all documents and other information necessary to support the dispute and to address 
any requests for information from the JPB.  Failure of the Contractor to appeal a decision at any 
level of the IRL within the fifteen (15) calendar day period, unless otherwise mutually agreed, 
will constitute a waiver of the Contractor‘s right to assert thereafter any claim resulting from the 
JPB‘s decision on the matter in dispute.   

If mutually agreed by the Parties, the issue resolution ladder established through the partnering 
process may include a Disputes Review Board (DRB), in such a case, the details of the DRB 
membership, operation, procedures and authority shall be established by a mutually acceptable 
and executed Change Order. 

1.12.2.2. Claims  

The Contractor shall file any claim within 60 calendar days after the dispute has been escalated 
through all levels of the Issue Resolution Ladder and after the JPB has denied the Contractor‘s 
request for additional compensation and/or time. Absent such a filing, the Contractor shall be 
deemed to have waived all rights to additional compensation or time extensions regarding the 
matter in dispute.  

The Contractor‘s claim shall state clearly and in detail the basis for the Contractor‘s position 
including a statement of the facts asserted, the nature and amount of the costs involved, its 
analysis of the schedule impact related to the claim, and shall include all documents necessary 
to support the claim. The JPB will provide a written response to the Contractor within 60 
calendar days after receipt of the Contractor's claim, or request additional information from the 
Contractor. If the JPB provides no written response within the 60 calendar days, the JPB shall 
be deemed to have denied the Contractor's claim and a response to that effect shall be deemed 
received by the Contractor at the end of the 60-day period.  

1.13. ALTERNATIVE DISPUTE RESOLUTION 

If mutually agreed in writing by the parties prior to expiration of the time limits specified in 
paragraph 1.12.2.2, a claim may be submitted to an alternative disputes process for resolution.  
Alternative disputes resolution may include mediation or arbitration. The parameters for any 
such process shall be agreed to in writing by the parties.   
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Each party will bear the costs and expenses incurred by it in connection with such alternative 
dispute resolution processes.  The cost of any independent decision maker will be shared 
equally between the parties.  

If a dispute is not resolved through discussion or the Parties do not agree to alternative dispute 
resolution, either party may pursue available legal remedies in a California State or Federal 
court of competent jurisdiction.  Contractor must file a government claim pursuant to 
Government Code section 910 et seq. in order to initiate a civil action. 

1.14. PROCEED WITH PERFORMANCE; FAILURE TO COMPLY WITH DEADLINES 

Pending final decision of a dispute under this Section, the Contractor shall proceed diligently 
with the performance of the Contract until final resolution of the dispute.   

 

 

END OF VOLUME 5, SPECIAL PROVISIONS 
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1.1 EMU CONTRACT DEFINITIONS AND ACRONYMS 

The definitions and acronyms listed in this Section 1.1 apply to the EMU procurement Contract 
inclusive of Volumes 3, 4, 5, 6 and 7 in this RFP. Volumes 3, 4, 5, 6 and 7 apply only to the 
EMU procurement Contract and not to the Maintenance Services Agreement.  Additional 
definitions applicable to the Contract are included in the Technical Specifications, Section 1. 

Volume 8 contains the Maintenance Services Agreement.  All definitions and acronyms that 
apply to the Maintenance Services Agreement are included in Volume 8.  

Volume 1 (ITPs) contains definitions and acronyms that apply only to the ITPs and Volume 2 
certifications and forms to be submitted with the Proposals. 

Definitions; Acronyms 

AAR – Association of American Railroads 

ADA – Americans with Disabilities Act 

APTA – American Public Transportation Association 

Base Order – JPB's initial order of EMUs exclusive of Option Vehicles 

Bond, Performance – The security in the form designated in the RFP to be furnished by the 
winning Proposer as a guaranty towards complete performance of all obligations required by the 
Contract. 

CalMod – Caltrain Modernization Program: The program includes electrification of the existing 
JPB corridor, replacement of a portion of Caltrain’s diesel trains with high-performance electric 
trains called Electric Multiple Units, and installation of CBOSS Positive Train Control, an 
advanced signal system. 

CBOSS – Communications Based Overlay Signal System 

CEMOF - The District’s Central Equipment, Maintenance and Operations facility 

CHSRA – California High-Speed Rail Authority 

Contract– the written agreement executed by the JPB and the Contractor for the procurement 
of the EMU rail vehicles inclusive of any Options. 

Contract Documents – All documents, including all incorporated attachments and exhibits, 
identified in the Contract.  

Contract Price – The total compensation to be paid to the Contractor in accordance with the 
terms of the Contract. 

Contract Time – The number of Days, or portions thereof, allowed for completion of the Work, 
including all authorized time extensions. The date specified in the Notice to Proceed will be the 
date on which the Contract Time begins, and the Contract Completion Date will be the date the 
Contract Time ends. 

Contractor – The legal entity to whom the Contract is awarded. 

Contractor Software – Any Software for which any applicable Intellectual Property Rights 
necessary to grant the licenses contained in this Contract are owned by Contractor (or its 
Subcontractors) 
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CPUC – California Public Utilities Commission 

Days – means calendar days, not work days. 

DBE – Disadvantaged Business Enterprise as defined in 49 CFR Part 26 

Defect -- Any failure or deficiency in any design, materials, or workmanship.  The term Defect is 
sometimes also referred to as a Failure. 

Effective Date – The date on which the last party signs this Contract 

EMU or Vehicle - Electric Multiple Unit train vehicle 

FEIR – The certified Final Environmental Impact Report for the Project that was finalized 
January 2015. 

FRA – Federal Railroad Administration 

FTA – Federal Transit Administration 

Intellectual Property Rights – Any and all inventions, patent rights, copyrights, trademark or 
service-mark rights, trade secrets, know-how, or other intellectual-property or proprietary rights, 
regardless of whether any such rights have been recorded, perfected, or have been recognized 
in registrations or issued patents. 

JPB - The Peninsula Corridor Joint Powers Board, consisting of the City and County of San 
Francisco, Santa Clara Valley Transportation Authority, and San Mateo County Transit District, 
acting through its authorized representatives. 

Key Personnel – The individuals identified in Special Provisions, Section 1.9.2 

Maintenance Services Agreement - the written agreement executed by the JPB and the 
Proposer for the provision of the maintenance services for both the new fleet of EMU rail 
vehicles and existing JPB fleet of diesel vehicles. 

Licensed Uses – All uses or actions (by JPB directly or by JPB through its contractors, 
consultants, vendors, or other agents) reasonably necessary or desirable for operation of the 
Vehicles, test equipment, or special tools (all of which hereinafter in this definition are referred to 
as ―Vehicles‖), in the ordinary or reasonably foreseeable aspects of JPB operations and 
services, including without limitation: 

 evaluation and qualification for the purposes of future procurements of systems, and 
subsystems,  

 maintenance and repair of the Vehicles; 

 modification and upgrading of the Vehicles; 

 overhaul or remanufacture of the Vehicles; 

 manufacture of parts for the Vehicles that are no longer manufactured by Contractor or OEM 
or become unavailable for purchase at price and delivery terms acceptable to JPB. 

NFPA – National Fire Protection Association 

Notice to Proceed - A written notice given by the JPB to the Contractor fixing the date on which 
the Contractor will be able to undertake the Work. The parties agree that the JPB may issue 
both a Limited Notice to Proceed and a Final Notice to Proceed.  Unless specifically referenced 
otherwise, references in this Contract to ―Notice to Proceed‖ means a Final Notice to Proceed.  

Option – Refers to the JPB’s right to supplement the base scope of work solicited under this 
RFP with the purchase of additional EMU rail vehicles under the Contract or incorporation of 
Maintenance Services under a separate agreement. 



PCEP Procurement of Bi-Level EMU Vehicles 

_________________________________________________________________________________ 

Contract #14-PCJPB-P-056    8 of 35                                           (Conformed 6/22/2016) 
Volume 4                 General Provisions 

 
12458336.3 

Party or Parties - The Contractor or the JPB in the singular or the Contractor and JPB 
collectively who have executed the Contract. 

Project – work required under the EMU procurement Contract and Maintenance Services 
Agreement. 

Project Manager -- The JPB representative with the responsibility and authority to administer 
and oversee the Work under the Contract and to enforce compliance with the Contract. The 
Project Manager will have authority as delegated by the JPB 

Request for Proposals, RFP – This written solicitation issued by the JPB for submission of 
detailed Proposals to undertake the Project.  

RFP Documents – Those documents included in Volumes 1-9 of this RFP 

Schedule – The critical path method (CPM) schedule prepared by the Contractor, as reviewed 
and accepted by JPB’s Project Manager, which sets forth the logical sequence of activities 
required for the Contractor’s orderly performance and completion of the Work in accordance 
with the Contract Documents, including the satisfaction of designated milestone dates. 

Software - Any and all computer application programs which are incorporated in the Vehicles or 
in test equipment or special tools, or any of them, or in or as part of any system, subsystem, 
assembly, subassembly or components of any Vehicles (or any interfaces or interface system 
control between or among any of these), or which are used by Contractor for diagnostics on or 
other testing of the Vehicles. 

State – State of California 

Subcontractor – Any individual, firm, partnership, corporation, joint venture, or combination 
thereof, other than employees of the Contractor, that have contracted with the Contractor to 
furnish design, labor, equipment and materials for a portion of the Work.   

Supplier - Any individual, firm, partnership, corporation, joint venture, or combination thereof, 
other than employees of the Contractor, that supplies a tangible product as a portion of the 
Work, with services usually limited to delivery or required testing, and with manufacturing, 
fabrication, or production facilities located off Site. 

Technical Specifications, Specifications  – The part of the Contract that details the technical 
requirements for the design, manufacture, assembly, testing, quality and supply of the EMUs 
and associated equipment, including any changes or addenda made thereto. 

Third Party Software – Any Software that is not Contractor Software. 

Total Base Order Price – The amount listed in Special Provision, Section 1.1.1, representing 
the total amount to be paid the Contractor for the base order of Trainsets under the Contract, 
including all spare parts and special tools, as well as all design and system support services, 
warranty, bonding, insurance, and all other costs associated with the delivery of the base order 
of Trainsets..  

Trainset – a configuration of 6 EMUs.  

Unit – A term used to either individually or collectively refer to a system, subsystem, 
component, assembly, subassembly or part of a Vehicle.  

VECP - Value Engineering Change Proposal(s) 

Vehicles – EMUs. 
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Work – All design, engineering, manufacturing, assembly, operations, management, 
administration, quality control, materials, equipment, labor, training, services, parts, and tools 
provided by the Contractor to comply with all provisions of the EMU procurement Contract 
including all necessary management and oversight of Contractor’s subcontractors, suppliers 
and consultants. 

1.2 CONTRACT DOCUMENTS AND PRECEDENCE 

1.2.1 CONTRACT DOCUMENTS 

The Contractor shall not take advantage of any apparent error or omission in the Contract 
Documents. Omissions from the Contract specifications, or incorrect description of details of 
work that are manifestly necessary to carry out the intent of the Contract specifications shall not 
relieve the Contractor from performing such omitted work or incorrectly described details of the 
Work, and they shall be performed as if fully and correctly set forth and described. The Contract 
Documents are intended to be read as a whole and any Work required by one part and not 
mentioned in another shall be executed to the same extent and purpose as though required by 
all.  Anything mentioned in the Technical Specifications and not shown on any drawings, or 
shown on any Drawings and not mentioned in the Technical Specifications, shall be treated as if 
shown or mentioned in both.  The misplacement, addition, or omission of a word or character 
shall not change the intent of any part from that set forth by the Contract Documents as a whole.   

Wherever in the Contract Documents the words "directed", "required", ―ordered", "designated", 
"prescribed", or similar words are used, it shall be understood that the "direction", "requirement", 
"order", "designation", or "prescription" of JPB is intended unless otherwise expressly stated.  
Similarly, the words "approved", "satisfactory", or similar words, shall mean "approved by", or 
"satisfactory to" JPB, unless otherwise expressly stated. 

Where "as shown", "as indicated", "as detailed", or similar words are used, it shall be 
understood that the reference is made to the Contract Documents unless stated otherwise. 

Whenever, in the Contract Documents, the words "all" or "every" (or similar words) are used 
with respect to a system, subsystem, part, component, it shall be understood that 100% of the 
item is anticipated to require replacement or rehabilitation.  Whenever, in the Contract 
Documents, the words "none" or "no" (or similar words) are used with respect to a system, 
subsystem, part, component it shall be understood that 0% of the item is anticipated to require 
replacement or rehabilitation.  

Whenever the word ―include‖ or ―including‖ is used, it shall be understood to be followed by the 
words ―without limitation‖. 

If the date to perform any act or give any notice (including the last date for performance or 
provision of notice within a specified time period) falls on a non-working date, such act or notice 
may be timely performed on the next succeeding Day which is a working day.  Notwithstanding 
the foregoing, requirements relating to actions to be taken in the event of an emergency, and 
other requirements for which it is clear that performance is intended to occur on a non-working 
Day, shall be required to be performed as specified, even though the date in question may fall 
on a non-working Day. 

The Contractor shall check all furnished Contract Documents immediately upon receipt and 
shall notify JPB of any discrepancies therein shall immediately notify JPB in writing before the 
part of the Work affected is performed, requesting a clarification or interpretation.  Should a 
question or doubt arise as to the intent and meaning of any part of the Contract Documents, or 
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should Contractor believe there is a conflict between Contract Documents; Contractor shall 
notify JPB in writing as soon as possible before the part of the Work affected is performed, 
requesting a clarification or interpretation. The parties agree to meet and confer as necessary to 
try and resolve any differences in interpretation.    But in the event that the parties cannot agree, 
the JPB’s reasonable determination of intent and meaning of such part shall be final, and 
Contractor shall proceed with the Work in accordance with such determination, subject to 
dispute resolution in Special Provisions, Section 1.15. 

In the various parts of the Contract Documents where reference is made to applicable codes 
and standards, the Work shall, except as otherwise specified, conform to the latest issue of the 
referenced code or standard available at the time the Work is delivered or performed. Upon any 
point of conflict between codes and standards applicable to the Work, JPB shall be notified, but 
the code or standard imposing the more or most stringent requirement as the case may be shall 
govern, unless otherwise stipulated by JPB in writing. Omissions from the Contract Documents 
of details of work which are necessary to carry out the intent of the Contract Documents, or 
which are customarily performed, shall not relieve the Contractor from performing such omitted 
details of work but such details shall be performed as if set forth and described in the Contract 
Documents. 

This Contract, including all Contract Documents, constitutes the complete and exclusive 
statement of the terms and conditions of the Contract between the Contractor and JPB.  This 
Contract supersedes all prior representations, understandings, and communications.  This 
Contract may be modified or amended only by written instrument signed by both the Contractor 
and the JPB. 

1.2.2 ORDER OF PRECEDENCE 

In the event of a conflict between provisions appearing in different parts of the Contract, the 
following shall be the order of precedence: 

1. Executed Contract Change Orders and Amendments to the Contract 

2. Exercised Options to the EMU Contract 

3. Contract 

4. Federal Requirements (RFP Volume 6) 

5. Conformed Technical (RFP Volume 3, Technical Specifications) 

6. Warranty (RFP Volume 7)  

7. Special Provisions (RFP - Volume 5, Special Provisions) 

8. General Provisions (RFP Volume 4, General Provisions)  

9. Contractor’s final Proposal in response to the RFP, including all forms, attachments 

and certification. 

10. RFP ITP (Volume 1, Instructions to Proposers) 

1.3 RECORD-KEEPING, ACCESS TO RECORDS AND AUDIT 

1.3.1 ESTABLISHMENT AND MAINTENANCE OF INFORMATION.   

The Contractor agrees to establish and maintain accurate, detailed, and complete separate 
books, accounts, financial records, documentation, and other evidence pertaining to: i) the 
performance of the work under this Contract and ii) the receipt and expenditure of all funds 
received under this Contract.  The Contractor shall also maintain the financial information and 



PCEP Procurement of Bi-Level EMU Vehicles 

_________________________________________________________________________________ 

Contract #14-PCJPB-P-056    11 of 35                                           (Conformed 6/22/2016) 
Volume 4                 General Provisions 

 
12458336.3 

data used in preparation or support of the cost submission for any negotiated Contract 
amendment or change order under this Contract.  The Contractor shall establish and maintain 
all such information in accordance with generally accepted accounting principles and practices 
and shall retain intact all such information until the latest of: 

a. complete performance of this Contract; or 
b. Seven (7) Audit years following the end of the term of this Contract; or 
c. if any litigation, claim, or audit is commenced during either such period, when all such 

litigation, claims or audits have been resolved. 

If the Contractor engages any subcontractors to perform any of the work under this Contract, 
the Contractor agrees that the contract for such work shall include provisions requiring the 
subcontractor to establish and maintain information in accordance with the provisions of this 
Section and to allow access to and audit of such information in accordance with this Section. 

1.3.2 ACCESS TO DATA REGARDING WORK AND MATERIALS AND OTHER INFORMATION.   

JPB may have access to all Contractor data regarding the work and materials under this 
Contract and Contractor will cooperate with JPB’s reasonable requests for access to the data 
for the purpose of inspection.  The Contractor shall maintain the data in convenient formats 
reasonably requested by JPB and consistent with Contractor’s business standards and 
practices.  The Contractor shall provide appropriate facilities for such access, inspection, audit, 
and will make best efforts to require that this Section be included in main subcontracts for the 
essential work under the contract.  For JPB to determine whether the Contractor has complied 
with the requirements under this Section, the Contractor shall, at any   reasonable time when 
requested, submit to JPB properly authenticated documents or other satisfactory proof as to the 
Contractor’s compliance with such requirements.  The term ―data‖ for the purposes of this 
Section includes all information and records collected, created, received, maintained, or 
disseminated by the Contractor in the performance of the work under this Contract, regardless 
of physical form, storage media, or conditions of use. Nothing in this section is intended to 
abrogate any Contractor Intellectual Property Rights. Nor does anything in this section limit the 
JPB’s obligation to protect Contractor’s Confidential Information as set forth in Section 1.19.   

1.3.3 AUDITS 

The accounts and records of the Contractor relating to this Contract may be audited in the same 
manner as all other accounts and records of the Contractor are audited.  During the time of 
maintenance of information under Section 1.3.1 of this document, authorized representatives of 
JPB, the FTA, and the State Auditor shall have access to all such books, records, documents, 
accounting practices and procedures, and other information for the purpose of inspection, audit, 
and copying during normal business hours.  The Contractor shall provide proper facilities for 
such access and inspection.  Financial adjustments resulting from any audit by JPB shall be 
paid in full within thirty (30) calendar days of the Contractor’s receipt of audit. 

Within thrifty (30) calendar days after completion, the Contractor shall deliver to JPB a copy of 
any audit of the Contractor done by the Contractor or at its request or at the direction of any 
governmental agency or department which relate to the performance of the work under this 
Contract. 
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1.4 MATERIALS  

The Contractor shall furnish all materials except those materials to be furnished by JPB as 
expressly designated in the Contract Documents.  For the purposes of this section, the term 
"materials" shall mean all material, equipment, systems, subsystems, components, hardware, 
software, parts, and products furnished for incorporation into, or necessary to complete, the 
Vehicles or any other portion of the Work.   

Any and all materials in the possession of the Contractor, its Subcontractors or its Suppliers and 
designed or intended for use in the Work shall be clearly marked or otherwise designated as a 
portion of the Work to which the Contract refers and shall be segregated from other materials 
belonging to the Contractor, its Subcontractors or its Suppliers. All materials shall be stored in a 
manner that will facilitate their inspection by the Contractor and JPB.   

All materials furnished for or incorporated into the Work shall be new and the latest model of 
current production, and may not be used or refurbished.  The materials shall be manufactured, 
handled, used, and transported in a proper and workmanlike manner to ensure the preservation 
of their quality, appearance and fitness for the Work and to ensure that the Work is completed in 
accordance with the Contract Documents.  The materials furnished shall conform to the 
requirements of the Contract Documents for the purposes specified, with properties necessary 
to withstand, safely and reliably, the strains and stresses to which they will be subjected in 
normal and/or expected operation.  Notwithstanding any prior inspection or approval, only 
materials conforming to the requirements of the Contract Documents shall be utilized by the 
Contractor. 

Upon JPB request or as required by the Technical Specifications, and at Contractor’s sole 
expense, Contractor shall submit for JPB review and approval samples of any materials. 
Materials for which samples are requested may not be used in the Work until approved in 
writing by JPB.  JPB’s review and approval shall not relieve the Contractor from its responsibility 
to complete Work in accordance with the Contract Documents.  Rejection of any sample shall 
be sufficient cause for refusal to consider any further samples of the same brand, make or 
source and will not provide the Contractor with any claim or cause of action against JPB, 
including, but not limited to, for delay, costs, or damages. 

Before submitting samples, the Contractor shall verify that the materials will be available in the 
quantities required for the Work.  By submitting samples, the Contractor represents that it has 
determined and verified the suitability for the Work of all such materials and that it has checked 
and coordinated the data submitted with such samples with the requirements of the Contract 
Documents. 

Unless otherwise directed, samples shall be submitted in the number requested or specified by 
JPB and no less than thirty (30) days prior to the scheduled start of the related portion of the 
Work.  Samples shall be identified with a label, where practical, listing the following data:  (a) 
Name, number and location of Project; (b) name of the Contractor; (c) material represented and 
its location in the Work; (d) name of producer, brand or trade name, if applicable, and place of 
origin; and (e) date of submittal. 

1.5 CONTRACTOR’S DRAWINGS, SPECIFICATIONS, AND CALCULATIONS 

Contractor shall establish the necessary procedures to assure effective compliance with the 
document control requirements of the Contract Documents or otherwise specified by JPB for the 
preparation, submission and retention of data, drawings, specification and other documents. 



PCEP Procurement of Bi-Level EMU Vehicles 

_________________________________________________________________________________ 

Contract #14-PCJPB-P-056    13 of 35                                           (Conformed 6/22/2016) 
Volume 4                 General Provisions 

 
12458336.3 

Drawings, specifications, and calculations submitted by Contractor to JPB with a request for 
review, may be reviewed and commented upon by JPB. Such review and comment will relate 
only to general conformance with the specifications and for confirmation of physical interface of 
items shown with related systems. In no event will such review and comment relieve Contractor 
of the responsibility of compliance with all requirements of the Contract. 

The Contractor shall be responsible for and bear all delays, cost or damages except to the 
extent caused by JPB which may result from ordering any systems, subsystems, components, 
parts or other materials or proceeding with the portion of Work related to the drawings, 
specifications or other submittals prior to approval of the drawings, specifications or other 
submittals as provided in the Technical Provisions. 

Contractor shall furnish all submittals and other documentation when and as required by the 
Contract Documents. 

1.6 TITLE 

The Contractor shall provide to JPB adequate documents for securing title to all Vehicles, 
whether part of a Trainset or procured separately as an Option, in San Carlos, California.  The 
Contractor shall provide the documents to JPB at least thirty (30) working days before final 
acceptance of a Trainset (or individual Vehicle  if purchased separately as an Option)  is 
requested by the Contractor in accordance with the requirements shown in Special Provisions, 
Section 1.8.1.  Contractor warrants that title to the Vehicles will be delivered free and clear of all 
liens, mortgages and encumbrances, financing statements, security agreements, and claims 
and demands of any character, including but not limited to any liens or other claims of the 
Contractor’s suppliers, subcontractors, or employees.  Title to each Vehicle passes to JPB upon 
Conditional or Final Acceptance, whichever occurs first.  

1.7 TECHNOLOGY AND INTELLECTUAL PROPERTY RIGHTS 

1.7.1 DEVELOPMENT AND DELIVERABLES 

Contractor represents and warrants that all Contractor Software, as well as any methods, 
processes, design, information, or other items furnished as part of the Work: 

 has been developed or will be developed in conformance with those standard industry 
interfaces and protocols specified by the JPB to permit interchangeability of systems, 
subsystems, assemblies, subassemblies, and components; 

 is capable of maintenance, modification, and upgrades in accordance with conventional 
and industry software standards and practices;  

 utilizes conventional command sequence and structure; and  

 does not infringe any third party’s patent, trademark, copyright, or other Intellectual 
Property Right.  

1.7.2 OWNERSHIP OF WRITTEN MATERIALS 

A. Ownership of Copies of written materials.  Any and all copies (whether physical or 
electronic) of any works or any other materials prepared, or in the process of being prepared, for 
the Work to be performed by Contractor under this Agreement will be and are the property of 
the JPB.  For avoidance of doubt, this section does not apply to Software, but does apply to any 
and all written documentation, materials, delivered to the JPB in accordance with clause 1.5 of 
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this Agreement, the JPB will be entitled to access to and copies of any such materials during the 
progress of the Work under this Agreement.  Any copies of such materials as specified in the 
Technical Specifications and required for performance of training and maintenance under this 
Agreement must be delivered to the JPB. If any copies of such materials which the Contractor is 
owing JPB under this Agreement particularly under the Technical Specification are lost, 
damaged, or destroyed before final delivery to the JPB, Contractor will replace them at its own 
expense and the Contractor assumes all risks of loss, damage, or destruction of or to any such 
materials 

B. Ownership of Intellectual Property Rights to written materials.  Contractor will retain 
ownership of all intellectual property rights in the written materials described in the previous 
paragraph delivered to the JPB under this Agreement.  Contractor grants to the JPB a 
perpetual, unlimited, royalty-free, non-exclusive and irrevocable license for the JPB (including 
without limitation its officers, directors, employees, contractors, and agents) to use, copy, 
distribute,  perform, and modify (and create derivative works from) any and all such written 
materials for the Licensed Uses. 

1.7.3 THIRD PARTY SOFTWARE 

Contractor shall not incorporate or deliver any Third Party Software in or as part of the Software 
without express prior written consent from JPB.  If Contractor wishes to incorporate or deliver 
any Third Party Software in or as part of the Software, Contractor shall notify JPB of this intent 
along with any information appropriate, desirable, or necessary for JPB to consider the request.  

