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SECTION 1
GENERAL INFORMATION AND SUBMITTAL REQUIREMENTS

1.1 SCOPE
1.1.1 General

This Specification is for the complete design, manufacture, delivery and testing of rapid transit cars for
use on the Washington Metropolitan Area Transit Authority (hereinafter WMATA or “the Authority”)
system. The cars shall be powered from the Authority’s 700 VDC third rail system and be configured as
married pairs capable of operation in either direction. The cars shall be fully compatible with the
Authority’s existing infrastructure, system interfaces, and operational and maintenance practices. This
Specification also addresses requirements for furnishing spare parts, executing a user education program,
delivering special tools and test equipment, providing software and other deliverables referred to
throughout this Specification, and executing warranty and reliability test programs.

1.1.2  Compatibility with Existing Cars

The cars shall be designed, manufactured, and adjusted to be able to operate in-train and to be compatible
in all respects with the Authority’s existing cars.

1.1.3 Design Options

In certain places throughout the specification, the requirements are written to afford the Contractor some
latitude in design or implementation so that the Contractor may make use of existing equipment or
procedures in order to minimize project costs or schedule. In any situation where design options are
offered to the Contractor or where the Contractor proposes a different approach than the preferred
method described in the specification, a detailed description of the proposed approach shall be submitted
for review and approval by the Authority. WMATA retains the sole right to accept or reject an
alternative approach proposed by the Contractor.

1.2 DESIGN DOCUMENTATION AND OTHER DELIVERABLES
1.2.1 Contract Overview

The Contract Specification and Drawings describe the overall dimensions, shape, appearance, and
functions of the car, and the environment in which it will operate. In certain areas, design details are
given where it is necessary to ensure compatibility with existing cars, or where experience has dictated
the need to limit the Contractor’s choice of materials or methods. In other areas, additional details and
clarifications have been inserted for the benefit of prospective Contractors who may not be familiar with
North American car-building practices. To ensure compatibility between existing cars and cars furnished
under this contract, the Contractor will be provided with additional information, if necessary, regarding
the design of the existing cars, to the extent that such documentation exists and is readily available.
Where temperatures are expressed in both Fahrenheit and Celsius, the value in parentheses is for
reference only; compliance with the Specification shall be measured in terms of the first value stated,
whether Fahrenheit or Celsius.

The detailed design of the car is solely the responsibility of the Contractor, and it shall be the
Contractor’s responsibility to provide a car that will, in all respects, be suitable for the purpose intended.
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If any part, device, or assembly is required to make the car function as specified, it shall be the
Contractor’s responsibility to provide that part, device, or assembly.

The design life of the car and its components shall be consistent with a useful life of 40 years, with the
cars undergoing a mid-life overhaul after approximately 20 years.

1.2.2 Design Specifications and Standards

Whenever reference is made to a specification or standard, it shall be understood that the reference is to
the latest issue on the date of solicitation for offers, unless otherwise stated herein. The Contractor may
propose the use of later revisions with approval from the Authority.

1.2.3 Contract Data Requirements
1.2.3.1 General

The Contractor shall comply with the Specification requirements for the submission of schedules,
reports, plans, certificates, drawings, manuals, training curriculum, software, parts lists and other data.
The Contract Data Requirements List (CDRL), shown in Exhibit 1-1, delineates the due dates, number of
copies required, frequency required, and whether the Authority’s approval is required. Specific
requirements for each deliverable are contained in the referenced specification section and are noted by
the use of “(CDRL)” in italics after the requirement. Exhibit 1-1 contains a consolidated listing of the
CDRL lists provided at the end of each section.

Each item of data submitted to the Authority shall be identified on the first page of the document by the
applicable CDRL number. In addition, the Contractor shall include the relevant CDRL number and/or
Technical Provision number in the subject line of the transmittal letter, fax, or e-mail. Cover letters,
faxes and e-mails shall include a transmittal number. All hand-delivered submittals shall also include a
cover letter with a transmittal number. Electronic submission of information is preferred. Fax and
hardcopy submittal methods may also be used. Contractor submissions shall be submitted to the
WMATA Program Manager and to other recipients identified by WMATA.

The Contractor shall designate a single point of contact responsible for providing answers to questions
about submittals. The Contractor shall provide the name, telephone number and e-mail address of that
person at the start of the project.

As part of the monthly status report (see Section 2.1.3.2), the Contractor shall provide a list of submittals
in CDRL number sequence showing the date submitted, transmittal number and status. When data
contained in a CDRL item has changed, the Contractor shall provide a new CDRL submission to
WMATA. Whenever the estimated completion date of a CDRL shown on a schedule has been exceeded,
a revised estimated completion date shall be provided to WMATA.

1.2.3.2 Alternate Schedule

The Authority may permit changes to the specified submittal due dates of CDRL items if the Contractor
can demonstrate that the specified dates are not consistent with its normal sequence of work. The
Contractor shall propose an alternate CDRL schedule for the Authority’s review, and shall submit this
proposed alternate along with the Master Program Schedule (see Section 2.1.2.1). All changes from the
CDRL schedule included herein shall be uniquely identified and highlighted in the Contractor’s proposed
alternate.
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1.2.4 Drawings
1.2.4.1 General Requirements

The Contractor shall submit a drawing list in an Authority-approved electronic format that shall identify
all drawings used in the assembly of the vehicle, from the completed vehicle down to the lowest level
replaceable unit, in a logical manner by subsystem and level of assembly. (CDRL 101) The drawing list
shall indicate those drawings to be submitted for approval and those to be submitted for information
and/or reference only. The list shall also identify the number of sheets per drawing, the current revision
number of the drawing, the Contractor’s transmittal number, date of transmittal, and the current approval
status for each drawing. As part of the initial drawing list submittal (CDRL 101), the Contractor shall
describe the primary drawing numbering system, including the significance of characters.

Exhibit 1-1
Contract Data Requirements List (CDRL)

FREQUENCY*** APPROVAL
CDRL TITLE REFERENCE DUE DATE* QUANTITY (Initial/Subsequent REQUIRED
NO. SECTION (Sets)** Submittal) ern

SECTION 1. GENERAL INFORMATION AND SUBMITTAL REQUIREMENTS

101 Drawing List 1.2.4.1 PDR-60 3 1/Periodically Yes

102 Detail Drawings 1.2.4.1 Note 1 3 1 Note 1

103 Car Arrangement Drawings 1.2.4.2 CDR-30 4 1 Yes

104 Dynamic Outline Calculations 1.2.43 CDR-30 3 1 Yes

105 As-Built Drawings 1.2.44 Note 2 Note 19 1 Yes

106 Operator’s Cab Mock-up 1.2.5.1 PDR 1 1 Yes

107 Underfloor Equipment Mock-up 1.2.5.2 FDR 1 1 Yes

108 Production Prototype of Each Type of Seat 1.2.53 FDR 1 1 Yes

109 Decorative Material Samples 1.2.54 FDR-30 + 2 1 Yes

car delivery

110 Car History Books 1.2.7 Note 3 ! p;;ir;mnied A/R Yes
SECTION 2. MANAGEMENT PROGRAM

201 Program Management Plan 2.1.1 45 3 1/Every 3 months Yes

A/R

202 Master Program Schedule 2.1.2.1 60 3 1/Monthly Yes

203 Production/Delivery and Acceptance Schedule 2.1.2.2 120 3 1/Periodically Yes

204 Minutes of Monthly Progress Review 2.1.3.1 A/R 3 Monthly

Meetings

205 Monthly Progress Reports 2.13.2 30 3 Monthly

206 CDR Package(s) 2.2.1 CDR-30 6 1 Yes

207 Identification of All Interfaces 2.2.1 CDR-30 6 1 Yes

208 PDR Package(s) 222 PDR-30 6 1 Yes

209 FDR Package(s) 223 FDR-30 6 1 Yes

210 Systems Engineering Plan 2.3.2 90 3 1 Yes

211 Configuration Management Plan 242 CDR-30 3 1 Yes

212 Description of Serial Numbers 2.4.3.1 FDR-30 3 1 Yes

213 Engineering Change Proposals 2.4.6 A/R 8 A/R Yes

214 Description of Proposed Bar Code System 2432 FDR-30 3 1 Yes

215 Video Conferencing Hardware 2.1.5 30 1 1 Yes
SECTION 3. TEST PROGRAM

301 Master Test Plan 321 150 3 1/Periodically Yes

302 Test Procedures 322 Note 8 3 1 Yes

303 Test Reports 323 Note 9 3 1 Yes

TC-6000 TP1-3 Technical Specification

June 1, 2002

A006

A002

A009



A009

A008

A009

FREQUENCY*** APPROVAL
CDRL TITLE REFERENCE DUE DATE* QUANTITY (Initial/Subsequent REQUIRED
NO. SECTION (Sets)** Submittal) e

304 Test Status Log 324 FDR-30 3 1/Monthly

305 Car Weighing Procedure 34.1 Note 11 3 1 Yes

306 Operational Characteristics Analysis Plan 348.1 CDR-60 3 1 Yes
SECTION 4. TRAINING PROGRAM

401 Manuals Program Plan 4.1.2 60 3 1 Yes

402 Manuals Style Guide 413 30 3 1 Yes

403 Manuals and Parts Catalogs Table of Contents 4.14 120 3 1 Yes

and Samples

404 Draft Manuals and Catalogs 4.1.7 See 4.1.7 See 4.1.7 1 Yes

405 Final Draft Manuals and Parts Catalogs 4.1.7 See 4.1.7 See 4.1.7 1 Yes

406 Final Published Manuals and Parts Catalogs 4.1.7 See 4.1.7 See 4.1.7 1 Yes

407 Updates to Manuals and Parts Catalogs 4.1.7.3 See 4.1.7.3 See 4.1.7.3 A/R Yes

408 Intentionally Left Blank

409 Instructor and Student Guides 4.2.1 Note 6 A/R 1 Yes

410 Training Plan and Summary Level Schedule 4.2.3 120 3 1 Yes

411 Training Course Outlines 4.2.4 Note 20 3 1 Yes

412 Training Lesson Plans 4.2.4 Note 6 3 1 Yes

413 Training Aids 4.2.5 Note 6 A/R 1 Yes

414 Instructor Resumé and Qualifications 4.2.6.1 Note 20 3 1 Yes

415 Student Test and Evaluation Results 4.2.6.3 A/R A/R A/R Yes
SECTION 5. SYSTEMS ASSURANCE

501 Quality Assurance Program Plan 5.1.2 60 3 1/Periodically Yes

502 Inspection and Test Plan 5.1.2 PDR-30 3 1/Periodically Yes

503 Quality Assurance Manuals 5.1.2 60 3 1/ Periodically Yes

504 Sample Quality Assurance Reports 5.1.3.5 PDR-30 3 1 Yes

505 Statistical Quality Control Inspection List 5.1.3.7.5 PDR-30 3 1 Yes

506 FAI Packages 5.1.3.7.8 Note 10 3 1 Yes

507 Audit Checklists and Reports 5.1.4.1 Note 7 3 A/R Yes

508 Reliability Assessment Response Report 5.2.6 Note 13 3 See Section 5.2.6

509 Reliability Test Report 52.7.1 Note 12 3 Monthly

510 Maintainability Analysis 52.9.1 PDR-30 3 1/Every 90 days Yes

A/R

511 System Safety Program Plan 542 PDR-30 3 1/ Periodically Yes

512 Preliminary Hazard Analysis 54.5 PDR-30 3 1/ Periodically Yes

513 Failure Mode and Effects Analysis 5.4.6.1 PDR-30 3 1/Every 60 days Yes

A/R

514 Operating & Support Hazard Analysis 54.6.2 PDR-30 3 A/R Yes

515 Fault Tree Analysis 5.4.6.3 A/R 3 A/R Yes

516 Weight Control Report 5.1.3.1 60 3 Monthly Yes

517 Design and Development Review Report 5.1.3.1 A/R 3 A/R Yes

518 Design Verification and Validation Report 5.1.3.1 A/R 3 A/R Yes

519 Preliminary Systems Reliability Assessment 522 PDR-30 3 1 Yes
SECTION 6. SYSTEMS SUPPORT

601 | Warranty Plan 6.3.1 60 3 1/ Periodically Yes
SECTION 7. PERFORMANCE REQUIREMENTS