1.7.4 SOFTWARE DOCUMENTATION 

Contractor shall furnish to JPB the documentation listed in this section in compliance with any 
requirements as to form, format, or media set forth in the Technical Specifications and 
Contractor shall furnish to JPB any new, modified, or updated versions of such documentation 
promptly as such documentation becomes available, through the end of the warranty period of 
the last Trainset (or Vehicle if purchased separately as an Option) that the JPB accepts  The 
copies of documentation to be delivered to JPB by Contractor shall become the property of JPB. 
Contractor shall furnish to JPB: 

 documentation relating to Contractor Software reasonably necessary or desirable for 
JPB’s Licensed Uses, including without limitation: user manuals, systems manuals, 
training manuals, and other such guides; logic diagrams; programmer’s notes; flow-
charts; algorithms; development tools and platforms, and data identifying source, 
functional characteristics, and performance requirements. 

 documentation relating to any Third Party Software authorized by JPB under the terms 
of this Contract reasonably necessary or desirable for JPB’s Licensed Uses, including 
without limitation any user manuals, systems manuals, training manuals, and other such 
guides;  

 documentation relating to any and all input/output protocols and operating parameters 
for all microprocessor-based control systems in or used with the Vehicles, including 
without limitation a complete list of all commands and operating parameters generated 
by electronic input devices (such as manual controls, sensors, and test equipment used 
with the system) and responses generated by the controller to such devices, directives 
and responses sent between controllers, and the output to the controlled system; and 

 documentation relating to the form, fit, and function of any and all systems, subsystems, 
assemblies, subassemblies, or components thereof in or relating to the Vehicles, 
including without limitation: as-built drawings; parts lists; schematics and diagrams; data 
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relating to items, components, or processes sufficient to enable physical and functional 
interchangeability; data identifying source, size, configuration, mating, and attachment 
characteristics; and performance requirements. 

1.7.5 LICENSES 

A. Contractor hereby grants to JPB a perpetual, irrevocable, royalty-free, non-exclusive 
license under any and all applicable Intellectual Property Rights for JPB to undertake 
any of the Licensed Uses with, on, or relating to the Vehicles, test equipment, or special 
tools—including without limitation any systems, subsystems, assemblies, 
subassemblies, components, interface systems and controls and including without 
limitation any hardware or Software—but excluding Third Party Software. 

B. Without any limitation to the generality of Section 1.7.4 (A) of this document, Contractor 
further grants to JPB a perpetual, irrevocable, royalty-free, non-exclusive license to JPB 
to use, copy, distribute, modify, create derivative works from any and all Contractor 
Software for the Licensed Uses. 

C. For any Third Party Software authorized by JPB under the terms of this Contract, 
Contractor will be responsible for negotiating and procuring, at its cost, all needed 
licenses for JPB’s use of such software covering the Licensed Uses—or covering such 
uses as otherwise expressly agreed in writing by JPB.  Such licenses will be in JPB’s 
name and must be reviewed, approved, and ultimately signed and agreed to by JPB. 

D. Without any limitation to the generality of Section 1.7.4(A) of this document , Contractor 
grants to JPB a perpetual, irrevocable, royalty-free, non-exclusive license to JPB to use, 
copy, distribute, modify, and create derivative works from any and all documentation and 
data set forth in Section 1.7.4(C) of this document for the Licensed Uses. 

E. All rights and licenses granted under or pursuant to this Contract are and are deemed to 
be, for purposes of Section 365(n) of the U.S. Bankruptcy Code, licenses of rights to 
―intellectual property,‖ as defined under Section 101 of the U.S. Bankruptcy Code (or any 
successor or amended statutory provision).  The parties agree that JPB, as a licensee of 
such rights under this Contract, retains and may fully exercise all of its rights and 
elections under the U.S. Bankruptcy Code; however, nothing herein is deemed to 
constitute a present exercise of such rights and elections. 

1.7.6 SOURCE CODE ESCROW 

A. Subject to the limitation set forth in subparagraph B, Contractor shall deposit into 
escrow, with a source code agent mutually agreed to by the Contractor and JPB, the 
source code for any Contractor Software,  including the software libraries used or 
necessary for the creation or the design of the object code version of, and the operation 
of, Contractor  Software, together with any compilers, linkers, loaders, or other utilities, 
software libraries, the written documentation used or prepared in connection therewith, 
which documentation shall be reasonably sufficient to enable JPB to recreate the object 
code version of the Contractor Software from such source code, compilers, linkers, 
loaders, and utilities, and anything else designated by JPB (collectively, the "Escrowed 
Materials‖).  Contractor shall make the initial deposits starting with the acceptance of the 
first Trainset.  Contractor shall make subsequent deposits throughout the term of this 
Contract including any warranty term, promptly upon its delivery of or the availability of 
any and all subsequent fixes, updates, versions, releases, and upgrades to any 
Contractor Software. The Escrowed Materials shall be consistent at all times with the 
Software used by the JPB in its revenue service. 
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B. In the event that Contractor deems it impractical or unnecessary to deposit source code 
into escrow as required by subparagraph A, or in the event that Contractor is not able to 
secure the necessary approvals from a Subcontractor to enable such deposit, the parties 
will meet and confer and will reasonably agree to necessary modifications to the source 
code escrow  requirements; provided however that Contractor will in all cases use best 
efforts to deposit all Contractor Software source code into escrow.  

C. The software escrow agreement shall commence upon Conditional Acceptance of the 
last delivered Trainset (or the last Vehicle delivered as part of an Option order) and shall 
remain in effect for five (5) years thereafter.  During the term of the software escrow 
agreement, the Contractor shall supplement and replace the Escrowed Material, as 
necessary, such that the Escrowed Materials are consistent, at all times, with the form of 
software used by the JPB in its revenue service.  The Contractor, on a yearly basis, shall 
certify to JPB that the Contractor is in full compliance with the foregoing escrow 
provisions. 

D. To the extent necessary for the JPB to perform the Licensed Uses, the above-mentioned 
source code shall be released to JPB(or any JPB-designated contractors, consultants, 
vendors, or other agents acting on JPB’s behalf for the Licensed Uses in the event of: 
 

a. Filing of a petition for bankruptcy by or against the Contractor  
b. Appointment of a receiver for Contractor’s property 
c. Contractor’s determination to wind-up or liquidate its business  
d. Contractor assigns its rights to Contractor Software to a third party and the 

third party fails, within 90 days after assignment, to continue escrow 
protection for the benefit of the JPB.  

1.7.7 TOOLING RIGHTS 

The Contractor  (including all suppliers and manufacturers) shall not sell destroy, or otherwise 
dispose of their rights to the use of, the castings, patterns, and forming or extrusion dies after 
their use in the manufacture of the vehicles without first offering them to JPB, at a fair market 
price.  The Contractor shall be liable to JPB to the extent that the failure of Contractor or its 
Subcontractors (including all suppliers and manufacturers) to comply with this requirement 
causes JPB to incur costs to have the tooling replicated.  The terms ―sell‖ and ―sale‖ do not 
include transfer of these assets to a successor corporation or other entity which assumes the 
business and obligations of any Contractor, Subcontractor, Supplier, or Manufacturer herein, 
including obligations arising under this Contract.  Upon JPB refusal of Contractor’s offer of any 
of the rights described in this Section, Contractor’s obligation under this Section ceases. 

1.7.8 UPGRADES 

The Contractor shall provide Software bug-fixes and version upgrades to JPB such that at the 
time the JPB makes Final Acceptance of the last Trainset (or the last Vehicle ordered as an 
Option), the latest, most up-to-date version of application and operating Software that has been 
released is installed in all Vehicles.  During the warranty period, the Contractor shall continue to 
provide all such upgrades for all Vehicles.   

1.8 PERFORMANCE GUARANTY 

All Bonds provided to meet any bonding requirements included in this Contract or provided to 
meet any requirement herein, shall be a surety bond with an AM Best Surety rating of A or 
better and acceptable to JPB.  



PCEP Procurement of Bi-Level EMU Vehicles 

_________________________________________________________________________________ 

Contract #14-PCJPB-P-056    17 of 35                                           (Conformed 6/22/2016) 
Volume 4                 General Provisions 

 
12458336.3 

Within ten (10) days of award of this Contract, and prior to issuance of a Notice to Proceed, the 
Contractor shall furnish at its own expense a Performance Bond to guarantee the faithful and 
timely performance of the Work in accordance with the terms and conditions of the Contract and 
in a manner acceptable to the JPB, in an amount equal to sixty five percent (65%) of the Total 
Base Order Price. The Performance Bond shall be supplied using JPB’s form included in 
Volume 2 and shall be issued by an admitted Surety satisfactory to JPB and authorized to issue 
such bond in the state of California. 

. 

The Performance Bond shall be effective from the date of award of the Contract to the 
completion of the warranty period and satisfactory resolution of any outstanding warranty 
claims.  The Contractor may reduce the amount of the Performance Bond to thirty two and one 
half percent (32.5%) of the Total Base Order Price upon Final Acceptance of half of the base 
order of Trainsets.  The Contractor may reduce the amount of the Performance Bond to ten 
percent (10%) of the Total Contract Price upon Final Acceptance of all of base order Trainsets.  
In the event that JPB exercises an Option pursuant to this Contract, then within 30 days of the 
notification of such Option order, Contractor shall deliver to JPB a Performance Bond for the 
Option(s) in accordance with all of the requirements for a Performance Bond for the base order 
Work. 

Failure to provide a performance guaranty as required is a material breach of the Contract.  In 
lieu of finding Contractor in breach of its obligations under this Section, JPB may, in its sole 
discretion, allow Contractor to continue the Work until it cures any deficiency in the 
requirements of this Section.  No further payments will be deemed due or will be made under 
the Contract until the Contractor is in compliance with this Section, at which point JPB will pay 
all monies owed. 

1.9 SAFETY 

Contractor acknowledges that safety is of prime importance to JPB, and Contractor shall 
cooperate with JPB in efforts to prevent injuries to personnel and to comply with all applicable 
safety rules and regulations.  See Technical Specifications Section 21.6 

The Contractor shall be responsible for safety in the performance of the Work and shall take all 
reasonable precautions to prevent damage, injury, or loss to, all personnel. The Contractor shall 
be responsible for maintaining conditions that are free from recognized hazards that are likely to 
cause physical harm to personnel, and shall be responsible for the discovery and correction of 
any unsafe conditions relating to the Work.  

In the event of any emergency threatening loss or injury to life or property which Contractor may 
be able to prevent or mitigate, Contractor without awaiting special instruction or authorization 
from JPB, shall act as necessary to attempt to prevent or mitigate such threatened loss or injury. 

1.10 RISK OF LOSS 

The Contractor bears all risk of loss or damage to the Vehicles, and all materials delivered 
pursuant to the Contract, until Conditional or Final Acceptance, whichever occurs first.  The 
Contractor is not responsible for any loss or damage arising from the active negligence or willful 
misconduct of JPB.  The Contractor’s responsibility for risk of loss or damage also applies to 
any JPB-furnished equipment or material in Contractor’s possession. 
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Contractor bears the risk of loss or damage to any JPB property arising from actions or 
inactions of Contractor.  In addition, Contractor bears all risk of loss or damage with respect to 
all materials acquired for the purpose of providing the Vehicles.  The foregoing applies to any 
property of Contractor, Subcontractors, workers, and others performing the work, as well as 
third parties.  Contractor shall protect from damage existing property, belonging to JPB or any 
third parties affected by Contractor’s activities and shall provide appropriate protection for all 
such property during progression of the work.  Should any of JPB or third party property be 
damaged, Contractor shall pay at its sole expense to have such property repaired or replaced to 
the satisfaction of JPB, and if applicable, to the satisfaction of the affected third party.  No 
extension of time will be allowed for repair or replacement of such damaged items.  Should 
Contractor not repair or replace such damaged items, JPB has the right to take corrective 
measures itself and deduct the cost from any sums owed to the Contractor. 

1.11 INDEMNITY 

In addition to the indemnity set forth in Section 1.20 of this document. which applies to claims 
for the release of hazardous materials , the Contractor assumes liability for and will save and 
protect, hold harmless, indemnify, and defend JPB, the San Mateo County Transit District, the 
City and County of San Francisco, the Santa Clara Valley Transportation Authority, Transit 
America Services, Inc. (TASI) or any successor railroad operator of record, the Union Pacific 
Railroad Company and their respective directors, officers, agents and employees, and the 
California High Speed Rail Authority (collectively ―Indemnitees‖) to the fullest extent permitted 
by law from and against all claims, suits, demands, damages,  losses, expenses, and liabilities 
of any kind whatsoever (all the foregoing, hereinafter collectively ―Claims‖) including, without 
limitation, attorneys’ fees, to the extent arising out of, resulting from, relating to, or claimed to 
have arisen out of, resulted from, or related to the Contractor’s willful misconduct or negligent 
performance of this Contract by the Contractor (including its subcontractors and suppliers), the 
design, manufacture, or condition of the Vehicles or the Work supplied by Contractor under this 
Contract, or any allegation that JPB's use of the Vehicles as contemplated under this Contract 
(including without limitation JPB’s ownership, possession, maintenance, modification, or any 
other use of any software, equipment, devices, processes, or other materials provided by 
Contractor and incorporated into the Vehicles) directly or indirectly infringes or violates any 
Intellectual Property Rights.  

 ―Claims‖ as used in this section includes, without limitation, those for personal injuries, wrongful 
death, mental or emotional distress, loss of consortium, damage to or loss of use of real, 
personal or intangible property of any kind,  , and attorneys fees, and costs and expenses of 
any kind whatsoever. 

Contractor’s indemnity and defense obligations will cover the acts or omissions of any of 
Contractor’s subcontractors, suppliers and consultants, and the employees of any of the 
foregoing. 

The Contractor’s indemnity and defense obligation under this Section includes, without 
limitation, any claims, suits, demands, damages, losses, expenses, and liabilities arising from 
allegations of violations of Contractor’s or its Subcontractor’s personnel practices or from any 
allegation of an injury to an employee of the Contractor or subcontractor performing work or 
labor necessary to carry out the provisions of this Contract. 

The indemnification obligations in this Section may not be construed to negate, abridge or 
otherwise reduce any other obligation of indemnity the Contractor may have with respect to JPB 
which may otherwise exist.  If any judgment is rendered against JPB or any of the other 
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individuals enumerated above in any such action, the Contractor must, at its expense, satisfy 
and discharge the same.  This indemnification survives termination or expiration of this 
Agreement and the Contractor must procure and maintain insurance coverage with a 
Contractual Liability endorsement that will insure its indemnity obligations.  

If JPB is enjoined either temporarily or permanently from the use of any Software or materials 
as to which Contractor is to defend and indemnify JPB against a claim of infringement or other 
violation of Intellectual Property Rights, Contractor, at its sole cost and expense, must: (a) 
secure for JPB the right to continue using the Software or materials at issue by suspension of 
the injunction or procuring a license which imposes no cost on JPB; (b) replace the Software or 
materials at issue with non-infringing alternatives; or (c) modify the Software or materials at 
issue so that they become non-infringing or remove the enjoined subject matter or materials at 
issue and refund the sums paid for them without prejudice to any other rights of JPB. The option 
of (a), (b), and (c) in the preceding sentence must be selected in consultation with JPB and with 
JPB consent, which may not be unreasonably withheld.  The selected option may not entail an 
unreasonable or excessive amount of time or cause undue disruption to JPB operations. 

THE CONTRACTOR SHALL NOT IN ANY EVENT BE LIABLE FOR CONSEQUENTIAL OR 
INDIRECT DAMAGES, COSTS, OR LOSSES SUFFERED BY THE JPB AND ARISING OUT 
OF CONTRACTOR’S PERFORMANCE OF THIS AGREEMENT.  FOR PURPOSES OF THIS 
AGREEMENT, THE WAIVER OF CONSEQUENTIAL OR INDIRECT DAMAGES IS FOR  
PURELY ECONOMIC DAMAGES SUCH AS LOSS OF PROFIT, LOSS OF MARGIN, LOSS OF 
CONTRACT, LOSS OF USE, COSTS CONNECTED WITH INTERRUPTION OF OPERATION 
(INCLUDING LOST REVENUES), DAMAGES OR COSTS SUFFERED DUE TO THE NEED 
TO CONDUCT SERVICE WITH SUBSTITUTE ROLLING STOCK, LOSS OF ANTICIPATED 
SAVINGS, LIQUIDATED DAMAGES PAYABLE TO THIRD PARTIES, FINANCIAL LIABILITY 
TO ANY FINANCIER, ALL OF WHICH THE PARTIES AGREE CONSTITUTE, AND WILL BE  
REGARDED AS, INDIRECT OR CONSEQUENTIAL DAMAGES FOR THE PURPOSES OF 
THIS CONTRACT.  

FOR PURPOSES OF THIS AGREEMENT, THE WAIVER OF CONSEQUENTIAL OR 
INDIRECT DAMAGES DOES NOT INCLUDE  PROPERTY DAMAGES AND PERSONAL 
INJURY DAMAGES WHICH ARISE OUT OF OR ARE CAUSED BY CONTRACTOR’S 
PERFORMANCE OF THIS AGREEMENT, OR PHYSICAL DAMAGE TO THE EMUS OR 
THEIR COMPONENTS.     

SUBJECT TO THE FOUR EXCLUSIONS SPECIFIED IN THE FOLLOWING PARAGRAPH, 
CONTRACTOR’S MAXIMUM COMBINED LIABILITY TO JPB ARISING OUT OF OR IN 
CONNECTION WITH THE CONTRACTOR’S PERFORMANCE UNDER THIS CONTRACT IN 
TORT OR OTHER LEGAL THEORY (INCLUDING, BUT NOT LIMITED TO, ANY 
INDEMNIFICATION OBLIGATION AND ANY LIQUIDATED DAMAGES PAYABLE UNDER 
THIS CONTRACT) FOR DIRECT DAMAGES OF JPB SHALL NOT EXCEED THIRTY 
PERCENT [30%] OF THE CONTRACT PRICE. 

The following are excluded from the Contractor’s aggregate liability cap set forth in the previous 
paragraph: 

(1) Losses or any damages arising as a result of Contractor’s (or its agents, employees, 
Subcontractors, or suppliers) gross negligence, willful misconduct, oppression, fraud, or malice. 
For the purposes of this section, ―Oppression‖ means despicable conduct that subjects a person 
to cruel and unjust hardship in conscious disregard of that person’s rights; ―Fraud‖ means an 
intentional misrepresentation, deceit, or concealment of a material fact with the intention of 
thereby depriving a person of property or legal rights or otherwise causing injury; and ―Malice‖ 
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means conduct which is intended to cause injury to others or despicable conduct which is 
carried on with a willful and conscious disregard of the rights or safety of others. 

(2) Any Claims for which Contractor is obligated to indemnify the JPB alleging that the JPB's 
use of the Vehicles as contemplated under this Contract (including without limitation JPB’s 
ownership, possession, maintenance, modification, or any other use of any software, 
equipment, devices, processes, or other materials provided by Contractor and incorporated into 
the Vehicles) directly or indirectly infringes or violates any Intellectual Property Rights.  

(3)  Any Claim for which the Contractor is insured pursuant to Section 1.12. 

(3) All costs related to the resolution of a warranty claim filed by the JPB.    

Relationship to Security for Performance of Work. 

 

Nothing in this Section 1.11 limits or affects in any way  the security provided by the 
Performance Guaranty provided by Contractor pursuant to Section 1.8. 

1.12 INSURANCE  

The insurance requirements specified herein shall cover Contractor’s own liability and any 
liability arising out of the Work or services performed under this Contract by any Subcontractors, 
subconsultants, Suppliers, temporary workers, independent contractors, leased employees, or 
any other persons, firms or corporations (hereinafter collectively referred to as ―Agents‖) that 
Contractor authorizes to work under this Contract.  Contractor is required to procure and 
maintain at its cost and expense the insurance coverages subject to all of the requirements set 
forth below.  Such insurance shall remain in full force and effect throughout the term of this 
Contract.  Contractor is also required to assess the risks associated with Work to be performed 
by Agents under subcontract and to include in every subcontract the requirement that the Agent 
maintain adequate insurance coverages with appropriate limits and endorsements to cover such 
risks; the limit for the Commercial General Liability insurance in each subcontract shall not be 
less than $2 million.  To the extent that any Agent does not procure and maintain such 
insurance coverage, Contractor shall assume any and all costs and expenses that may be 
incurred in fulfilling Contractor’s indemnity obligation as to itself or any of its Agents in the 
absence of coverage.  In the event Contractor or its Agents procure excess or umbrella 
coverage to maintain certain requirements outlined below, these policies shall also satisfy all 
specified endorsements and stipulations, including provisions that the Contractor’s insurance be 
primary without any right of contribution from the JPB.  Prior to beginning the Work under this 
Contract, Contractor shall provide the JPB’s authorized insurance consultant, Insurance 
Tracking Services, Inc. (ITS), with satisfactory evidence of compliance with the insurance 
requirements of this article, by submitting such evidence of compliance to the address indicated 
in 1.12.3 below. 

1.12.1 Minimum Types and Scope of Insurance 

1.12.1.1 Workers Compensation and Employers’ Liability Insurance  

The Contractor shall procure and maintain the following Workers Compensation and Employers’ 
Liability Insurance in the specified amounts. 

a. Workers’ Compensation with Statutory Limits and/or Federal Employer’s Liability 
(―FELA‖) coverage (whichever is applicable) to its employees, as required by the Federal 
Employer’s Liability Act of 1908, applying to Interstate railroad employees; or, as 
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required by Section 3700 et seq. of the California Labor Code, or any subsequent 
amendments or successor acts thereto, or the laws of any other state where work is 
being performed, governing the liability of employers to their employees.  For work 
performed outside of the United States, Contractor will comply with the governing laws of 
that country governing the liability of employers to their employees.  

b. If FELA applies, it shall be in accordance with federal statutes and have minimum limits 
of $10,000,000 per occurrence. 

c. If the California Labor Code requiring Workers’ Compensation applies, the Contractor 
shall also maintain Employer's Liability coverage with minimum limits of $10 million. 

d. Such insurance shall include a Waiver of Subrogation.  

1.12.1.2 Professional Liability Insurance  

A Professional Liability insurance policy covering errors and omissions and the resulting 
damages including, but not limited to, economic loss to the JPB and having minimum limits of 
liability of $25 million per claim or occurrence and $25 million annual aggregate.  The policy 
shall include coverage for all services and work performed under this Agreement.  In addition, 
coverage shall include contingent bodily injury and property damage liability. 

Professional liability insurance shall be maintained for 10 years following final Acceptance. 

 

1.12.1.3  Commercial General Liability Insurance 

Commercial General Liability insurance for bodily injury and property damage coverage of at 
least $25 million per occurrence or claim and a general annual aggregate limit of at least $25 
million.  Such insurance shall cover all of Contractor’s operations.  In addition, for any 
construction and public works projects, the insurance shall not have any exclusion for 
Explosion, Collapse and Underground perils (xcu), and the exclusion for liability assumed for 
construction or demolition work within 50 feet of railroad tracks shall be deleted.  

a. This insurance shall include coverage for, but not be limited to:  

1. Premises and Operations; 

2. Products Liability and Completed Operations;  

3. Personal Injury; and 

4. Advertising Injury.  

b. Such insurance shall include the following endorsements as further detailed in the 
Endorsements Section below: 

1. Additional Insured;  

2. Separation of Insureds Clause;  

3 Primary and Non-Contributory wording; and 

4. Waiver of Subrogation.  

Products and Completed Operations insurance shall be maintained for 10 years following Final 
Acceptance. 

1.12.1.4 Business Automobile Liability Insurance 
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Business Automobile Liability insurance providing bodily injury and property damage coverage 
with a combined single limit of at least $10 million per accident or loss.  

a. This insurance shall include coverage for, but not be limited to:  

1. All owned vehicles;  
2. Non-owned vehicles; and  
3. Hired or rental vehicles.  

b. Such insurance shall include the following endorsements as further detailed in the 
Endorsements Section below: 

1. Additional Insured;  

2. Primary and Non-Contributory wording; and  

3. Waiver of Subrogation.  

1.12.1.5 Property Insurance 

Property insurance with Special Form coverage including theft, but excluding earthquake, with 
limits at least equal to the replacement cost of the property described below until completion 
and Final Acceptance. 

a. This insurance shall include coverage for, but not be limited to:  

1. Contractor’s own business personal property, including raw materials and work in 
process, and equipment to be used in performance of this Agreement;  

2. Materials or property to be purchased and/or installed on behalf of the JPB, if any; 
and  

 

b. Such insurance shall include a Waiver of Subrogation as further detailed in the 
Endorsements Section below. 

1.12.2 Endorsements 

1.12.2.1 Additional Insured 

The referenced policies and any Excess or Umbrella policies shall include as Additional 
Insureds the Peninsula Corridor Joint Powers Board, the San Mateo County Transit District, the 
Santa Clara Valley Transportation Authority, the City and County of San Francisco, 
TransitAmerica Services, Inc. or any Successor Operator of the Service,  and the Union Pacific 
Railroad Company and their respective directors, officers, employees, volunteers and agents 
while acting in such capacity, and their successors or assignees, as they now, or as they may 
hereafter be constituted, singly, jointly or severally. 

 

1.12.2.2 Waiver of Subrogation 

The referenced policies and any Excess or Umbrella policies shall contain a waiver of 
subrogation in favor of the Peninsula Corridor Joint Powers Board, the San Mateo County 
Transit District, the Santa Clara Valley Transportation Authority, the City and County of San 
Francisco, TransitAmerica Services, Inc. or any Successor Operator of the Service,  and the 
Union Pacific Railroad Company and their respective directors, officers, employees, volunteers 
and agents while acting in such capacity, and their successors or assignees, as they now, or as 
they may hereafter be constituted, singly, jointly or severally.    
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1.12.2.3 Primary Insurance 

The referenced policies and any Excess and Umbrella policies shall indicate that they are 
primary to any other insurance and the insurance company(ies) providing such policy(ies) shall 
be liable thereunder for the full amount of any loss or claim, up to and including the total limit of 
liability, without right of contribution from any of the insurance effected or which may be effected 
by the JPB.   

1.12.2.4 Separation of Insureds 

The referenced policies and any Excess or Umbrella policies shall contain a Separation of 
Insureds Clause and stipulate that inclusion of the Peninsula Corridor Joint Powers Board, the 
San Mateo County Transit District, the Santa Clara Valley Transportation Authority, the City and 
County of San Francisco, TransitAmerica Services, Inc. or any Successor Operator of the 
Service,  and the Union Pacific Railroad Company as Additional Insureds shall not in any way 
affect the JPB’s rights either as respects any claim, demand, suit or judgment made, brought or 
recovered against the Contractor.  The purpose of this coverage is to protect Contractor and the 
JPB in the same manner as though a separate policy had been issued to each, but nothing in 
said policy shall operate to increase the insurance company's liability as set forth in its policy 
beyond the amount or amounts shown or to which the insurance company would have been 
liable if only one interest had been named as an insured. 