701 | EMC/EMI Control Plan 7.6.2 60 3 1/ Periodically Yes
SECTION 8. CARBODY

801 Preliminary and Final Stress Analysis of 8.3.2.3 PDR-30 3 1 Yes

Carbody, Underframe and Equipment Supports

802 Repair Procedure for Lining Material 8.6.12 FDR-30 3 1 Yes

803 Crashworthiness Design Data 8.3.2.2 PDR-30 3 1 Yes

804 Cab End Contour Details 8.3.9 FDR-30 3 1 Yes

805 Grill Design for Seat Enclosures 8.11.3 FDR-30 3 1 Yes

806 Heat Transfer Analysis 8.12.2 Note 18 3 1 Yes
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FREQUENCY*** APPROVAL
CDRL TITLE REFERENCE DUE DATE* QUANTITY (Initial/Subsequent REQUIRED
NO. SECTION (Sets)** Submittal) e
SECTION 9. COUPLER, DRAWBAR AND DRAFT GEAR
901 Finite Element Structural Analysis of Coupler 9.1.2 PDR-30 3 1 Yes
Hook
902 Finite Element Analysis of the Drawbar 9.1.2 PDR-30 3 1 Yes
903 Finite Element Analysis of the Anchor 9.1.2 PDR-30 3 1 Yes
Assembly
SECTION 10. MISCELLANEOUS CARBODY ITEMS
None | | |
SECTION 11. DOOR OPERATION AND CONTROL
1101 | Documentation on Door Diagnostic System | 11.7 | PDR-30 3 1 Yes
SECTION 12. HEATING, VENTILATING AND COOLING
1201 HVAC System Fault Indications 12.5.1 PDR-30 3 1 Yes
1202 Functional Block Diagram of DAM 12.7 PDR-30 3 1 Yes
1203 Air Grille Details 12.3.3 FDR-30 3 1 Yes
1204 Potential Failures Affecting Both HVAC 12.1 PDR-30 3 1 Yes
Systems Concurrently
SECTION 13. LIGHTING
None
SECTION 14. POWER SUPPLY AND MISCELLANEOUS ELECTRICAL APPARATUS
1401 Initial Analysis of Auxiliary Inverter Loads 14.1.3.2 PDR-30 3 1 Yes
1402 Self-Tests of Auxiliary Power System 14.1.3.5 PDR-30 3 1 Yes
1403 Details of Load Management System 14.1.3.6 PDR-30 3 1 Yes
1404 Final Analysis of Auxiliary Inverter Loads 14.1.3.2 FDR-30 3 A/R Yes
1405 Data on Design/Functionality of Diagnostic 14.1.3.9 PDR-30 3 1 Yes
System
1406 List of Faults & Functional Description of 14.1.3.9 PDR-30 3 1 Yes
Fault Logic
1407 List of Triggering Faults & Functional 14.1.3.9 PDR-30 3 1 Yes
Description of Trace Recording System
1408 Plan for Battery System Electrical 14.2 60 4 1 Yes
Compatibility
1409 Load Analysis of LVPS and Description of 14.3.1 PDR-30 3 1 Yes
Operating Characteristics
1410 Design and Installation of Power Converter 14.3.8 PDR-30 3 1 Yes
SECTION 15. PROPULSION AND BRAKING SYSTEM
1501 Performance Data Adjustment Calculations 15.1.3 Note 9 2 1 Yes
1502 Information on Vacuum Pressure Impregnation 15.3.6 PDR-30 3 1 Yes
Process for Motor Stator Coils
1503 Electrical Protection System Design Details 15.1.5 PDR-30 3 1 Yes
1504 Duty Cycle Calculations 15.2.3 PDR-30 3 1 Yes
1505 Traction Motor Ventilation System Design 15.3.7 PDR-30 3 1 Yes
Details
1506 Information on Motor and Rotor Balancing 15.3.12 PDR-30 3 1 Yes
Methods
SECTION 16. FRICTION BRAKES
1601 Performance Calculations 16.1.4 PDR-30 3 1 Yes
1602 Description of DAM 16.2 PDR-30 3 1 Yes
1603 Friction Brake and Propulsion Integration Plan 16.1.2 PDR-30 3 A/R Yes
1604 Compressor Air Dryer Efficiency Procedure 164.4.1.4 PDR-30 3 1 Yes
SECTION 17. TRUCKS
1701 Truck Dynamic Analysis 17.2.8 PDR-30 3 1 Yes
1702 Truck Swiveling Index 17.2.8.7 PDR-30 3 1 Yes
1703 List of Truck Construction Procedures 17.9 PDR-30 3 1/Perodically Yes
1704 Track Force Calculations and Test Procedures 17.2.8.5 PDR-30 3 1 Yes
1705 Corrosion Protection Plan for Truck Frame 17.2.12 PDR-30 3 1 Yes
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FREQUENCY*** APPROVAL
CDRL TITLE REFERENCE DUE DATE* QUANTITY (Initial/Subsequent REQUIRED
NO. SECTION (Sets)** Submittal) e
1706 Stress Analysis 17.4 PDR-30 3 1 Yes
1707 List of Critical Areas and Welds 17.5.2 PDR-60 3 1 Yes
1708 Truck Inspection and Acceptance Plan 17.5.2 60 3 1 Yes
1709 Truck Pressing Acceptance / Rejection Limits 17.9.1 FDR-30 3 1 Yes
SECTION 18. AUTOMATIC TRAIN CONTROL
1801 Vital Software Validation Report 18.2.6.7 CDR-30 3 1 Yes
1802 Not Used
1803 Design Test Plan 18.10.2 60 3 1 Yes
1804 Design Test Procedures 18.10.2 FDR-30 3 1 Yes
1805 Factory Test Plan 18.10.3 60 3 1 Yes
1806 Factory Test Procedures 18.10.3 FDR-30 3 1 Yes
1807 Installation & Testing Plan 18.10.4.1 60 3 1 Yes
1808 System Test Procedures 18.10.4.2 FDR-30 3 1 Yes
1809 Static & Dynamic Test Plan 18.10.5.1 60 3 1 Yes
1810 Static & Dynamic Test Procedures 18.10.5.1 FDR-30 3 1 Yes
1811 Safety Analysis of ATC System 18.2.6.5 PDR-30 3 1 Yes
SECTION 19. COMMUNICATIONS
1901 Factory Test Plan 19.10.1 60 3 1 Yes
1902 Factory Test Procedure 19.10.1 FDR-30 3 1 Yes
1903 Field Test Plan 19.10.3.2 60 3 1 Yes
1904 Field Test Procedure 19.10.3.2 FDR-30 3 1 Yes
1905 FCC Certification of Transmitters 19.10.3.2 FDR-30 3 1 Yes
SECTION 20. VEHICLE MONITORING SYSTEM
2001 System Block Diagram 20.1 PDR-30 3 1 Yes
2002 Fault Tree 20.1 A/R 3 1 Yes
2003 List of All VCU Signals 20.2.1 PDR-30 3 1 Yes
2004 Recommended Shut-Down Conditions and 20.2.4 PDR-30 3 1 Yes
Implementation Techniques
2005 Final List of Command and Operating Data To 20.3 FDR-30 3 1 Yes
Be Recorded by the VCU
2006 List of Fault Messages 20.9 PDR-30 3 1 Yes
SECTION 21. SPECIAL TOOLS, TEST AND DIAGNOSTIC APPARATUS
2101 Portable Test Devices and Required 21.2.1 A/R A/R 1 Yes
Documentation
2102 List Of Bench Testers 21.3.1 90 3 1/Every 90 days Yes
2103 Bench Testers and Required Documentation 21.3.1 A/R A/R 1 Yes
2104 List of Special Tools 214 120 3 1/Every 60 days Yes
2105 Special Tools & Required Documentation 21.4 A/R A/R 1 Yes
SECTION 22. MATERIALS AND WORKMANSHIP
2201 Test And Inspection Plan for Stainless Steel In 2234 PDR-30 3 1 Yes
Weld Applications
2202 Test And Inspection Plan for Structural Steel 2242 PDR-30 3 1 Yes
Applications
2203 Sampling Frequency of Radiographic 22532 PDR-30 3 1 Yes
Inspections
2204 Grounding Scheme 22.18.8.1 PDR-30 3 1 Yes
2205 Sampling Plan for Full Penetration Weld 22.22.4 FDR-30 3 1 Yes
Inspections
2206 Contractor’s Welding Procedures 22.22.6 FDR-30 3 1 Yes
2207 Special Welding Procedures for Stainless Steel 22.22.7 FDR-30 3 1 Yes
2208 Welding Settings, Shear Strength and 22.22.8 FDR-30 3 1 Yes
Diameter Records
2209 Torch Soldering Test Samples 22.22.12 FDR-30 3 1 Yes
2210 Flammability and Smoke Emission Test 22.24.1 PDR-30 3 1 Yes
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FREQUENCY*** APPROVAL
CDRL TITLE REFERENCE DUE DATE* QUANTITY .
(Initial/Subsequent REQUIRED
NO. SECTION (Sets)** .
Submittal) e
Results
2211 Software Assurance Plan 22.29.5 CDR-30 3 1/As-Required Yes
2212 Air Brake Supplier Approval of Contractor’s 22.14.2 PDR-30 3 1 Yes
Piping
SECTION 23. NOISE AND VIBRATION
None
A/R As required
* Calendar days after contract award unless otherwise noted. “Event-30” means 30 days prior to event. “Event +30 means 30 days after the event.
*k Entries in the “Quantity” column above are the number of copies/sets to be submitted to the Authority. In addition to these copies, three copies of each
data deliverable, including the transmittal letter, will also be forwarded to the Authority’s engineering consultant at the time of transmittal to the Authority.
Forwarding address for the engineering consultant will be provided by the Contracting Officer.
Hkk “Frequency” indicates the number of times a submittal is required. Initial, or one-time submittals are shown as “1.” Where the general term
“periodically” or “as required” (A/R) appears, refer to the referenced paragraph where the data requirement is established.
Hkkx Approval requirement indicated by “Yes” in this column. Where blank, item is to be submitted at required times for information/review.
Note 1: Due dates to be compatible with project schedule for design development and construction. Approvals as determined under CDRL 101 submission.
Note 2: Acceptance of last car -30 days
Note 3: Acceptance of each married pair of cars
Note 4: Acceptance of first pair of cars -30 days
Note 5: Acceptance of first pair of cars +120 days
Note 6: 60 days prior to training
Note 7: 14 days after completion of QA audit
Note 8: Test date -60 days. Test procedures shall be identified by the number "302" followed by a dash and the CDRL number assigned to the specific test, as
found in Exhibit 3-1. For example “302-T851” corresponds to the test procedure for the carbody watertightness test.
Note 9: Test date +30 days. Test reports shall be identified by the number "303” followed by a dash and the CDRL number assigned to the specific test, as found
in Exhibit 3-1. For example “303-T851” corresponds to the test report for the carbody watertightness test.
Note 10:  Inspection date -45 days
Note 11: ~ Weighing date -60 days
Note 12:  Commencement of reliability test +30 days
Note 13: 60 days after receipt of Authority’s reliability assessment report
Note 14:  Ops Manuals = 650; RM Manuals = 360; HRM Manuals = 120; Parts Catalogs = 120
Radio Maintenance Manual = 20; PTD O&M Manuals = 20 per device; BTD O&M Manual = 20 per device
Note 15:  Quantities of training materials to be developed on basis of final approved training program plan.
Note 16:  Commencement of training —90 days
Note 17:  Conclusion of each training Course
Note 18: Start of final assembly —30 days
Note 19:  Two (2) sets of legible aperture cards and twenty (20) sets on CD-Rom disks as described in Section 1.2.4.4
Note 20: At least 90 days prior to the commencement of training
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The Contractor shall submit, for the Authority’s review and approval, detailed drawings of all
assemblies, subassemblies, wiring schematics and diagrams, equipment, and apparatus. (CDRL 102)
Sufficient drawings shall be submitted to convey concept, design, dimensions, maintenance, operation,
overall assembly aspects, and interfaces. Detailed parts drawings need not be furnished unless required
by the Authority to enable its review of another drawing. Arrangements and details of all apparatus,
including apparatus within equipment boxes, shall be submitted for review; outline drawings will not be
sufficient. Information on drawings shall be provided in black on a white background. All drawing titles
and file names shall be provided in English. Drawings shall be submitted on CD ROM disks in
AutoCAD 2000, or an otherwise Authority-approved format. A minimum of three copies shall be
provided of all drawing submittals.

All dimensions on drawings shall be expressed in the English system; all drawing titles and wording on
drawings shall be in the English language. English translations shall appear adjacent to, and dominate,
the original wording/units. A drawing key shall be provided to permit rapid identification of elements
portrayed. Electrical drawings shall include the state of the circuitry. All terminology used in drawings
and correspondence shall be conventional to the transit and railroad industries within the United States.
Drawings shall be made to either the first-angle or third-angle projection system.

Unless otherwise approved by the Authority, every drawing shall include a complete bill of materials and
parts list on the field of the drawing or on a separate sheet of the same drawing, describing all parts or
subassemblies, including subcontractor-furnished items, which form a part of the assembly, subassembly,
or piece depicted. Every assembly drawing shall include the weight of the assembly. All drawings shall
reference the drawing number of the next higher subassembly or assembly. This requirement does not
apply to standard hardware, electrical or electronic components. No more than five sizes of drawings
shall be used, with 36-inches by 72-inches being the largest drawing size permissible.

Whenever a material or process is identified on a drawing by the Contractor’s own specification number,
the drawing shall also provide the commercial equivalent. If there is no commercial equivalent, the
Contractor shall provide the Authority with copies of its specification. Except as otherwise allowed in
Section 22.27, all semiconductors shall be identified by JEDEC numbers.

Revisions to drawings, and drawing change orders affecting submitted drawings, shall be submitted for
approval as they are issued. No more than five drawing change orders shall remain unincorporated on
any drawing at any time. As part of the Monthly Progress Report, the Contractor shall submit a revised
drawing list (CDRL 101) whenever drawings are changed, added or deleted.

Drawings on which any changes have been made, even though fewer than five in number, shall be
revised to incorporate those changes no less frequently than at 2-month intervals. The revision block
shall give details of the changes made by that revision, or the numbers of drawing change orders may be
used instead of detailed descriptions. In the latter case, the drawing change orders shall have been
submitted no later than at the time of submittal of the revised drawing.

Approval of a drawing does not relieve the Contractor of the obligation to meet all the requirements of
the Contract. Approval of a drawing that contains a deviation from, or violation of, the Specification
does not constitute authority for that deviation or violation. Such deviations must be specifically
requested and granted.
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1.2.4.2 Arrangement Drawings

Prior to beginning the detailed design of the cars, the Contractor shall submit to the Authority for approval
complete and comprehensive arrangement drawings of the car. (CDRL 103) These drawings shall show
the floor plan, reflected ceiling plan, underfloor equipment arrangement, inside longitudinal sections of
both sides of the car, exterior side elevations of both sides of the car, elevation views of both ends of the
car, and sufficient transverse half-sections or full-sections through the car to show all variations in cross-
section such as at windows, doors, and door pockets. The cross-sections shall also show underfloor
equipment. The arrangement drawings shall be dimensioned, and all key points shall be located by
dimensions from the longitudinal centerline, the pulling face of the “F” end coupler, and the top of rail.
All arrangement drawings shall be to a scale of 1:25 or larger except for cross-sections, which shall be to a
scale of 1:10 or larger.

Arrangement drawings shall be included on the drawing list (CDRL 101). After approval by the
Authority, arrangement drawings shall be revised no less frequently than monthly so as to continually
represent the as-designed or as-built configuration of the cars.

1.2.4.3 Dynamic Outline Drawing

The Contractor shall submit, prior to beginning the detailed design of the cars, a complete dynamic
outline of the proposed car, including all projecting appurtenances and including all possible motions
which fall within the limiting dynamic outline given in Contract Drawing 97936-017. (CDRL 104)
Supporting calculations shall also be provided. These drawings shall be included on the drawing list
(CDRL 101).

1.2.4.4 “As-Built” Drawings

The Contractor shall furnish, prior to acceptance of the last car, two sets of legible aperture cards and
twenty (20) sets on CD-ROM discs (CDRL 105). The electronic media shall conform to the following
requirements:

A. Drawings that have been created originally on a computer using drafting/engineering
(CAD/CAE) software shall be provided to the Authority in either Initial Graphics Exchange
System (IGES/Version 3.0), vector format data files, or an approved alternative.

B. In those instances where drawings were not created using CAD/CAE software, scanned images
(at 300 dpi) of full-size original mylar or clean original paper sheets shall be provided as image
data files in TIFF, PCX, or an approved alternative format.

C. If an alternative image data file format is approved by the Authority, and that format can be
delivered in CCITT Group 4 format, the Contractor shall also provide the complete image files in
CCITT Group 4 format, together with the software required for file decompression.

Every Engineering Change, deviation, Material Review Board (MRB) repair, or similar variance affecting
form, fit, or function shall be incorporated in the affected drawing whenever such variance applies to five
or more cars, and the drawing shall be clearly labeled with the car numbers (Authority’s) to which each
configuration applies. Those variances applying to fewer than five cars may either be incorporated in the
affected drawings or, as an alternative, be supplied separately, with a list of applicable variances included
in each relevant Car History Book, cross-referenced to the affected drawings.
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If the Contractor’s drawing system is such that drawings of details are not included in the assembly,
subassembly, and arrangement drawings referred to above, the Contractor shall furnish eight complete
sets of prints and two sets of aperture cards of all drawings that are, in the opinion of the Authority,
necessary for the operation and maintenance of the car. The Contractor shall retain all drawings of the
car for a period of 25 years. The Contractor shall make available, without charge, for a minimum of 5
years from the date of acceptance of the last car, prints of any details required for extraordinary repairs
arising from accidents. During the remaining 20 years, the Contractor shall provide, at current market
price for similar drawings, any prints required by the Authority.

1.2.4.5 Use of Terminology of Existing Cars

To facilitate understanding and maintenance of the cars, each component or device that corresponds
closely in function to a counterpart on the Authority’s existing cars shall be designated by the same name
and symbol used for that counterpart in the drawings, schematics, and manuals describing the Authority’s
existing cars. Vehicle logic and trainline interface circuit schematic arrangements shall be the same as
those of the Authority’s existing cars, except in cases where the Specification requires otherwise or
where those arrangements would not be satisfactory in the context of the new car. Upon request by the
Contractor, the Authority will provide sample documentation (e.g., manuals, schematics, and other
drawings) demonstrating names and symbols used for components and devices on the existing cars.

1.2.5 Engineering Mock-ups and Materials
1.2.5.1 Cab

The Contractor shall construct a full-scale mock-up of the Operator’s cab showing the locations and
arrangements of all controls, switch and circuit breaker panels, seats, front and side windows, door,
heater, fire extinguisher, handbrake unit, curtain arrangement, partitions, and any other apparatus
specified. (CDRL 106) This mock-up shall be used to convey the layout of the cab in the detail
illustrated in drawings, and as such, shall show the current status of the design. It shall be reviewed and
approved by the Authority before the design of this area is finalized. After Authority approval, it shall
remain intact, and shall be kept up-to-date to reflect approved design and configuration changes, until the
pilot cars are completed.

1.2.5.2 Underfloor Equipment

The Contractor shall construct a full-scale mock-up of the underfloor equipment, showing all boxes,
enclosures, piping, and conduit on all equipment; and also showing space necessary for removal of
equipment, opening of doors, and access for maintenance. (CDRL 107) The mock-up shall be reviewed
and approved by the Authority before further production.

1.2.5.3 Seat

Seats shall be provided in accordance with Section 8.11 and the Contract Drawings. Because of the
difficulty of depicting the shape and comfort of a seat in drawings, the Contractor shall provide for
inspection (prior to production), a production prototype of each seat type to supplement the seat drawings
and convey all aspects of the seat design. (CDRL 108) Drawings and prototype seat assemblies shall be
submitted to the Authority for approval prior to production of the seats. Seat drawings shall be shown on
the drawing list (CDRL 101), and shall be included as part of the drawing submittal requirements (CDRL
102). Prototype seats shall be delivered to the attention of the General Superintendent, Rail Car
Maintenance at Washington Metropolitan Area Transit Authority Brentwood Major Repair Transit Yard,
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601 T Street, N.E., Washington, D.C. 20018-1009. Upon Authority approval and if in good condition,
the prototype assemblies may be used for installation on a car.

1.2.5.4 Decorative Material Samples

Two samples of each material (i.e., plastics, upholstery, paint chips, floor coverings, and other decorative
materials) shall be provided to the Authority for approval during the design development process.
(CDRL 109) In addition, two complete sets of all such materials shall be delivered to the Authority with
the delivery of the first car (CDRL 109). These sets shall include source information for follow-on
purchase of replacement materials by the Authority. The information shall include stock numbers, paint
manufacturer’s color mixture identification numbers, and the like for all decorative material items.

1.2.6 Pilot Cars

The “Pilot” cars are the two “A” and two “B” cars that are the most advanced in the production line and
are the first to be delivered to the Authority’s site for acceptance testing. The Authority reserves the
right to examine and approve each assembled and completed part of the work before similar work is
undertaken on the remaining cars of that type. The Authority will make major inspections of each Pilot
Car at the following seven stages of completion (or process control points), which are not necessarily in
order:

All underfloor equipment, piping, and wiring in place and connected

Car structure complete (no liners installed)

Side doors installed and operating (no side liners installed)

Overhead air conditioning apparatus in place and connected (no liners installed)
Cab complete

All liners installed (no seats installed)

Car complete in all respects, ready to run in revenue service operation.

QMmoo wp

The Authority may perform additional inspections of the pilot cars as it elects during Pilot Car
construction. The Contractor shall provide at least 7 days’ notice to the Authority for each of the seven
stages of completion. The Authority will advise the Contractor of approval or corrections required at the
time of the inspection.