1.12.3 Evidence of Insurance  

1.12.3.1 All Coverages  

Prior to commencing Work or entering onto the Site, Contractor shall provide to Insurance 
Tracking Services, Inc. (ITS), the JPB’s authorized insurance consultant, a Certificate of 
Insurance with respect to each required policy to be provided by the Contractor under the 
Agreement.  The required certificates must be signed by the authorized representative of the 
Insurance Company shown on the certificate.  The JPB Contract Number and Project Name 
shall be clearly stated on the face of each Certificate of Insurance. 

Submit Certificates of Insurance to: 

Peninsula Corridor Joint Powers Board 

C/O Insurance Tracking Services, Inc. (ITS) 

P.O. Box 198 

Long Beach, CA 90801 

Email Address:  smt.certificates@instracking.com 

Fax: (562) 435-2999 

In addition, the Contractor shall promptly notify the JPB of the insurance expiration date and 
deliver to ITS a certificate of insurance that extends the coverage as necessary to maintain the 
specified insurance for the duration of the Project.  Such certificate shall be delivered to ITS not 
less than 3 business days after the expiration date of any policy. 

1.12.4 General Provisions 

1.12.4.1 Notice of Cancellation 

Contractor must provide at least 30 days’ prior written notice to the JPB’s Contracts and 
Procurement Department if any of the above policies are not renewed or cancelled.  

mailto:smt.certificates@instracking.com
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1.12.4.2 Acceptable Insurers 

All policies will be issued by insurers acceptable to the JPB (generally with a Best’s Rating of A- 
10 or better).   

1.12.4.3 Self-insurance 

Upon evidence of financial capacity satisfactory to the JPB and Contractor’s agreement to waive 
subrogation against the JPB respecting any and all claims that may arise, Contractor's 
obligation hereunder may be satisfied in whole or in part by adequately funded self-insurance.   

1.12.4.4 Failure to Maintain Insurance 

All insurance specified above shall remain in force until all Work to be performed is satisfactorily 
completed, all of Contractor's personnel and equipment have been removed from the JPB 
property, and the Work has been formally accepted.  The failure to procure or maintain required 
insurance and/or an adequately funded self-insurance program will constitute a material breach 
of this Contract. 

1.12.4.5 Claims Made Coverage 

If any insurance specified above shall be provided on a claim-made basis, then in addition to 
coverage requirements above, such policy shall provide that:  

a. Policy retroactive date coincides with or precedes the Contractor's start of Work 
(including subsequent policies purchased as renewals or replacements). 

b. Contractor shall make every effort to maintain similar insurance for at least 3 years, 
except for Professional Liability or Products Liability and Completed Operations for at 
least 10 years, following Final Acceptance, including the requirement of adding all 
additional insureds.     

c. If insurance is terminated for any reason, Contractor agrees to purchase an extended 
reporting provision of at least 3 years to report claims arising from work performed in 
connection with this Contract.  

d. Policy allows for reporting of circumstances or incidents that might give rise to future 
claims. 

1.12.4.6 Deductibles and Retentions 

Contractor shall be responsible for payment of any deductible or retention on Contractor’s 
policies without right of contribution from the JPB.  Deductible and retention provisions shall not 
contain any restrictions as to how, or by whom, the deductible or retention is paid.  Any 
deductible or retention provision limiting payment to the Named Insured is unacceptable. 

In the event that the policy of the Contractor or any Subcontractor contains a deductible or self-
insured retention, and in the event that the JPB seeks coverage under such policy as an 
additional insured, Contractor shall satisfy such deductible or self-insured retention to the extent 
of loss covered by such policy for a lawsuit arising from or connected with any alleged act or 
omission of Contractor, Subcontractor, or any of their officers, directors, employees, agents, or 
suppliers, even if Contractor or Subcontractor is not a named defendant in the lawsuit. 

1.13 SUSPENSION OF WORK 

1.13.1   JPB’s rights of Suspension 
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JPB may at any time and for any reason within its sole discretion issue a written order to the 
Contractor suspending, delaying or interrupting all or any part of the work for a specified period 
of time. 

The Contractor shall comply immediately with any such written order and take all reasonable 
steps to minimize costs allocable to the work covered by the suspension during the period of 
work stoppage.  Contractor shall continue the work that is not included in the suspension and 
will continue such ancillary activities as are not suspended.  The Contractor shall resume 
performance of the suspended work upon expiration of the notice of suspension, or upon 
direction from JPB. 

The Contractor will be allowed an equitable adjustment in the contract price (including profit) 
and/or an extension of the contract time, to the extent that cost or delays are shown by the 
Contractor to be directly attributable to any suspension.  However, no adjustment may be made 
under this section for any suspension, delay or interruption due to the fault or negligence of the 
Contractor, or for which an equitable adjustment is otherwise provided for, or excluded under 
any other term or condition of the Contract.  As soon as reasonably possible but no later than 
forty-five (45) calendar days, or any other period of time agreed to by the parties, after receipt of 
the written suspension of work notice, the Contractor shall submit to JPB a detailed price and 
schedule proposal for the suspension, delay or interruption. 

 

a. In the event that the JPB has suspended performance for one hundred and 
eighty (180) calendar days or less, it may lift the suspension at any time and 
direct Contractor to resume the Work.   

 

b. In the event that the JPB  wants to lift a suspension that has lasted more than 
180 days, the parties will meet and confer within 10 Work days (or within such 
time mutually agreed) of direction from the JPB to resume Work and will make 
best efforts  to agree to all terms governing a resumption of work.   If the parties 
cannot agree to the terms governing a resumption of Work within 30 days, either 
party may terminate this Agreement.  In this case the termination will follow the 
process described in Section 1.15. Termination for Convenience. 

 
 

1.13.2  Contractor’s Rights of Suspension 

Contractor may suspend its performance if the JPB has failed to pay an undisputed amount on 
an approved invoice in the time specified in Special Provision 1.1.3.   After the time for payment 
specified in Special Provision 1.1.3 has expired, the Contractor must provide the JPB at least 30 
days advance written notice of its intention to suspend performance. If suspension by the 
Contractor occurs and has lasted more than 180 days, the Contractor has the same rights set 
forth in Section 1.13.1.b 

1.14 TERMINATION FOR DEFAULT 

If Contractor fails to perform any material provisions of this Contract, JPB may find Contractor   
to be in partial or complete default. If Contractor does not cure such default within thirty (30) 
days after receipt of written notification that such failure has occurred, or provide a plan to 
cure such default which is acceptable to JPB within the time specified by the JPB, then JPB may, 
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by written notice of default, terminate this Contract, in whole or in part, on the basis of 
Contractor’s default of this Agreement. If the Contractor cures the default within the cure period, 
but subsequently defaults again, JPB may immediately terminate the Contract or a portion of 
it without giving the Contractor a right to cure. 

The parties agree that not every violation of a provision of this Contract is grounds for default. 
A reasonable materiality standard will apply.  The term "default" for purposes of this Section 
includes the following:  Contractor’s performance of the work in violation of the terms of 
the Contract to such a degree that a reasonable person would not expect the JPB to 
allow the Contract to remain in force. Depending on specific facts and circumstances 
that indicate significant consequences to the JPB, and subject to a standard of 

reasonableness and good faith on the part of the JPB, a violation of the terms of the 
Contract by the Contractor that could lead to a material breach includes but is not 
limited to use of materials, supplies, plant, or  equipment of quality or quantity significantly 
below the requirements in the Contract Documents; a significant and material failure to use 
an adequate number of properly skilled workers; a significant and material failure to provide 
required Key Personnel;   a significant and material failure to provide proper workmanship; a 

significant and material failure to perform its obligations under the Contract Documents within 
the time specified therein; failure to take effective steps to end a prolonged labor dispute; or 
the performance of the Contract in bad faith.  

The following also constitute events of default:  

- Contractor’s  assignment  of the Contract without approval of JPB; 
- filing a petition for bankruptcy by or against the Contractor or appointment of a receiver 

for Contractor’s property;  
- initiation of a federal or state proceeding for relief of debtors by or against Contractor. 

 

If the Contract is terminated in whole or in part for default, JPB may procure, upon such terms 
and in such manner as JPB may deem appropriate, Vehicles or services similar to those so 
terminated.  Without in any way affecting JPB’s rights under the Performance Guaranty, the 
Contractor may be liable to JPB for any excess costs for such similar Vehicles or services, and 
will continue the performance of this Contract to the extent not terminated under the provisions 
of this Section. 

If, after notice of termination of this Contract under the provisions of this clause, it is determined 
for any reason that the Contractor was not in default under the provisions of this clause, or that 
the default was excusable under the provisions of this clause, the rights and obligations of the 
parties are the same as if the notice of termination had been issued pursuant to termination for 
convenience of JPB.  

All finished or unfinished documents and any goods or materials procured for or produced 
pursuant to this Contract becomes the property of JPB upon the effective date of such 
termination for default, in particular, and without limitation, the following becomes the property of 
JPB upon the effective date of termination: all fabricated or un-fabricated parts, work in process, 
completed work, supplies, and other material produced as a part of, or acquired in connection 
with the performance of, the work terminated, and the completed or partially completed plans, 
drawings, information and other property which, if the Contract had been completed, would have 
been furnished to JPB.  If Contractor has suspended performance pursuant to Section 1.13.2 for 
the JPB’s failure to pay undisputed amounts, the Contractor may terminate the Agreement for 
the default of the JPB if the JPB does not pay such undisputed amounts within 30 days of 
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Contractor’s written notice of its intent to so terminate. In this case the termination will follow the 
process described in Section 1.15. Termination for Convenience. 

1.15 TERMINATION FOR CONVENIENCE 

In the event that the JPB does not issue a Final Notice to Proceed on or before March 1, 2017, 
the JPB may terminate the Agreement for convenience, upon 14 days written notice.  Contractor 
will stop all work as of the date of termination specified by the JPB.  The JPB will pay all sums 
actually due and owing for all services performed and all expenses incurred, including profit, up 
to the date of termination. JPB will return Performance Bond to Contractor within 20 days.  The 
parties will have no further obligations to each other.     

Once a Final Notice to Proceed has been issued, the JPB may terminate this Contract for 
convenience, including for non-availability of funds, in whole or in part, upon thirty (30) calendar 
days’ notice sent by certified mail, return receipt requested, to the Contractor.  If JPB terminates 
this Contract for convenience, the Contractor shall: 

 Stop work under the Contract on the date and to the extent specified in the notice of 
termination. 

 Place no further orders or subcontracts for materials, services, or facilities except as 
may be necessary for completion of such portion of the work under the Contract as is not 
terminated. 

 Terminate all orders and subcontracts to the extent that they relate to the performance of 
work terminated by the notice of termination. 

 Settle all outstanding liabilities and all claims arising out of such termination or orders 
and subcontracts, with the approval or ratification of JPB, to the extent that may be 
required, which approval or ratification is final for all the purposes of this Section. 

 Transfer title to JPB and deliver in the manner, at the times, and to the extent, if any, 
directed by JPB the fabricated or un-fabricated parts, work in process, completed work, 
supplies, and other material produced as a part of, or acquired in connection with the 
performance of, the work terminated, and the completed or partially completed plans, 
drawings, information and other property which, if the Contract had been completed, 
would have been furnished to JPB. 

 Use its best efforts to sell, in the manner, at the times, to the extent, and at the price(s) 
directed or authorized by JPB, any property of the types referred to above, provided 
however, that the Contractor is not required to extend credit to any purchaser, and may 
acquire any such property under the conditions prescribed by and at a price(s) approved 
by JPB.  The proceeds of any such transfer or disposition will be applied in reduction of 
any payments to be made by JPB to the Contractor under this Contract or will otherwise 
be credited to the price or cost of the work covered by this Contract or paid in such other 
manner as JPB may direct. 

 Complete performance of such part of the work as was not terminated by the notice of 
termination. 

 Take such action as may be necessary, or as JPB may direct, for the protection or 
preservation of the property related to this Contract which is in the possession of the 
Contractor and in which JPB has or may acquire an interest. 

 In the event of termination for convenience, the Contractor will be paid all sums actually due 
and owing for all services performed and all expenses incurred up to the day written notice of 
termination is given, plus any costs reasonably and necessarily incurred by Contractor to effect 
such termination. The Contractor shall be paid its costs including profit earned up to the day and 
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to the extent specified in the written notice of termination is given. JPB will return Performance 
Bond to Contractor within 20 days, Thereafter, Contractor is not entitled to make any claim 
against JPB in connection with this Agreement.  The Contractor shall promptly, but no later than 
six months after Notice of Termination, submit its termination claim to JPB to be paid the 
Contractor.  

Upon the effective date of termination for convenience JPB will own, or continue to be the 
beneficiary of license rights as applicable, of all documents and materials for which it has paid 
the Contractor.   

Contractor Responsibility for Subcontracts.  If this Contract is terminated, whether for 
convenience or default, JPB has no liability or responsibility for leases or contractual 
agreements entered into by the Contractor for performance of the Contractor’s responsibilities 
under this Contract.  

1.16 TRACK AND SITEWORK COORDINATION AND ACCESS 

Contractor shall coordinate, under JPB’s direction, and at all times fully cooperate with any other 
entity or individual performing work on JPB property, including, but not limited to, maintenance 
of tracks, signals, or structures, or construction of track, signals, structures, stations, or other 
facilities by any of JPB’s contractors or other third party contractors authorized to work on JPB 
property.   

JPB will provide the Contractor the necessary access to its property as necessary for and to be 
used in provision of the Work.  JPB hereby grants the Contractor the right to enter upon and 
utilize the foregoing for the purpose of performance of the Contractor’s obligations under this 
Contract.  All operations of the Contractor on the JPB’s property, including storage of materials 
and equipment, shall be confined to areas authorized and approved by JPB, and shall be 
performed in compliance with all JPB policies and procedures. 

JPB will have the right, at all reasonable times, to make site visits to review project 
accomplishments and management control systems, to conduct inspections, and to provide 
such technical assistance as may be required. Contractor shall provide and will require its 
Subcontractors to provide, all reasonable facilities and assistance for the safety and 
convenience of JPB in the performance of their duties. All site visits and evaluations will be 
performed in such a manner as will not unduly delay work being conducted by the Contractor or 
Subcontractor.  

Contractor may not seek reimbursement from the JPB for any costs incurred by Contractor to 
meet the requirements of this section. 

1.17 NOTICES 

Notice for purposes of this Contract is sufficient if personally delivered or sent by certified mail to 
the other party at the following addresses:  Electronic notices are permitted.  

If to the JPB:   Executive Director 

Peninsula Corridor Joint Powers Board 

1250 San Carlos Avenue 

San Carlos, CA  94070 
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With a copy to:   Director, Contracts and Procurement 

Peninsula Corridor Joint Powers Board 

1250 San Carlos Avenue 

San Carlos, CA  94070 

 

If to the CONTRACTOR:  

        Technical Issues: Stadler Altenrhein AG 

Attn: Dietmar Schwarz, Project Manager, Technical 

Industrie- und Gewerbepark 

CH-9423  Altenrhein  SG 

Direct: +41 (58) 595 51 95 

Cell: +41 (79) 419 03 90 

Dietmar.Schwarz@stadlerrail.com 

     Contract/Invoice Issues:  

                Stadler Altenrhein AG 

      Attn: Marcus Wörner, Project Manager, Commercial 

       Industrie- und Gewerbepark 

CH-9423  Altenrhein  SG 

Direct: +41 (58) 595 51 10 

Cell: +41 (79) 532 58 16 

Marcus.Woerner@stadlerrail.com 

 

Or such other address as either party may designate for itself in writing to the other party.  
Notices sent by certified mail are deemed to have been given as of the day of mailing. 

1.18 CONFLICT OF INTEREST 

1.18.1 GENERAL 

Depending on the nature of the work performed, a Contractor of the JPB may be subject to the 
same conflict of interest prohibitions established by California law that govern JPB’s employees 
and officials (Cal. Govt. Code Section 1090 et seq. and Cal. Govt. Code Section 87100 et seq.). 
During the proposal process or the term of the Agreement, Contractor and its employees may 
be required to disclose financial interests.  

The Contractor warrants and represents that it presently has no interest and agrees that it will 
not acquire any interest that would present a conflict of interest under California Government 
Code §1090 et seq. or §87100 et seq. during the performance of services under this 
Agreement. The Contractor further covenants that it will not knowingly employ any person 
having such an interest in the performance of this Agreement. Violation of this provision may 
result in this Agreement being deemed void and unenforceable. 

mailto:Dietmar.Schwarz@stadlerrail.com
mailto:Marcus.Woerner@stadlerrail.com
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Depending on the nature of the work performed, Contractor may be required to publicly disclose 
financial interests under the JPB’s Conflict of Interest Code. Upon receipt, the Contractor agrees 
to promptly submit a Statement of Economic Interest on the form provided by JPB. 

No person previously in the position of Director, Officer, employee or agent of the JPB during 
his or her tenure or for one (1) year after that tenure may have any interest, direct or indirect, in 
this Agreement or the proceeds under this Agreement, nor may any such person act as an 
agent or attorney for, or otherwise represent the Contractor by making any formal or informal 
appearance, or any oral or written communication, before the JPB, or any Officer or employee 
of the JPB, for a period of one (1) year after leaving office or employment with the JPB if the 
appearance or communication is made for the purpose of influencing any action involving the 
issuance, amendment, award or revocation of a permit, license, grant, or contract. 

1.18.2 ORGANIZATIONAL CONFLICTS OF INTEREST 

Contractor will take all reasonable measures to preclude the existence or development of an 
organizational conflict of interest in connection with work performed under this Contract and 
other solicitations.  An organizational conflict of interest occurs when, due to other activities, 
relationships, or contracts, a firm or person is unable, or potentially unable, to render impartial 
assistance or advice to the JPB; a firm or person’s objectivity in performing the contract work is 
or might be impaired; or a firm or person has an unfair competitive advantage in proposing for 
award of a contract as a result of information gained in performance of this or some other 
agreement.  

Contractor may not engage the services of any Subcontractor or independent consultant on any 
work related to this Contract if the Subcontractor or independent consultant, or any employee of 
the Subcontractor or independent consultant, has an actual or apparent organizational conflict 
of interest related to work or services contemplated under this Contract. 

If at any time during the term of this Contract Contractor becomes aware of an organizational 
conflict of interest in connection with the work performed hereunder, Contractor will immediately 
provide the JPB with written notice of the facts and circumstances giving rise to this 
organizational conflict of interest.  Contractor's written notice will also propose alternatives for 
addressing or eliminating the organizational conflict of interest.   

If at any time during the term of this Contract, JPB becomes aware of an organizational conflict 
of interest in connection with Contractor's performance of the work hereunder, JPB will similarly 
notify Contractor. 

In the event a conflict is presented, whether disclosed by Contractor or discovered by JPB, the 
JPB will consider the conflict presented and any alternatives proposed and meet with the 
Contractor to determine an appropriate course of action.  The JPB’s determination as to the 
manner in which to address the conflict is final. 

During the term of this Contract, Contractor may be required to provide the JPB with lists of its 
employees, and the Subcontractors and independent consultants used and their employees.  To 
the extent practical, Contractor will cooperate with the JPB in providing this information upon 
request.  However, submittal of such lists does not relieve the Contractor of its obligation to 
assure that no organizational conflicts of interest exist. Contractor will retain this record for five 
(5) years after the JPB makes final payment under this Contract.   Such lists may be published 
as part of future JPB solicitations. 

Contractor will maintain written policies prohibiting organizational conflicts of interest and will 
ensure that its employees are fully familiar with these policies.  Contractor will monitor and 
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enforce these policies and will require any Subcontractors and affiliates to maintain, monitor and 
enforce policies prohibiting organizational conflicts of interest.   

Failure to comply with this section may subject the Contractor to damages incurred by the JPB 
in addressing organizational conflicts that arise out of work performed by Contractor, or to 
termination of this Contract for breach. 

1.19 CONFIDENTIALITY 

 

Any JPB materials to which the Contractor has access or materials prepared by the Contractor 
during the course of this Contract (―Confidential Information‖) shall be held in confidence by the 
Contractor, who shall exercise all reasonable precautions to prevent the disclosure of 
Confidential Information to anyone except the officers, employees and agents of the Contractor 
as necessary to provide the Vehicles. 

The Contractor shall not release any reports, information or promotional materials prepared in 
connection with this Contract, whether deemed confidential or not, to any third party without the 
approval of JPB’s Project Manager. 

Confidentiality obligations hereunder do not apply to any portion of otherwise Confidential 
Information which: 

 Has become a matter of public knowledge other than through an act or omission of the 
Contractor; 

 Has been made known to the Contractor by a third party in accordance with such third 
party’s legal rights without any restriction on disclosure; 

 Was in the possession of the Contractor prior to the disclosure of such Information by 
JPB ; or 

 Contractor is required by law to disclose. 
 

The JPB will similarly take reasonable precautions to keep Contractor’s materials to which it has 
access, or materials prepared by the Contractor during the course of this Contract, in 
confidence to the extent allowed by law, and to the extent such confidentiality does not prevent 
the JPB from fulfilling its role as a provider of public commuter rail service.  Notwithstanding the 
previous sentence, the designs, manuals, reports, records, and all other information and 
communication submitted by Contractor (referred to only for purposes of this section  as a 
Writing)  to the JPB may be public records within the meaning of that term in the California 
Public Records Act, Government Code section 6250, et seq. Unless a particular Writing  is 
exempted from disclosure by the California Public Records Act or is otherwise not legally 
required to be disclosed, it must be disclosed by the JPB upon request. If Contractor believes 
any Writing, or portion thereof, contains trade secrets or other proprietary information that 
Contractor believes would cause substantial injury to Contractor’s competitive position if 
disclosed, Contractor must, at the time the Writing is provided to the JPB, request that the JPB 
withhold from disclosure the proprietary information by conspicuously marking each page 
containing such proprietary information as confidential.  

If Contractor does not request that the JPB withhold from disclosure a Writing, or portion 
thereof, by identifying it as confidential or proprietary, the JPB will have no obligation to withhold 
the information from disclosure and may release the information sought without any liability to 
Contractor. 
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To the extent consistent with its obligations under the Public Records Act, the JPB will provide 
reasonable notice to Contractor of any request for records under the Public Records Act that 
may result in the disclosure of any Writing that Contractor has marked ―confidential.‖  If 
Contractor requests that the JPB withhold from disclosure a Writing identified as confidential, 
and the JPB complies with Contractor’s request, Contractor assumes all responsibility for any 
challenges resulting from the non-disclosure, and will indemnify and hold harmless the JPB from 
and against all claims and losses (including attorneys’ fees) arising in connection with the JPB’s 
nondisclosure of the requested records. Contractor will not make a claim, sue, or maintain any 
legal action against the JPB or its directors, officers, employees, or agents concerning the 
withholding from disclosure of Contractor’s information. 

1.20 PUBLICITY 

The Contractor, its employees, subcontractors, and agents shall not refer to JPB, or use any 
logos, images, or photographs of JPB for any commercial purpose, including, but not limited to, 
advertising, promotion, or public relations, without JPB's prior written consent.  Such written 
consent is not required for the inclusion of JPB's name on a customer list. 

1.21 HAZARDOUS MATERIALS 

If the performance of the work outlined by these contract specifications creates any hazardous 
wastes, those wastes must be properly disposed of according to federal, state, and local laws, 
at the expense of Contractor.  The Contractor shall dispose of the wastes under its own EPA 
Generator Number.  In no event is JPB identified as the generator.  The Contractor shall notify 
JPB of any such hazardous wastes and JPB reserves the right to a copy of the results of any 
tests conducted on the wastes and, at its cost, to perform additional tests or examine those 
wastes, prior to their disposition.  

Contractor bears full and exclusive responsibility for any release of hazardous or non-hazardous 
chemicals or substances during the course of performance of this Contract except to the extent 
that any such releases are caused by the direct negligence of JPB.  The Contractor shall 
immediately report any such release to JPB.  The Contractor is solely responsible for all claims 
and expenses associated with the response to, removal and remediation of the release, 
including, without limit, payment of any fines or penalties levied against JPB by any agency as a 
result of such release and will hold harmless, indemnify and defend JPB from any claims arising 
from such release.  For purposes of this Section only, the term "claims" includes (i) all notices, 
orders, directives, administrative or judicial proceedings, fines, penalties, fees or charges 
imposed by any governmental agency with jurisdiction, and (ii) any claim, cause of action, or 
administrative or judicial proceeding brought against JPB, its directors, or employees, or for any 
loss, cost (including reasonable attorney's fees), damage or liability, sustained or suffered by 
any person or entity, including JPB. This indemnification survives the termination of the 
Contract.  

1.22 JPB WARRANTIES  

Neither party makes any warranties, representations or agreements, either express or implied, 
beyond such as are explicitly stated in this Contract. 
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1.23 CONTRACTOR STATUS 

Neither the Contractor nor any party contracting with the Contractor is deemed to be an agent or 
employee of JPB.  The Contractor is and will be an independent contractor, and the legal 
relationship of any person performing services for the Contractor is one solely between that 
person and the Contractor.  

1.24 EQUAL EMPLOYMENT OPPORTUNITY  

In connection with the performance of this Contract the Contractor may not discriminate against 
any employee or applicant for employment because of race, color, religion, national origin, 
ancestry, sex, gender, sexual orientation, age (over 40), marital status, pregnancy, medical 
condition, gender identity, or disability as specified in federal, State, and local laws. The 
Contractor will take affirmative actions to ensure that applicants are employed, and that 
employees are treated during their employment, without regard to their race, religion, color, sex, 
disability, or national origin. Such actions must include, but not be limited to, the following: 
employment, upgrading, demotion, transfer, recruitment or recruitment advertising, layoff or 
termination, rates of pay or other forms of compensation, and selection for training, including 
apprenticeship. Contractor further agrees to insert a similar provision in all subcontracts, except 
subcontracts for standard commercial supplies or raw materials. 

1.25 NON-DISCRIMINATION ASSURANCE-TITLE VI OF THE CIVIL RIGHTS ACT 

The Contractor shall not discriminate on the basis of race, color, creed, national origin, sex, or 
age in the performance of this Agreement. The Contractor shall carry out applicable 
requirements of 49 CFR Part 26 in the award and administration of U.S. DOT-assisted 
contracts.  Further, the Contractor agrees to comply with all provisions prohibiting discrimination 
on the basis of race, color, or national origin of Title VI of the Civil Rights Act of 1964, as 
amended, 42 U.S.C. §§ 2000d et seq., and with U.S. DOT regulations, "Nondiscrimination in 
Federally-Assisted Programs of the Department of Transportation – Effectuation of Title VI of 
the Civil Rights Act," 49 CFR. Part 21.  The Contractor shall obtain the same assurances from 
its joint venture partners, subcontractors, and subconsultants by including this assurance in all 
subcontracts entered into under this Agreement.  Failure by the Contractor to carry out these 
requirements is a material breach of this Agreement, which may result in the termination of this 
Agreement or such other remedy as the JPB deems appropriate.   

1.26 ATTORNEYS’ FEES  

If any legal proceeding should be instituted by either of the Parties to enforce the terms of this 
Contract or to determine the rights of the parties under this Contract, the prevailing party in said 
proceeding may recover, in addition to all court costs, reasonable attorneys’ fees. 

1.27 WAIVER 

Any waiver of any breach or covenant of this Contract must be in writing and executed by a duly 
authorized representative of the party waiving the breach.  A waiver by any of the parties of a 
breach or covenant of this Contract may not be construed to be a waiver of any succeeding 
breach or any other covenant unless specifically and explicitly stated in such waiver. 
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1.28 HEADINGS, SEVERABILITY 

The section headings in this Contract are for reference purposes only and do not affect in any 
way the meaning or interpretation of this Contract.  If any provision of this Contract is deemed 
invalid or unenforceable, that provision is reformed and/or construed consistently with applicable 
law as nearly as possible to reflect the original intentions of this Agreement, and in any event, 
the remaining provisions of this Contract remain in full force and effect. 

1.29 ASSIGNMENT 

Neither the Contractor nor JPB may assign any interest, obligation, or benefit under or in the 
Contract or transfer any interest in the Contract, whether by assignment, or novation, without 
prior written consent of the other party. 

1.30 NO THIRD PARTY BENEFICIARIES 

This Agreement is not for the benefit of any person or entity other than the Parties. 

1.31 RIGHTS AND REMEDIES OF THE PARTIES 

The rights and remedies of the parties provided herein are not exclusive and are in addition to 
any other rights and remedies provided by law or under the Contract. 

1.32 BINDING ON SUCCESSORS 

All of the terms, provisions, and conditions of this Contract are binding upon and inure to the 
benefit of the parties and their respective successors, assigns and legal representatives. 

1.33 APPLICABLE LAW, JURISDICTION AND VENUE  

All matters relating to the performance of this Contract will be controlled by and determined in 
accordance with the laws of the State of California.  Venue for all legal proceedings arising out 
of this Contract, or breach of this Contract, will be in the state or federal court with competent 
jurisdiction in San Mateo County, California. 

1.34 UNITED STATES EXPORT CONTROL LAWS 

Contractor acknowledges that JPB, its affiliates, employees and agents are subject to United 
States export control laws that prohibit or restrict (i) transactions with certain parties, (ii) the type 
and level of technologies and services that may be exported, and (iii) the conduct of 
transactions involving foreign parties.  These laws include, without limitation, the U.S. Foreign 
Corrupt Practices Act, the Export Administration Act, the Arms Export Control Act, and the 
International Economic Emergency Powers Act, as well as regulations issued pursuant to these 
and other U.S. laws.  During an incident to the performance of this Agreement, Subcontractor 
might gain access to technical data and/or other property of JPB.  As part of the express 
consideration received under this Agreement, Contractor agrees that it will not be in violation of 
U.S. law export, re-export or otherwise transfer, directly or indirectly, any of JPB’s knowledge, 
information, technical data or other property to which Contractor might gain access in 
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connection with this Agreement.  Subcontractor acknowledges that it can contact the U.S. 
Departments of Commerce, State and Treasury for guidance as to compliance with the 
foregoing and applicable licensing requirements and other applicable restrictions.  

1.35 ADDITIONAL WORK CONTRACTED TO OTHERS 

JPB reserves the right in its sole discretion, to undertake or award contracts to others for 
additional work, and the Contractor shall fully cooperate with such other contractors and JPB in 
the performance and scheduling of such additional work.  The Contractor shall not interfere with, 
hinder or delay the performance of work by other contractors or JPB. 

 

END OF VOLUME 4, GENERAL PROVISIONS 
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Part A Instructions to Proposers 

1. INTRODUCTION AND GENERAL INFORMATION 

1.1 Peninsula Corridor Electrification Program (PCEP) Background 

The PCEP is the JPB’s early investment program in the peninsula rail corridor inclusive of: a) 

implementation of an communications based overlay signal system Positive Train Control 

(CBOSS PTC), which is an advanced signal system that includes federally-mandated safety 

improvements; b) electrification of the existing Caltrain rail corridor between San Francisco and 

San Jose by 2020 (Electrification); and c) replacement of Caltrain’s diesel train fleet with electric 

multiple unit rail vehicles (EMU) compliant with alternative Federal Railroad Administration 

standards. The early investment program will be implemented in a manner to avoid precluding 

other rail services including freight service and potential future California High-Speed Rail trains. 

Further information about the PCEP is available on the website at 

www.caltrain.com/modernization.  

1.2 CBOSS PTC  

The CBOSS PTC contract was awarded in 2012. It is in its installation and testing phase. The 

work is scheduled for revenue service demonstration in 2015.  

1.3 Electrification  

Under a separate design-build contract, the JPB is procuring Electrification of the rail corridor. 

Design-Build Services generally include systems required to complete electrification of the 

existing operating rail corridor from south of Tamien station in San Jose to San Francisco 4th 

and King terminus.  Electrification systems involve 25 kV AC 60 Hz traction power substations, 

25 kV AC 60 Hz switching and paralleling stations, utility service, overhead contact system 

(OCS), supervisory control and data acquisition (SCADA), communications, central control 

interface, rail signaling conversion to be compatible with 25 kV AC 60 Hz Electrification track 

circuits, California Public Utilities Commission and Federal Railroad Administration approved rail 

crossings, and the integration and coordination of these systems with all other elements of the 

CalMod Program including EMU vehicles and CBOSS PTC.   

1.4 EMU Procurement Base Scope; Options 

The JPB intends under this solicitation to select and contract with one contractor to manufacture 

and supply a new fleet of EMU rail vehicles, and to perform any Options included herein that are 

exercised by the JPB.  

1.4.1 EMU Procurement – Base Scope and EMU Options 

Through this solicitation, the JPB is procuring a fleet of new electrically driven rolling stock, 

scheduled for revenue service in 2020 following completion of corridor Electrification under the 

separate design-build contract. JPB is procuring 96 EMUs (sixteen 6-car trainsets) under the 
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base scope of work with Options to procure an additional 96 EMUs. The JPB intends to expand 

each trainset from 6 to 8 cars after commencement of revenue service. The base scope of work 

also includes mock-ups, spare parts, special tools, test equipment, manuals, training, related 

parts and services in accordance with the Technical Specifications. 

The JPB is soliciting Base Bid proposals for EMU rail vehicles with high and low doors for the 

sixteen 6-car trainsets, and for a car equipped with bathroom within each 6-car or future 8-car 

trainset. Additionally, the JPB is soliciting proposals for 96 Option cars with high and low doors, 

and for up to 16 additional cars equipped with bathrooms. 

1.4.2 Maintenance Services Option for New EMUs, Existing Diesel Rail Vehicles and 

Facilities 

Through this solicitation, the JPB also is requesting Option proposals for Maintenance Services 

for the new fleet of EMUs, JPB’s existing diesel powered rail vehicles and JPB’s operations and 

maintenance facilities including CEMOF.  

1.4.3 EMU Manufacturer Must Participate as Prime Contractor to Provide Services 

under the Maintenance Services Agreement Option  

The Proposer shall be the sole prime contractor responsible to the JPB for the manufacture and 

supply of the EMU rail vehicles.  The Proposer shall be a qualified and experienced rail vehicle 

manufacturer. 

Additionally, the Proposer may be responsible to the JPB for providing the Maintenance 

Services. The Proposer may propose to provide the Maintenance Services either as a) the sole 

prime contractor and perform the Maintenance Services, b) a joint venture equity team member 

with the joint venture performing the Maintenance Services, or c) sole prime contractor with 

Maintenance Services being performed by a Primary Maintenance Subcontractor that provides 

a majority of the services under the Maintenance Services Agreement. 

The Maintenance Services Option is further subdivided into three option periods, each of which 

must be priced and included in the Proposal. The three option periods are:  Period One – years 

0-5, where year 0 is the mobilization/transition period; Period Two – years 6 – 10; and Period 

Three – years 11 – 15. 

1.4.4 Separate Contracts for EMU Procurement and Maintenance Services Option 

This solicitation will result in the selection of a single Proposer to supply the EMUs and to 

provide specified Maintenance Services (if JPB exercises the Option). However, the JPB 

intends to execute separate agreements with the Proposer for the EMU procurement and 

Maintenance Services. One agreement will be executed for the EMU procurement (Contract) 

inclusive of the EMU purchase Options for the Base Bid vehicles. A separate agreement will be 

executed for the Maintenance Services (Maintenance Services Agreement) if the maintenance 

Option is exercised for the Base Bid vehicles and existing diesel fleet. 

1.4.5 Proposals Required to Include All Options for Evaluation and Scoring 
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To be responsive to this solicitation, a Proposer must provide a Proposal inclusive of the a) 

EMU base scope procurement for Base Bid EMU vehicles including a bathroom equipped car in 

each 6-car train set, b) Options for JPB to purchase additional EMUs, and c) Option to provide 

Maintenance Services for the three periods specified in the Maintenance Services Agreement. 

The JPB will evaluate and score complete Proposals for EMU base scope procurement and all 

Options. 

1.5 Goals 

The JPB’s goals for the Project include, but are not limited to, the following: 

A. Safety:  Complete the project without significant incident; 

B. Quality:  Achieve JPB’s standards for design, construction, and integration into 

existing systems, environmental impacts mitigation, maintainability, operability and 

life cycle; 

C. Caltrain and Freight Operations:  Avoid unplanned impacts on operating rail services 

and patrons; 

D. Stakeholders:  Satisfy JPB commitments to stakeholders; 

E. Cost: Obtain best value at and minimize cost; and 

F. Schedule:  Procure EMUs and Maintenance Services in accordance with the 

established schedule. 

1.6 Request for Proposal Documents 

By submitting a Proposal, Proposers agree to be bound by and meet all of the requirements 

specified in the RFP Documents. Failure to do so may result in rejection of the Proposal and 

elimination of the Proposer from consideration. 

This RFP includes the following documents: 

 Volume 1 – Instructions to Proposers 

 Volume 2 – Forms and Certificates 

 Volume 3 – Technical Specifications for EMU procurement 

 Volume 4 – General Provisions for EMU procurement 

 Volume 5 – Special Provisions for EMU procurement 

 Volume 6 – Federal Requirements for EMU procurement 

 Volume 7 – Warranty for EMU procurement 

 Volume 8 – Maintenance Services Agreement and Attachments 

 Volume 9 – Reference Documents for EMU procurement 
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Volumes 1 and 2 apply to both the EMU procurement and Option to provide Maintenance 
Services. Volumes 3, 4, 5, 6, 7 and 9 apply only to the EMU procurement. Volume 8 applies 
only to the Option for Maintenance Services. 

1.7 Project Financing and Federal Funding 

The Contract may be funded in part by the Federal Transit Administration (FTA), the Federal 

Railroad Administration (FRA) and California High-Speed Rail Proposition 1A Bond.  The 

Proposer shall cooperate with the JPB to ensure full conformance with any provisions of the 

funding agreements that are incorporated into the Contract Documents. 

1.8 Contractor Obligations 

The Proposer to whom the Contract is awarded shall be responsible for delivery of a complete 

and properly functioning fleet of EMUs, and for all necessary resources and expertise to provide 

specified Maintenance Services for both the new EMUs and existing diesel rail vehicles if the 

Option is exercised by the JPB, all in accordance with the respective contract requirements. The 

successful Proposer shall perform all necessary activities required under the respective 

contracts including, but not limited to, management, administration, planning, design, 

documentation, manufacturing/assembly, service, quality control/assurance, systems 

integration, safety, scheduling, cost control, coordination, outreach, training, testing, 

commissioning, and warranty. 

2. DEFINITIONS AND ACRONYMS 

Addenda, Addendum – Revisions to any of the RFP Documents issued by the JPB before the 

Proposal submittal date. 

Apparent Best Value Proposal – The Proposal that receives the highest Total Proposal Score 

Best and Final Offer (BAFO), or Final Proposal – The final Proposal submitted by a Proposer 

in the Competitive Range in response to a JPB request for the Proposal. 

Best Value – The basis for evaluating proposals submitted in response to this RFP, and for 

determining who will be recommended for award of Contract. Best value means the overall 

combination of quality, price, and other elements of the Proposal that, when considered 

together, provide the greatest overall benefit to the JPB in response to the requirements 

described in the RFP. 

Best Value Ranking – ranking of Proposals following Best Value evaluation and weighted 

scoring of Technical Proposals and Price Proposals at Step 1 and Step 2 BAFO, respectively, in 

the evaluation process. 

Bond, Performance – The security in the form designated in the RFP to be furnished by the 

winning Proposer as a guaranty towards complete performance of all obligations required by the 

Contract. 

CalMod – refers to the PCEP 
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CBOSS – Communications Based Overlay Signal System 

CEM – Crash Energy Management 

CEMOF - The District’s Central Equipment Maintenance and Operations facility 

CHSRA – California High-Speed Rail Authority 

Contract – the written agreement executed by the JPB and the Proposer for the procurement of 

the EMU rail vehicles inclusive of any Options for the purchase of additional EMU rail vehicles. 

Contractor – the legal entity that is awarded the Contract. 

Contract Price – The total compensation to be paid to the Contractor in accordance with the 

terms of the Contract. 

CPUC – California Public Utilities Commission 

EC or Evaluation Committee – The committee of persons selected by the JPB to evaluate and 

score Proposals. 

Electrification – Scope of work provided under the design-build electrification contract. 

EMU or Vehicle - Electric Multiple Unit train vehicle supplied under this Contract 

FEIR – The certified Final Environmental Impact Report for the Project that was finalized 

January 2015. 

FRA – Federal Railroad Administration 

FTA – Federal Transit Administration 

JPB or District – The Peninsula Corridor Joint Powers Board (PCJPB), consisting of the City 

and County of San Francisco, Santa Clara Valley Transportation Authority, and San Mateo 

County Transit District, acting through its authorized representatives. 

Maintenance Services – Services required by the Maintenance Services Agreement 

Maintenance Services Agreement or MSA - The written agreement executed by the JPB and 

the Proposer for the provision of the Maintenance Services. 

Notice of Intent to Award or NOIA – Written notice of the JPB’s recommendation of award to 

the Board, stating the JPB’s intent to award, sign and deliver the Contract to the Proposer 

following compliance with the conditions precedent enumerated therein. 

Option – Refers to the JPB’s right to supplement the base scope of work solicited under this 

RFP with the purchase of additional EMU rail vehicles under the Contract or incorporation of 

Maintenance Services under a separate agreement. 

PCEP – Peninsula Corridor Electrification Program 

Price Proposal – The portion of the Proposal described in this RFP in Volume 1, Section 12 

and consisting only of price information. 
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Primary Maintenance Subcontractor – The primary subcontractor to perform at least 51% of 

the Maintenance Services required under the Maintenance Services Agreement.  

Proposal – The Proposer’s written document that the Proposer delivers to the JPB, consisting 

of the parts required by this RFP. 

Proposal Due Date and Time or Proposal Deadline – used interchangeably, the date and 

time specified in this RFP by which a Proposal solicited by the JPB is due to be received by the 

JPB. 

Proposer – The legal entity that submits a Proposal for all Work under the EMU Contract and 

services under the Maintenance Services Agreement Option, acting directly or through a duly 

authorized representative.  

Proposer’s Official Representative – Individual authorized to act on behalf of the Proposer 

Proposer Team – Collectively, the Proposer, suppliers, subcontractors, consultants, including 

their respective employees, agents, and officers 

Request for Proposals or RFP – This written solicitation issued by the JPB for submission of 

detailed Proposals to undertake work described in the RFP Documents. 

RFP Documents – Those documents included in Volumes 1-9 of this RFP 

Technical Proposal – The portion of the Proposal described in this RFP in Volume 1, Section 

11, and consisting only of non-price information. 

Total Proposal Score – The Proposal score determined by the Evaluation Committee following 

completion of its Best Value final proposal review and evaluation.  

Work – All design, engineering, manufacturing, assembly, operations, management, 

administration, quality control, materials, equipment, labor, training, warranty, services, parts, 

and tools provided by the Contractor to comply with all provisions of the EMU procurement 

Contract including all necessary management and oversight of Contractor’s subcontractors, 

suppliers and consultants. 

3. PROCUREMENT SCHEDULE 

 

(ALL DATES ARE SUBJECT TO CHANGE AT THE DISCRETION OF THE JPB) 

Procurement Activity Date 

Issue RFP Aug 21, 2015 

Pre-Proposal Conference and 1st Site Visit by the Proposers Oct 6-7, 2015 

2nd Site Visit for Proposers and Carbuilders Oct 29, 2015 
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Due Date for Proposer’s Financial Information Submittal Dec 1, 2015 

Due Date for JPB Response to Proposer’s Financial Information 

Submittals 
February 5, 2016 

Deadline for Proposers Questions and Requests for Clarifications for 

EMU Base Scope of Work 
Jan 29, 2016 

Last Day to issue Addendum for EMU Base Scope of Work 

 

Feb 11, 2016 

 

 

Proposal Due Date for EMU Base Scope of Work 

 

Feb 17, 2016 @ 10 am 

Deadline for Proposers Questions and Requests for Clarifications for 

Maintenance Services Option 
Feb 26, 2016 

Last Day to issue Addendum for Maintenance Services Option March 4, 2016 

Proposal Due Date for Maintenance Services Option 

 

March 10 @ 10 AM 

 

Interviews (optional) 
 

TBD 

EC Evaluation of Proposals for EMU Base Scope of Work and 

Maintenance Services Option 

February 18 – March 18, 

2016 

JPB to Visit Proposers’ Engineering and Assembly Facilities  March 8 – 26, 2016 

Pre-Award Buy America Audit and Certification for EMU Procurement  May 25-26, 2016 

If no BAFO, JPB Negotiations with Top-Ranked Proposer Week of May 5, 2016 

JPB issued letter requesting revised proposal resulting from 

negotiations with Stadler  
May 20, 2016 
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Revised proposal from negotiations Due Date from Stadler June 17,2016 

JPB Issues NOIA  June 24, 2016 

Award by JPB Board  July 7, 2016 

JPB issued NOA July 7, 2016 

Limited Notice to Proceed (LNTP) August 15, 2016  

Full Notice to Proceed (FNTP) 
March 1, 2017  

 

 
 Schedule is subject to change at the sole discretion of the JPB. Proposers will be notified of any 

change in the schedule by addendum. 

 All deadlines are 2:00 p.m. Pacific Time unless otherwise indicated. 

 The JPB may or may not request BAFO proposals. Further, the JPB reserves the right to request 
more than one BAFO proposal from Proposers if the JPB deems it necessary. 

4. SUBMISSION OF PROPOSALS 

4.1 Proposal Delivery; Late Submission 

Proposals shall be delivered to the JPB’s Point of Contact as follows: 

Alicia Fraumeni, Senior Contract Officer 

CalMod Program Office 

2121 S. El Camino Real, Suite 300 

San Mateo, CA 94403 

Proposals received by the JPB’s Point of Contact after the Proposal Due Date and Time 

specified in ITP Section 3 - Procurement Schedule, may be rejected at JPB’s sole 

discretion and returned unopened to the Proposer. Proposer shall allow adequate time for 

signing in with the security desk in the first floor lobby if personally delivering the Proposal. 

The JPB may consider a Proposal as non-responsive or not responsible, and therefore reject it, 

if it is not prepared and submitted in conformity with all of the requirements of this RFP, or if it is 

otherwise incomplete. 

4.2 Cost of Proposing 

The Proposer shall bear all costs and expenses whatsoever for the preparation, submittal, 

interviews, negotiations, and execution of the contracts and Options related to any and all 
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Proposals required by the JPB in this procurement.  The JPB will not compensate Proposers for 

costs and expenses that they incur in the pursuit of the contracts and Options. 

4.3 Proposal Validity 

Proposals (Step 1 and BAFO) shall remain valid for a period of 180 calendar days from the Due 

Date specified in ITP Section 3 – Procurement Schedule.  The JPB reserves the right to request 

and negotiate a mutually agreeable extension of the validity period.  The validity period of 180 

calendar days also shall apply to any Option proposal pricing submitted in response to this RFP. 

Following award of the Contract within the validity period, the pricing of any Options shall remain 

firm until the specified date by which the JPB must exercise each Option has expired.  

4.4 Withdraw; Modification of Proposals; Supplemental Information 

A Proposer may withdraw or modify its Proposal only by a written and signed request that is 

received by the JPB Point of Contact prior to the Proposal Due Date and Time.  Following 

withdrawal of its Proposal, the Proposer may submit a new Proposal; however, it must be 

received by the JPB’s Point of Contact prior to the Proposal Due Date and Time in order to be 

considered.  

No Proposer is entitled to withdraw its Proposal during the 180-calendar day validity period. In 

the event that a Proposer nevertheless proceeds to withdraw all or any part of its Proposal prior 

to the expiration of the validity period, the JPB may pursue any of the rights and remedies to 

which it is legally entitled. 

After the Proposal Due Date, Proposers may clarify their Proposals in response to a written 

request by JPB for supplemental information.  Supplemental information shall be submitted in 

writing in the same manner as Proposals, except that the envelope containing supplemental 

information shall prominently bear the words “SUPPLEMENTAL INFORMATION TO 

PROPOSAL SUBMITTED BY XXXX”.  Supplemental information received by JPB after the date 

designated by JPB for its submittal may be treated as late and may not be considered. 

4.5 Responsibility to Review RFP 

By submitting a Proposal, the Proposer is agreeing to all terms and conditions of this RFP and 
is verifying that it has undertaken all necessary due diligence to review the RFP and is aware of 
and shall comply with all contract requirements. The Proposer shall obtain all necessary 
licenses and other statutory and legal approvals for the performance of the work under the 
contracts. 

The submission of a Proposal also shall constitute an acknowledgement upon which JPB may 

rely that the Proposer has thoroughly examined and is familiar with the RFP, the attachments, 

and the addenda (if any); and has reviewed all applicable laws, regulations, ordinances, and 

resolutions dealing with or related to this procurement.  The failure or neglect of a Proposer to 

examine such documents, laws, regulations, ordinances, or resolutions shall in no way relieve 

the Proposer from any obligations with respect to the EMU Contract and Maintenance Services 
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Agreement that may be executed as a result of this solicitation.  No claim for additional 

compensation will be allowed that is based upon a lack of knowledge of, or lack of compliance 

with, any aspect of the RFP, attachments, addenda (if any), laws, regulations, ordinances, or 

resolutions. 

4.6 Multiple Proposals  

In response to this solicitation, a Proposer may submit one Proposal to manufacture and supply 

the EMUs, and one to provide services under the Maintenance Service Agreement Option. 

Additionally, a Proposer may not participate on any other Proposer Team. However, 

subcontractors may participate on more than one Proposer Team. 

4.7 No Public Opening of Proposals; Confidentiality of JPB Deliberations 

Proposals will not be publicly opened or made available to the public prior to the issuance of the 
JPB’s recommendation for award of the Contract.  

The JPB recognizes the importance of confidentiality during the entire evaluation and selection 
process. Therefore, to the extent consistent with the requirements of applicable law, during the 
procurement process and prior to the issuance of the JPB’s recommendation for award of the 
Contract, the deliberations of the evaluation committee will be held in the strictest confidence, 
and all information provided by Proposers or generated during JPB evaluation will be kept 
confidential and not disclosed to the general public or other Proposers.   

5. POINTS OF CONTACT; QUESTIONS AND ADDENDA 

5.1 JPB Point of Contact 

The JPB point of contact for all communications relative to this procurement is: 

Alicia Fraumeni, Senior Contract Officer 

CalMod Program Office 

2121 S. El Camino Real, Suite 300 

San Mateo, CA 94403 

Phone: (650) 508-6442 

Email: emu@caltrain.com  

5.2 Designated Proposal Manager 

Each Proposer shall designate one individual as its Proposal Manager who is responsible for all 

communications during the RFP process. The Proposer’s Proposal Manager and the JPB Point 

of Contact shall be the single points of contact for questions, inquiries, clarifications, and 

correspondence during the RFP process. The Proposer shall notify the JPB in writing of any 

substitution of the Proposer’s Proposal Manager. 

5.3 Distribution of RFP and Addenda 

mailto:fraumenia@samtrans.com


PCEP Procurement of Bi-Level EMU Vehicles 

____________________________________________________________________________ 

Contract #14-PCJPB-P-056    13 of 65                                            (Conformed 6-22-2016) 
Volume 1    Instructions to Proposers 
 

 

11444661.1 

The JPB will post the RFP Documents on Caltrains’ Procurement Website.  

Proposers shall be responsible for obtaining a copy of the RFP Documents via the Caltrains’ 

Procurement Website at: http://www.smctd.com/BidsContracts.html  

The JPB reserves the right to revise this RFP at any time. Such revisions, if any, will be 

announced by Addenda to this RFP. The JPB will post all Addenda on the Project Website and 

will send an e-mail notification as soon as each Addendum is issued.   

Proposers shall be solely responsible for monitoring the Procurement Website and for 

examining the RFP Documents, any Addenda issued, and material posted on the Project 

Website. Any failure of Proposer to so examine and inform itself shall be at Proposer’s sole risk, 

and no relief of any nature whatsoever will be provided by the JPB. 

Oral and other representations or clarifications by employees or representatives of JPB relating 

to this RFP, including statements at the pre-proposal conference, shall not be binding or legally 

effective except as incorporated into the RFP process or contract documents by written 

Addendum. 

5.4 Requests for Information and Clarification prior to Receipt of Proposals   

All requests for information, clarification or other questions must be submitted in writing and 

must be received by the JPB Point of Contact no later than the date and time specified in the 

ITP Section 3.0 – Procurement Schedule. To expedite review and reply, the JPB requests that 

questions be submitted by email. 