The remaining cars shall be constructed and assembled in accordance with the pilot cars, and no changes
shall be made unless authorized in writing by the Authority. The intent of this paragraph is that all cars
shall be the same. All engineering changes shall be made on all cars unless permission is given by the
Authority to incorporate them at an effective point later than the first car. This provision is not intended
to discourage the incorporation of design improvements during the construction of the cars, as “effective
point” changes, with the Authority’s concurrence.

1.2.7 Car History Books

The Contractor shall provide a loose-leaf history book for each married pair of cars. (CDRL 110) This
binder shall contain the following information for each car of the pair, provided in the following order
unless otherwise directed by the Authority, with labeled dividers between each section:

A. Car numbers (Contractor’s number and Authority’s number), type, and class

B. Serial numbers of all serially numbered apparatus listed in Section 2.4.3.1

C. A summary of each test performed on the car, or any part thereof
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D. Car weight

Wheel, journal bearing, and gearbox quill mounting records, including heat numbers,
manufacturer name, and manufacturing dates for wheels, axles and journal bearings and results
of inspections and tests specified in Section 17.10.

F. Copies of the manufacturer’s test reports certifying that the materials used in the manufacture of
all wheels and axles have been sampled, tested and inspected in accordance with AAR M-101
and M-107

G. Mill reports applying to materials used on the car

H. Other equipment or material certifications, as specified in this Technical Specification

L List of all changes applicable to that car but not applicable to all cars

J. Configuration records, including the revision number and revision date of all assemblies/
subassemblies and major components and a list of accepted deviations and unincorporated
changes

K. List of workmanship defects noted and the disposition of each, including MRB repairs.

The Authority will advise the Contractor regarding the format of the book. The Car History Books shall
be kept up-to-date by the Contractor and shall record all changes, retrofits, and additions made to each car
until the car is accepted by the Authority. Documentation on changes made to the car by the Contractor
during the warranty period shall be furnished to the Authority for inclusion in the Car History Book.
Books shall be readily available for inspection by WMATA representatives.

1.3 REFERENCED CDRLs
The following CDRL items are referenced in this section:

CDRL 101 Drawing List

CDRL 102 Detail Drawings

CDRL 103 Car Arrangement Drawings

CDRL 104 Dynamic Outline Calculations

CDRL 105 As-Built Drawings

CDRL 106 Operator’s Cab Mock-Up

CDRL 107 Underfloor Equipment Mock-Up

CDRL 108 Production Prototype of Each Seat Type
CDRL 109 Decorative Material Samples

CDRL 110 Car History Books

1.4 REFERENCED STANDARDS
The following standards are referenced in this section:

AAR M-101  Axles — Carbon Steel, Heat Treated
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AAR M-107  Wheels, Carbon Steel
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SECTION 2
MANAGEMENT PROGRAM

This section specifies the requirements for management systems. The management systems shall be
sufficiently comprehensive to clearly demonstrate the Contractor’s ability to meet the requirements of
these specifications, and to enable the Authority to monitor the progress of the contractual effort.

2.1. PROGRAM MANAGEMENT

The Contractor shall designate a Project Manager and establish an organization to provide effective
management of this transit vehicle procurement program. The organization shall be highly responsive to
the needs of the Authority as required in this Specification.

2.1.1 Program Management Plan

The Contractor shall develop, and shall submit to the Authority for approval, a Program Management Plan
(PMP). The Management Plan shall be updated every 3 months or more frequently if significant changes
occur. (CDRL 201) 1f, in WMATA's sole judgement, one or more changes have occurred that are
significant enough to warrant updating the PMP in advance of the six month cycle, The Contractor shall
submit an updated PMP within 21 days of receipt of a request for an update. The Management Plan shall
include, but shall not necessarily be limited to:

A. An organizational chart including a definition of the responsibilities and qualifications, including
experience and duration associated with the proposed position, of all personnel therein.

B. The internal methods and communications to be used to control the program schedule, technical
performance, program changes, subcontracts or purchase orders, material procurement, and field
service support.

C. A master program schedule (Ghantt chart) showing key milestones and events.

D. A flow chart/critical path method (CPM) schedule of all project tasks indicating interaction of
vehicle components and subsystems provided by subsuppliers.

E. Periodic design reviews conducted to assess the degree of completion of technical efforts related
to major milestones. Conceptual Design Reviews (CDRs), Preliminary Design Reviews (PDRs),
Final Design Reviews (FDRs), and First Article Inspections (FAIs) shall be broken out separately
in the Management Plan and on schedules.

F. Supplier audits.

G. Reference to other CDRL plans used to implement the PMP, such as training, systems
engineering, configuration management plan, electromagnetic interference/electromagnetic
compatibility (EMI/EMC) control and test plans, quality assurance plans, safety plans, software
plans and test plans.

H. Details about the means to be used to produce, review, revise and deliver manuals, training, as-
builts and other documentation, including managing subcontractor responsibilities in these areas.
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The Contractor shall establish methods and procedures to ensure formal accountable channels of
communication for the exchange of technical information establishing and defining interfaces. This
methodology shall include both initial definition and formal change information when a change on one

side of the interface will require a corollary change to the other. '

2.1.2  Schedules and Project Control

The Contractor shall prepare and maintain a detailed master program schedule. This schedule shall be
the Contractor’s intended working schedule and shall be used to plan, organize, and execute the work;
record and report actual performance and progress; and forecast remaining work.

2.1.2.1 Master Program Schedule

The Contractor shall supply a master program schedule (MPS). (CDRL 202) The program schedule
shall identify all contractual milestones including deliverables per CDRL, the earliest possible and latest
possible dates for accomplishing each milestone, the shortest and longest permissible time span between
each dependent milestone, and critical and minor paths that are essential for accomplishment of program
objectives. A structured format shall be used. The MPS shall be prepared using Project 98 or other
approved software and shall be submitted electronically.

The master program schedule shall include all significant subsystem development milestones and shall
address subsystem development including conceptual and detail design reviews, appropriate qualification
testing through First Article Inspection, delivery of major and/or critical materials and components for
assembly of the pilot cars, final assembly, factory test, delivery, and final acceptance of pilot cars.

The Contractor shall revise the MPS monthly to reflect actual completion dates and revised estimated
completion dates, corrections or task additions.

2.1.2.2 Production, Delivery and Acceptance Schedule

The Contractor shall submit a detailed baseline production schedule. (CDRL 203) This detailed
schedule shall identify for each subsystem, as a minimum, receipt of the necessary materials, production,
factory acceptance test, pre-delivery inspection, and delivery of the cars. In addition, each production
and on-site acceptance testing stage shall be shown. The schedule shall show factory acceptance test
(FAT) schedules, design qualification test (DQT) schedules, and acceptance schedules by car or married
pair number.

2.1.3 Progress Reviews and Reports

2.1.3.1 Monthly Progress Review Meetings

Progress reviews shall be held on a monthly basis. The reviews shall be held at either the Contractor’s or
the Authority’s facilities, as directed by the Authority. The Contractor shall provide minutes of monthly

progress review meetings to the Authority for review and concurrence. (CDRL 204) The minutes shall
track outstanding action items and indicate who has primary responsibility for the action.
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2.1.3.2 Monthly Progress Update Reports

During the performance of this contract, the Contractor shall submit monthly progress reports (CDRL
205) containing detailed information in narrative form on the following:

Work completed as of the reporting date

Work in progress as of the reporting date

Major problems (e.g., delays incurred) and action items

Status of outstanding action items

Progress against the approved master program schedule

Technical performance variations from the Specification requirements
Engineering Change Proposal (ECP) status

Organizational changes

Subcontractor program progress

CDRL submission status by document serial number and date for one-time submissions
Recurring CDRL item list showing document serial number, date and status.

AECZOmMmOOWR

To the extent possible, information in the report should be shown in CDRL and MPS sequence. The
monthly progress reports shall include a current assessment of progress against the approved master
program and production delivery and acceptance schedules. The assessment shall clearly show the state
of the program relative to approved schedules and shall identify the critical path(s) to project completion.
A printout of the schedules shall show progress to date (in Ghantt chart format) showing all activities,
activity durations, remaining durations, early start, early finish, late start, late finish, predecessors and
successors. (See Exhibit 2-1 for an example.)

Whenever the work progress falls behind the approved master or production delivery schedules, the
Contractor shall submit a detailed explanation of the work-around or recovery plan to be followed to
regain acceptable progress. The work-around or recovery plan shall be included in the monthly report.
The MPS shall be updated to reflect the new estimated completion dates.

Beginning 30 days after completion of the first car, the monthly progress reports shall include the
following minimum data regarding engineering changes, modifications, MRB repairs, retrofits,
anomalies, and any variances affecting form, fit, function, safety, or reliability:

Exclusive number

Title

Car numbers affected
Systems affected
Implementation date
Authority approval date.

THONE >

2.1.4 Communications Protocol

All oral communications shall be in English. All meeting reports, correspondence, and written
communications shall be presented in English on 8-1/2- x 11-inch standard size paper.

TC-6000 TP2-3 Technical Specification
June 1, 2002

A002



A009

A009

A007

2.1.5 Video Conferencing

Whenever practical, Progress Review Meetings shall be conducted through the use of video conferencing
equipment. This equipment shall be provided by the Contractor and delivered to a site designated by the
Authority (CDRL 215). At a minimum, the equipment should include:

- (1) Digital video camera with tri-pod capable of remote-controlled pan, tilt, zoom, etc. from
across the WAN or Internet

- (1) Television monitor, 32” minimum screen size

- Any other necessary hardware to facilitate video conferencing

If the Contractor currently utilizes video conferencing, then the equipment provided under this contract
shall be fully compatible with and of equal quality to the existing equipment used by the Contractor. If
the Contractor does not currently utilize video conferencing, then compatible equipment must also be
installed at the Contractor’s Program Management Office (at the Contractor’s expense).

Hardware specifications shall be submitted to the Authority for review and approval prior to Contractor’s
procurement of the equipment.

2.2 DESIGN REVIEWS

Three formal design review meetings shall be held, at a site approved by the Authority, to assess and
summarize progress of design. These periodic in-progress reviews shall be conducted to evaluate the
progress and technical adequacy of the design and compatibility with the performance requirements of
the Contract. Prior to each review, a review package shall be submitted that includes the drawings,
technical data, analyses, CDRL and other items required for the review. These review packages shall be
received by the Authority no later than 15 working days before the scheduled design review. Failure to
provide the package for the allotted review time shall cause a postponement of both the design review
and the milestone payment. The Contractor shall prepare and distribute minutes of review meetings.

Review meetings shall include the review of the design and functionality of bench test equipment and
portable test devices, including any related custom software. CDR, PDR, and FDR document package
submittals shall include adequate information to support the review of the bench test equipment and
portable test devices. Failure to provide such information may result in a delay of the applicable design
review meeting until such information is provided.
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Exhibit 2-1
Sample Schedule Report for Monthly Progress Report
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2.2.1 Conceptual Design Review (CDR)

The purpose of the CDR is to provide early agreement on the Contractor’s approach to the design of the
car and its systems. The CDR should be based on, and consistent with, the Contractor’s best and final
offer, providing such additional details as necessary to fully present the design approach, to eliminate
ambiguities, and to narrow alternatives as system vendors are selected. The CDR may be accomplished
progressively on a system-by-system basis, and separate CDR sessions may be scheduled. Vendor
representation shall be as selected by the Contractor as deemed necessary to support their presentation of
the design concepts. The CDR process shall be completed no later than 120 days after contract award.

Prior to the CDR (or CDR sessions), the Contractor shall submit a CDR package or packages. (CDRL
206) The CDR package(s) shall include:

A. A narrative descriptions of each major subsystem as proposed by the Contractor and
subsupplier(s). This may be an elaboration, confirmation, or clarification of information

submitted during pre-award discussions and/or as part of the best and final offer.

B. A dynamic outline and calculations for the vehicle, including worst-case conditions of wear and
failures (see Section 1, CDRL 104).

C. Updated car arrangement drawings (see Section 1, CDRL 103)

D. Identification of all interfaces between the major systems and subsystems. (CDRL 207)

E. A narrative description of each bench test unit and portable test device. Where portable test
devices consist of laptops with custom software, a description of the various custom software
applications shall be provided, including minimum system requirements to operate the software.

2.2.2 Preliminary Design Review (PDR)

A formal PDR shall be conducted to summarize progress made on and the adequacy of the selected

design approach, and to evaluate Specification compliance. The PDR shall represent approximately 60%

completion of the total engineering effort required for the vehicles to be supplied and shall be held at a

place to be determined by the Authority. The Contractor shall submit a PDR package or packages

addressing the following topics as a minimum (CDRL 208):

A. Interior layout

B. Underfloor layout

C. Detailed functional descriptions of car subsystems and major components

D. Detailed interface descriptions and drawings, including mounting arrangements, installation
methods, and definitions of all electrical connections with voltage, current, waveform, and

impedance levels

E. Software design and configuration control descriptions for microprocessor-based or other
programmable equipment
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F. List of trainlines and proposed coupler pin arrangement

G. Heat load calculations for the heating, ventilating, and cooling (HVAC) subsystem, including
psychometric charts for each control condition

H. Data verifying that the propulsion equipment and friction brake equipment meet the specified
performance and thermal duty cycle

L. Propulsion motor characteristics showing speed, voltage, and tractive effort versus motor current
J. Failure modes and effects analysis

K. List of special tools required for each subsystem

L. Detailed functional descriptions of the bench testers and portable test devices, including detailed

descriptions of the software design and configuration control methods.
M. List of all person/machine interfaces in the Operator’s cab area

N. Roll center location and list of carbody motion limits in relation to the truck as follows: vertical,
lateral, longitudinal, roll (degrees)

0. Suspension characteristics, including damping constant of each shock absorber, natural
frequency and spring rate of primary and secondary suspension

P. Details of the passenger door system
Q. Specifications for seating
R. Side window and windshield specifications

2.2.3 Final Design Review (FDR)

The FDR shall be conducted incrementally as the detailed design of each subsystem is completed and the
production drawings are ready for release. The FDR shall confirm that the design of the system/
subsystem under review satisfies the contract requirements, including compatibility of vehicle interfaces
with other systems on the vehicle, other railcars in the Authority’s fleet, and the Authority’s wayside
systems.

The Contractor shall submit an FDR package or packages addressing the following topics as a minimum
(CDRL 209):

A. Latest revisions of the drawings and documentation submitted for the PDR
B. Assembly drawings down to the lowest level replaceable unit
C. Software documentation consisting of structured data flow diagrams to the lowest level of

decomposition, with software module descriptions in structured narrative format
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D. Electrical schematic drawings, down to the individual signal or wire level, for each electrical
circuit

E. Pneumatic schematics or flow schematics for each fluid circuit, showing control and check
valves, test point orifices, and other circuit details

F. Final brake failure mode analysis.
G. Upon request by the Authority, component data sheets shall be made available for review
H. Assembly drawings for all bench testers and portable test devices, other than laptops or other

commercially-available portable test devices. Software documentation consisting of structured
data flow diagrams to the lowest level of decomposition, with software module descriptions in
structured narrative format for all bench testers and portable test devices.

2.3 SYSTEMS ENGINEERING
2.3.1 General

The Contractor shall treat the car, in its design and manufacture, as a single system rather than as an
assembly of independently engineered and manufactured elements.

2.3.2 Systems Engineering Plan

The Contractor shall prepare, and shall submit to the Authority for approval, a Systems Engineering Plan.
(CDRL 210) The Systems Engineering Plan may be submitted as part of the Program Management Plan.
It shall describe the organization and process by which the Contractor proposes to:

A. Transform Specification requirements into a description of system and subsystem configuration
and performance parameters through the use of an iterative process of definition analysis, design,
test, and evaluation.

B. Integrate related technical parameters and ensure compatibility of physical, functional, and
program interfaces in a manner that optimizes the vehicle design.

C. Integrate reliability, maintainability, safety, quality assurance testing and human factors into the
total engineering effort.

2.4 CONFIGURATION MANAGEMENT
2.4.1 General

The Contractor shall prepare configuration records to acceptable commercial standards, as specified or
approved by WMATA, and shall maintain accurate and current configuration records. The configuration
records shall be contained in a controlled release document, which shall be available to the Authority
throughout the period of performance of the Contract and for a 3-year period after final Contract
payment. The Contractor shall ensure that subsuppliers’ equipment incorporated in the vehicle design
complies with all requirements specified in this section.
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2.4.2 Configuration Management Plan

The Contractor shall prepare and submit a Configuration Management Plan. (CDRL 211) This plan
shall identify how the Contractor intends to meet the configuration management requirements.

2.4.3 Configuration Records

The Contractor’s configuration records shall be prepared to acceptable commercial standards, as
specified or approved by WMATA. They shall define the approved configuration of equipment under
development, test or production, or in operational use, and shall include supporting engineering data
(e.g., test procedures, wiring diagrams, etc.). All such items shall be identified to the lowest level
required to ensure repeatable performance, quality, and reliability. The configuration records shall
portray the relationship between all items. Hardware configurations not used on this contract, and
manufacturing status, shall not be included in the configuration records.