All requests for information, clarification or other questions regarding this RFP shall:  

a. Be submitted in writing on Form No. 1.B.5 to the JPB Point of Contact; 

b. Be sequentially numbered; 

c. Reference the RFP document (e.g., Volume 2, Part B, Section 3) and relevant 
article number and paragraph (e.g., Article 7.1, paragraph 3) that is in question, 
or note it is as a general question if there is no specific provision in question; 

d. Specify if the question contains, or is directly related to, proprietary or confidential 
information; and 

e. Mark each page of questions with the Proposer’s name and date of submission. 

http://www.smctd.com/BidsContracts.html


PCEP Procurement of Bi-Level EMU Vehicles 

____________________________________________________________________________ 

Contract #14-PCJPB-P-056    14 of 65                                            (Conformed 6-22-2016) 
Volume 1    Instructions to Proposers 
 

 

11444661.1 

6. RULES OF COMMUNICATION 

The rules of contact for this procurement are intended to ensure a fair and open procurement 

process. “Contact” as used herein means any face-to-face, telephone, email, or other written 

communication. The rules of contact shall apply for the duration of this procurement process, 

which began on the date the JPB issued this RFP and ends when the Contract is awarded and 

the protest period has expired. 

6.1 The JPB will not be bound by any oral communications, nor will the JPB be bound by 

any other information exchange that occurs contrary to these rules of contact. 

6.2 Except for communications expressly permitted by this RFP, no employee, member, 

consultant, supplier, subcontractor, or agent of any Proposer Team shall directly or 

indirectly contact any officer, administrator, employee, member, consultant or other 

agent of the JPB, or any JPB Board members.  Nothing in this section prohibits a 

Proposer from speaking as a member of the public at a publicly noticed meeting of the 

JPB 

6.3 No employee, member, consultant, supplier, subcontractor, or agent of any Proposer 

team shall contact any person serving on a JPB advisory or selection committee 

regarding the RFP, Proposals in response to this RFP, or this Project. 

6.4 All official Project-related communications will be either a) provided to Proposers by the 

JPB Point of Contact in writing, or b) posted on the JPB’s Project Website. 

6.5 The JPB may disqualify any Proposer or any member of a Proposer team that engages 

in any contact that the JPB, in its sole discretion, determines to be non-compliant with 

these rules of contact. 

6.6 Proposers are prohibited from contacting third-party stakeholders with respect to this 

Project including, but not limited to, the following: UPRR, FTA, FRA, CPUC, and the 

CHSRA. 

6.7 The JPB does not warrant the accuracy of any information obtained from sources other 

than the JPB and cautions Proposers that reliance on any information received from 

other sources is at Proposer’s sole risk. 

7. PRE-PROPOSAL CONFERENCE AND SITE VISIT 

7.1 Mandatory Pre-Proposal Conference 

A Mandatory Pre-Proposal Conference will be held commencing promptly on the scheduled 
date at 9:00 a.m. at the JPB’s Administrative Offices, 1250 San Carlos Avenue, San Carlos, 
CA.  Refer to ITP Section 3 - Procurement Schedule, for the scheduled date. 

Attendance by a representative of each Proposer at the pre-proposal conference is mandatory. 

Attendance by other members of a Proposer’s team is not mandatory. At the pre-proposal 

conference, members of the JPB’s staff will review the requirements for this solicitation and be 

available to answer questions.  The Pre-Proposal Conference is open for all interested Proposers, 
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subcontractors, and suppliers to attend.  Signs will be posted in the first floor lobby to direct 

persons to the room location. All persons attending the meeting will be required to register at the 
lobby guard station, so please allow ample time to register prior to the meeting start time.  

7.2  Site visit 

The JPB will hold two site visits for Proposers and carbuilders. The site visit is not mandatory.  

The first site visit will immediately follow the pre-proposal conference on October 6, 2015. The 

site visit will occur for 1 day as indicated in the procurement schedule.  Only the Proposer’s 

Team may attend the site visits. 

Interested Proposers may request in advance that the site visit include specific locations.  The 

JPB will attempt to reasonably accommodate such requests.  At a minimum, the site visit will 

include the following Caltrain locations: 

 Central Equipment Maintenance and Operations Facility (CEMOF) 

Each Proposer must provide the names of its proposed attendees for the 1st site visit in advance 
to the JPB Point of Contact via email at emu@caltrain.com by October 4, 2015. 

The JPB will limit each Proposer Team to no more than six individuals. Subcontractors and 
suppliers will not be allowed to participate in the site visit unless part of a Proposer Team.  

For safety considerations, all visitors will be required to bring and wear their own safety gear 
(PPE) including hardhat, vest, safety glasses and safety shoes. Visitors without such PPE will 
not be allowed to visit within the JPB right-of-way. Additionally, the JPB will not allow access by 
any visitors closer than 15 feet to the operating railroad. 

No photographs or video recording during the site visit will be permitted.  

For Proposers and carbuilders who attended the Pre-Proposal meeting which occurred on 
October 6, 2015 but were unable to attend the site visit, the JPB will hold a 2nd  site visit to 
CEMOF.  The 2nd site visit is scheduled for October 28, 2015.  Proposers and carbuilders who 
wish to attend MUST RSVP via email at pcep@caltrain.com on or before October 26, 2015 by 4 
p.m. 

7.3 Maintenance Records and Other Documents 

The JPB will provide Proposers and carbuilders with reference documents pertaining to 

Maintenance Records and Other Related Documents. 

Refer the Volume 9, Reference Documents, Part B, Section B.8, Maintenance Records and 

Other Documents.  The JPB will post the above reference documents on the Caltrains’ 

Procurement website. 

Proposers shall be responsible for obtaining a copy of the reference documents via the 

Caltrains’ Procurement Website at: http://www.smctd.com/BidsContracts.html. 

 

mailto:pcep@caltrain.com
http://www.smctd.com/BidsContracts.html
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7.4 JPB to Visit Proposers’ Engineering and Assembly Facilities Prior to 

Proposal Submittal of Base Scope of Work 

The RFP required a Mandatory Pre-Proposal Meeting, Site Visit, and Financial submittals 

required Proposers to participate in order to proceed with proposal submissions.  Only the 

Proposers that attended the Mandatory Pre-Proposal Meeting and Site Visit and submitted 

financials that were approved by the JPB can proceed with proposal submission to the JPB. 

In the event only one (1) firm has successfully completed the requirements listed above, the 

JPB will conduct a site visit of the Proposers’ Engineering and Assembly Facilities prior to the 

proposal submittal of the Base Scope of Work.  

The JPB will not award a contract to a Proposer that does not comply with the requirements 
listed in the technical specifications, as such a submission will be considered non-responsive 
to the requirements of this RFP.  Proposers should notify the JPB during the request for 
clarifications period if they have questions regarding the requirements.  

8. OWNERSHIP AND DISCLOSURE OF PROPOSER WORK PRODUCT 

8.1 Ownership of Proposer Work Product 

All written correspondence, exhibits, photographs, reports, printed material, tapes, electronic 

disks, and other graphic and visual aids submitted to the JPB shall become, upon their receipt 

by the JPB, the property of the JPB.  

8.2 Disclosure of Proposer’s Submitted Materials   

All responses to this RFP will be kept confidential by the JPB until a JPB recommendation to the 

Board for award of a contract has been made public.  Thereafter, submittals are subject to 

public inspection and disclosure under the California Public Records Act.  Therefore, unless the 

information is exempt from disclosure by law, the content of any proposal, request for 

explanation, exception, substitution, response to the specifications, protest, or any other written 

communication between the JPB and any Proposer regarding this procurement, shall be 

available to the public. 

If Proposer believes any written communication contains trade secrets or other proprietary 

information that the Proposer believes would cause substantial injury to the Proposer’s 

competitive position if disclosed, the Proposer shall request that the JPB withhold from 

disclosure the proprietary information by conspicuously marking each page containing 

such proprietary information as confidential. By submitting a proposal with portions marked 

“confidential,” a Proposer represents it has determined such portions qualify for exemption from 

disclosure under the California Public Records Act.   A Proposer may not designate its entire 

Proposal as confidential nor may a Proposer designate its Cost Proposal as confidential.   The 

JPB will not honor such designations and may disclose submittals so designated to the public.  

Verbal communications from the Proposer to the JPB shall remain confidential to the maximum 

extent allowed by law.  
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If Proposer requests that the JPB withhold from disclosure written information identified as 

confidential, and the JPB complies with the Proposer’s request, Proposer shall assume all 

responsibility for any challenges resulting from the non-disclosure, indemnify and hold harmless 

the JPB from and against all damages (including but not limited to attorneys’ fees that may be 

awarded to the party requesting the Proposer information), and pay any and all costs and 

expenses related to the withholding of Proposer information. Proposer shall not make a claim, 

sue, or maintain any legal action against the JPB or their directors, officers, employees, or 

agents concerning the withholding from disclosure of Proposer information. 

If Proposer does not request that the JPB withhold from disclosure information by 

identifying it as confidential or proprietary, the JPB shall have no obligation to withhold 

the information from disclosure and may release the information sought without any 

liability to the JPB. 

9. LEGAL, CONTRACTUAL, AND MISCELLANEOUS REQUIREMENTS 

This Section describes certain requirements that all Proposers must satisfy in submitting 

Proposals. Failure of a Proposer to meet these requirements may result in rejection of its 

Proposal as non-responsive.   

9.1 English Language and Measurement 

9.1.1 Language 

All correspondence and documents regarding the RFP, the Proposal, the EMU Contract, and 

the Maintenance Services Agreement shall be submitted in the English language. If any original 

documents required for the Proposal are in any other language, Proposer shall provide a 

certified English translation, which shall take precedence in the event of conflict with the original 

language. Information submitted in a language other than English will not be reviewed, 

evaluated or scored. 

9.1.2 Measurement 

All measurements on all documents submitted to the JPB or used by the Proposer and its team 

members during the performance of the work shall be in English units in common use in the 

United States. At Contractor’s option and in addition to English units, metric units also may be 

shown on documents. 

9.2  Not Used  

9.3 Non-Exclusiveness of Subcontractors and Suppliers 

 The JPB does not preclude subcontractors and suppliers from being on more than one 

Proposer's Team. 



PCEP Procurement of Bi-Level EMU Vehicles 

____________________________________________________________________________ 

Contract #14-PCJPB-P-056    18 of 65                                            (Conformed 6-22-2016) 
Volume 1    Instructions to Proposers 
 

 

11444661.1 

9.4 Joint Ventures 

The JPB will not accept joint venture Proposals in response to this solicitation for the EMU 

procurement. The JPB will accept joint venture Proposals in response to this solicitation to 

provide the services under the Maintenance Services Agreement Option provided the Proposer 

for the EMU procurement is an equity member of any such joint venture.  

9.5 Contract and Reference Documents 

 Proposers are advised that the Contractor will be bound by all contract documents included in 

this RFP for both the EMU Contract and Maintenance Services Agreement. Volume 9 

Reference Documents are provided for information only and are not contractually binding.  

9.6 Options  

 The RFP includes Options for the JPB to procure additional EMU vehicles, and an Option to 

provide Maintenance Services. The JPB at its sole discretion may elect to not exercise any 

Options at the time of the Board’s award of the EMU Contract. The JPB reserves, at its sole 

discretion, the unilateral right to exercise each Option within the specified timeframes.    

9.7 Liability, Insurance, Performance Bonds 

The Contractor shall assume liability for, indemnify and defend the JPB against third-party 

claims related to or arising out of the EMU Contract and any Options. The JPB will have the 

benefit of tort liability limitations to the extent provided by State law and will not waive its 

sovereign immunity protections under State law. 

The Contractor shall provide performance bonds and insurance coverage as specified in the 

EMU Contract and in the Maintenance Services Agreement if and when the Option is exercised.  

9.8 Equal Employment Opportunity and Nondiscrimination 

The Proposer will be required to follow State and Federal Equal Employment Opportunity and 

Nondiscrimination laws and regulations.  

Requirements for Transit Vehicle Manufacturers 

Pursuant to Title 49, Code of Federal Regulations, part 26.49, a Proposer, as a condition of 

being authorized to respond to this solicitation, must certify by completing the Transit Vehicle 

Manufacturer’s (TVM) Certification (Cert 1.A.11) that it has on file with the Federal 

Transportation Administration (FTA) an approved or not disapproved annual Disadvantaged 

Business Enterprise (DBE) subcontracting participation goal.  

9.9 Small Business Enterprise (SBE) Program  

This section only applies to the Maintenance Service Agreement Option.  

The JPB is committed to and has adopted a DBE Policy and/or Program for contracts in 

accordance with U.S. Department of Transportation (DOT) regulations.   
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It is the policy of the JPB to ensure nondiscrimination in the award and administration of all 

contracts and to create a level playing field on which Disadvantaged Business Enterprises can 

compete fairly for contracts and subcontracts relating to the JPB’s construction, procurement 

and professional services activities. To this end, the JPB has developed procedures to remove 

barriers to DBE participation in the bidding and award process and to assist DBEs to develop 

and compete successfully outside of the DBE program. 

Pursuant to 49 CFR §26.13, and as a material term of any agreement with the JPB, the 

Proposer hereby makes the following assurance and agrees to include this assurance in any 

agreements it makes with subconsultants and subcontractors in the performance of this 

contract: 

“The Contractor, subcontractor, or subconsultant shall not discriminate on 

the basis of race, color, national origin, or sex in the performance of this 

Agreement. The Contractor, subcontractor, or subconsultant shall carry out 

applicable requirements of 49 CFR Part 26 in the award and administration 

of U.S. DOT assisted contracts. Failure by the Contractor, subcontractor, 

or subconsultant to carry out these requirements is a material breach of 

this Agreement, which may result in the termination of this Agreement or 

such other remedy as the JPB deem appropriate.” 

Proposers shall cooperate with the JPB in meeting its commitments and objectives with regards 

to ensuring nondiscrimination in the award and administration of JPB’s contracts and shall use 

its best efforts to ensure that barriers to participation of Disadvantaged Business Enterprises 

(DBEs) do not exist.  

By submitting a Proposal, a Proposer is deemed to have made the foregoing assurance and to 

be bound by its terms. 

Refer to Volume 8, Maintenance Services, for the SBE requirements.  SBE forms are included 

in Volume2, Part A, and Forms & Certifications.  Proposer must submit the following forms in 

their maintenance proposal: 

Cert.1.A.17 Small Business Enterprise (SBE) Preference Form 

Cert.1.A.18 Small Business Enterprise Questionnaire 

Cert. 1.A.19 Designation of Subcontractors and sub-bidders 

 

9.10 Pre-Award Buy America Audit and Certification for EMU Procurement 

All Proposers must submit a Buy America certification to the JPB with their Proposal.  Attention 
is directed to the FTA's Dear Colleague Letter dated February, 17, 2011, available at: 
http://www.fta.dot.gov/12358_12450.html. In light of the FTA's advice restricting the granting of 
Buy America waivers and the need to proceed with this project without delay, the JPB will not 
award a contract to a Proposer that does not certify compliance with the Buy America 
requirements on the Buy America Certificate, as such a submission will be considered non-
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responsive to the requirements of this RFP.  Proposers should notify the JPB during the 
request for clarifications period if they have questions regarding the Buy America 
requirements.  

The selected Proposer shall cooperate with t h e  J P B  and its auditors and provide all 
documentation pertaining to the Buy America requirements as is reasonably required to allow 
the completion of an audit in sufficient detail to enable the JPB to certify compliance in the 
manner set forth in 49 CFR 663.25. Within fourteen (14) calendar days after the Notice of 
Intent to Award, the selected Proposer shall provide JPB’s  auditor all such information, 
records, and data as is reasonably required by the auditor to complete the Buy America 
audit.  

9.11 Proposal Documents Will Be Incorporated into the Contract 

Proposers are advised that all information submitted in response to the RFP will be incorporated 

into the EMU procurement Contract and Maintenance Services Agreement Option if exercised, 

respectively. All documents submitted with the Proposal, and all representations therein, shall 

be contractually binding upon the Contractor. 

10. PROPOSAL ORGANIZATION, FORMAT AND PACKAGING 

10.1 Proposal Organization 

Step 1 Proposal shall consist of and be organized as follows: 

 Transmittal Letter  

 Executive Summary 

 Technical Proposal 

 Price Proposal 

Step 2 BAFO Proposal (if requested) shall consist of and be organized as follows: 

 Transmittal Letter 

 Executive Summary 

 Technical Proposal 

 Price Proposal 

10.2 General Instructions 

10.2.1 Proposals will only be received from experienced passenger railcar manufacturing firms 

that agree to assume full responsibility for the performance of all Work under the EMU Contract 

and that assume full or joint venture responsibility for all services under the Maintenance 

Services Agreement Option. 

10.2.2 The Proposal shall be prepared and submitted in strict accordance with all of the 

requirements set forth in this RFP.  The Proposal shall address all of the information requested 

by the JPB. Proposers are encouraged to demonstrate through their Proposals that their 

qualifications and approach to the project will achieve the project goals.  
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10.2.3 Proposer shall deliver a complete project for its Price Proposal as required by the EMU 

Contract and Maintenance Services Agreement Option if exercised. 

10.2.4 The Proposal shall be submitted inclusive of all forms and certifications required by the 

RFP. Proposers shall not alter any words or content on any forms or certifications. 

10.2.5 The Proposal shall be completed in ink or typewritten, and be manually signed. If 

erasures or other changes appear on the forms, each erasure or change shall be initialed and 

dated by the person signing the Proposal. Scanned or faxed responses are not authorized. 

Electronic files submitted via e-mail will not be accepted.  

10.2.6 There is no page limit applicable to the Technical Proposal or Price Proposal. 

Nonetheless, elaborate responses and/or lengthy presentations are not desired or required by 

the JPB. Proposers are encouraged to present information clearly and simply to the point and in 

direct response to the JPB’s requested information.   

10.2.7  The Proposal shall include appropriate evidence that required forms and certifications 

have been duly authorized and validly executed, signed, and delivered on behalf of Proposer. 

Unless otherwise provided, all names and applicable titles shall be typed or printed below the 

signatures. 

10.3 Formatting 

10.3.1 The Proposal shall be organized and numbered identical to the numbering of the RFP 

sections specifying the information to be submitted.  

10.3.2 The Proposal shall separate Sub-Parts as described below:  

a. A blank page should precede each sub-part with an index tab extending beyond 
the far right side of the page. 

b. The index tab should have the appropriate section number typed thereon.  

10.3.3 Proposal documents shall be prepared in single-spaced type, 12 point font, on 8-1/2” x 

11” sheets printed double-sided. Drawings or charts may be submitted on 11” x 17” or 8-1/2” x 

11” white paper.  

10.3.4 Pages shall be numbered consecutively and uniquely at the bottom to show the page 

number and total number of pages in the RFP section (e.g., Page 1 of 80, Page 2 of 80, etc.). 

Pages that the Proposer considers to be confidential shall be conspicuously marked as 

“Confidential”. 

10.3.5 Proposers shall present information clearly and concisely. Documentation that is illegible 

may be rejected and not evaluated and scored. Text for tables and graphics may be smaller 

than 12-point font, but must be readable. Text that is too small to be readable will not be 

evaluated as part of the submittal. 

10.3.6 The information shall be easily reproducible by normal black and white photocopying 

machines.  Color photographs, renderings, and brochures must be adequately bound and 

suitably protected for handling and circulation during review. 



PCEP Procurement of Bi-Level EMU Vehicles 

____________________________________________________________________________ 

Contract #14-PCJPB-P-056    22 of 65                                            (Conformed 6-22-2016) 
Volume 1    Instructions to Proposers 
 

 

11444661.1 

10.3.7 Proposers should not include any unnecessary brochures, extensive drawings, catalogs, 

generic or elaborate promotional material. The company logo is not considered promotional 

material.   

10.4 Packaging 

10.4.1 Hard-copy Technical Proposals: For both the Step 1 Technical Proposal and Step 2 

BAFO Technical Proposal, a Proposer shall deliver to the JPB Point of Contact one hard-copy 

marked “Original” and 11 hard copies marked “Copy”. In the event of a conflict or discrepancy 

between the original and a copy, the original Proposal shall control.  Copies shall be submitted 

for the convenience of the JPB. 

Hard-copy and USB Flash Drives Financial Information: Proposer shall deliver to the JPB 

Point of Contact one (1) hard-copy marked “Original” and one (1) hard copy marked “Copy” of 

the required Financial Information as detailed in Sub-Part C of Volume 1, Section 11.3.1. In 

addition to the hard-copies, the Proposer also shall deliver to the JPB Point of Contact 2 USB 

flash drives, each containing the Financial Information. 

10.4.2  Hard-copy Price Proposals: For both the Step 1 Price Proposal and Step 2 BAFO 

Price Proposal, a Proposer shall deliver to the JPB Point of Contact one hard-copy marked 

“Original” and 5 hard copies marked “Copy”. The hard-copy Price Proposals shall be sealed and 

submitted in a separate container from the hard-copy Technical Proposals. NO PRICE 

INFORMATION SHALL BE INCLUDED IN THE TECHNICAL PROPOSALS. In the event of a 

conflict or discrepancy between the original and a copy, the original Proposal shall control. 

Copies shall be submitted for the convenience of the JPB. 

10.4.3 USB Flash Drives: In addition to the hard-copies, the Proposer also shall deliver to the 

JPB Point of Contact 3 USB flash drives, each containing the Step 1 Proposal (Technical and 

Price) and the Step 2 BAFO Proposal (Technical and Price), respectively. On each USB flash 

drive, the Price Proposal shall be segregated and separately identified. As an alternative, 

Proposers may provide separate flash drives, i.e., 3 for the Technical Proposal and 3 for the 

Price Proposal at Step 1 and Step 2 BAFO. 

10.4.4 A transmittal letter shall be included in each Technical Proposal and each Price Proposal 

container to assure Proposal identification. Proposers shall use the JPB’s transmittal letter 

included in RFP Volume 2 - Non-Price Forms. 

10.4.5 For hard-copies, Proposer shall use heavy-duty banker’s type boxes or O-Ring binders. 

Envelopes may be used for the Price Proposal. Each hardcopy (each box and each binder in 

the box and each envelope) shall be clearly marked with the Proposer’s name, and the RFP title 

and number.  

10.4.6 USB flash drives shall be uniquely marked with the Proposer’s name. The USB flash 

drives shall contain the content of each item of the Proposal in a native file format and also in a 

searchable PDF format, and shall be delivered in the envelope/bunker box with the Proposal 

marked as “Original”. 
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10.4.7 Native files provided by the JPB shall be completed and submitted in the native file 

format in the Proposals. Proposers shall be responsible for verification of all formulas in any 

native files provided by the JPB. 

11. TECHNICAL PROPOSAL REQUIREMENTS 

Technical Proposals shall include the information identified in this Section 11. 

Step 1 Proposal shall consist of the following: 

 Transmittal Letter 

 Executive Summary 

 Technical Proposal (Sub-parts A through G; refer to RFP Volume 1, Section 11.3) 

Step 2 BAFO Proposal (if requested) shall consist of and be organized as follows: 

 Transmittal Letter 

 Executive Summary 

 Technical Proposal (Sub-parts A through G; refer to RFP Volume 1, Section 11.3) 

11.1 Transmittal Letter 

Proposer shall complete and submit the JPB’s Transmittal Letter provided in Volume 2, Non-

Price Forms. 

11.2 Executive Summary 

The Proposer should include the following information in its executive summary:  

 Proposer’s legal name. 

 Proposer’s principal business address. 

 Proposer’s business address through which the Contract work and Maintenance 

Services will be managed. 

 Name, title, address, telephone number, e-mail address, and facsimile number of the 

Proposer’s principal who has authority to submit the Proposal, and to sign and execute 

the EMU Contract and Maintenance Services Agreement on behalf of the Proposer. 

 Name, title, address, telephone number, e-mail address, and facsimile number of the 

Proposal Manager with whom the JPB’s Point of Contact will communicate during the 

Proposal solicitation and evaluation period. 

 A statement that the Proposer has the financial capability and the organization to 

support all EMU Contract Work and the Maintenance Services, and that the Proposal 

shall remain valid for a period of not less than 180 calendar days from the Proposal Due 

Date.   
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 A brief summary of the capability and experience that the Proposer and its team offer the 

JPB. 

11.3 Technical Proposal Requirements 

Technical Proposals shall be clear and concise and explain how the Proposer intends to meet 

the requirements of this RFP. Statements merely indicating that the Proposer will meet specific 

requirements are not sufficient. Detailed information in response to the JPB requested 

information shall be submitted in the Technical Proposals. 

Technical Proposals shall offer an EMU design that best meets the requirements of the 

Technical Specifications, and shall include submittals and information in the category sub-parts 

listed below, arranged in separate sections corresponding to those sub-parts.  The Proposer 

shall demonstrate its ability to comply with the Technical Specifications.  

11.3.1 Technical Proposal Organization and Content 

Technical Proposals shall be organized by the following sub-parts and include or address all 

information requested under each sub-part:  

 Sub-Part A: Vehicle Description 

 Sub-Part A1: EMU Contract Exceptions 

 Sub-Part B: Qualification, Experience and References 

 Sub-Part C: Financial Information 

 Sub-Part D: Management Approach 

 Sub-Part E: System Support Plan 

 Sub-Part F: Maintenance Services Information 

 Sub-Part F1: Maintenance Services Exceptions 

 Sub-Part G: Non-Price Certifications, Affidavits and Forms 

Except for any requested financial information under Sub-Part C, all maintenance services 

information shall be included in Sub-Parts F and F1. 

Sub-Part A: Vehicle Description 

The Technical Specifications provide basic design and performance parameters.  The Technical 

Specifications are not meant to exclude or favor any one specific design.  Proposer’s technical 

Proposal shall provide adequate technical detail to fully describe the proposed vehicle. 

In Sub-Part A of the Technical Proposal, the Proposer shall include a description of each 

system.  The formatting in the Proposer’s Technical Proposal in response to the Technical 

Specification items below shall parallel the numbering of the applicable Technical Specification.  

Each system description shall include, in addition to a narrative, general arrangement drawings 

(submitted using 11” x 17” sheets), block diagrams (which may be submitted on 11” x 17” 

sheets), and/or photos adequate to describe the design and operational characteristics.  

Additionally, basic performance values for the proposed systems for the EMUs shall be 

included. 
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The Proposer shall list at least one but no more than two suppliers for any component or 

system. Proposers shall submit Cert 1.A.15. – System Supplier Information.  Those listed 

subcontractors and suppliers will be evaluated by the JPB. Non-listed subcontractors and 

suppliers shall be subject to JPB review and approval when proposed. 

When describing each system, the Proposer shall detail features affecting operations, each 

element of RAMS, and maintenance.  All features affecting energy conservation and material 

selection shall be described.  