A. The Contractor’s configuration records and documentation shall indicate the following:
1. The composition of any part number at any level in terms of subordinate part numbers
2. All next higher assembly part numbers for any part
3. The specification document, specification control drawings, or source control drawing

numbers associated with any subsupplier, vendor, or Contractor part numbers.

B. The Contractor’s configuration records and documentation shall identify engineering changes
and retain the record of superseded configuration requirements affecting items which have been
formally released for test or production. The Contractor shall employ a system of identifying
numbers for specifications, drawings, software, test procedures, test reports and associated
documents that shall ensure that differing parts, assemblies, and installations are uniquely
identifiable. The part number used by the Contractor and its subcontractors shall identify a
specific item having a specific configuration. All items down to the lowest level of repair or
replacement that are identified by the same part number shall have the same physical and
functional characteristics, shall be equivalent in performance and durability, and shall be
interchangeable without alteration to themselves or associated items, other than normal field
adjustments. An item shall not be considered interchangeable if it requires selection for fit or
performance. Old and new configuration items that require segregation shall be identified either
by a new drawing number or a dash number added to the original drawing.

C. The Contractor shall, where physically possible, permanently mark all hardware components to
the lowest level of repair and replacement with part number identification. The hardware
identification marking shall at all times coincide with the officially released engineering data.
Nameplates on major equipment items shall provide space for Authority numbers to be added by
the Contractor, at its expense, at the direction of the Authority. Serialization is required on each
item of equipment delivered unless otherwise directed by the Authority. Individual serial
numbers shall be assigned in a numerical sequence established for the type or model series of the
equipment being supplied.

D. The Contractor shall maintain a serialization and configuration record for each vehicle. Two
copies shall be submitted to the Authority at the time of vehicle delivery.
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2.4.3.1 Serial Numbers

Serial numbers of equipment shall be provided in the relevant Car History Books (see Section 1.2.6).
Serial numbers are not to exceed 10 digits. Duplicate serial numbers shall not be used within a type or
model series. Serial numbers are required for:

Wheels

Axles

Truck frames and truck bolsters

Journal bearings

Air conditioning apparatus

Temperature control apparatus

Couplers

Destination signs

Door operators and controls

Traction motors, including rotors

Gear units

Batteries

Converters

Inverters

Principal units of traction and braking apparatus

Brake calipers and actuators

Air compressors

Principal units of radio and public address equipment (excluding speakers)
Principal units of Automatic Train Control apparatus
Motors in any of the above-listed apparatus and equipment
Any other items of equipment that are customarily numbered serially.

CHPROROZErA-"EOTEOOwS

A description of the serial numbers for each of the items listed above shall be submitted to the Authority
at least 3 months prior to acceptance of the first pair of cars. (CDRL 212) The description may identify
a block of numbers from which the serial numbers will be drawn or, as a minimum, the number of
characters in the serial number and whether numerals, letters, or a combination thereof will be used.
Existing serialization programs of the Contractor or subcontractors will be considered acceptable, subject
to review and approval by the Authority. Serial numbers used by the Contractor and subcontractors shall
not duplicate serial numbers assigned to like products, equipment, or parts delivered to the Authority
under separate ongoing or previously completed contracts or subcontracts.

2.4.3.2 Bar Codes

Standard Code 39 bar codes to identify each part number and serial number shall be permanently affixed
to each serially numbered component below the stamped or engraved serial number. The location of bar
codes shall be chosen to provide ease of reading without requiring the removal the component from the
car, wherever possible. The medium used for the bar code shall be approved by the Authority (CDRL
214).

As a minimum, the bar code itself shall contain the manufacturer’s part number, serial number and a
9-digit allocation for the Authority’s stock number.
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All equipment assemblies and spare parts shall be bar-coded to facilitate electronic scan recording of
maintenance actions.

2.44 Change Control

This Specification identifies the procurement baseline for the transit vehicle. Changes to the
procurement baseline shall be controlled by the processing of Engineering Change Proposals (ECPs).

All ECPs shall be reviewed by the Contractor’s organization responsible for configuration control for
total impact evaluation prior to recommendation and submittal to the Authority for review and approval.

2.4.5 Classification of Changes

A proposed engineering change to any part, assembly, subassembly, or equipment item of the supplier’s
product shall be designated a Class I change when one or more of the following is affected:

Form, fit, function or interchangeability

Reliability or maintainability

Weight or balance (where it is a factor)

Safety

Electromagnetic interference characteristics
Delivered product (retrofit)

Delivered training, operation, or maintenance manuals
Sources of repairable items (source control drawing)
Schedules or deliveries

Spares provisioning.

—SmmoOmmuUNwp

Any engineering change not affecting form, fit, function, or interchangeability, and not falling within the
preceding definition of a Class I change shall be designated as a Class Il change. Some examples of
Class II changes are correction and clarification of documents and drawings.

The Contractor shall identify and number all proposed changes and indicate whether those changes are
believed to be Class I or Class II. WMATA will make the final determination of whether the ECP is
Class I or Class II.

2.4.6 Engineering Change Proposal (ECP)

Each Class I change shall be processed as an Engineering Change Proposal and shall be submitted to the
Authority for approval before any implementation action is taken. (CDRL 213) The Contractor shall
provide to the Authority eight copies of the ECP, accompanied by all technical documentation, cost
information, production cut-over point, and impact on schedule necessary to fully evaluate the change, to
the Authority. The Contractor shall be responsible for classifying and controlling all changes that it
originates, as well as all changes originating from its subcontractors. The Contractor shall take any
action, or bear any costs, necessary to correct problems in the product or documentation arising from the
Contractor’s misclassification.

The Contractor shall immediately notify the Authority of all Class I changes that affect safety, either by
telefax, telephone, in person, or by other expeditious means. The Contractor shall identify the change by
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ECP number, and if reported verbally, shall confirm the change in writing to the Authority within 24

hours.

Class II ECPs shall be submitted to the Authority for information.

2.5

REFERENCED CDRLs

The following CDRL items are referenced in this section:

2.6

CDRL 201 Program Management Plan

CDRL 202 Master Program Schedule

CDRL 203 Production/Delivery and Acceptance Schedule
CDRL 204 Minutes of Monthly Progress Review Meetings
CDRL 205 Monthly Progress Reports

CDRL 206 CDR Package(s)

CDRL 207 Identification of Interfaces

CDRL 208 PDR Package(s)

CDRL 209 FDR Package(s)

CDRL 210 Systems Engineering Plan

CDRL 211 Configuration Management Plan

CDRL 212 Description of Serial Numbers

CDRL 213 Engineering Change Proposals

CDRL 214 Description of Proposed Bar Code System
CDRL 215 Video Conferencing Hardware
REFERENCED STANDARDS

No standards are referenced in this section.
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SECTION 3
TEST PROGRAM

31 GENERAL

The complete car and its apparatus shall be subjected to a comprehensive test program to substantiate
design and performance requirements, and to determine compliance with reliability and maintainability
requirements. Test plans, procedures, and reports shall meet the requirements of Section 3.2 and shall be
subject to review and approval by the Authority. Design qualification, factory acceptance, and on-site
acceptance testing on all items is required. Exhibit 3-1 is a reference listing of tests required throughout
this Specification that the Contractor must perform (reference each section for specific requirements).

The tests specified herein are considered to be an absolute minimum by the Authority, except that in lieu
of performing certain tests, the Contractor may submit certified test results for approval by the Authority
on a case-by-case basis. Approval will be based on service-proven history of the equipment with similar
application and test requirements. The Contractor shall be responsible for ensuring that each design and
performance requirement of this Specification is assigned to a specific test effort.

The Contractor and its subcontractors may, at their option, perform additional testing as they deem
necessary as part of the required Quality Assurance Program (see Section 5.1). Unless indicated
otherwise in the following paragraphs, all costs associated with any of the tests performed are to be borne
by the Contractor. In the event of failure to meet the Specification requirements in any test, or because of
design changes necessary to meet the specification requirements, the Contractor shall make the necessary
corrections and, at the Authority’s option, the test shall be re-run in its entirety at the Contractor’s
expense. If further corrections or modifications affecting the item under test are instituted, the
Contractor shall perform a complete retest at its expense to demonstrate compliance with Specification
requirements.

The Authority will, at its option, witness all tests. The Contractor shall give at least 2 weeks’ notice to
the Authority prior to the start of any test.

The Authority reserves the right to make, at its own expense, additional operating tests of each pair of
cars separately, or in trains of up to eight cars, to verify acceptability of the cars within 30 days after
completion of Contractor on-site acceptance testing and prior to acceptance of each car. The Contractor
may be required to participate in, and to furnish technical assistance for, such tests. If so, the Contractor
will be compensated for this participation and assistance.

3.2 TEST DOCUMENTATION
3.2.1 Master Test Plan

The Contractor shall submit to the Authority, for approval, a Master Test Plan covering all tests and
adjustments required by this Specification. (CDRL 301) The Test Plan shall identify all tests by
reference to the appropriate section of this Specification. The Test Plan shall contain a detailed schedule
showing the time and place of each test to be performed. The Test Plan shall cover all supplier and
subcontractor tests to be completed at the supplier or subcontractor plants, all Contractor tests to be
completed at its plant prior to delivery, and all testing to be conducted by the Contractor on the
Authority’s property prior to acceptance.

TC-6000 TP3-1 Technical Specification
June 1, 2002

A006



A002

A009

A008

A008

A003

Exhibit 3-1

Design Qualification, Factory Acceptance, and On-Site Acceptance Test Requirements

Reference List

Key: DQT = Design Qualification Test; FAT = Factory Acceptance Test; OAT = On-site Acceptance
Test
System Required Test Reference Test CDRL
Section(s) Type

General Testing Weight Test 3.4.1 FAT CDRL T351
Misc. Apparatus Tests 342 FAT CDRL T352
Wiring Continuity Test 343 FAT CDRL T353
Ground Insulation Test 343 FAT CDRL T354
High Potential Test 343 FAT CDRL T355
Factory Trainline Test 345 FAT CDRL T356
Multiple Configuration Trainline Tests 345 DQT CDRL T357
Car Compatibility Test 34.6 DQT CDRL T358
Electromagnetic Compatibility Test 3.4.7 DQT CDRL T359
Operational Characteristics Analysis 3482 DQT CDRL T360
Report
AC Auxiliary Motors Type Tests 349 DQT CDRL T361
Truck Weight Tests 34.1 DQT CDRL T362
Lateral and End-to-End Imbalance Tests 3.4.1 DQT CDRL T363

Carbody Watertightness Test 8.15.1 FAT CDRL T851
Carbody Compression Test 8.15.2 DQT CDRL T852
Vertical Load Test 8.15.2 DQT CDRL T853
Coupler Anchor Compression Test 8.15.2 DQT CDRL T854
Diagonal Jacking 8.15.2 DQT CDRL T855
End Window Ease of Replacement 8.9.3 DQT CDRL T856
Demonstration
Seat Strength Tests 8.11.9 DQT CDRL T857

Couplers Structural Strength in Buff Test 9.1.2 DQT CDRL T951
Structural Strength in Draft Test 9.12 DQT CDRL T952
Coupler Step Strength Test 9.1.2 DQT CDRL T953
Centering Ability Test 9.13 DQT CDRL T954
Gathering Range Test 9.13 DQT CDRL T955
Shear Pin Device Release Test 9.3.2 DQT CDRL T956
Compatibility Test 9.6.1 DQT CDRL T957
Electrical Equipment Watertightness 9.6.5 DQT CDRL T958
Test

Doors Functional 11.10 FAT CDRL T1151
1.5 Million Cycle Test 11.10 DQT CDRL T1152

HVAC Air Conditioner Qualification Test 12.8.1.1 DQT CDRL T1251
Air Conditioner Functional Test 12.8.1.2 FAT CDRL T1252
Air Diffuser Test 12.8.1.3 DQT CDRL T1253
Heating System Qualification Test 12.8.2.1 DQT CDRL T1254
Heat Transfer Test 12.8.2.2 DQT CDRL T1255
Heating System Functional Test 12.8.2.3 FAT CDRL T1256
Defroster Test 12.8.2.4 FAT CDRL T1257

Lighting Light Intensity Test 13.1.2 DQT CDRL T1351

Miscellaneous Auxiliary Inverter Functional Test 14.1.3.10 FAT CDRL T1451

Electrical Battery Capacity Test 14.2.6 FAT CDRL T1452
Battery Functional Test 14.2.6 OAT CDRL T1453
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System Required Test Reference Test CDRL
Section(s) Type
LVPS Type Test 14.3.8 DQT CDRL T1454
Auxiliary Circuit Functional Test 14.6.1.5 FAT CDRL T1455
Third Rail Shoe Functional Test 14.7.5 OAT CDRL T1456
Under-Voltage Trip Test 14.2 DQT CDRL T1457
Propulsion VPI Verification Test 15.3.6 DQT CDRL T1551
Traction Motor Type Test 15.8.3.1 DQT CDRL T1552
Combined Systems Test 15.8.3.3 DQT CDRL T1553
Ambient Temperature Test 15.84 DQT CDRL T1554
Noise Tests 15.8.4 DQT CDRL T1555
Shock and Vibration Tests 15.8.4 DQT CDRL T1556
Gear Unit 100-Hour Test 15.8.4 DQT CDRL T1557
Dynamic Brake Resistance 15.8.4 DQT CDRL T1558
Traction Motor Factory Acceptance 15.8.7 FAT CDRL T1559
Tests
Propulsion System Factory Acceptance 15.8.7 FAT CDRL T1560
Tests
Duty Cycle Confirmation Test 15.8.8.4 DQT CDRL T1561
Friction Brakes Pressure Test 16.6.3.1 DQT CDRL T1651
Brake Rate Characteristics Test 16.6.3.2 DQT CDRL T1652
Brake Unit Fatigue Test 16.6.3.3 DQT CDRL T1653
System Capacity Test 16.6.3.4 DQT CDRL T1654
Brake Endurance Test 16.6.3.5 DQT CDRL T1655
Ambient Temperature Test 16.6.4 DQT CDRL T1656
Noise Tests 16.6.4 DQT CDRL T1657
Shock and Vibration Tests 16.6.4 DQT CDRL T1658
Brake System Performance Test 16.6.7.1 FAT CDRL T1659
Brake System Functional Test 16.6.7.2 FAT CDRL T1660
Hand Brake Test 16.6.7.3 FAT CDRL T1661
Car Performance Test 16.6.8.1 OAT CDRL T1662
Drift Test 16.6.8.2 OAT CDRL T1663
Slip-slide Test 16.6.8.3 OAT CDRL T1664
Friction Brake Only Round Trip Test 16.1.3 DQT CDRL T1665
Trucks Static Load Test 17.10.1 DQT CDRL T1751
Overload Test 17.10.2 DQT CDRL T1752
Fatigue Test 17.10.3 DQT CDRL T1753
Primary Suspension Test 17.10.4 DQT CDRL T1754
Equalization Test 17.10.5 DQT CDRL T1755
Stability Test 17.10.6 DQT CDRL T1756
Ride Quality Test 17.10.7 DQT CDRL T1757
Truck Frame Magnetic Partical 17.5.2 FAT CDRL T1758
Inspection
Truck Frame Radiographic Inspection 17.5.2 FAT CDRL T1759
Axle Inspection 17.7 FAT CDRL T1760
Wheelset Press Records 17.9.1 FAT CDRL T1761
ATC Development Tests 18.10.2.1 DQT CDRL T1851
Compatibility Tests 18.10.2.2 DQT CDRL T1852
Qualification Tests 18.10.2.3 DQT CDRL T1853
Factory Acceptance Test 18.10.3 FAT CDRL T1854
System Test 18.10.4.2 OAT CDRL T1855
Static Test 18.10.5.2 OAT CDRL T1856
Dynamic Test 18.10.5.3 OAT CDRL T1857
Qualification Demonstration Tests 18.10.6 OAT CDRL T1858
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System Required Test Reference Test CDRL
Section(s) Type
Communications Factory Acceptance Test 19.10.1 FAT CDRL T1951
Installation Test 19.10.2 FAT CDRL T1952
Qualification Test 19.10.3 OAT CDRL T1953
Vehicle VMS Qualification Tests 20.12 DQT CDRL T2051
Monitoring VMS Factory Acceptance Tests 20.12 FAT CDRL T2052
System VMS Performance Tests 20.12 OAT CDRL T2053
VMS Vehicle Level Tests 20.12 OAT CDRL T2054
VMS Reliability Test 20.12 OAT CDRL T2055
Materials and Elastomeric Tests 22.7.2 DQT CDRL T2251
Workmanship Plastic Materials Weathering Tests 22.8.2.3.3 DQT CDRL T2252
Plastic Materials Abrasion Resistance 22.8.2.3.5 DQT CDRL T2253
Tests
Plastic Materials Chemical Resistance 22.8.2.3.6 DQT CDRL T2254
Tests
Plastic Materials Adhesion of Coating 22.8.2.3.7 DQT CDRL T2255
Materials Tests
Plastic Materials Optical Quality Tests 22.823.11 DQT CDRL T2256
Carpeting Construction — Static 229.2.2 DQT CDRL T2257
Electricity Tests
Carpet Performance Tests 22.9.2.6 DQT CDRL T2258
FRP Strength Tests 22.12.3 DQT CDRL T2259
Piping Pressure Tests 22.14.1 DQT CDRL T2260
Insulation Smoke Tests 22.16.6 FAT CDRL T2261
Flammability and Smoke Emissions 22.243 DQT CDRL T2262
Tests
Floor Assembly Fire Test 22.24.4 DQT CDRL T2263
Toxicity Tests 22.24.6 DQT CDRL T2264
Noise and Equipment Noise Test - Pre-Installation 23.2.1 FAT CDRL T2351
Vibration Equipment Noise Test - Post-Installation 23.2.2 OAT CDRL T2352
Car Interior Noise Levels 23.2.4 OAT CDRL T2353
Door Operation Noise 23.2.5 OAT CDRL T2354
Car Body Sound Insulation 23.2.6 OAT CDRL T2355
Miscellaneous Equipment 23.2.7 OAT CDRL T2356
Car Exterior Noise Levels 23.2.8 OAT CDRL T2357
Auxiliary Equipment 2329 OAT CDRL T2358
Noise Test 23.4.1 OAT CDRL T2359
Vibration Tests 23.4.2 OAT CDRL T2360

3.2.2 Test Procedures

The Contractor shall prepare a test procedure for each test identified in the Master Test Plan described in
Section 3.2.1. (CDRL 302) Each test procedure shall, as a minimum, include the items shown in Exhibit
3-2, Test Procedure Requirements. The Contractor shall submit test procedures at least 60 days in
advance of the test commencement date. Test procedures must be approved by the Authority prior to the
start of any test.