The Technical Proposal shall include the following (the numbers below refer to Technical 

Specification sections and paragraphs): 

A.1. General Information 

a) A general overview description of the proposed trainset and each vehicle type within the 

trainset, for both the 6-car and 8-car trainsets, although individual vehicles proposed to 

be the same in each trainset may be so noted without repetitive description. If an 

additional power car is needed for the 8-car trainset to achieve the required performance 

results, such shall be fully described in this and all subsequent sections, where 

applicable, in the Technical Proposal. 

b) General Arrangement drawings of the proposed trainset and each individual vehicle, 

indicating all pertinent dimensions, including: 

 Preliminary artist renderings (45° front / side view) for each type of car 

 General exterior and interior arrangement plans for every level for each type of car 

 Floor plan for every level for each type of car with at least three seating 

arrangements that include the determination of comfortable and safe standee area 

for each level. Floor plans are to show stairway locations and dimensional 

information, including the need for bicycle wheel guides within the overall stairway 

width between the lower and mid-levels. 

o The JPB will only permit bicycles on designated bike cars (a maximum of two 

per 6-car trainset); bicycles will not be permitted on the other cars in the 

trainset. No distributed bicycle storage (some on each car) will be accepted. 

o In addition, the JPB requires that each trainset have a ratio of one bicycle 

storage space for every eight seats (excluding flip-up seats if provided); 

hereinafter called the 8:1 (seats: bikes) ratio. Also, the JPB values 

maximizing the number of seats at this ratio without sacrificing comfort. For 

example, if a trainset has 528 fixed seats, 66 bicycle storage positions are to 

be provided. If two bike cars are required to achieve such bike storage, each 

bike car shall have an equal number of bike storage locations. In this 

example, 33 on each bike car. 

o For cars with bicycles, at least two bicycle storage arrangements shall be 

shown with a calculation of the number of bicycles that can be stored in each 

arrangement. All cars with bicycle storage shall be configured identically. 
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o For each car, show proposed wheelchair locations and provisions for seats 

that can be used when wheelchairs are not present. 

o For the car with a bathroom, show the bathroom location and overall 

dimensions.  

 Exterior side and end elevations for each type of car 

 Dynamic envelope diagrams 

 Roof and undercar arrangement drawings for each type of car, including the location 

of the FRA mandated roof hatch or emergency access panel. 

 Interior finishes (material list) 

 Exterior finish (including proposed paint schemes) 

The JPB will review the Proposer’s conceptual general arrangement drawings to assess the 

Proposer’s general understanding of the requirements of the Technical Specifications. These 

proposed conceptual drawings are not intended to represent the precise design that will be 

required to initiate the design review process. 

Trainset Configuration Tables.  The Proposer shall complete and submit in their 

Proposals the following two tables. 

Base Bid (high and low doors with bathroom car) - 6-car Trainset 

Car Type 

(General) 

Car Type 

(Specific1) 

Powered 

(Y/N) 

Fixed 

Seats 

(Qty) 

Flip 

Seats 

(Qty) 

Standees 

(AW2) 

(Qty) 

Bicycles 

(Qty) 

Toilets 

(Y/N) 

Cab      N  

Coach        

Coach        

Coach        

Coach        

Cab      N  

Totals        

 

 

 

Base Bid (high and low doors with bathroom car) - 8-car Trainset 
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Car Type 

(General) 

Car Type 

(Specific1) 

Powered 

(Y/N) 

Fixed 

Seats 

(Qty) 

Flip 

Seats 

(Qty) 

Standees 

(AW2) 

(Qty) 

Bicycles 

(Qty) 

Toilets 

(Y/N) 

Cab      N  

Coach        

Coach        

[describe]        

[describe]        

Coach        

Coach        

Cab      N  

Totals        

 

1Contractor shall enter a designation if it proposes different variations within the JPB’s General 

classification of type. If, for example, one type of coach will transport bicycles, “Coach w/Bike” 

could be a possible Contractor designation. 

 

A.2. Vehicle Performance Requirements 

The Proposer shall simulate the performance of the two proposed trainsets (6-car and 8-car), for 

the JPB operation based on the track data in Appendix A of the specification. For all three 

operating modes shown in Appendix A (423, 227 and 225), the simulating results shall show the 

trip times, power consumption (without regeneration), and other outputs as listed below.  If 

available, test data for noise, vibration, and ride quality from similar applications shall also be 

provided. 

Route simulations:  

1. All stop service (Mode 423) 

1.1. Input data  

 AW2 (4 passengers per square meter of usable floor space) 

 25 kV AC  nominal voltage 
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 New wheels 

 Station dwell times per attachment A  

 10 minutes turn time at each terminal station 

 Maximum allowable speeds per alignment data in Appendix A. 

 2 separate runs for each trainset length 

 If more than one propulsion supplier is proposed, each run shall be simulated for 

each propulsion supplier. 

1.1. Outputs from the Model 

 End to end round trip times 

 Average schedule speed, mph 

 Total energy consumption in KWH 

 Graphic plot (17x11 landscape) showing the following: 

 x axis:  

 Distance and station stops  

 y-axis:  

 Max track speed 

 Train speed achieved  

 Motor temperature  

 IGBT temperature  

 Trip time  

 Grade 

 

2. Limited service B (Mode 225) 

Same requirements as for all stop service, but at car AW1 weight and different stops. 

 

3. Limited service A (Mode 227) 

Same as requirements as for limited service B and different stops  

A.3 Carbody and Interior Design 

The Proposer shall describe the carbody with particular emphasis on crash energy management 

(CEM) features, and whether the proposed vehicle is proposed as a compliant FRA Tier I 

vehicle or one that will be subject to the alternate-compliance process. It is universally 

recognized that the addition of CEM features provides an additional level of protection in train-

to-train impacts.  Thus, proposers are encouraged to highlight all additional CEM features, 

including estimated performance in train-to-train impacts. Additional safety/crashworthiness 

features of the vehicle shall be highlighted.  Such features might include improved passenger 

compartmentalization, restraint of bicycles, etc.  

Separate descriptions shall be provided for cab cars and non-cab cars. 

 The Proposer shall present sketches of modular seats and bikes racks and their 

attachments in the car interior.  JPB requests designs for these items that would 
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allow easy seat and bike rack removals and replacements throughout the cars and 

trainset(s).  

 The Proposer shall provide enough detailed information on the interior layout exterior 

doorway layout of each car type such that JPB can determine a passenger flow.  

Information should include, but not be limited to the following: 

- aisle width dimensions 

- vestibule dimensions 

- stairway dimensions, including stair pitch and tread width and depth 

- restroom dimensions 

- wheelchair space dimensions 

- dimensions of items that protrude into passenger flow areas 

- seat dimensions 

- doorway dimensions 

- threshold dimensions 

- automatic bridge plate dimensions 

- automatic bridge plate deployment speed 

- line-of-sight drawings 

- 3D models of areas where passenger streams merge 

In addition, if a Proposer has designed certain aspects of the interior to enhance passenger 

flow, those should be highlighted as well. 

A.4 Trucks and Suspension 

The Proposer shall provide a narrative that addresses how the Proposer intends to meet or 

exceed the requirements of TS 4. 

A.5  Couplers, Drawbars and Draft Gears 

The Proposer shall provide a narrative that addresses how the Proposer intends to meet or 

exceed the requirements of TS 5.  If the coupler/draft gear is equipped with CEM features, it 

should be detailed. 

A.6 Cab Layout and Vehicle Controls 

The Proposer shall describe the basic cab layout and provide concept sketches.  A listing of the 

cab components shall be provided, by proposed supplier(s), along with historical performance 

data for those components for each supplier. A maximum field of view for Train Operators in the 

range of the 5th percentile female to the 95th percentile male of the general population study 

shall be provided and made clear from the presented sketches. Refer to TS 6. 
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A.7 Trainlines and Networks 

The Proposer shall provide a narrative that addresses how the Proposer intends to meet or 

exceed the requirements of TS 7.  

A.8 Monitoring, Diagnostics and Event Recorder 

The Proposer shall provide a narrative that addresses how the Proposer intends to meet or 

exceed the requirements of TS 8 

A.9 Primary and Auxiliary Electrical System 

The Proposer shall provide a narrative that addresses how the Proposer intends to meet or 

exceed the requirements of TS 9. 

A.10 Propulsion System 

The Proposer shall describe provide a narrative that addresses how the Proposer intends to 

meet or exceed the requirements of TS 10. 

A.11 Friction Brake System 

The Proposer shall provide a narrative that addresses how the Proposer intends to meet or 

exceed the requirements of TS 11. 

A.12 Side Doors and Door Control System 

The Proposer shall provide a narrative that addresses how the Proposer intends to meet or 

exceed the requirements of TS 12. 

A.13 HVAC 

The Proposer shall provide a narrative that addresses how the Proposer intends to meet or 

exceed the requirements of TS 13. 

A.14 Passenger Information and Communications Systems 

The Proposer shall provide a narrative that addresses how the Proposer intends to meet or 

exceed the requirements of TS 14. 

A.15 Lighting System 

The Proposer shall provide a narrative that addresses how the Proposer intends to meet or 

exceed the requirements of TS 15. 

A.16 Materials and Workmanship 

The Proposer shall describe its approach of ensuring high level of workmanship. Refer to TS 16. 

A.17 Positive Train Control 

The Proposer shall provide a narrative that addresses how the Proposer intends to meet or 

exceed the requirements of TS 17. 

A.18 Software and Microprocessor-Based Systems 



PCEP Procurement of Bi-Level EMU Vehicles 

____________________________________________________________________________ 

Contract #14-PCJPB-P-056    31 of 65                                            (Conformed 6-22-2016) 
Volume 1    Instructions to Proposers 
 

 

11444661.1 

The Proposer shall describe its approach in controlling the software. Refer to TS 18. 

A.19 Test Program 

The Proposer shall describe its approach in ensuring the effectiveness of the test program and 

control method during burn-in testing. Refer to TS 19. 

A.20 Quality and Inspection 

a. The Proposer shall explain the quality control and inspection methods for all level of 

production.  

b. The Proposer shall show that it has, or can acquire, a final assembly facility, and will use 

an assembly process that can produce specification compliant vehicles on time.     

c. For Proposers that intend to use an existing plant, the final assembly submittal shall 

include a narrative description and a facility plan with the narrative containing, as a 

minimum, the following: 

1. Location, 

2. History in assembling service proven cars, 

3. Planned manufacturing and assembly activities, that is, what will be assembled 

at the plant; e.g. vehicles, vehicle sections, truck, electrical lockers, cabs, relay 

panels, etc., 

4. Assembly processes, including tools and methods necessary to maintain vehicle 

tolerances and interaction between engineering and assembly and overhaul 

processes, 

5. Vehicle and trucks assembly process flexibility, i.e. what happens if there is 

delay(s) in receiving the parts, 

6. Availability of 25000 Vac, and 

7. Availability of turn table or other device for moving the vehicles in the plant. 

As a minimum, the assembly facility plan shall show the following items with 

applicable parameters such as length, width and height for areas and stations or 

spaces between the assembly stations. 

 Assembly areas and stations; i.e. vehicles, vehicle sections, trucks, electrical lockers, 

cabs, relay panels, etc., 

 Testing area, 

 Testing track, 

 Vehicle storage area, 

 Parts storage area, and 

 Plant vehicle entrances and exits. 

d. For Proposers that intend to acquire a new facility, a final assembly narrative submittal 
shall include, in addition to the requirements outlined in paragraph B above, a 
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description of the technology transfer process, including but not limited to management, 
personnel training, inspection, manufacturing and assembly and overhaul processes and 
document control, that will convince the JPB that such new facility will be qualified and 
available when needed to achieve the schedule of the JPB’s program.  

e. Refer to TS 20. 

A.21 Reliability, Availability, Maintainability and Safety (RAMS) 

1. Standards. 

 Proposer shall describe its experience in working with the standards identified in 

TS 21. 

 Proposer shall elaborate on its usage of & experience in working with EN50126-

1. 

2. Reliability. 

Proposer shall provide a detailed overview of the reliability that will be achieved by its 

design at the Trainset and system levels based on the definitions of the Mean 

Distance Between Failures (MDBF) and Mean Distance Between System 

Components Failures (MDBSCF) provided in TS 21. Proposers are advised that they 

shall be contractually responsible for meeting the reliability information provided in 

the following tables so long as the Trainset and systems are maintained in 

accordance with the EMU manufacturer’s proposed Vehicle Fleet Maintenance 

Program included in Sub-part F – Maintenance Services Information, Section F.5 of 

this Proposal. 

The Proposer shall complete the following tables: 

Item 
MDBF, 
miles 

Trainset  

 

Item 
MDBSCF, 

miles 

Track Assembly and Suspension,   

Conventional Coupler  

Automatic Coupler  

Master Controller Group  

Train Control Network  

Monitoring and Diagnostic System  

Event Recorder  

Auxiliary Power Supply  

Pantograph Assembly  
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Propulsion System  

Traction Motor  

Traction Gear Unit  

Brake System  

Air Compressor  

Door Assembly, including ramp or 
a bridge plate, if required.  

Automatic Passenger Counter  

HVAC Assembly  

Public Address  

Automatic Announcement  

Train Radio  

Interior Destination Signs  

Exterior Destination Signs  

Passenger Emergency Intercom  

CCTV  

Passenger Wi-Fi  

Interior Lighting  

Exterior Lighting  

PTC  

PTC Hardware Components  

3. Availability 

Proposer shall describe what daily availability it will achieve based upon Caltrain’s 

published timetable (see Reference Documents in RFP Volume 9). Proposer shall 

indicate what percentage (%) of the total number of EMU Trainsets on an average 

daily basis will be available for full-day revenue operations over a period of 20 years. 

Proposers are advised that they shall be contractually responsible for meeting the 

availability percentage provided, so long as the Trainsets and systems are 

maintained in accordance with the EMU manufacturer’s proposed Vehicle Fleet 

Maintenance Program included in Sub-part F – Maintenance Services Information, 

Section F.5 of this Proposal. 

4. Maintainability 

Proposer shall provide a detailed overview of the maintainability that will be achieved 

by its design at the Trainset and system levels based on the requirements in MIL-

HDBK-470A (Ref. TS21). However, if the proposed EMUs will comply with EN50126-

1, then the Proposer is not required to provide a detailed overview of the 
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maintainability that will be achieved based on the requirements in MIL-HDBK-470A 

(Ref. TS21). 

Proposers are advised that they shall be contractually responsible for meeting the 

maintainability information provided in the following table so long as the Trainset and 

systems are maintained in accordance with the EMU manufacturer’s proposed 

Vehicle Fleet Maintenance Program included in Sub-part F – Maintenance Services 

Information, Section F.5 of this Proposal. 

Proposer shall complete the following table  

Item 
MTTR, 
hours 

Track Assembly and Suspension  

Conventional Coupler  

Automatic Coupler  

Master Controller Group  

Train Control Network  

Monitoring and Diagnostic System  

Auxiliary Power Supply  

Pantograph Assembly  

Propulsion System  

Traction Gear Unit  

Brake System  

Door Assembly, including ramp or 
a bridge plate, if required.  

HVAC Assembly  

Public Address  

Automatic Announcement  

Interior Destination Signs  

Exterior Destination Signs  

Interior Lighting  

Exterior Lighting  

PTC  

PTC Hardware Components  

 

5. Safety: Proposer shall explain its procedure in implementing the safety requirements 

shown in TS 21 during engineering and design.  

A.22 Contract Management 
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The Proposer shall describe its contract management approach for this project. Refer to TS 22. 

A.23 In-System Support 

a. The Proposer shall describe its in-system support approach for this project.  

b. The Proposer shall also prepare a recommended list of parts including 

consumables to last five years, and capital spare parts for the life of the vehicles 

(30 years).  The Proposer shall not include spare parts pricing in the technical 

proposal, but shall include quantities.  Spare parts pricing will be included in the 

Price Proposal.  

c. The Proposer shall describe its experience and approach in producing public 

mock-ups. 

 

Sub-Part A1: EMU Contract Exceptions  

In Sub-Part A1 of the Proposal, the Proposer shall submit a list that specifically identifies every 

proposed technical exception, deviation, substitution or alternate design (all of which are 

considered by JPB and referred to herein as “exceptions”) from the Technical Specifications. 

The JPB will consider most favorably those exceptions that reduce cost without reducing quality 

and performance and that help JPB meet its budget for the EMU procurement. In addition in 

Sub-Part A1, the Proposer shall separately list every proposed commercial/legal exception to 

the EMU Contract, including the Special and General Conditions.  Unless a Proposer 

specifically lists an exception, the Proposer will be deemed to have accepted all commercial 

terms set forth in the Special and General Conditions.  The Proposer shall: 

 Uniquely and sequentially number each proposed exception, starting with Number 1; 

 Reference the affected Specification Section or Sections; 

 Describe the proposed exception and reason why it is requested; and 

 Explain the benefits to the JPB for granting the exception. 

As an exception to the Technical Specifications, the Proposer may propose alternate system 

designs that meet the basic performance requirements. Technical Proposals that propose 

alternate systems shall submit information regarding performance requirements including 

functional performance and reliability, availability, maintainability, and safety (RAMS) 

characteristics. Each proposed alternate design shall be listed and described in Sub-Part A1. 

If unproven or non-compliant components or systems are proposed, the Proposer shall identify 

the risk posed to the Project and describe how that risk will be managed. The JPB will consider 

such unproven or non-compliant components or systems as exceptions and the Proposer shall 

list them in Sub-Part A1. 

JPB may accept or reject a proposed exception, negotiate proposed exceptions with the highest 

ranked Proposer, or modify the Specification by Addendum and request revised Proposals from 

any or all Proposers based upon the JPB’s determination regarding a requested exception.  
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Unless an Addendum is issued that confirms the JPB’s acceptance of a proposed technical or 

commercial exception, or unless the JPB has notified the Proposer that its exception may be 

preserved and negotiated, the Proposer shall assume that the exception is rejected. Neither the 

Technical Proposal nor the Price Proposal shall include any exceptions that are not accepted by 

the JPB by Addendum. If the JPB has notified the Proposer that its exception may be preserved 

and negotiated, the JPB may at its sole discretion incorporate it into the Contract negotiated 

with the top-ranked Proposer. 

 

Sub-Part B:  Qualifications, References, Capability and Experience 

In Sub-Part B of the Proposal, the Proposer shall provide the following: 

B.1 Qualifications and References 

1. A narrative describing the Proposer's qualifications and capacity to perform the Work 

under the EMU Contract. The capacity information should include annual volume figures 

for the past five years, facility and resource capabilities, and a listing of current 

commitments and ongoing projects. 

2. Three customer references to demonstrate that similar work has been successfully 

performed in the past, including contracts that incorporate maintenance of vehicles after 

client acceptance. Each referenced project shall include the following information: 

a. Customer's name, address and telephone number of current client employee 

who is familiar with the Proposer's work. 

b. Number and type of vehicles supplied 

c. Original amount of original contract 

d. Final amount of contract 

e. Amount (if any) of claims (by either party) 

f. Whether the contract included any EMU maintenance services and, if so, for how 

many years 

3. A list of all contracts in last 10 years on which the Proposer was assessed liquidated 

damages (LDs). Briefly explain why LDs were assessed.  

B.2 Capability 

1. A Proposer must have proven engineering capability to design bi-level EMU cars and to 

support manufacturing and testing activities. The Proposer must demonstrate that it 

meets this requirement by: (i) having successfully completed, as the responsible party in 

charge of engineering from design through testing, three (3) EMU projects of at least fifty 

(50) new cars for each project within the past ten (10) years; and (ii) having at least fifty 

percent (50%) of its current engineering and design staff participate in those three (3) 

projects.  
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2. A Proposer must have the manufacturing capability and capacity to manufacture 

stainless steel or aluminum carbodies at the production rate required to meet the 

schedule specified in this RFP. The Proposer must demonstrate that it meets this 

requirement by having successfully produced at least six (6) stainless steel or aluminum 

carbodies per month for a minimum of six (6) months for a project within the past ten 

(10) years at a production facility still operated by the Proposer. 

B.3 Experience 

1. A Proposer must have at least fifteen (15) years of continuous experience immediately 

prior to the date of submission of its Proposal in providing and manufacturing EMUs with 

a minimum amount of thirty (30) cars delivered per one order for at least ten (10) orders.  

2. A Proposer must have had at least two (2) contracts valued at least $200 million each for 

the manufacturing and delivery of EMUs within the last fifteen (15) years. 

Sub-Part C:  Financial Information   

In Sub-Part C of the Proposal, the Proposer must demonstrate its financial qualifications and 
capacity to perform: a) all Work under the EMU Contract inclusive of EMU Options and b) all 
services under the Maintenance Services Agreement Option for the potential duration of 15 
years after completion of Work under the EMU Contract.  

If the Proposer for the Maintenance Services Agreement Option proposes a joint venture or 
Primary Maintenance Subcontractor to provide the Maintenance Services, the financial 
information required in this Sub-Part C also shall be submitted for the joint venture or Primary 
Maintenance Subcontractor. 

The JPB, at its sole discretion and opinion, will make the determination as to whether the 
Proposer has adequately demonstrated its financial qualifications and capacity to perform all 
Work under this Contract. Only Proposers who can demonstrate that they comply with all of the 
financial qualifications and capacity requirements should submit proposals as only proposals.  

The Proposer shall submit by the Due Date specified in the Procurement Schedule included in 
Volume 1, Section 3, the following Financial Information: 

 

C.1      Audited Financial Statements 

Proposer for the EMU Contract, the Joint Venture or Primary Maintenance Subcontractor for the 
Maintenance Services Agreement Option if not the Proposer, and each entity providing a 
Contract Guarantee Agreement if other than the Proposer, shall submit for the last three (3) 
years its audited financial statements, prepared in accordance with United States Generally 
Accepted Accounting Principles (GAAP) and certified by an independent Certified Public 
Accounting firm authorized to practice in the State of California, and the SEC 10-K filings (if 
available).  For all subsequent quarters to the last annual statement, each submitting entity shall 
provide a copy of any Form 10-Q that has been filed with the SEC subsequent to the most 
recent Form 10-K filing.  

Additionally, each entity shall submit information including liabilities or lawsuits, or potential 
liabilities or lawsuits, relative to any current or future income or balance sheet statements that 
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may cause significant changes in future financial statements. 

A financial statement that is not audited is not acceptable. A letter verifying availability of a line of 
credit is not a substitute for the required financial statement. An audited financial statement with 
accompanying notes of a parent company guarantor may be acceptable. 

If the financial statements are prepared in accordance with GAAP for another country, an 
independent Certified Public Accounting firm that is authorized to practice in the State of 
California and that has attested financial statements of organizations similar in size to the 
Proposer and Guarantor(s) for which statements are being submitted shall either: (a) restate the 
financial statements according to U.S. GAAP and sign the financial statements which shall be 
included with the submission; or (b) submit a signed statement that: (1) the relevant working 
papers will be available for review by the JPB or its agents for a period of three years, and (2) 
the Guarantor issuing an acceptable Contract Guaranty Agreement for the Proposer has 
Working Capital which is equal to or exceeds $100 million and that its tangible Stockholder 
Equity is equal to or exceeds $600 Million. 

The JPB will consider the Proposer’s reply to the following: 

Has the Proposer submitted financial statements in accordance with the above stated 
requirements? 

Yes  No  

Has the entity submitted information including liabilities and lawsuits, or potential liabilities and 
lawsuits, relative to any current or future income or balance sheet statements that may cause 
significant changes in future financial statements? 

Yes  No  

Proposers are advised that the audited financial statements submitted as part of this Proposal 
will be evaluated to assess the Proposer’s ability to perform under the Contract.  The financial 
statement analysis will include an assessment of the Proposer’s short-term liquidity, capital 
structure, and measures of the Proposer’s recent operating performance to provide a broad and 
indicative assessment of the Proposer’s ability to perform under the Contract.  Results of the 
financial statement analysis will be evaluated and scored across the following five-point 
evaluation system: 

 

1- Unsatisfactory,  2- Weak,  3 – Satisfactory,  4 – Strong,  5 – Very Strong 

An indicative score of 2 may lead to a request from the JPB for additional information from the 
Proposer.  Results of the financial statement analysis will be evaluated on their own, as well as 
placed into the broader context of a proposed Contract Guarantee Agreement, Surety Bond and 
other performance-risk mitigation strategies.      

Is this metric 3 or better after the review of the information above. 

Yes  No  

 

C.2 Proposer Guarantee 

Proposer shall provide a fully executed Contract Guarantee Agreement.  
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The Guarantor issuing an acceptable Contract Guarantee Agreement for the Contractor shall (a) 
be an entity within the corporate structure of the Proposer and (b) demonstrate Working Capital 
which is equal to or exceeds $100 million and that its tangible Stockholder Equity is equal to or 
exceeds $600 million.  In the event that more than one Guarantor is proposed, at least one of 
the Guarantors shall meet this requirement, and all Guarantors shall be jointly and severally 
liable on the Guarantee. 

The JPB will consider the Proposer’s reply to the following: 

Has the Proposer submitted a Guarantee Agreement in accordance with the above stated 
requirements? 

 Yes  No 

 

C.3 Bonding Confirmation 

Proposer shall provide a notarized statement from an admitted surety insurer, approved by the 
California Department of Insurance and authorized to issue bonds in the State of California, 
stating that the Proposer’s current bonding capacity is sufficient to provide a performance bond 
for not less than 100 percent of the Contract Price inclusive of EMU Options and the 
Maintenance Service Agreement Options. 

The JPB will consider the Proposer’s reply to the following: 

Has an approved surety submitted a notarized statement stating that the Proposer’s current 
bonding capacity is sufficient to provide a performance bond for not less than 100 percent of the 
Contract Price inclusive of EMU options and the Maintenance Service Agreement options. 

 Yes  No 

 

Has a surety firm completed a contract or paid for completion of a contract on behalf of the 
Proposer or the Primary Maintenance Subcontractor within the last five years because of 
termination of the contract by a project owner? 

  Yes    No 

 

C.4      Insurance Confirmation 

Proposer shall submit evidence to confirm it will provide specified insurance liability coverage. 
The submitted information shall include the name and address of the Proposer’s insurance 
carrier(s) with descriptions of the policies maintained by the Proposer including the dollar limits 
and deductibles, the expiration dates, and a statement from the carrier(s) that the information 
provided accurately reflects the Proposer’s insurance coverage. A Proposer may, for this 
documentation, submit a current, standard certificate of insurance form. 