A. Format. The Contractor shall use Exhibit 3-2 as a guide for developing a standardized format for
all test procedures and data sheets. The Contractor’s standard test procedures shall provide all
information and data identified in Exhibit 3-2.
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Data Sheets. The test procedure shall contain data sheets for the recording of test results, which
shall be included in the test report after completion of the test. The minimum requirements for
the data sheets are as follows:

1. The data sheet shall have checklist items such as YES/NO or V/X to indicate
PASS/FAIL, in accordance with the criteria specified by the Contractor, to demonstrate
compliance with the Specification requirements for each item tested or verified.

2. Each step number in the test procedure sequence shall have one-to-one correspondence
with the step numbers in the data sheet.

3. The data sheet shall include a step-by-step format for data reduction, formulae used for
calculations, acceptance criteria, and justification for the criteria set forth.

Test Certification Sheet. A Test Certification Sheet shall be provided, as illustrated in Exhibit 3-
2, to certify that the test has been witnessed by the Contractor/subcontractor’s quality control
representative and that the data have been reviewed by the appropriate test department
representative before submittal to the Authority for approval. The Authority may also elect to
have its quality assurance representative witness the test; such witnessing shall not constitute the
Authority’s approval of test results.

Reports

The Contractor shall provide a written report of each test, including test data sheets. Upon test
completion, the Contractor shall submit this written report to the Authority for review and approval.
(CDRL 303) In the case of tests that are performed on all cars, or all components, the reports of those
tests shall be included in the appropriate Car History Book. In every case, the report shall include a
description of the test, all raw data collected during the test, and a summary of the results in a form that
can be directly compared with the Specification without further calculations.

A. Test Charts and Recordings. Copies of all test recordings and charts shall be attached to the data
sheets.

B. Electronic Data Storage. If an electronic copy is prepared using a laptop computer or a tape
recorder, the test procedure shall clearly describe the instrumentation used for recording,
including the model number. The Contractor shall also describe the process of retrieving data
and tools needed to do so. For example, any specific software, information about the product,
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Exhibit 3-2
Test Procedure Requirements

“Cover Page”

Test Procedure No. Test Procedure Pg. 1 of X

1
ST-PS-001 M PROPULSION SYSTEM TEST

Rev. B

Approved 5/1/03

WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY
6000 SERIES RAPID TRANSIT CARS

CONTRACT XXX. XXX

TEST PROCEDURE

PROPULSION SYSTEM TEST

Specification Section Reference
Technical Provisions xx.xx

Prepared by

(signature)

(printed name and title)

(date)

2
Reviewed/Approved by @

(signature)

(printed name and title)

(date)

Notes:

(1): Procedure numbers shall uniquely identify test type (e.g., factory acceptance, qualification, field

acceptance), system, and sequence number.
(2): Contractor approval.
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Exhibit 3-2

Test Procedure Requirements (Continued)

“Revision Page”

made to the procedure. For example:

Test Procedure No. Test Procedure Pg. 2 of X Rev. B
ST-PS-001 PROPULSION SYSTEM TEST
Approved 5/1/03
Rev. Level Description of Modification Date
Approved

This page shall provide a description of modifications (additions, corrections, etc.)

A Basic/initial version. 4/3/03
B Microprocessor software modification, 5/1/03
Sections 1, 3, 5 affected in this procedure
“Table of Contents”
Test Procedure No. Test Procedure Pg. 3 of X Rev. B
ST-PS-001 PROPULSION SYSTEM TEST
Approved 5/1/03

number. For example:

The Table of Contents shall list each section of the test procedure by section number, title, and page

Section Page
1 Description 4
2. Prerequisite Tests 4
3 Test Documentation Required 4
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Exhibit 3-2
Test Procedure Requirements (Continued)

“Instructions”
Test Procedure No. Test Procedure Pg. 4 of X Rev. B
ST-PS-001 PROPULSION SYSTEM TEST
Approved 5/1/03

1. OBJECTIVE:

Provide a concise statement of the reason for conducting the test.

2. PREREQUISITE TESTS:

Clearly state the title(s) and procedure numbers of prerequisite test(s) needed to be performed and
provide a means to identify that they were successfully completed as prerequisites. This shall include
requirements for periodic calibration checks/recalibration.

3. TEST DOCUMENTATION REQUIRED:

List all documentation required to perform the test by name, document number and revision level. For
example: schematics, wiring diagrams, configuration control lists, etc.

4. TEST EQUIPMENT REQUIRED:

All required test equipment including model numbers, if applicable, shall be clearly specified in this
section. All test equipment including sensors and transducers shall be calibrated before testing
commences and certificates for the same shall be enclosed with the test data sheets. Provide space for
witness certification of valid current calibration.

5. TEST EQUIPMENT SETUP:

Clearly describe, with the aid of drawings or sketches, all necessary arrangements and the setup
necessary for conducting the test, including physical location of instrumentation, the connections for
wires, harnesses, sensors and firmware. Any requirements for periodic recalibration or calibration
checks during the test shall be highlighted in this section.

6. PERSONNEL:

Clearly identify any special assistance or support needed from the Authority, including engineering,
operation and maintenance personnel.
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Exhibit 3-2
Test Procedure Requirements (Continued)

“Instructions”
Test Procedure No. Test Procedure Pg.5of X Rev. B
ST-PS-001 PROPULSION SYSTEM TEST
Approved 5/1/03

7. TEST FACILITY:
Clearly identify where the testing shall be conducted (e.g., Contractor/Subcontractor’s facility, Authority’s

facility, or any other facility). If the Contractor requires a certain part of the Authority’s test track and/or
facilities to conduct testing, the Contractor shall clearly indicate the requirements in this section.

8. TEST SEQUENCE:
Describe all the steps that must be taken to safely and satisfactorily conduct the test, including any

precautions, specific placement of personnel to witness results, etc. The test sequence shall be written
in a step-by-step format. Data sheets shall be attached to the test report described in Section 3.2.3.

9. TEST NOTES:

Record failures, substitutions, and other pertinent notes to document problems encountered and
observations made during testing that may facilitate troubleshooting in the future.

10. ACTION TAKEN:

Record actions taken on any discrepancy.

“Data Sheet”
Test Procedure No. Test Procedure Pg. 6 of X Rev. B
ST-PS-001 PROPULSION SYSTEM TEST
Approved 5/1/03

The results of each test step, as required, shall be recorded in checklist form. The data sheet shall
include the applicable test procedure number, test step, parameter measured and pass/fail criteria, and
a column to indicate the results of each required test step.
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Exhibit 3-2
Test Procedure Requirements (Continued)

“Test Certification Sheet”

Test Procedure No.
ST-PS-001

Test Procedure Pg.7 of X Rev. B
PROPULSION SYSTEM TEST

Approved 5/1/03

Assembly Part No.:

Assembly/Car S/N:

Test Data Reviewed By:

Results:

Remarks:

Signature:

Date:

Conducted By:

Witnessed By:

Witnessed By:

(Pass/Fail)

(printed name and title of Test Department’s representative)

(signature)

(date)

(printed name and title of QC Department’s representative)

(signature)

(printed name and title of Authority’s QA representative)

(signature)
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manufacturer, and software version shall be included. If tapes are used, the Contractor shall include
information about the type of tapes used, tape running speed used for recording and retrieval, and at least
two equivalent tape types.

3.2.4 Status Log

The Contractor shall use Exhibit 3-3, Sample Test Status Log, as a guide in preparing and maintaining a
running record of the status of all test procedures. The Status Log shall include as a minimum the data
fields shown in Exhibit 3-3 for each test procedure.

The database/matrix shall be kept up to date, and clear copies shall be provided to the Authority on a
monthly basis after submission of the first test procedure for approval. (CDRL 304)

Exhibit 3-3
Sample Test Status Log

WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY

6000 SERIES RAPID TRANSIT CARS
CONTRACT NO. TC-6000/TGB

Test | Test Name Proce- | Rev. Status Con- Date WMATA Disposi- Remarks
Type dure Level tractor’s Sub- Letter tion Date

No. Letter mitted No.
(1) @) No. )

ST | Propulsion ST-PS- B Approved
System Test 001

ST | Friction ST-FB- C Condition-
Brake Test 002 ally
Approved
Notes:
(1): Information rows shall be sorted by test type (e.g., system test), system name, and procedure

number, in this order; Columns 1 through 3.

(2): Columns 4 through 7 respectively shall identify procedure revision level, approval status and
Contractor’s submittal correspondence. Columns 8 and 9 shall identify latest WMATA
correspondence and date approved/disapproved.

(3): Remarks shall be inserted in Column 10 as appropriate. The identity and the date of the latest
approved version shall be included, if the revision level being reported in Column 4 has not been
acted on by the Authority.
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33 FACILITIES FOR TESTING

3.3.1 Contractor Facilities for Testing

Prior to shipment of vehicles to the Authority’s site, each married pair shall be functionally and
dynamically tested while operating under its own power. Such tests shall be performed in manual
operating mode on an electrified test track sufficiently sized and equipped to allow safe acceleration and
braking to and from speeds of at least 30 mph.

These tests shall demonstrate that the vehicles’ systems operate in compliance with the Specifications.
The Contractor shall prepare and submit a detailed test description and procedure for this test to the
Authority for approval.

The pre-shipment vehicle dynamic testing shall be incorporated into the Master Test Plan (CDRL 301).
3.3.2 Authority Facilities for Testing

The Authority will make available to the Contractor a track of adequate length for tests to be conducted
on the Authority’s tracks. The Authority will also provide, for Contractor preparation and repair of cars
undergoing acceptance testing, indoor pits sufficient for one married pair of cars; jacks able to lift one
married pair of cars for exchange of equipment; personnel to operate the cars and other Authority-owned
equipment (e.g., jacks); storage tracks for six married pairs of cars; at least 1,000 square feet of office
and storage space; and, at the pits assigned to the Contractor, 700-volt DC, 110-volt, single phase AC,
and 460-volt, 3-phase AC power.

Except as may be prohibited by equipment failure or emergency situation, track to support the conduct of
qualification and acceptance tests on two trains simultaneously will be available to the Contractor from
01:00 AM to 04:30 AM. on weekdays and from 03:00 AM to 07:00 AM on Saturdays and Sundays,
exclusive of holidays observed by the Authority. The Authority has a limited amount of time available
on its system for performing tests. Times for testing are subject to change at any time.

Other facilities and personnel will be available to the Contractor for a maximum of 16 hours a day and
5 days a week, exclusive of Saturdays, Sundays, and holidays observed by the Authority; except that
personnel and facilities will be made available upon request during those hours when qualification and/or
acceptance tests are conducted on Saturdays or Sundays.

34 MISCELLANEOUS VEHICLE TESTS

In addition to other tests required elsewhere in this Specification, the following vehicle tests shall be
performed by the Contractor.

3.4.1 Weight Test

The Contractor shall weigh each car at the time of shipment (CDRL T351). The weight of each end of
the car shall be provided separately. A weighing device that provides a permanent record of the weight
to the nearest hundred pounds shall be used, and the weight tickets shall be submitted to the Authority
and copies thereof included in Car History Books.

The weighing device shall be maintained within a tolerance of two-tenths (2/10) of 1%. If the weighing
device is electronic, it shall be calibrated at intervals of no more than 120 days. If the device is
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mechanical, it shall be calibrated immediately prior to weighing the first car and annually thereafter. The
Contractor shall submit the car weighing procedure, including a description of the equipment to be used,
to the Authority for approval before the first car is weighed. (CDRL 305)

The Contractor shall separately weigh both trucks of the first car, and of another car approximately three-
fourths through the production, using weighing devices as described above (CDRL T362).

Additionally, the first car and another car approximately three-fourths through the production shall be
weighed to verify compliance with the lateral and end-to-end balance requirements of Section 7.3 (CDRL
7363).

3.4.2 Miscellaneous Apparatus Tests

Each component that is separately assembled, housed, and wired into a package unit prior to installation
in the car shall be tested 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 Authority (CDRL T352).
Tests shall be in accordance with the requirements of IEEE. 11 and IEEE 112 for rotating machinery and
IEEE 16 for control apparatus; batteries shall be given a capacity test at the point of manufacture in
accordance with the AAR Mechanical Division Manual of Standards, Section F-304.

3.4.3 Car Wiring Tests

When all car wiring is complete, the Contractor shall perform the following tests on each car:

A. “Ring out” all circuits to verify continuity, proper polarity, and proper connections (CDRL
7353).
B. Make a direct-current ground insulation test on each pair of cars by measuring, separately,

current flow to ground of each side of the battery circuit and of the 700-volt circuit (CDRL
T354). This test shall be made on the Authority’s property immediately prior to car acceptance.
This test shall also be made at the Contractor’s plant prior to car shipment, but the testing at the
Contractor’s plant will not supersede the test to be conducted immediately prior to acceptance.
This test must demonstrate compliance with the requirements of Section 22.17.

C. Make a high-potential ground insulation test in accordance with IEEE 11 for power circuits and
IEEE 16 for control circuits (CDRL T355).

The Contractor may request permission to disconnect certain components liable to be damaged or which,
if not disconnected, would render the result invalid, under any of the above tests.

3.44 Acceptance Testing

Acceptance tests shall be performed in all modes, speeds, and ATC configurations. The signals to be
monitored during the acceptance testing shall be identical to those required in Sectionl6.6.8.1. The
signals specified shall be recorded simultaneously for each car.

A. The Contractor shall perform an acceptance test of each married pair of cars upon their delivery
at the Authority’s property. This testing shall include ground insulation tests as required in
Section 3.4.3, functional testing of all apparatus and controls, field test of all communications
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system apparatus as required by Section 19.9, and static tests of the ATC equipment to
demonstrate compliance with the requirements of Section 18.

B. In addition, acceptance tests are to be performed by the Contractor on each pair of cars with the
cars empty to demonstrate compliance with the requirements of Sections 15.1, 15.5 and 15.8
during operation of the cars on the Authority property on track as designated by the Authority.
These tests are to be run with the cars instrumented to monitor all of the parameters measured
during the performance tests specified in Section 15.8.8. The relationship between performance
characteristics of empty and loaded cars shall be developed based on the performance tests
conducted as required by Section 15.8.8, and shall be used to evaluate the performance of all
two-car units tested without load.

Upon successful completion of the preceding acceptance tests and correction of all known defects by the
Contractor, including complete re-test if necessary or required by the Authority, and following up to 30
days of additional testing by the Authority as described in Section 3.1, the cars will be accepted by the
Authority.

3.4.5 Trainline Tests

A. The Contractor shall verify the accuracy of the car’s trainline connections by the use of a test
panel that is connected to the coupler’s electric head and indicates, by the illumination of lights
or other appropriate means, that the proper trainline wires are energized when the various car
controls are operated (e.g., master controller, door controller, and PA equipment) (CDRL T356).
This test shall be made on each two-car unit, at both ends.

B. One pair of cars shall be tested with another pair of cars furnished under this contract to
demonstrate that all trainline functions perform satisfactorily from control cabs at each end of
each pair of cars when “F” ends of cars are coupled together in an A Car-to-A Car, B Car-to-
B Car, and A Car-to-B Car configuration (CDRL T357). This test shall be performed at the
Contractor’s facility prior to delivery of the first two pairs of cars. Any modifications required
as a result of these tests shall be incorporated in all cars prior to delivery.

3.4.6 Car Compatibility Tests

The qualification test program shall include complete functional tests of the first four pairs delivered to
the Authority’s property (CDRL T358). These tests shall demonstrate the successful operation of the
new cars in conjunction both with the wayside and with the Authority’s existing cars. Note that the
Authority’s tracks will permit pairs to be turned at certain yards

3.4.7 Electromagnetic Compatibility Test

One pair of cars shall be tested by the methods referenced in Section 7.6 for compliance with specified
requirements and for compatibility with the Authority’s power distribution and train control, signal, and
communication systems (CDRL T359). The test shall be conducted on the Authority’s tracks.

3.4.8 Operational Characteristics Analysis

Prior to Conceptual Design Review (CDR), the Contractor shall acquaint himself with all aspects of the
existing fleet and system interfaces by conducting an Operational Characteristics Analysis. The
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Authority will support this activity by providing one married-pair of each unique configuration in the
inventory, for testing in the yard, and access to any of the five (5) mainlines. However, no more than one
trainline of maximum length will be taken out of service at any one time. These cars include:

ROHR cars rehabilitated with GTO AC propulsion (1000 Series)
Breda 2000 / 3000 cars with Cam Controller

Breda 2000 / 3000 cars rehabilitated with IGBT AC propulsion
Breda 4000 cars with DC chopper

CAF cars with IGBT AC propulsion (5000 Series)

Note: Each car type listed has many other dissimilar though compatible sub-systems besides the
example stated (propulsion) including: Doors; Friction Brakes; ATC; Auxiliary Electrical, etc.

To ensure that the data collected is fully representative of system operation, some testing will be allowed
during busy (peak) periods between revenue service trains. This is to allow the Contractor experience
with effects such as a receptive line and ATC System operation with close headways. Since doors will
not be operated on the platform side on a test train and are therefore not subjected to passenger
interaction, the Contractor will need to observe such operation and devise a similar scheme for testing
operational scenarios, if necessary. The majority of testing will be restricted to ‘off-peak’ hours or
evenings to avoid disrupting revenue service operations unnecessarily. Therefore it is essential that the
Contractor identify before hand, which tests have to be conducted during peak hours as opposed to those
tests that can be performed at any time.

The Conceptual Design Review, and each incremental sub-system design review meeting between the
Authority and Contractor shall include the relevant items identified in the Operational Characteristics
Analysis, as well as the Contractor’s action item or progress.

3.4.8.1 Test Plan and Procedures

Following contract award, the Contractor shall review all sections of the Technical Specification and
formulate a series of tests on these existing cars that will remove any ambiguity about how the interfaces
should perform to meet these compatibility requirements (CDRL 306). No sub-system that has an
interface with another system, whether on the cars or to the wayside, shall be considered to have ‘Design
Approval’ until issues identified in this Test Plan have been incorporated into design reviews and have
been resolved to the Authority’s satisfaction.

Sufficient detail shall be provided in the plan and associated test procedures to facilitate efficient
installation of instrumentation, data collection and analysis by the Contractor. Detailed planning of this
activity is essential at the earliest opportunity in order that the relevant parameters can be disseminated to
the sub-suppliers and included in the design process.

After the Test Plan and Test Procedures have received Authority approval, the Contractor must
demonstrate that the test equipment including: transducers, cables, connectors and recording devices, etc.
is available before any cars will be removed from revenue service for this activity.

A schedule shall be included in the Test Plan showing each activity from start to finish, enabling the

Authority to work around the cars removed from service for a pre-determined period of time. In order to
limit the testing period and subsequent loss of cars from revenue service, multiple sub-system data from
multiple cars shall be collected concurrently, limited only by the consist / platform length to the greatest
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extent possible. That does not mean that single married-pair testing will not be allowed, but there must
be a justification. Particular emphasis shall be placed upon those interfaces where the chosen sub-
suppliers have not provided the interfaces previously at WMATA or if the previous responsibility for
certain functions has been different.

Approval by the Authority of any or all of the Test Plan and Test Procedures shall not relieve the
Contractor of the responsibility for the compatibility requirements between the new cars of this contract
and existing cars / wayside interfaces in all respects. If during testing the Contractor finds a situation
more arduous than the Technical Specification; the Contractor shall design for the worst-case condition
encountered and under no circumstances shall the design be any less restrictive than the Technical
Specification.

Each test procedure shall be in sufficient detail to concisely explain the purpose and methodology to be
used to collect / analyze data in each particular sub-system whereas the Test Plan shall delineate how the
various Test Procedures are utilized to collect data from various sub-systems and from multiple cars
simultaneously. The initial condition of all the various cut-out switches and bypasses shall be clearly
defined i.e. is dynamic brake cut-in or cut-out, is regeneration enabled or inhibited, are the cars at tare
weight or loaded with ballast, etc.

3.4.8.2 Operational Characteristics Analysis Reports

Results of the tests conducted in the Operational Characteristics Analysis should be conveyed in reports
submitted to the Authority (CDRL T360), and are due no later than 30 days prior to the Conceptual
Design Review Meeting. The Authority does not plan to approve these reports, but may, however,
provide comments to the Contractor.

3.49 AC Auxiliary Motor Type Tests

One motor of each type shall be type tested in accordance with IEEE 112, NEMA MG 1, or IEC 60349 to
demonstrate compliance with these Provisions and the required duty cycle, including audible noise
(CDRL T361).

3.5 REFERENCED CDRLs
The following CDRL items are referenced in this section:

CDRL 301 Master Test Plan

CDRL 302 Test Procedures

CDRL 303 Test Reports

CDRL 304 Test Status Log

CDRL 305 Car Weighing Procedure

CDRL 306 Operational Characteristics Analysis Plan
CDRL T351  Weight Test

CDRL T352  Misc. Apparatus Test

CDRL T353  Wiring Continuity Test
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CDRL T354
CDRL T355
CDRL T356
CDRL T357
CDRL T358
CDRL T359
CDRL T360
CDRL T361
CDRL T362
CDRL T363

Ground Insulation Test

High Potential Test

Factory Trainline Test

Multiple Configuration Trainline Tests

Car Compatibility Test

Electromagnetic Compatibility Test
Operational Characteristics Analysis Reports
AC Auxiliary Motors Type Tests

Truck Weight Tests

Lateral and End-to-End Imbalance Tests

3.6 REFERENCED STANDARDS

The following standards are referenced in this section:

IEEE 11
IEEE 112
IEEE 16
AAR

Rotating and Electrical Machinery for Rail and Road Vehicles
Test Procedure for Polyphase Induction Motors and Generators
Electric Control Apparatus, Land Transport

AAR Mechanical Division Manual of Standards, Section F-304
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SECTION 4
TRAINING PROGRAM

4.1 MANUALS AND CATALOGS
4.1.1 General

Manuals and Illustrated Parts Catalogs are an integral part of any maintenance activity. Consequently,
the Contractor shall develop manuals for this Contract following a very strict and systematic process, and
shall submit them to the Authority for review and approval. The manuals shall be developed using
various reliability and maintainability analyses required for this Contract.

In addition to the printed versions of the manuals, the Contractor shall supply electronic versions of all
manuals and shall supply the associated support system to allow the Authority to maintain the manuals
once the Contract is completed.

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.

4.1.2 Manuals Program Plan

The Contractor shall prepare and submit to the Authority for review and approval a Manuals Program
Plan within 12 weeks after Notice to Proceed (CDRL 401). The purpose of the Plan is to identify all of
the elements associated with the development of manuals for this Contract. At a minimum, the Plan shall
include:

A description of the process the Contractor intends to follow to develop the manuals.
b. The schedule for manuals development.

c. An organizational chart showing the person with primary responsibility for development, along
with all persons, departments, or vendors who will be working on the manuals.

d. The methods to be used to assure that the manuals reflect the reliability and maintainability
analyses upon which they are based.

The revision tracking methodology to be used in the manuals.
The Contractor’s approaches to using styles and developing a Style Guide.

The quality program to be used to assure the accuracy and completeness of the manuals.

= @ oo

The audit and sign-off sheets that shall be used during manuals development.
4.1.3 Manuals Style Guide
Within 16 weeks after Notice to Proceed (NTP), the Contractor shall submit to the Authority for review

and approval a Style Guide, including an electronic version, and format for each of the manuals required
under this Contract (CDRL 402).
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The Contractor shall use the Style Guide to develop all required manuals. All Suppliers shall use the
same Style Guide for the development of their manuals, or their portions of the manuals, for use on this
Contract.

4.1.4 Outlines

Within 24 weeks after NTP, the Contractor shall submit to the Authority for review and approval, tables
of contents and samples for each type of manual and for the Illustrated Parts Catalog in accordance with
the Style Guide (CDRL 403).

4.1.5 Design and Format

Manuals shall be designed for continuous, long-term service in a maintenance shop environment. The
publications shall be complete, modern, thoroughly organized, and authentic, and shall contain no
extraneous material such as advertisements or irrelevant information.

Manuals and catalogs shall be produced in the same format as the manuals in use for the Authority’s
existing vehicles. A complete correlation between in-use documentation is required; e.g., Propulsion and
Control System shall be in Chapter 3 of both the old and the new manuals. The same size and style of
type shall be used throughout the manuals and catalogs, except for emphasis.

Each manual shall contain the following general information:

a. Title Page — This includes the Contract name and number, name of the Contractor, date, and
revision of the submittal.

b. Revision Tracking — This includes a listing and revision number of all pages, as well as a list of
each revision, date of revision, and associated explanation of the revision.

c. Table of Contents — This includes a list of all sections, a list of all figures, and a list of all tables.
A Table of Contents shall be provided at the beginning of each manual.

d. Index — This includes all relevant terms and page locations.
e. [Each manual shall have language permitting the reproduction contents for training purposes.

Each manual section shall be subdivided, to the extent required by the subject matter, into the following
topics:

a. General description and operation of the subsystem
b. Block diagram
c. Signal flow diagrams
d. Functional schematics
e. Functional wiring and piping diagrams
f. Troubleshooting techniques
g. Microcomputer software
h. Lubrication and cleaning, including frequency, methods and trade identifications of
recommended materials; component location and description
i. Inspection and maintenance standards including wear limits, settings and tolerances
j. Installation and removal
k. Test and evaluation procedures
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4.1.5.1 Paper and Binding

Each page of all final manuals, including drawings and figures, shall be printed on approved high-grade
paper with a reinforced binding edge and oversized punched holes for binding in loose-leaf form.

Pages shall be printed on both sides. Sides of pages intentionally left blank shall be so noted. Diagrams
and illustrations shall be either 8.5 x 11 in. (216 x 279 mm) or 11 x 17 in. (279 x 432 mm), as approved,
and shall be bound to the central binder.

Pocket-size manuals, where applicable, shall be 4-1/4 inches wide, 7 inches high, and not more than 1-1/4
inches thick. They shall be bound along either dimension, as long as the contents are not obscured, and
the pages therein shall be as large as can be accommodated without damage. Punch holes shall be on
9/16-inch centers.

Manuals for 8-1/2 x 11-inch pages shall be 10 inches to 10-1/2 inches wide (depending on ring size) and
11 inches to 12 inches high. They shall be bound along the 11-inch dimension. The 8-1/2 x 11-inch
binders shall not exceed 3 inches overall thickness. Punched holes shall be on 3/4-inch centers. Manuals
with 8-1/2 x 11-inch size pages may be divided into Volume 1, Volume 2, etc., if the required material
cannot be accommodated within the maximum allowed binder thickness. Adequate cross-references and
table of contents shall be provided in each manual and catalog.

All covers shall be approximately 1/16-inch thick and resistant to oil, moisture, and wear to a high
degree, commensurate with their intended use. Final sets of manuals shall be serialized with numbers to
be supplied by the Authority. The numbers shall be permanently marked on the spine of the cover.
Loose-leaf binder rings shall have locking triggers for opening and positive engagement closing.
Diagrams and illustrations shall not be loose or in pockets. All printed material shall be clearly
reproducible by dry copying machines. The use of halftone illustrations is thus precluded; line drawings
are required for all illustrations.

4.1.5.2 Indexing

Manual sections shall be indexed with heavy-duty, 90 1b minimum, white index dividers, having white,
rounded corner tabs. Tabs shall be laminated, and have bold, black printing with capital lettering on both
sides. Indexing of the pocket-sized Operator’s Manuals may be abbreviated, as required, to achieve
condensation without impairing legibility.

All sections shall be subdivided to the extent required by the subject matter.

4.1.5.3 Figures

Figures, including diagrams, drawings, and illustrations, shall be labeled as figures. Folding pages will
be permitted (11 x 17 inches, “Z”-folded) where the information to be conveyed cannot be presented

clearly on single pages.

Figures shall not be loose or in pockets.
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4.1.6 Functional Requirements

The car shall be treated as a whole and not as a grouping of disassociated parts. The manuals shall be
organized logically with subsystems and elements considered in descending order of importance.

All material shall be indexed with and Authority-approved standard numbering system in accordance
with the Authority-approved outline. All statements must be clear and accurate, with no possibility of
incorrect implications or inferences. Simple declarative statements shall be employed to convey
instructions.

Safety-related notes, cautions, warnings, special procedures, or other information needed to maintain safe
conditions shall be highlighted and included in all manuals. Block diagrams shall be used to facilitate the
description of assemblies and the relationship of components, assemblies, and subsystems. Photographs
shall not be used in the manuals.

The publications shall consist of six general categories, as follows:

Train Operator’s Instruction Manual (pocket size)

Running Maintenance and Servicing Manual (8-1/2 x 11-inch pages)

Heavy Repair Maintenance Manual (8-1/2 x 11-inch pages)

Parts Catalog (8-1/2 x 11 inch pages)

Operation and Maintenance Manuals — Portable Test Equipment and Bench Test Devices (8-1/2
x 11-inch pages)

f. Parts Catalog — Portable Test Equipment and Bench Test Devices (8-1/2 x 11-inch pages)

o a0 o

If microcomputers are used, the Contractor shall provide in separate binders five sets of software
documentation conforming to the requirements of Section 22.29. This documentation shall be subject to
the same revision requirements imposed on manuals in this section.

The format of all data contained in each section of the maintenance and parts manual shall be consistent
from section to section. Note: The detailed contents of sealed assemblies need not be displayed, but the
functions of such assemblies shall be explained and the appropriate values shall be noted for each
external test point. Procedures appropriate to the replacement of sealed assemblies, including methods
and tests, shall be stated.

Following the issue of each publication, the Contractor shall provide revised pages covering any changes,
whether required by change of design or procedures or due to error. These revisions shall be kept current
during the warranty period. Manual and catalog revisions shall be supplied to the Authority before or
coincident with the arrival of the altered parts or components.

4.1.6.1 Train Operator’s Instruction Manual

The Train Operator’s Instruction Manual shall contain all information needed for the optimum operation
of the vehicle. It shall include general vehicle familiarization material: location, function and operation
of controls, gauges, indicators and switches; a discussion of the trucks, couplers, lights, environmental
control, air springs, height control valves, ATC, and other features of the car which the Operator may not
be in a position to control or adjust but of which he should have some basic knowledge; emergency
procedures; and trouble symptom and diagnosis methods.
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The manual shall be logically organized with systems and elements considered in descending order of
importance. Care shall be taken that all statements are clear, positive and accurate, with no possibility of
incorrect implications or inferences.

4.1.6.2 Running Maintenance and Servicing Manual

The Running Maintenance and Servicing Manual shall provide the maintenance technicians with all of
the information required for on-car running maintenance and adjustment, lubrication, inspection, and on-
line trouble diagnosis of each system, including such data as troubleshooting guides and schematics for
the car and each of its systems. Information on how to utilize any laptop-based test program shall also be
included.

4.1.6.3 Heavy Repair Maintenance Manual

The Heavy Repair Maintenance Manual shall contain a detailed analysis of each component of the car so
that maintainers can effectively service, inspect, maintain, adjust, troubleshoot, repair, replace, and
overhaul the component. The Heavy Repair Maintenance Manual shall also include, in a separate
section, all information needed for periodic inspection and servicing requirements, including lubrication,
inspection, adjustment, removal, repair, installation and overhaul (if applicable) of all apparatus.

Information on ATC system hardware and software and the Radio system hardware and software shall be
replicated and provided in additional, separately-bound manuals, with the same requirements as above,
and shall contain the same general information, as described in Section 4.1.5.

4.1.6.4 Parts Catalog

The Illustrated Parts Catalog shall enumerate and describe every component with its related parts,
including the supplier’s number and commercial equivalents. A separate column shall be provided for
insertion of the Authority’s stock numbers in future revisions. Cutaway and exploded drawings shall be
used to permit identification of all parts. Parts common to different components (for example, bolts and
nuts) shall bear the same Contractor’s number. Each part or other component shall be identified as being
part of the next higher assembly.

Information on ATC system and Radio system components shall be replicated and provided in additional,
a separately-bound parts catalogs, with the same requirements as above, and shall contain the same
general information, as described in Section 4.1.5.

4.1.6.5 Operation and Maintenance Manuals — Portable Test Equipment and Bench Test Devices

Operation and Maintenance manuals for test devices shall include the requirements of Section 21.1 and
shall be presented in the format required by Section 4.1.5.