The JPB will consider the Proposer’s reply to the following: 

Does the Proposer and the Primary Maintenance Subcontractor (if applicable) have a liability 
insurance policy with a policy limit of at least $25,000,000 per occurrence and $25,000,000 
aggregate from an insurance company? 
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 Yes  No 
  

If yes, provide the following information. (Attach a separate page if more than one policy.) 
Insurance Company          
Policy Number         
Policy limit per occurrence         
Aggregate policy limit        

 

C.5      Statement of Work On Hand 

Proposer shall disclose the work that Proposer has on hand including any work that is ongoing, 
or on which a bid or proposal has been submitted and is pending. Disclose the annual dollar 
value, the location by city/state/country, current percentage of completion, expected date for 
completion, and the name and contact information of the client. Proposer shall certify it has the 
financial capacity to support the disclosed work and the work required under this RFP. 

The JPB will consider the Proposer’s reply to the following: 

Has the Proposer and the Primary Maintenance Subcontractor (if applicable) certified that it has 
the capacity to successfully perform the work under this contract as well as the work it has on 
hand.  

 Yes  No 

 

Sub-Part D:  Management Approach 

In Sub-Part D of the Proposal, the Proposer shall provide the following: 

D.1 Management Approach and Structure 

A narrative that addresses how the Proposer intends to manage the Work. 

D.2 Organization Chart 

A complete organization chart and brief narrative that addresses the following: 

 Identification of key individuals, their departments, their responsibilities within the 

organization, and lines of communications; 

 percentage of time each key individual will dedicate to the Work in each of its phases 

including: design, FAIs, pilot car manufacturing and testing, production,  and warranty 

support; 

 concurrent commitments of key individuals on other projects; 

 clear identification of system integration responsibilities for EMU vehicle design, 

manufacture and testing; as well as with existing JPB CBOSS PTC project; and with the 

new 25 kVAC corridor electrification traction power facilities and overhead contact 

systems project; 

 design, manufacturing and testing responsibilities of the Proposer and each 

subcontractor or supplier for all systems and major subsystems; and 
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 identification of key subcontractors and suppliers and how they fit within the 

organizational structure. 

D.3 Resumes 

Resumes of key personnel listed in the organization chart. 

D.4 Manufacturing Facilities and Production Schedule 

1. A Manufacturing Plan indicating facilities and locations for manufacture of major 

components and for final assembly.  Proposer shall demonstrate full compliance with the 

Buy America Act. Final assembly is required in the United States. 

2. A comprehensive CPM-method Schedule showing key milestones, including the dates 

for achieving all payment milestones. The schedule shall demonstrate the Proposer’s 

ability and plan to deliver vehicles in accordance with the JPB’s specified schedule and 

time frame.  

3. Include the current production schedule for the facility that will be building the car shells 

and pilot cars. The Proposer shall demonstrate that it has sufficient design and 

production staff and plant capacity available at the times indicated in the schedule, and 

that processes and structures are in place or are planned to ensure that the schedule is 

achieved.  

 

Sub-Part E:  System Support Plan 

In Sub-Part E of the Proposal, the Proposer shall provide: 

E.1 Narrative Description of Proposed Approach 

A narrative description of the proposed approach, and sample materials to demonstrate 

the Proposer’s understanding of and proficiency in the following: 

1. Quality Assurance 

2. System Safety 

3. Testing (including a list of tests for which Proposer intends to request waivers based on 

proven performance or availability of test reports, including any such waiver requests 

from proposed suppliers) 

4. Design Documentation 

5. Manuals and training, including FRA Qualified Person (QP) and Qualified Maintenance 

Person (QMP) training and certification. 

6. Diagnostic Equipment and Special Tools 

7. Warranty Service and Replacement Parts 
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Sub-Part F:  Maintenance Services Information 

In Sub-Part F of the Proposal, the Proposer shall provide all information required by this RFP 

relative to the Maintenance Services Option, except that financial qualifications and financial 

capacity shall be included in Sub-Part C.  

The Proposal shall address Maintenance Services for both the new fleet of EMUs and existing 

fleet of diesel rail vehicles. In response to the items in this Sub-Part F, Proposer shall clearly 

describe its proposed program for providing the Maintenance Services, demonstrate its 

capabilities to provide the Maintenance Services, and demonstrate its understanding of the 

requirements.  

If the Proposer is proposing a subcontractor to provide the primary performance of services 

under the Maintenance Services Agreement, the Proposer shall provide the information 

requested for the Primary Maintenance Subcontractor. 

If the Proposer is proposing a joint venture to provide the primary performance and oversight of 

the services under the Maintenance Services Agreement, the Proposer shall provide the 

information requested for all joint venture partners.  

  

F.1  Qualifications, References, Capability and Experience  

Proposer, or Primary Maintenance Subcontractor, shall provide the following: 

1. A narrative describing its qualifications and capacity to perform the services under the 

Maintenance Services Agreement.  The capacity information should include annual 

volume figures for the past five years, facility and resource capabilities, and a listing of 

current commitments and ongoing projects. 

2. Three customer references to demonstrate that similar maintenance services have been 

successfully performed in the past, including contracts that incorporate maintenance of 

vehicles after client acceptance. Each referenced project shall include the following 

information: 

a. Customer's name, address, email address, and telephone number of current 

client employee who is familiar with the Proposer's work; 

b. Number of electric and diesel rail vehicles maintained annually; 

c. Original amount of original contract; 

d. Final amount of contract; and 

e. Years of providing maintenance services under the contract 

3. Demonstrated proven capability to perform the services required under the Maintenance 

Services Agreement by providing at least 3 comparable properties within the last five 

years on which it provided such services.  
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4. Demonstrated significant experience in providing maintenance services for electric and 

diesel rail vehicles in a commuter rail, operating environment.  While a minimum of ten 

(10) years continuous experience in a commuter rail, operating environment is 

preferable, the JPB will consider other factors as well such as experience maintaining 

vehicles in an FRA regulated environment and experience maintaining electric vehicles.  

F.2 Narrative and Understanding of Maintenance Services Requirements 

Proposer, or Primary Maintenance Subcontractor, shall describe and demonstrate its familiarity 
with the methods needed for proper performance of services under the Maintenance Services 
Agreement.  This narrative shall include, but not be limited to, the following: 

1. Proposed approach to implementation and oversight of rolling stock equipment 
maintenance of a substantial commuter rail services transportation provider including 
strategies, methods, processes, diagnostic technologies, oversight and resource 
management;   

2. A description of particular experience, expertise and/or capability involving strategies, 
methods and approaches that assisted other commuter rail services to maintain their fleet 
more efficiently and effectively.  Experience with life cycle maintenance programs shall be 
conspicuously identified and described in sufficient detail. 

3. Its understanding of and approach to life cycle maintenance and other performance 
expectations of the JPB;  

4. Proposed approach to inventory management, quality control and safety;  

5. Its understanding of all current federal and industry requirements that impact and/or 
regulate the performance of work, including its working knowledge of CFR and GCOR 
operating rules as they pertain to the movement of rolling stock within yard limits; and 

6. An outline of the relationship between the Proposer and the Primary Maintenance 
Subcontractor and the Proposer’s approach to subcontractor management of 
performance under the Maintenance Services Agreement. 

7. Proposed materials management and maintenance management systems. 

F.3 Key Personnel; Staffing Plan; Training 

Proposer, or Primary Maintenance Subcontractor, shall: 

1. Identify and describe in narrative format the recent experience and skill level of each key 

management personnel and each officer to be assigned to perform services under the 

Maintenance Services Agreement. If a joint venture is proposed, identify all joint venture 

key personnel and the role of each in performing the maintenance services. Provide a 

current resume with reference contacts for each proposed key person.  

2. Provide an organization chart, a staffing plan and narrative that describes the 

methodology for management of the Maintenance Services and the resources required 

to adequately perform the services required under the Maintenance Services 

Agreement. Identify employee titles, employees proposed as FTE, and briefly describe 

qualifications and responsibilities of all persons shown in the staffing plan. 
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3. Describe proposed training program to demonstrate compliance with the training 

requirements required in the Maintenance Services Agreement.  This program shall 

include a matrix of requirements and a timing of applicable renewal certifications.  

 F.4 Safety 

Proposer, or Primary Maintenance Subcontractor, shall: 

1. Describe its safety management policies and procedures currently used to guide and 

advise employees on safe execution of their job responsibilities while maintaining rolling 

stock in an active commuter rail, operating environment. 

2. Provide, as an attachment, copies of the past three years OSHA 300 logs and FRA 

Injury Reports and any other required reporting forms, for work-related accidents for 

itself and any other major subcontractors proposed to provide services under the 

Maintenance Services Agreement. 

F.5  Vehicle Fleet Maintenance Program 

Proposer, or Primary Maintenance Subcontractor, shall provide a proposed Vehicle Fleet 

Maintenance Program that details its approach to developing and implementing a 

comprehensive preventive maintenance, inspection and cleaning program which shall 

incorporate component-level, system level and vehicle level Life Cycle Maintenance (“LCM”) 

concepts; FRA inspection requirements; Authority inspection, tests and maintenance 

requirements; and OEM maintenance requirements and cleaning standards. This program shall 

clearly demonstrate its compliance with the policies, procedures and requirements of the 

Maintenance Services Agreement. 

F.6 Mobilization and Transition Plan 

Proposer or Primary Maintenance Subcontractor shall: 

1.  Provide a Mobilization and Transition Plan to include a detailed schedule identifying the 

progress and sequence for completing all tasks detailed within the plan.  

2. Demonstrate coordination with the current JPB vehicle maintenance contractor and 

coordination with the activities under the EMU Contract. The plan should recognize and 

address the electrification construction activity that also will be occurring including 

mitigation of construction challenges.  The plan should recognize and delineate the 

activities associated with commissioning the EMU vehicles and other requirements 

under the EMU Contract and the assumption of their maintenance under the 

Maintenance Services Agreement. 

. Include the method and schedule for transition from the existing JPB vehicle 

maintenance contractor including a transition of responsibilities for each division of work 

and all regulatory compliance issues resulting from such transition.  

4. Include a hiring plan that identifies qualifications and evaluation criteria for all employees 

with associated start dates.  
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Sub-Part F1: Maintenance Services Exceptions 

In Sub-Part F1 of the Proposal, the Proposer shall submit a list that specifically identifies every 

proposed technical exception, deviation, substitution or alternate design (all of which are 

considered by JPB and referred to herein as “exceptions”) from the Technical Specifications for 

the Maintenance Services Agreement. The JPB will consider most favorably those exceptions 

that reduce cost without reducing quality and performance and that help JPB meet its budget for 

the Maintenance Service Option. In addition in Sub-Part F1, the Proposer shall separately list 

every proposed commercial exception to the Maintenance Services Agreement.  Unless a 

Proposer specifically lists an exception, the Proposer will be deemed to have accepted all terms 

set forth in the Maintenance Services Agreement.  

The Proposer shall: 

 Uniquely and sequentially number each proposed exception, starting with Number 1; 

 Reference the affected Specification Section or Sections; 

 Describe the proposed exception and reason why it is requested; and 

 Explain the benefits to the JPB for granting the exception. 

As an exception to the technical specifications, the Proposer may propose alternate 

maintenance procedures or methods that meet the basic performance requirements. Technical 

Proposals that propose alternate systems shall submit information regarding performance 

requirements including functional performance and reliability, availability, maintainability, and 

safety (RAMS) characteristics. List and describe each proposed alternate in Sub-Part F1. 

If unproven or non-compliant procedures, methods, or systems are proposed, the Proposer 

shall identify the risk posed to the JPB and describe how that risk will be managed. The JPB will 

consider such unproven or non-compliant procedures, methods or systems as exceptions. List 

all such proposed exceptions in Sub-Part F1. 

JPB may accept or reject a proposed exception, negotiate proposed exceptions with the highest 

ranked Proposer, or modify the Specification by Addendum and request revised Proposals from 

any or all Proposers based upon the JPB’s determination regarding a requested exception.  

Unless an Addendum is issued that confirms the JPB’s acceptance of a proposed technical or 

commercial exception, or unless the JPB has notified the Proposer that its exception may be 

preserved and negotiated, the Proposer shall assume that the exception is rejected. Neither the 

Technical Proposal nor the Price Proposal shall include any exceptions that are not accepted by 

the JPB by Addendum. If the JPB has notified the Proposer that its exception may be preserved 

and negotiated, the JPB may at its sole discretion incorporate it into the Agreement negotiated 

with the top-ranked Proposer. 

 

Sub-Part G: Non-Price Certifications and Forms 
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Proposer shall complete in their entirety and include in its Technical Proposal all Certifications 

and Non-Price Forms included in Volume 2, Parts A and B, of this RFP.  

NOTE: PRICE FORMS AND PRICE CERTIFICATIONS SHALL BE INCLUDED IN THE PRICE 

PROPOSAL ONLY. 

12. PRICE PROPOSAL REQUIREMENTS 

12.1 Price Proposal Required Documents 

To be considered responsive, the Price Proposal at Step 1 and at Step 2 BAFO shall include the 

following items: 

 For the EMU procurement Base Bid vehicles and Options: all Price Proposal Forms, fully 

completed, in RFP Volume 2, Part C.  

 For the Maintenance Services Options: all Price Proposal Forms, fully completed, in 

RFP Volume 2, Part C.  

12.2 General Instructions 

12.2.1 The Proposer’s price shall be based on the assumption that JPB will NOT accept any 

requested exceptions.  

12.2.2 Price Proposals shall include prices for each component or task identified in this RFP, 

plus prices for any other components or tasks identified in the Price Proposal Form.  Price 

Proposals shall include prices for each base vehicle type including Option vehicles and services 

to be provided under the Maintenance Services Agreement Option if exercised.  All numbers 

shall be expressed in figures and not in words. Proposers are advised that JPB will not enter 

into a contract where compensation is based upon cost plus a percentage of cost. 

Compensation will be at the prices set forth in the Proposer’s JPB-accepted Price Proposal. 

12.2.3 The EMUs and all spare parts to be incorporated into an EMU are exempt from 

California sales/use tax.  Proposers shall not include California sales/use taxes in their EMU 

Price Proposal.  Any other sales tax that is applicable shall be included in the EMU Price 

Proposal.   

12.2.4 All Price Proposal amounts shall be in US dollars. 

12.2.5 Proposers shall fill in the quantity of each type of car being proposed for each 6-car 

trainset.  

12.2.6 Contractor shall include in its price and be at risk for all fluctuations in currency 

exchange rates throughout the solicitation period and the duration of the Contract. 

12.2.7 Base vehicle price includes the cost of program management, delivery, commissioning, 

warranty, and bonding. 

12.2.8 Systems support includes non-recurring engineering, design, and testing costs only. 
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12.2.9 Fill out and submit all supporting schedules in addition to the Price Proposal Form. 

12.2.10 The Proposer shall specify a unit price for each item for which a Unit Price is required. 

12.2.11 Unit prices shall be inclusive of all cost factors for the unit items to be manufactured, 

including full compensation for all materials, equipment, tools, labor, licenses, incidental 

work, overhead, profits, insurance, export duties (if applicable) and all other costs 

necessary to complete the items including taxes, charges, fees and assessments 

necessary for or related to the item. 

12.2.12 Proposers shall complete the Total Price column for each line by multiplying the 

quantity by the unit price for each type of vehicle.  In the event there is a discrepancy 

between the computed Total Price and the submitted Total Price, the unit price will 

control and a revised Total Price will be computed and used in the evaluation. 

13. EVALUATION PROCESS AND CRITERIA 

Pursuant to California Public Utilities Code 103222, the JPB will award the EMU Contract, and a 

Maintenance Service Agreement if the Option is exercised, to the responsible Proposer that 

submits the Proposal that provides the best value to the JPB on the basis of the evaluation 

criteria identified in this RFP.  “Best value” means the overall combination of quality, price, and 

other elements of the Proposal that, when considered together, provide the greatest overall 

benefit to the JPB in response to the requirements described in the RFP. 

13.1 Evaluation Committee 

The JPB will appoint an Evaluation Committee (EC) to evaluate and score Proposals. The EC 

may be composed of JPB staff, consultants and other experts. The EC also may consult with or 

seek the advice of technical experts not on the EC during the course of its evaluation in order to 

adequately understand, review and evaluate all Proposals.  The identity of members of the EC, 

or advisors to the EC, will not be disclosed to Proposers.  

13.2 Summary of Proposal Process and Evaluation Steps 

Evaluation of Proposal information consists of multiple reviews steps, summarized as follows: 

1. Proposal responsiveness/financial qualifications determination; 

2. Step 1 Short-listing following evaluation and scoring of Technical Proposals only; 

3. Step 1 Proposal (Technical and Price) Best Value ranking of short-listed 

Proposals, followed by award recommendation or request for Step 2 BAFO; 

4. Step 2 BAFO (if requested) Proposal (Technical and Price) Best Value ranking of 

short-listed Proposers, followed by award recommendation. JPB may seek BAFO 

Proposals at JPB discretion  
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5. JPB may request additional BAFO Proposals (Technical and Price) from short-

listed Proposers. 

The EC will evaluate and score the Technical and Price Proposals using only the evaluation 

criteria and factors set forth in this RFP.   

13.3 Clarification of Proposals; Discussions 

13.3.1 Clarifications 

The EC may request clarification of information included in Step One and/or BAFO Proposals at 

any time during the evaluation process. The EC will request and receive any clarifications only 

through the JPB’s point of contact, except during interviews and visits to Proposer facilities. The 

EC also may decide at its discretion not to seek clarification of minor irregularities, informalities, 

or obvious mistakes in a Proposal. 

13.3.2 Discussions 

If deemed necessary by the EC in order to properly understand a Proposal, the EC may at any 

time request to meet with a Proposer and/or discuss any information in its Proposal. Such 

discussions may be conducted with only one Proposer, or with all Proposers.  Matters 

discussed will be kept confidential, subject to paragraph 13.3.3 below. 

13.3.3 Right to Disclose Non-confidential Information 

The JPB reserves the right to disclose during this solicitation process to all Proposers any 
matters raised during the one-on-one meetings through an appropriate Addendum, except to 
the extent that the JPB determines, in its sole discretion, such disclosure would reveal 
information identified by the Proposer as confidential or proprietary in a Proposal, or reveal the 
Proposer’s confidential business strategy to be selected for the project.  The JPB will not 
disclose confidential or proprietary information to other Proposers or the public.  

13.4 Responsiveness; Financial Qualifications Determination 

A Proposer shall submit a Step 1 Proposal and Step 2 BAFO Proposal (if requested) that 

provides all the information required by the RFP. The JPB will evaluate each Proposal for 

responsiveness to the requirements of the RFP and for demonstrated financial qualifications.  

The JPB must determine a Proposal responsive and a Proposer financially qualified in order for 

the Proposal to be eligible for Step 1 short-listing evaluation, Step 1 Best Value ranking, and 

Step 2 BAFO Best Value ranking. 

Proposer shall submit, by the Due Date indicated in the Procurement Schedule in ITP Section 3, 

its Financial Information in accordance with Sub-part C of ITP section 11.3.1. 

13.4.1 Responsiveness Determination  
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The JPB reserves the right, in its sole discretion, to reject a Proposal as non-responsive if it fails 

to satisfy any of the requirements set forth in this RFP.  

13.4.2 Evaluation of Certifications and Forms 

Proposer shall include in its Step 1 Technical Proposal and Step 2 BAFO Technical Proposal all 

certifications and non-price forms, completed in their entireties, listed in Volume 2, Parts A and 

B of this RFP, except for Non-Price Form No. 2.B.3 – Request for Information and Clarification.  

Proposer responses to these certifications and non-price forms will be evaluated for 

responsiveness. 

Proposer shall submit in its Step 1 Price Proposal and Step 2 BAFO Price Proposal all price 

forms, completed in their entireties, included in Volume 2, Part C. Proposer responses to these 

price forms will be evaluated for responsiveness. 

Proposers who are short-listed based upon their Step 1 Technical Proposals may by reference 

include previously submitted Step 1 non-price certifications and non-price forms in their Step 2 

BAFO Technical Proposals by clearly identifying in their Step 2 BAFO Technical Proposals 

those Step 1 certifications and non-price forms that remain accurate, unchanged, and valid. 

Otherwise, new certifications and non-price forms shall be submitted in Step 2 BAFO Technical 

Proposals. 

Step 2 BAFO Price Proposals shall be submitted complete with all price forms included in 

Volume 2, Parts C, whether or not the forms remain unchanged from Step 1 submissions. 

The JPB reserves the right to have a Proposer correct minor irregularities, minor omissions or 

obvious oversights in the required certifications and forms. 

13.4.3 Executive Summary 

The JPB encourages all Proposer’s to include an Executive Summary in its Proposal. It provides 

the Proposer an opportunity to summarize key Proposal information and advantages it offers the 

JPB. The Executive Summary will not be evaluated and scored. Further, the JPB will not 

consider a Proposal non-responsive for failure to include an Executive Summary.  

No references to or mention of any pricing shall be included in the Executive Summary. 

13.4.4 Financial Qualifications: 

The JPB will review the information submitted in each Proposal to determine whether, in its sole 

opinion, each Proposer is financially qualified or not qualified to fulfill all of the requirements of 

the EMU procurement Contract and Maintenance Services Agreement, as included in this RFP. 

The JPB may utilize financial experts, analysts and advisors, separate from the EC, in order to 

evaluate a Proposer’s financial qualifications, stability and capacity with respect to the financial 

requirements of the EMU Contract and the Maintenance Services Agreement. 

13.4.5 Exceptions 
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Proposed exceptions, commercial and technical, will not be evaluated and scored by the EC. 

Those proposed exceptions accepted by the JPB at Step 1 will be incorporated into an 

Addendum provided to all Proposers that are short-listed. Proposed exceptions deferred by the 

JPB for later discussion will be subject to negotiations with the top-ranked Proposer following 

completion of the Step 2 BAFO evaluation, scoring, and Best Value ranking, or at Step 1 if no 

BAFO is requested. 

13.5 Step 1: Technical Proposal Evaluation, Scoring, and Short-listing 

13.5.1 Step 1 Technical Proposal Factors Evaluation and Scoring: Prior to opening Step 1 

Price Proposals, the EC will evaluate Step 1 Technical Proposals received from responsive and 

financially qualified Proposers against each of the Evaluation Factors in ITP Table No. 13.5 – 

Step 1 Technical Proposal Evaluation Factors, and assign a percentage to each factor in 

accordance with paragraph 13.5.3 below. 

13.5.1.1 JPB-Visits to Proposer Engineering and Assembly Facilities 

For each Proposer determined to be responsive and financially qualified, in addition to review of 

the written Technical Proposal, the JPB reserves the right to visit the proposed engineering and 

manufacturing facilities prior to scoring and short-listing Proposers. Visits will not be separately 

scored; however, the EC may consider in its scoring of Step 1 Technical Proposals information 

learned during its visit to a Proposer’s engineering and assembly facility.  

The JPB will schedule and make such visits prior to any interviews. Proposers shall fully 

cooperate to facilitate the JPB’s procurement schedule and visitation to any such facility. 

Proposer’s failure to reasonably accommodate a JPB visit may cause the JPB to consider the 

Proposer non-responsive. 

13.5.1.2 Conduct Interviews and Check References 

At its discretion, the JPB may interview any or all responsive and financially qualified Proposers 

prior to scoring and short-listing Proposers. Interviews will not be separately scored.  

Additionally, by submission of a Proposal, a Proposer acknowledges and grants JPB the right to 

contact any references indicated in the Proposal and resumes. The EC may consider in its 

scoring of Step 1 Technical Proposals information learned during interviews and through 

reference checks. 

13.5.1.3 The EC may seek clarification or conduct discussions regarding Proposals in 

accordance with above paragraph 13.3. JPB may seek clarification in writing regarding 

submitted Proposal information and may request revised proposals, in whole or in part, from any 

Proposer prior to scoring. 

13.5.2 Step 1 Technical Proposal Short-listing:  To be short-listed (i.e., determined to be in 

the competitive range), a Technical Proposal must achieve a minimum score of 75 total points 

out of the Maximum Available Points of 100 points as indicated in Table No. 13.5 – Step 1 
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Technical Proposal Evaluation Factors. If only one Proposer is short-listed, the JPB may 

request a Step 2 BAFO Proposal from that Proposer only, or proceed directly to contract 

negotiations with the Proposer. 

The EC will only Best Value rank Proposers at Step 1 that have been short-listed. If JPB 

requests Step 2 BAFO Proposals, only Step 1 short-listed Proposers will be invited to submit 

BAFO Proposals. The JPB will issue notice of short-listed Proposers to all Proposers following 

Step 1 Best Value ranking. The JPB will return to Proposers not short-listed their Price 

Proposals, unopened. 

13.5.3 Step 1 Technical Proposal Evaluation Criteria: The EC will evaluate the strength of 

each Proposer’s response in its Step 1 Technical Proposal to each Evaluation Factor in Table 

No. 13.5 – Step 1 Technical Proposal Evaluation Factors, and assign one of the following 

percentages to each Evaluation Factor: 

 

 100% - The information provided significantly exceeds the evaluation criteria and 

demonstrates an approach that significantly exceeds the contract requirements in a 

beneficial way, providing advantages, benefits or added value to the Project. 

 70% - The information provided meets the minimum evaluation criteria and 

demonstrates an approach that meets the minimum evaluation criteria and 

contract requirements with only minor adjustments; 

 0% - The information provided does not meet the evaluation criteria without major 
adjustments, or demonstrates an approach that does not meet the contract requirements 
without major adjustments, or is deemed by the JPB to present an unacceptable level of 
risk to the JPB because of weaknesses in the Proposer’s qualifications, references, 
capability, experience, financial qualifications or financial capacity. 

 

13.5.4 Step 1 Total Technical Proposal Points Earned (TTPPE): The “Maximum Available 

Points” possible for a Technical Proposal is 100. The EC will multiply the “Maximum Available 

Points” in Table No. 13.5 for each Evaluation Factor by the EC assigned percentage to 

determine the number of points earned by the Proposer for that Evaluation Factor (e.g., for an 

Evaluation Factor with 25 Maximum Available Points that is assigned 70%, the calculation would 

be as follows: 25 x 0.7 = 17.5 points).  

If the EC assigns 0% when assessing the strength of a Proposer’s response to any of the 

Evaluation Factors in Table No. 13.5 – Step 1 Technical Proposal Evaluation Factors, the JPB 

will consider the Proposal not eligible for short-listing. Additionally, the JPB must determine that 

the Qualified/Not Qualified Evaluation Factor is Qualified in order for the Proposal to be short-

listed.  