4.1.6.6 Parts Catalog - Portable Test Equipment and Bench Test Devices

Parts Catalogs for test devices shall include the requirements of Section 21.1 and shall be presented in
the format required by Section 4.1.6.4.
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4.1.7 Submission Schedule and Quantities

The Contractor may submit draft manuals to the Authority for review on a chapter-by-chapter basis;
however, each manual must be submitted as a complete unit before receiving Authority approval. The
Contractor shall submit draft manuals (CDRL 404), final draft manuals (CDRL 405) and final published
manuals (CDRL 406) in accordance with the following schedule and quantities:

Draft Manuals Final Draft Manuals Final Published
Manuals
Quantity | Due Date' | Quantity | Due Date' | Quantity | Due Date
a. | Train Operator’s
Instruction Manual 30 -60 days 30 +60 days 650 Note 2
b-| Running Maintenance and | 5, | 6y 4oy | 30 | +60days | 80 Note 2
Servicing Manual
¢ | Heavy Repair Maintenance | 5, +30 days 30 | +150days | 80 Note 2
Manual
d. | Tllustrated Parts Catalog 30 -30 days 30 +90 days 80 Note 2
e. | Operation and
Maintenance Manual —
Portable Test Equipment 30 -60 days 30 +60 days 20 Note 2
and Bench Test Devices
f. | Illustrated Parts Catalog —
Portable Test Equipment 30 -30 days 30 +90 days 20 Note 2
and Bench Test Devices

In addition to the above manuals, the Contractor shall replicate the sections discussing the Carborne ATC
Equipment and the Radio Equipment, and shall deliver additional bound copies of these sections as
follows:

Final Draft Manuals Final Published
Manuals
Quantity | Due Date' | Quantity | Due Date
g. | Carborne ATC Maintenance Manual 30 +60 days 50 Note 2
h. | Carborne ATC Parts Catalog 30 +90 days 50 Note 2
i. | Radio Maintenance Manual, for FCC 20 +60 days 20 Note 2
Licensed Personnel
j- | Radio Parts Catalog 20 +90 days 20 Note 2

Note 1: Due dates shown in number of days (-) before or (+) after scheduled Acceptance of the
first vehicle.

Note 2: Final Published Manuals must be submitted before the scheduled completion of the
Contractor Reliability Monitoring Period, described in Section 5.2.7, or no later than 12
months after Acceptance of the first vehicle, whichever occurs first.

The Contractor shall supply revisions to the Authority, as applicable, every 3 months until the end of the
Authority Reliability Assessment Period described in Section 5.2.6. A new revision sheet shall be
provided for each manual showing the date of any changes made since the previous submittal and the
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pages that are affected. When no changes are required for a 3-month period, the Contractor shall provide
only a new revision sheet showing the new period of validity.

4.1.7.1 Draft Manuals and Parts Catalogs

The intent of the Draft Manuals and Parts Catalogs is to allow the Authority to review and provide
feedback on the substance of the manuals with enough time for necessary modifications to be made to
support the Authority’s Maintenance Training Program. As such, the Draft Manuals and Parts Catalogs
shall be complete and thorough, and shall be prepared as if they were the final versions. The Draft
Manuals and Parts Catalogs shall reflect the current state of the vehicles at the time of publishing, and
shall be a culmination of the discussions of the various manuals status meetings held with the Authority,
as described in Section 4.1.10.

Draft Manuals and Parts Catalogs shall be provided in both printed and electronic formats.

4.1.7.2 Final Draft Manuals and Parts Catalogs

The Final Draft Manuals and Parts Catalogs shall incorporate the necessary revisions as a result of the
Authority’s review of the Draft Manuals and Parts Catalogs, and shall incorporate any vehicle
modifications realized at the time of submittal. The intent of the Final Draft Manuals is to provide an
interim comprehensive set of documentation, which has incorporated the necessary Authority comments,
and which will support the Authority’s Training and Maintenance efforts until the Final Published
Manuals and Parts Catalogs are available.

Final Draft Manuals and Parts Catalogs shall be provided in both printed and electronic formats.

4.1.7.3 Final Published Manuals and Parts Catalogs

Final Published Manuals shall incorporate any and all revisions or modifications realized during the
Contractor’s Reliability Monitoring Period.

Final Published Manuals and Parts Catalogs shall be provided in both printed and electronic formats.

Additionally, the Contractor shall provide, in both printed and electronic format, any necessary revisions
through the end of the Authority’s Reliability Assessment Program (CDRL 407).

4.1.8 Interactive Electronic Technical Manuals

The Authority is in the process of selecting an Interactive Electronic Technical Manual (IETM) provider
for the existing WMATA fleet. The Contractor will be required to author an IETM for the 6000 series
that will be in a fully compatible format.

4.1.9 Revisions

Manual revisions shall be recorded on a control list in the front of each manual. The list shall be issued
with each revision and shall show the date of each revision and the page reference.

Revisions related to field alteration of subsystems or assemblies shall be issued with the associated
service bulletin before the arrival of the components or retrofit packages.
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The Contractor shall provide an electronic copy of all manuals on CD-ROM with each delivery of the
paper copies. Additionally, a new CD-ROM shall be provided with each revision, including those related
to field alteration of subsystems and assemblies. A final CD-ROM shall be provided with the submittal
of the final manuals.

4.1.10 In-Process Reviews

The Contractor shall conduct in-process reviews of the manuals and all aspects of the manual
development process during this Contract. The first review shall be conducted within 24 weeks after
NTP. Subsequent review dates shall be coordinated with the Authority, but in no case shall they be held
less than quarterly, or once every 12 weeks. During these reviews, the Contractor shall:

=  Present the status of the manuals program versus the Contract document requirements, including
action items status from previous reviews.

= Present all completed manuals chapters or portions thereof for Authority review.
=  Present the results of any audits.
= Present any issues related to the development of the manuals to be addressed by the Authority.

= At the Authority’s request, make available for interview those persons who are developing the
manuals.

= Record minutes to be published after the review, including any action items.

These reviews shall be conducted at the location to be selected by the Authority. An agenda and
materials to be presented during the review shall be submitted to the Authority prior to the review date.

4.1.11 Audits

The Contractor shall conduct periodic audits to assure that the manuals accurately reflect equipment
design and the reliability and maintainability analyses upon which they are based. The results of these
audits shall be presented at the in-process review meetings.

4.1.12 Contractor Internal Review and Approval

All manuals shall be reviewed by the appropriate Contractor engineering personnel, manuals department
head and/or the person responsible for manuals on this Contract, and program management personnel for
accuracy and completeness before submittal to the Authority. In addition, each document submitted to
the Authority shall be accompanied by a sign-off sheet that includes the signatures (and date of signing)
of all persons who conducted the review attesting to the accuracy and completeness of the submitted
manuals.

4.1.13 Use of Suppliers

If the Contractor utilizes a Supplier to develop the manuals, all requirements of this Contract shall remain
in effect and continue to be the sole responsibility of the Contractor. In addition, the Contractor shall
manage the efforts of the Supplier and participate in any and all meetings and in-process reviews related
to manuals.

4.2 USER EDUCATION
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4.2.1 General

The Contractor shall provide an educational program for the Authority’s Training Instructors and
supervisory staff of a quality and depth sufficient to permit satisfactory use, servicing, and maintenance
of the equipment. This program shall include classroom and hands-on instruction, mock-ups, models,
manuals, diagrams, and parts catalogs. The Contractor shall assume no knowledge of the features of the
cars on the part of the Authority’s personnel, and shall design the program to bring the level of
knowledge to one fully adequate for the objective. The Contractor may assume that the Authority’s
personnel have the basic skills pertinent to their crafts. The curriculum shall emphasize the differences
between these cars and the Authority’s existing rolling stock and equipment. The Contractor’s approach
to this effort shall be based on the assumption that the Contractor’s own interests, immediate and
ultimate, are best served by a satisfactory program. All courses of instruction shall be presented in the
English language.

Prior to the initiation of classroom instruction, all instructors to be utilized by the Contractor shall attend
a one-day orientation at the Authority to become familiar with Authority safety regulations and facilities
and the layout of the car, and to be advised of student qualifications and expectations.

The curriculum material shall be accurate, complete, and of professional quality. Instructor and Student
Guides (CDRL 409) shall be provided for each course, as well as the training aids as specified in Section
4.2.5. The Maintenance Manuals and Parts Catalogs shall be incorporated into the classroom
discussion, but shall not serve as the Student Guides.

The training program shall be conducted at the Authority’s facilities in Washington, D.C. and shall
include classroom and hands-on instruction for a selected group of Instructors, Supervisors, Mechanics/
Technicians and Train Operators. The Contractor shall provide an adequate supply of high-quality,
professionally prepared paper copies of training materials, and such other training aids as may be
necessary to impart the essential knowledge to the people involved and leave them with authoritative and
up-to-date reference material. The program shall include testing and evaluation to determine the
proficiency of the students. Testing shall consist of written tests, utilizing a multiple choice format with
four possible answers.

The Contractor shall provide full-time on-site management and coordination of the training program to
ensure continuity of classes and proper distribution of training materials, and to be responsible for
interfacing with instructors.

The Contractor’s instructor will be accompanied at all times by a qualified Authority instructor or
supervisor to ensure that all Authority rules and procedures are respected.
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4.2.2 Objectives

The primary objective of the Maintenance Training Program shall be to train the Authority’s Instructors
and Supervisors so that they are sufficiently proficient in the operation and maintenance of the transit car
to provide effective instruction to and training of the Authority’s maintenance personnel.

The primary objective of the Operations Training Program shall be to provide Train Operators and
Operations Supervisors with proficiency in the operation of the transit car.

4.2.3 Training Plan

The program shall provide for a combination of classroom instruction and hands-on demonstrations in
the shop and on the rail car of operations and maintenance functions. Maintenance and operations
courses shall have a length commensurate with the requirement for in-depth presentation of material.

The Contractor shall submit a Training Plan and Summary Level Schedule (CDRL 410) that identifies
milestones for submitting course outlines, lesson plans, instructor/student guides, and training aids; for
providing mock-ups/simulators; for conducting classes; and for administering written and practical tests.
The training plan shall identify each module of instruction and the general topics to be taught, and shall
indicate the order in which modules will be conducted. The Authority will provide samples of how
training materials should be organized, and of how instructor guides, student guides, lesson plans and
audiovisual aids shall be designed.

As training materials are being developed, the Contractor shall work closely with Authority staff to
ensure that the Authority’s standards—with respect to the course organization, content, and overall
quality of written documents—are being met. The Authority will provide samples of current training
materials.

4.2.3.1 Operations Training

Topics to be covered in the Operations Training Program shall include, but not be limited to, the
following:

A. Car specifications, controls and indicators

B. Car systems (e.g., propulsion, friction brake, electrical, truck and coupler assemblies, door
control, HVAC, lighting and communications)

C. Car operations (i.e., actual operation of the car in maintenance yards and on the revenue railroad)
D. Troubleshooting procedures and recovery operations.
Instruction in operations shall follow a logical progression involving the anatomy of the car, the

manipulation of all controls, and actual operation of the car. Operating instruction shall include trouble
indications, their proper reporting, and corrective measures available to Train Operators.
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4.2.3.2 Maintenance Training
Topics to be covered in the Maintenance Training Program shall include, but not be limited to:

Carbody

Car logic control
Destination signs
Propulsion

Friction brake
Pneumatics

Primary power
Auxiliary power

Trucks and suspension
Coupler and draft gear
Door control

Heating, ventilation and cooling
Lighting

Automatic Train Control
Communications

CZEZrASCZOTEUO® R

Authority employees shall be exposed to the depth of detail that is necessary for the performance of
troubleshooting, preventive (scheduled) maintenance, and corrective (unscheduled) maintenance
operations. Students shall be afforded the opportunity to perform the more complex maintenance
functions on the car and in the shop, in addition to troubleshooting “bugged” systems using the
appropriate subsystem test devices.

The program shall emphasize the details of performing heavy maintenance repair and rebuilding of
selected components. Examples include replacement of compressor seals and traction motor bearings.

Courses shall be divided into two classifications: electrical/electronic, and mechanical. To enable
student participation during the demonstration and performance of maintenance functions, each course
shall be separated into these two classifications.

4.2.4 Training Courses

The Contractor shall submit course outlines for each course at least 90 days prior to the anticipated start
date of each course. (CDRL 411) Lesson plans shall be submitted for each course at least 60 days prior
to the anticipated start date of each course. (CDRL 412) The Contractor shall provide detailed schedule
data for the proposed courses (see CDRL 410). This information shall be grouped by type of course and
separately indicated for each individual course proposed.

A qualified instructor shall be assigned to each group of students during training. The training shall
provide in-depth understanding of vehicle assembly, subsystem installation and operation, subsystem
integration, and vehicle verification testing. Additionally, students shall observe demonstrations of
proper maintenance practices and shall be instructed in the requirements for and use of proper tools (e.g.,
special tools), the importance of proper torquing and sealing procedures, and the most efficient way to
perform maintenance.
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Hands-on instruction in both the maintenance and the operation of the car shall be presented by
instructors having thorough experience in maintenance services or operations, as the case may require.
Instructors shall have their subject matter properly organized prior to commencement of the class.

Classes shall be scheduled on the basis of a 40-hour work week, 8 hours per day, 5 work days per week.
No classes shall be scheduled on the Authority’s holidays. Class instruction periods shall normally be 50
minutes in duration, with a 10-minute break between periods of instruction. The length of practical
application periods is not fixed.

Maintenance Training courses shall be initiated within 5 days after acceptance of the first pair of cars.

Operator Training courses shall be initiated within 5 days following acceptance of the second pair of
cars.

There shall be a 10-day break following the first class to permit Authority personnel to evaluate the
quality of the instruction and to request changes to enhance the effectiveness of the training.

4.2.5 Training Aids

The Contractor shall supply the following training aids for both the Operation and the Maintenance
Training classes (CDRL 413):

A. The Contractor shall provide Student Guides that highlight the classroom material to be covered,
and emphasize important concepts or maintenance issues. Copies of any transparencies for
which the subject matter could not otherwise be found in the Manuals (i.e. viewgraphs showing
simplified schematics for purposes of emphasizing a concept) shall be included in the Student
Guides. Whenever possible, actual Manuals sections should be referenced as having been used
during the classroom discussion. The Student Guides shall have all pages numbered and such
numbering must be reflected on the corresponding transparencies to aid with locating the subject
material during classroom discussions.

B. Transparencies, 8-1/2 x 11 inches in size, shall be furnished for use with an overhead projector.
These transparencies shall illustrate component locations, component cutaways, schematics, and
wiring diagrams. Viewgraphs depicting hydraulic, pneumatic, and HVAC systems shall include
direction of flow for the particular medium.

C. The Contractor shall furnish IBM PC-compatible computer-driven video displays for use during
the propulsion, friction brake, and automatic train control electrical maintenance course. The
video display shall include, but not be limited to, an animated schematic of the propulsion
primary motor circuit, the friction brake pneumatic circuit, and signal paths for the automatic
train control system ATP, ATO, and ATS subsystems. The animated schematic shall:

1. Use the same page layout, graphic symbols, circuit notation, and terminology as the
propulsion, friction brake, and ATC system schematic diagrams found in the
maintenance manuals.

2. Accurately display system configurations on screen all motoring and electric braking
configurations and have the capability to change configurations without any noticeable
delay for screen re-drawing or refreshing.
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3. Accurately display, on screen, current flow in all parts of the propulsion primary circuit
for all modes and all configurations.

4. Accurately display, on screen, propulsion system operating parameter values for all
propulsion, friction brake, and ATC modes and configurations. The parameters
displayed on screen shall include, but not be limited to, line currents, motor currents,
motor voltages, motor RPMs, brake cylinder pressures, brake pipe pressures, train speed
and acceleration, relay and contactor status, and any internal logic flags or variables that
would ordinarily be monitored by maintenance personnel during maintenance or
troubleshooting. There shall be no noticeable delay in updating the parameters display.
Any other parameters, which in the opinion of the Contractor or the Authority would aid
in a student’s understanding of the operation of the propulsion, friction brake, and ATC
systems, shall be included in the display.

5. Allow the user to simulate changes to various propulsion, friction brake, and ATC
operating parameters including, but not limited to, trainline inputs, line voltage, car
weight, and braking and tractive effort request. The display shall then immediately show
the effect of those changes on the propulsion, friction brake, and ATC systems.

The display shall allow the user to simulate common propulsion, friction brake, and ATC system
faults including, but not limited to, low or high line voltage, high and low brake pipe and brake
cylinder pressures, semiconductor faults, relay and contactor failures, tachometer failures, over-
temperature conditions, compressor failures, loss of cab signals, and over-speed conditions. The
display shall then immediately show the actual effect that those faults would have on the
propulsion, friction brake, and ATC systems.

The Contractor shall furnish all documentation, materials, and tools necessary to modify and re-
compile the software should any future changes to the propulsion, friction brake, and ATC
systems require that the display be updated.