The EC then will sum the total number of points earned by the Proposer for all scored 

Evaluation Factors in Table No. 13.5 to calculate the Total Technical Proposal Points Earned 
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(TTPPE). The EC will use the calculated TTPPE to determine whether a Proposer meets the 

short-list threshold of 75 points. The TTPPE also will be used for Step 1 Best Value ranking. 

 

Table No. 13.5 – Step 1 Technical Proposal Evaluation Factors 

 

Evaluation 

Factor (see  

ITP Section 

11.3.1 for 

various Sub-

Parts) 

Corresponding 

Sub-Part in ITP 

Section 11.3.1 

that Describes 

the 

Information to 

be Submitted 

Contractor 

Proposal 

Section to be 

Evaluated 

EC Assigned 

Percentage 

(see ITP 

Sections 

below for 

Evaluation 

Criteria) 

Maximum 

Available Points  

Vehicle 

Description 

Sub-Part A (all 

except A.1 and 

A.3) 

Sub-Part A (all 

except A.1 and 

A.3) 

13.5.3 25 

Seats, Bikes, 

Standees 

Sub-Part A (A.1 

and A.3 only) 

Sub-Part A (A.1 

and A.3 only) 

13.5.3 25 

Qualifications, 

References, 

Capability, and 

Experience 

Sub-Part B Sub-Part B 13.5.3 15 

Financial 

Qualifications 

and Financial 

Capacity 

Sub-Part C Sub-Part C 13.4.4 Qualified/ 

Not Qualified 

Management 

Approach 

Sub-Part D Sub-Part D 13.5.3 10 

System 

Support Plan 

Sub-Part E Sub-Part E 13.5.3 10 

Maintenance 

Services 

Sub-Part F Sub-Part F 13.5.3 15 

Total    100 
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13.6 Step 1: Price Proposal Evaluation and Scoring 

13.6.1 Following scoring of Step 1 Technical Proposals and short-listing of Proposers, the EC 

will open and score Step 1 Price Proposals from short-listed Proposers only. The maximum 

available points possible for a Price Proposal is 100.   

The EC will apply the following formula to the Proposal Price submitted by each short-listed 

Proposer to obtain the Total Price Proposal Points Earned (TPPPE): 

TPPPE = 100 x L/P  

Where: 

P = Weighted Total Evaluation Price amount of the Short-listed Proposer 

L =  Lowest Weighted Total Evaluation Price amount (P) submitted by the Short-listed 

Proposers 

The Weighted Total Evaluation Price amount (P) is the sum of the Proposer’s submitted prices 

for the following items, as weighted, in the following formula: 

P = 0.80 x (Base Bid Price + Option Cars Price) + 0.12 x (1st Maintenance Option Price MSA1) 

+ 0.05 x (2nd 5-year Maintenance Option Price MSA2) + 0.03 x (3rd 5-year Maintenance Option 

Price MSA3) where 

Base Bid Price = Proposer’s amount entered on Price Evaluation Form (PEF), line no. 1 

Options Cars Price = Proposer’s amount entered on Price Evaluation Form (PEF), line no. 2 

Option Price MSA1 = Proposer’s amount entered on Price Evaluation Form (PEF), line no. 3 

Option Price MSA2 = Proposer’s amount entered on Price Evaluation Form (PEF), line no. 4 

Option Price MSA3 = Proposer’s amount entered on Price Evaluation Form (PEF), line no. 5 

Prices from Proposers not short-listed will not be considered or entered into the calculation. 

Additionally, the JPB will not consider exceptions listed by a Proposer in its price scoring.  

 

13.7 Step 1:  Best Value Ranking of Total Proposal (Technical and Price)  
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13.7.1 50/50 Weighting of Technical/Price Proposals: The Technical Proposal and Price 

Proposal are each weighted at 50% of the total maximum available points.  The maximum 

points available for the Technical Proposal are 100. The maximum available points for the Price 

Proposal are 100. Total maximum available points are 200. 

13.7.2 Step 1 Total Proposal (Technical and Price) Best Value Ranking: Total Proposal 

(Technical + Price) points earned (TTPPE +TPPPE) will be added together to determine a 

Proposer’s total score for Best Value ranking. The TTPPE calculated in accordance with 

paragraph 13.5.4 to determine short-listing will be used unchanged in the Best Value ranking. 

The TPPPE calculated in accordance with paragraph 13.6.1 also will be used in the Best Value 

ranking. The Proposer with the highest point total will be top-ranked and considered as best 

value to the JPB by the EC. 

13.7.3  If the top-ranked Total Proposal is considered so advantageous to the JPB that, in the 

JPB’s sole judgment, no other short-listed Proposer has a reasonable chance to become the top 

ranked Proposer, the EC will recommend award of the Contract solely based upon the EC’s 

Best Value ranking of Step 1 Total Proposals. Otherwise, the JPB will invite all short-listed 

Proposers to submit a BAFO Proposal. 

13.8 Step 2 BAFO: Technical Proposal Evaluation and Scoring 

13.8.1 Step 2 BAFO Technical Proposal Factors Evaluation and Scoring: Prior to opening 

Step 2 BAFO Price Proposals, the EC will evaluate Step 2 BAFO Technical Proposals received 

from responsive and financially qualified Proposers against each of the Evaluation Factors in 

ITP Table No. 13.8 – Step 2 BAFO Technical Proposal Evaluation Factors, and assign a 

percentage to each factor in accordance with paragraph 13.8.3 below. 

13.8.1.1 Conduct Interviews 

At its discretion, the JPB may interview Proposers prior to scoring. Interviews will not be 

separately scored. The EC may consider in its scoring of Step 2 BAFO Technical Proposals 

information learned during interviews. 

13.8.1.2 The EC may seek clarification or conduct discussions regarding Proposals in 

accordance with above paragraph 13.3. JPB may seek clarification in writing regarding 

submitted Step 2 BAFO Proposal information and may request revised proposals, in whole or in 

part, from any Proposer prior to scoring. 

13.8.2 Step 2 BAFO Technical Proposal Short-listing:  There is no further short-listing at 

Step 2. The EC will Best Value rank Proposers that have been short-listed at Step 1.  

13.8.3 Step 2 BAFO Technical Proposal Evaluation Criteria: The EC will evaluate the 

strength of each Proposer’s response in its Step 2 BAFO Technical Proposal to each Evaluation 
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Factor in Table No. 13.8 – Step 2 BAFO Technical Proposal Evaluation Factors, and assign one 

of the following percentages to each Evaluation Factor: 

 

 100% - The information provided significantly exceeds the evaluation criteria and 

demonstrates an approach that significantly exceeds the contract requirements in a 

beneficial way, providing advantages, benefits or added value to the Project. 

 70% - The information provided meets the minimum evaluation criteria and 

demonstrates an approach that meets the minimum evaluation criteria and 

contract requirements with only minor adjustments; 

 0% - The information provided does not meet the evaluation criteria without major 
adjustments, or demonstrates an approach that does not meet the contract requirements 
without major adjustments, or is deemed by the JPB to present an unacceptable level of 
risk to the JPB because of weaknesses in the Proposer’s qualifications, references, 
capability, experience, financial qualifications or financial capacity. 

 

13.8.4 Step 2 BAFO Total Technical Proposal Points Earned (TTPPE): Step 1 evaluation 

and scoring will not be carried forward into Step 2. The EC will score Step 2 BAFO Technical 

Proposal anew. 

The “Maximum Available Points” possible for a Technical Proposal in Step 2 is 100. The EC will 

multiply the “Maximum Available Points” in Table No. 13.8 for each Evaluation Factor by the EC 

assigned percentage to determine the number of points earned by the Proposer for that 

Evaluation Factor (e.g., for an Evaluation Factor with 25 Maximum Available Points that is 

assigned 70%, the calculation would be as follows: 25 x 0.7 = 17.5 points).  

At Step 2 BAFO Technical Proposal evaluation, the JPB will evaluate the Proposer’s financial 

qualifications, stability and capacity to determine whether the Qualified/Not Qualified Evaluation 

Factor is still met as Qualified in order for the Step 2 BAFO Proposal to be considered.  If the 

Technical Proposal was qualified at Step 1, and no adverse changes have occurred in the 

Proposer’s financial stability, capacity or qualifications, the Proposer will be considered Qualified 

at Step 2. The JPB reserves the right to re-consider a Proposer’s financial stability, capacity or 

qualifications based upon any changes that have occurred, and to make a determination that a 

Proposer is Not Qualified at Step 2. 

The EC then will sum the total number of points earned by the Proposer for all scored 

Evaluation Factors in Table No. 13.8 to calculate the Total Technical Proposal Points Earned 

(TTPPE). The EC will use the calculated TTPPE for Step 2 BAFO Best Value ranking. 

 

Table No. 13.8 – Step 2 BAFO Technical Proposal Evaluation Factors 

Evaluation Corresponding Contractor EC Assigned Maximum Available 
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Factor (see  

ITP Section 

11.3.1 for 

various Sub-

Parts) 

Sub-Part in ITP 

Section 11.3.1 

that Describes 

the 

Information to 

be Submitted 

Proposal 

Section to be 

Evaluated 

Percentage 

(see ITP 

Sections 

below for 

Evaluation 

Criteria) 

Points  

 

Vehicle 

Description 

Sub-Part A (all 

except A.1 and 

A.3) 

Sub-Part A (all 

except A.1 and 

A.3) 

13.8.3 25 

Seats, Bikes, 

Standees 

Sub-Part A (A.1 

and A.3 only) 

Sub-Part A (A.1 

and A.3 only) 

13.8.3 25 

Qualifications, 

References, 

Capability, and 

Experience 

Sub-Part B Sub-Part B 13.8.3 15 

Financial 

Qualifications 

and Financial 

Capacity 

Sub-Part C Sub-Part C 13.4.4 Qualified/ 

Not qualified 

Management 

Approach 

Sub-Part D Sub-Part D 13.8.3 10 

System 

Support Plan 

Sub-Part E Sub-Part E 13.8.3 10 

Maintenance 

Services Plan 

Sub-Part F Sub-Part F 13.8.3 15 

Total    100 

 

 

 

13.9 Step 2 BAFO: Price Proposal Evaluation and Scoring 
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13.9.1 Step 1 Price Proposal evaluation and scoring will not be carried forward into Step 2. The 

EC will open and score Step 2 BAFO Price Proposals after evaluation and scoring of Step 2 

BAFO Technical Proposals. The maximum available points possible for a Price Proposal is 100.   

The EC will apply the following formula to the Proposal Price submitted by each short-listed 

Proposer to obtain the Total Price Proposal Points Earned (TPPPE): 

TPPPE = 100 x L/P  

Where: 

P = Weighted Total Evaluation Price amount of the Short-listed Proposer 

L =  Lowest Weighted Total Evaluation Price amount (P) submitted by the Short-listed 

Proposers 

The Weighted Total Evaluation Price amount (P) is the sum of the Proposer’s submitted prices 

for the following items, as weighted, in the following formula: 

P = 0.80 x (Base Bid Price + Option Cars Price) + 0.12 x (1st Maintenance Option Price MSA1) 

+ 0.05 x (2nd 5-year Maintenance Option Price MSA2) + 0.03 x (3rd 5-year Maintenance Option 

Price MSA3) where 

Base Bid Price = Proposer’s amount entered on Price Evaluation Form (PEF), line no. 1 

Options Cars Price = Proposer’s amount entered on Price Evaluation Form (PEF), line no. 2 

Option Price MSA1 = Proposer’s amount entered on Price Evaluation Form (PEF), line no. 3 

Option Price MSA2 = Proposer’s amount entered on Price Evaluation Form (PEF), line no. 4 

Option Price MSA3 = Proposer’s amount entered on Price Evaluation Form (PEF), line no. 5 

Prices from Proposers not short-listed will not be considered or entered into the calculation. 

Additionally, the JPB will not consider exceptions listed by a Proposer in its price scoring.  

 

13.10 Step 2:  Best Value Ranking of Total Proposal (Technical and Price)  

13.10.1 50/50 Weighting of Technical/Price Proposals: The Technical Proposal and 

Price Proposal are each weighted at 50% of the total maximum available points.  The maximum 

points available for the Technical Proposal are 100. The maximum available points for the Price 

Proposal are 100. Total maximum available points are 200. 

13.10.2 Step 2 BAFO Total Proposal (Technical and Price) Best Value Ranking: 

Total Proposal (Technical + Price) points earned (TTPPE +TPPPE) will be added together to 
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determine a Proposer’s total score for Best Value ranking.  The TTPPE calculated in 

accordance with paragraph 13.8.4 and the TPPPE calculated in accordance with paragraph 

13.9.1 will be used in the Best Value ranking. The Proposer with the highest point total will be 

top-ranked and considered as best value to the JPB by the EC. 

13.10.3  At the sole discretion of the JPB, and if deemed necessary by the JPB to either 

meet its budget for the EMU procurement or further clarify and define Proposals, the JPB may 

request additional BAFO proposals. The evaluation, scoring and ranking of any additional BAFO 

Proposals will be as described in paragraphs 13.8, 13.9 and 13.10. 

 

13.11 Negotiations  

Following evaluation, scoring and ranking of either Step 1 Proposals or Step 2 BAFO Proposals, 

the JPB may, at its sole discretion, elect to proceed with award of the EMU Contract and 

exercise the Maintenance Services Agreement Option without negotiations, or it may proceed 

with negotiations with the top-ranked Proposer prior to award.  If conducted, negotiations will be 

coordinated by the JPB’s Point of Contact and the top-ranked Proposer should not 

communicate with any JPB representative but the JPB’s Point of Contact unless directed to do 

so. The JPB reserves the right to negotiate with a top-ranked Proposer any aspect of the 

Contractor’s Proposal (Technical or Price) and any provision of the contract documents 

including scope of Work, terms and conditions, proposed exceptions, and Options, as the JPB 

deems necessary in order to meet the JPB’s budget or to clarify or better define the provisions 

of the EMU procurement Contract or Maintenance Services Agreement. Any decision to 

commence negotiations is at the JPB’s sole discretion. If for any reason the JPB is unable to 

successfully negotiate the EMU Contract with the top-ranked Proposer, the JPB will terminate 

those negotiations and so notify the Proposer in writing. The JPB will then enter into 

negotiations with the Proposer that received the next highest ranking, following the above-

described process, until an EMU Contract is awarded, all of the Proposals are rejected, or the 

JPB decides to terminate this procurement. 

13.12 Recommendation for Award of Contract 

Following evaluation and scoring of the Proposals, and negotiations if conducted, the EC will 

make its recommendation to the JPB’s Chief Executive Officer as to which Proposal provides 

the JPB Best Value. The JPB’s Chief Executive Officer may remand the recommendation back 

to the EC to address and incorporate final considerations or decide based on the EC’s 

recommendation whether to recommend that the JPB Board of Directors award the Contract 

and Maintenance Services Option. After a decision is made to recommend award to the Board, 

all Proposers will receive a copy of the recommendation for award (i.e., NOIA).  



PCEP Procurement of Bi-Level EMU Vehicles 

____________________________________________________________________________ 

Contract #14-PCJPB-P-056    59 of 65                                            (Conformed 6-22-2016) 
Volume 1    Instructions to Proposers 
 

 

11444661.1 

14. CONTRACT AWARD AND EXECUTION 

14.1 Board Approval to Make Contract Award 

JPB’s Board of Directors retains approval authority for the award and execution of the EMU 
Contract and whether or not to exercise the Maintenance Services Option at the time of award 
of the EMU Contract. The Board has discretion to either not award or award the Contract, 
whichever action the Board finds to be in the JPB’s best interests. The Board will consider 
Contract award at a Board meeting open to the public. 

 

14.2 No Obligation to Award 

The JPB reserves the right to cancel the procurement, at its sole discretion, at any time before a 

Contract is awarded and fully executed by the JPB. If the JPB decides to cancel this 

procurement, the JPB shall have the right to re-procure using any delivery method that it so 

chooses without any financial or other liability to any Proposer. 

By submitting a Proposal, the Proposer acknowledges that the RFP does not commit the JPB to 

award a Contract or to pay any costs incurred by the Proposer in the preparation of its Proposal 

in response to the RFP. If the JPB decides to cancel this procurement, the JPB will return all 

proposals (and all copies) to Proposers.  

14.3 Schedule for Contract Award 

The anticipated date for Board action regarding award the EMU Contract is included in ITP 

Section 3 – Procurement Schedule.  

14.4 Contract Execution 

The Contract shall become effective when signed by both the Contractor and the JPB. 

15.  PROTESTS   

This Section sets forth the exclusive protest procedures available to Proposers with respect to 
this RFP.   

15.1 Waiver 

A Proposer, by submitting its Proposal, expressly recognizes the limitation on its rights to 
protest contained herein, expressly waives all other rights and remedies, and agrees that the 
decision on any protest, as provided herein, shall be final and conclusive unless wholly arbitrary.  
Proposers are advised that the provisions in this section are included in this RFP expressly in 
consideration for such waiver and agreement by the Proposers. 

15.2 Protest Format and Delivery Address 

All protests must be in writing, state the name and address of the protestor, provide a contact 
person and contact information, include the RFP or contract number and project name, specify 
in detail the grounds of the protest, and include facts supporting the protest. 
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All protests shall be delivered in hard copy to the following address: 

Director, Contracts and Procurement 

Peninsula Corridor Joint Powers Board 

Contracts and Procurement – 2nd Floor 

1250 San Carlos Avenue 

San Carlos, CA  94070-1306 

15.3     Protests Regarding RFP Content  
 
A Proposer may submit to the JPB a written protest based on the content of the RFP 
documents.  Any Proposer intending to submit a protest based on the content of the RFP 
documents, such as but not limited to a protest based on restrictive specifications or alleged 
improprieties in the proposal procedure which are apparent or reasonably should have been 
discovered prior to receipt of proposals, must submit the protest in writing to the JPB’s Director, 
Contracts and Procurement no later than 5 calendar days prior to the Proposal Due Date. The 
protest shall state the grounds and evidence upon which the protest is based. The Director, 
Contracts and Procurement, will respond to the protest with a written determination prior to the 
Proposal due date. 
 
If the protest is denied by the Director of Contracts and Procurement, the protestor may 
continue to pursue its protest to the JPB’s Finance Committee, which will make its 
recommendation to the Board of Directors. The protestor must notify the Director of Contracts 
and Procurement of its intent to resubmit the protest to the Finance Committee within five 
calendar days after the Proposal Due Date.   
  
15.4     Protests Regarding Notice of Intent to Award 
 
The JPB will notify all Proposers of its Notice of Intent to Award, and ranking of Proposals 
following completion of the evaluation process.  Notice will be transmitted to the Proposer at the 
address contained in its Proposal. 

A Proposer may submit a written protest of the JPB’s decision regarding its Intent to Award or 
that is based upon alleged improprieties that are not apparent or which could not reasonably 
have been discovered prior to submission date of the proposals.  The protest shall specify the 
grounds upon which the protest is based.  The protest cannot prevail unless the Proposer 
demonstrates that the JPB-committed clear error that was prejudicial to the Proposer, i.e., the 
Proposer must demonstrate that but for the JPB’s clear error, the protesting party would have 
been awarded the Contract. The Proposer must establish clear error on the basis of the JPB’s 
substantial violation of a provision in the RFP or applicable procurement statute.  The JPB will 
not entertain protests regarding, or reconsider, substantive scores or determinations made in 
the evaluation process. 

Five copies of a full and complete written statement specifying in detail the grounds of the 
protest and the facts supporting the protest must be received by the JPB’s Director, Contracts 
and Procurement, no later than 5 days following the issuance of the Notice of Intent to Award. 
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No protests will be considered after Contract award except for compelling reasons whereby the 
lateness is excused.  

15.5 JPB Response and Appeal of Protest Regarding Notice of Intent to Award  

The Director, Contracts and Procurement, will respond to the protest in writing at least three 

days prior to the meeting at which staff’s recommendation for award of Contract to the JPB’s 

Board of Directors will be considered. Should Proposer decide to appeal the response of the 

Director, Contracts and Procurement, and pursue its protest at the Board meeting, Proposer 

must notify the Director, Contracts and Procurement, of its intention at least two days prior to 

the scheduled Board meeting. Copies of the complete protest procedures are available from the 

office of Contracts and Procurement. 

Because this contract is federally funded, the JPB’s final determination after appeal may also be 

appealed to the FTA in accordance with the procedures set forth in FTA Circular 4220.1F, as 

may be periodically updated. FTA’s review will be limited to protests alleging that the JPB failed 

to have or follow its written protest procedures, failed to review a complaint or protest, or 

violated a federal law or regulation.  Proposer’s protest must be received by the FTA within five 

working days of the date the Proposer learned or should have learned of an adverse decision by 

the JPB.  

15.6 Sole Protest Procedures 

The protest procedures in this Section comprise the sole protest procedures for this RFP. A 

Proposer’s failure to comply with the procedures set forth herein will likely result, at the sole 

discretion of the JPB, in rejection of the protest. 

16.  DEBRIEFING 

Unsuccessful Proposers may be debriefed upon their written request submitted to the JPB Point 

of Contact. Requests for debriefing shall be made no later than three (3) weeks following the 

award of the Contract for the Project. Debriefings will not be scheduled prior to award of the 

Contract for the Project. 

A debriefing shall: 

a. Be limited to discussion of the unsuccessful Proposer’s Proposal, and may not include 
specific discussion of a competing Proposal. 

b. Be factual and consistent with the evaluation of the unsuccessful Proposer’s Proposal. 

c. Provide information on areas in which the unsuccessful Proposer’s Technical Proposal 
had weaknesses or deficiencies. 

A debriefing will not include discussion or dissemination of the thoughts, notes, or rankings of 
individual evaluation committee members or advisors assisting in the evaluation process, but 
may include a summary of the rationale for the selection decision and Contract award. 
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17.  JPB’S RESERVATION OF RIGHTS 

In connection with this procurement, the JPB reserves to itself all rights (which rights shall be 

exercisable by the JPB in its sole discretion) available to it under applicable law, including 

without limitation, the following, with or without cause and with or without notice: 

17.1 Cancel, modify, or withdraw the RFP, in whole or in part at any time prior to the 

execution of the Contract, without incurring any cost obligations or liabilities; 

17.2 Issue a new RFP, or modify dates set forth in the RFP; 

17.3 Accept or reject any or all Proposals, or information submitted related to a Proposal; 

17.4 Issue Addenda, supplements and modifications to the RFP; 

17.5 Revise the RFP process with appropriate notice to Proposers; 

17.6 Solicit Best and Final Offers from Proposers; 

17.7 Appoint an Evaluation Committee (EC) to evaluate, review and score Proposals, and 

evaluation teams to evaluate information provided in Proposals and advise the EC; and 

to consider the advice and assistance of non-JPB advisors and experts in any subject 

matter in Proposal evaluation; 

17.8 Approve or disapprove the use of particular subcontractors, substitutions of 

subcontractors, Key Personnel, changes in Key Personnel, and any other changes in 

Proposer's Proposal as submitted to the JPB; 

17.9 Seek or obtain data from any source that has the potential to improve the understanding 

and evaluation of the Proposals; 

17.10  Revise and modify the factors it will consider in evaluating Proposals and to otherwise 

revise or expand its evaluation methodology.  If such revisions or modifications are 

made, the JPB shall distribute an addendum to all Proposers setting forth the changes 

to the evaluation criteria or methodology. The JPB may extend the Proposal Due Date 

and Time if such changes are deemed by JPB, in its sole discretion, to be material and 

substantive; 

17.11 Conduct interviews, one-on-one meetings, and seek clarifications or supplemental 

information from Proposers regarding submitted Proposals;  

17.12 Waive any weaknesses, informalities, irregularities, or omissions in a Proposal, permit 

corrections, and seek and receive clarifications to a Proposal; 

17.13 Disqualify any Proposer that changes its organization or other material information 

included in its Proposal during the Proposal review process; 

17.14 Hold the Proposals under consideration for the maximum duration of the proposal 

validity period specified in this RFP, or longer if there is a mutual agreement to extend 

the proposal validity period; 
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17.15 Award the Contract, with or without negotiations, to the Proposer determined by the 

JPB to have offered the Best Value to the JPB based on initial or subsequent BAFO 

Proposals, or to award the Contract to the next highest ranked Proposer in the event 

that the JPB and Apparent Best Value Proposer are unable to reach a Contract 

agreement; 

17.16 Disclose information contained in the Proposals to the public as described in this RFP; 

17.17 Not issue a Notice to Proceed after execution of the Contract if specific contractual 

requirements are not met by the Contractor; 

17.18 Terminate evaluations of Proposals received at any time; 

17.19 Require confirmation of information furnished by a Proposer, require additional 

information from a Proposer concerning its Proposal, or require additional evidence of 

qualifications to perform the work described in this RFP; 

17.20 Contact and ask questions of contact persons identified in Proposals by Proposers 

regarding a proposed individual’s qualifications for the proposed role or regarding 

information provided for referenced projects, all as represented in the Proposal; 

17.21 Accept other than the lowest Price Proposal as the Best Value Proposal; 

17.22 Establish a competitive range, short-list, hold discussions with Proposers, and request 

BAFOs; 

17.23 Approve or disapprove changes to the Proposer Teams; 

17.24 Add or delete Contract work; 

17.25 Negotiate with one or more Proposers concerning its Proposal and/or the Contract; 

17.26 Suspend and/or terminate negotiations at any time, elect not to commence 

negotiations with any Proposer and engage in negotiations with other than the highest 

ranked Proposer if negotiations with the highest ranked Proposer prove to be 

unsuccessful; 

17.27 Retain ownership of submitted Proposals and materials; 

17.28 Exercise any other right reserved or afforded to the JPB under this RFP; and 

17.29 Reject or refuse to consider a submitted Proposal if such refusal or rejection is based 

upon, but not limited to, any of the following: 

a. Submittal by the Proposer of more than one Proposal for the same work under the 

Proposer's own name or under a different name; 

b. Participation by a Proposer or its subsidiary in more than one Proposal in response 

to this RFP; 

c. Evidence of collusion between a prospective Proposer and other Proposers in the 

preparation of its Proposal in response to the RFP, or any pricing for the Project;  
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d. Existence of a notice of debarment or suspension in any jurisdiction; 

e. Evidence of inadequate financial resources to ensure successful completion of all 

work under this Contract; 

f. Failure to obtain required bonds or specified insurance for this Project; 

g. Failure of Proposal to comply with the Buy America Act. 
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