The Contractor shall supply a minimum of ten interactive training videos covering all major
subsystems plus subsystem interfaces in DVD format. Each DVD video shall be divided into
segments that are 10 to 20 minutes in length. An interactive menu shall be included at the start
of the DVD that allows the user to select a specific segment to review. Segments shall include,
but not be limited to: operation of propulsion, friction brake, ATC, door, and communications
equipment, including the use of the portable test equipment and/or laptop-based troubleshooting
equipment.

Wiring diagrams, when used as training aids and reference material, shall be divided to facilitate
comprehension. There shall be single-line functional diagrams of systems. Schematic diagrams
shall include details of each component in the systems. Where parts are identified by initials or
reference numbers, a key shall be provided to permit precise identification.

Training aids may include actual samples of manually operable devices or working samples of devices,
the functions of which can be displayed without dismantling the device. The workings of other
significant components shall be illustrated with diagrams or cut-away views, etc., displayed with
sufficient scale and clarity to permit all participants to clearly see the material.
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Notebook-size copies of all visual displays used by an instructor shall be included in the student
handouts.

The Contractor shall make corrections and improvements to the audio-visual aids during the conduct of
the course when examinations, tests, or instructor observations indicate that a majority of students fail to
attain the learning objectives.

Suitable protective covers shall be provided for the master reproducible of each audio-visual aid.

Test points shall be included on any models or mock-ups, together with the hardware necessary for
maintenance operations.

Proper nomenclature for all components shall be applied, and shall be in accordance with the
terminology used on schematics and wiring diagrams incorporated in operating and maintenance
manuals.

All training materials, such as training aids and lesson plans, shall become the property of the Authority
at the completion of the training program. The Contractor shall be responsible for the condition of these
materials for the duration of the training program, and shall replace all damaged materials unless the
damage is the result of neglect by the Authority. Lesson plans shall be updated as required during the
course of instruction.

The following listing gives the numbers of personnel to be instructed:

A. Number of operating personnel, including supervisors 65 maximum
B. Number of mechanical maintenance supervisors, including

training instructors 24 maximum
C. Number of electrical or electronic maintenance supervisors,

including training instructors 24 maximum

4.2.6  Classroom Instruction
4.2.6.1 Instructor Qualifications

All instructors provided by the Contractor shall be fully capable of transmitting in-depth technical
information that can be understood by participants. Instructors must be fluent in English. The
Contractor shall provide to the Authority for approval a detailed resume and statement of qualifications
for each instructor. (CDRL 414)

The Authority will recognize the instructor as qualified when he or she:

A. Has been trained in adult teaching principles and methods and has had experience in conducting
technical training courses

B. Has an in-depth knowledge of the system under discussion, its interfaces with other systems or
subsystems, and the procedures for isolating faults and troubleshooting, and is able to
communicate that information to students in an effective manner

C. Is able to design practical and written tests to determine the extent to which students understand
and can apply the information that has been taught.
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4.2.6.2 Class Size

Class size will generally be from 5 to10 employees, depending on the nature of the course being taught.
The Contractor shall supervise all classes.

4.2.6.3 Instructional Format/Materials

All maintenance and operations courses shall include a combination of classroom and hands-on
instruction. Manuals and other training materials used by the Contractor shall be complete, accurate and
available 60 days prior to the beginning of training.

Classroom instruction for maintenance courses shall include not only the anatomy and functioning of
parts under discussion, but the essentials of their routine care including lubrication schedules, materials,
Contractor’s recommendations for test frequency, tolerance limits and methods for testing, including
instruments required, when applicable. When methods of access, removal, dismantling or application are
not self-evident, the instruction shall cover these matters. Overhaul procedures need not be included.

Written or practical tests will be designed and given at suitable points in each course to determine the
extent to which students have learned and can apply the information. Written tests shall be multiple
choice format, with four possible answers. Student test and evaluation results shall be provided to the
Authority at the end of each training course. (CDRL 415)

4.2.7 Factory Training

The extent of instruction in the Contractor’s and subcontractors’ shops shall be at the discretion of the
Authority. The Authority may request access to these shops for a limited number of supervisory and
technical personnel to familiarize them with assembly methods. The Contractor shall make a reasonable
effort to comply with such a request, but not to the detriment of production. Similarly, the Authority’s
operating supervision shall be granted access to all equipment for the purpose of familiarization.

4.2.8 Training Bulletins

If warranty work done on cars necessitates a change in maintenance or operation that may require
modifying manuals or course content, the Contractor shall issue training bulletins to reflect the necessary
changes.

4.2.9 Authority-Provided Resources

The Authority will make available, upon proper notice and at no cost to the Contractor, shop or lead track
space for vehicles used for instructional purposes, and will arrange for road operation as well as the
furnishing of power, dispatching, and operational supervision as necessary. All vehicles used for
conducting training must be supplied by the Contractor, and shall be made available at the most updated
configuration. Vehicles that have already been accepted by the Authority shall not be made available for
training purposes.

The Authority will provide a reasonable amount of classroom space and assistance in the movement of
equipment within its own property, and will furnish suitable classroom furniture such as desks and
chairs. The Authority will also provide for the availability of trainees to accommodate training class
schedules to the maximum extent possible within the constraints of individual work schedules and
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operational demands. Classroom schedules will be adjusted within reason to accommodate operational
exigencies.

4.3 REFERENCED CDRLs
The following CDRL items are referenced in this section:

CDRL 401 Manuals Program Plan

CDRL 402 Manuals Style Guide

CDRL 403 Manuals and Parts Catalogs Table of Contents and Samples
CDRL 404 Draft Manuals and Parts Catalogs

CDRL 405 Final Draft Manuals and Parts Catalogs
CDRL 406 Final Published Manuals and Parts Catalogs
CDRL 407 Updates to Manuals and Parts Catalogs
CDRL 408 Electronic Documentation Support System
CDRL 409 Instructor and Student Guides

CDRL 410 Training Plan and Summary Level Schedule
CDRL 411 Training Course Outlines

CDRL 412 Training Lesson Plans

CDRL 413 Training Aids

CDRL 414 Instructor Resumé and Qualifications
CDRL 415 Student Test and Evaluation Results

4.4 REFERENCED STANDARDS

No standards are referenced in this section.
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SECTION 5
SYSTEMS ASSURANCE

5.1 QUALITY ASSURANCE PROGRAM
5.1.1 General

The Contractor shall be responsible for providing a quality product to the Authority under this Contract.
To this end, the Contractor shall plan and establish a quality assurance program which shall be
maintained throughout the duration of the Contract. The elements of the Contractor’s quality assurance
program shall be imposed on all entities within the Contractor’s organization and on all manufacturers,
subcontractors, and suppliers that perform Contract work. This section defines the quality assurance
requirements that the Contractor shall establish and execute in the performance of the Contract to ensure
that the design, materials, processes, and workmanship are furnished in conformance with Specification
requirements, and that the Contractor’s design and manufacturing documentation are provided in a timely
manner.

Quality assurance responsibilities required by this Specification include planning, establishing, and
maintaining a quality assurance program; performing all work required by the quality assurance program;
and conducting regular quality program audits. Required tests and adjustments are specified in Section 3.

5.1.2 Quality Assurance Program Plan

The Contractor shall submit a Quality Assurance Program Plan, specific to this Contract, to the Authority
for approval. (CDRL 501) The submittal shall provide objective technical evidence of the adequacy of
the Contractor’s quality assurance program to assure product compliance; either through the presentation
of historical records or the examination of operations in progress. The Contractor’s Quality Assurance
Program Plan shall include all applicable elements of and ensure compliance with FTA Quality
Assurance and Quality Control Guidelines (FTA-MA-06-0189-92-1, March 1992). These guidelines
have been established based on the ISO 9001 standards for quality management systems.

The Quality Assurance Program Plan shall describe in detail the type of activities that are planned in
order to achieve the required quality. It shall also identify quality hold points where quality reviews of
the products will take place. Work cannot proceed beyond those points unless WMATA is satisfied with
the quality of the work or product. The plan shall include a company policy statement that clearly
defines the authority and role of quality assurance function within the Contractor’s organization,
particularly with regard to schedules and cost.

The Quality Assurance Program Plan will be evaluated by the Authority, and shall be revised by the
Contractor as directed by WMATA or deemed necessary by the Contractor and approved by WMATA
to achieve conformance with the Specification requirements for the quality assurance program. The
Authority may visit Contractor and subcontractor facilities, prior to approval of the Quality Assurance
Program Plan, assess the effectiveness of the quality assurance program If deficiencies are noted during
the assessment of the program, the Contractor shall take and document corrective action as a condition of
having the Quality Assurance Program Plan approved.

The Contractor shall maintain a quality assurance program with established quality control functions in
accordance with the approved Quality Assurance Program Plan. The approved plan and all implementing
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manuals, procedures and programs will be subject to regular audits by the Authority as specified in
Section 5.1.4 to determine implementation status during the performance of the Contract.

The quality assurance program shall include an inspection and test plan. (CDRL 502) The inspection
and test plan shall include a narrative description of the manufacturing and inspection process for major
equipment and shall identify where critical manufacturing activities will be performed. In addition, the
inspection and test plan shall include major manufacturing and inspection milestones on a schedule, and
shall be incorporated into CDRL 202 “Master Program Schedule. This plan, and its attendant schedule,
shall be updated as milestone dates or other significant items change. The inspection and test plan will
be used by the Authority’s quality representative to identify the Contractor’s inspection, witness, and
hold points. The plan shall include a rectifying feedback system to the Contractor’s engineering and
production groups.

The Contractor’s Quality Assurance Manual shall describe methods to implement and maintain its
quality program. The Quality Assurance Manual shall contain a comprehensive collection of all forms to
be used to document quality control activities that assure the compliance of material, processes,
personnel and products with applicable standards and specifications. The Quality Assurance Manuals of
the Contractor and subcontractors shall be submitted and revised until they receive the Authority’s
approval. (CDRL 503) Contract work that is performed prior to the Authority’s approval of related,
implementing sections of these manuals shall be at the Contractor’s risk.

5.1.3 Quality Assurance Program Requirements

The responsibility for the quality assurance function shall be so placed within the Contractor’s own
organization that meeting schedule and cost projections will not compromise the quality of products
delivered under the terms of this Contract. Any conflicts that may arise as a result of this provision shall
be brought to the Authority’s attention by the Contractor’s Quality Assurance designee and shall be
resolved to the Authority’s satisfaction prior to the shipment of affected items. The Contractor shall
appoint a dedicated QA Manager who has appropriate training, experience and qualifications to oversee
the QA process, and the authority to accept or reject work and stop work, if necessary. The individual
proposed for this position shall be approved by WMATA before starting work on the project. The QA
function shall be independent of the production function The QA Manager should report to an officer or
top level manager within the Contractor's organization, not to the Contractor's Project Manager for this
project. The management responsibility for the quality assurance function shall be set forth in the
Contractor’s policy statement, and organization charts shall be submitted to show individuals in the
Contractor's organization and all subcontractor's organizations involved in the QA function. .

The quality assurance program shall provide the following activities consistent with the Contractor’s
Scope of Work as defined in this Contract.

5.1.3.1 Design Control
The following design control activities shall be undertaken as part of the quality assurance program:

A. Conduct planning activities as needed to determine: (1) each stage of the design and
development process; (2) review, verification, and validation activities that are appropriate to
each design and development stage; and (3) responsibilities and authorities for design and
development. The Contractor shall manage the interfaces among the groups involved in
design and development to ensure effective communication and clear assignment of
responsibility.
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Control of design and development inputs and changes thereto, to assure that Specification
design requirements are correctly translated into the drawings and specifications used for
procurement, manufacturing, and testing. These inputs shall include: (1) functional and
performance requirements, (2) applicable statutory and regulatory requirements, (3)
information derived from previous designs (where applicable), and (4) other requirements
essential for design and development. Inputs shall be reviewed for adequacy. Requirements
shall be complete, unambiguous, and consistent with each other.

Control of design and development outputs, to ensure consistency and compliance with
established inputs. These outputs shall be provided in a format that facilitates verification
against the corresponding design and development input. Outputs shall be approved by the
Contractor prior to release to the Authority, and by the Authority prior to release for
production. Design and development outputs shall: (1) meet the corresponding input
requirements; (2) provide appropriate information for purchasing, production, and service;
(3) contain or reference product acceptance criteria; and (4) specify the characteristics of the
product that are essential for its safe and proper use.

Implementation of design and development reviews. The Contractor shall establish a
program of systematic reviews of design and development activities and work products.
These reviews shall be conducted at suitable stages of the design and development process
and in accordance with established protocols. These reviews shall be performed to evaluate
the ability of the results of design and development activities to meet established
requirements and to identify any problems and propose necessary corrective actions. The
Contractor shall generate and maintain records of these reviews and any resulting actions
(CDRL 517).

Verification and validation of design and development outputs. The Contractor shall
conduct verification activities to ensure that input requirements have been met, and
validation to ensure that the resulting product is capable of meeting the requirements for the
specified application or intended use. The Contractor shall generate and maintain records of
verification and validation activities and any resulting actions (CDRL 518).

Establishment of procurement and performance specifications. Purchased materials shall be
inspected by the Contractor to verify compliance with performance criteria and this
Specification. Incoming inspection records shall be available to the Authority upon request.

Establishment of procedures for transmission of quality requirements and standards to
manufacturers, subcontractors and suppliers and assurance of their compliance.

Establishment and maintenance of objective evidence of compliance with all of the
requirements of the Contractor’s procurement specifications and design control procedures.

Establishment of procedures for identifying and documenting design and development
changes. The Contractor shall ensure that such changes are reviewed, verified, and validated
at the same level as the original, and approved before implementation. Design and
development changes are subject to the same approval level as the original. The review of
design and development changes shall include evaluation of the effect of the changes on
constituent parts and product already delivered. The Contractor shall generate and maintain
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5.1.3.2

records of change control activities and any resulting actions. A matrix of all changes shall
be established and kept current.

Establishment of procedures for monitoring of vehicle weight. Total weight of the car and
allowable imbalance shall be closely monitored. The Contractor shall provide a monthly
report presenting the current total car weight and center of gravity, to verify compliance with
Section 7.3 (CDRL 516).

Materials Control

Quality assurance activities in the area of materials control shall include:

A.

Control of purchased material, equipment, and services to ensure that they will be integrated
to produce a quality product. This shall include qualification and acceptance of suppliers of
products and materials or specialized services, such as equipment vendors, specialty
subcontractors and testing laboratories.

Control of materials during storage and handling by the Contractor to prevent damage,
deterioration, or misidentification.

Control of materials, parts, components, services and equipment that do not conform to
Specification requirements to prevent their inadvertent use or installation. This control shall
include documentation, segregation, disposition, and notification of the affected
organizations. All non-conforming items shall be submitted to a Material Review Board
(MRB), as described below, and shall be properly dispositioned to the satisfaction of the
Authority.

The Contractor shall establish an MRB for the purpose of determining the disposition of non-
conforming material and to investigate and recommend corrective action. The MRB shall
consist, as a minimum, of representatives of the Contractor’s Quality Control and
Engineering groups, and shall be convened as the need to dispose of non-conforming
material arises. Records of all MRB's shall include the investigation, disposition, corrective
action and follow up actions (when applicable). These records must be kept on file and are
subject to the Authority’s review. All MRB recommendations for “repair” and “use as is” of
nonconforming materials shall be subject to Authority approval. The Contractor shall
inspect all reworked material and either reject the material or certify it as conforming. At no
time shall nonconforming material be installed for rework or replacement at a later time
without exceptional approval by the Authority. The Authority’s approval will be required
before non-conforming material is redirected into the production flow. As a minimum, the
MRB shall issue a weekly report to summarize activities since its last meeting. These reports
shall contain a complete listing of parts received and shipped from an area set aside for
rejected parts with description of part problems and dispositions and cars affected by the
non-conformity.

The Contractor shall submit an MRB plan for approval as part of the Quality Assurance Program Plan
outlined in Section 5.1.2.
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5.1.3.3 Manufacturing and Process Control

Control of manufacturing and production processes shall be accomplished through the use of a
manufacturing process control plan. The Contractor shall submit a complete manufacturing process
control plan as part of the Quality Assurance Program Plan. This plan shall be compatible with the
approved inspection plan and shall be in the format of a product work-flow block diagram showing each
significant operation and the related control/hold points for inspections, examinations and tests.

Hold points shall be observed by manufacturing such that in no case will work be hidden from the most
convenient form of inspection or test by succeeding assembly. All corrections shall require re-inspection
and appropriate testing until the Authority’s approval is obtained.

In addition, the following quality assurance activities shall be taken to control manufacturing and
production processes:

A. Control of production and service provision, to include as applicable the following: (1) the
availability of information that describes the characteristics of the product or component
such as visual aids and/or boundary samples, (2) the availability of work instructions, (3) the
use of suitable equipment, (4) the availability and use of appropriate monitoring and
measuring devices, (5) the implementation of monitoring and measurement, and (6) the
implementation of release, delivery, and post-delivery activities.

B. Control of the qualification of personnel during all stages of design, procurement,
manufacturing, fabrication, and testing.

C. Controls to assure that special processes, including, but not limited to, painting, welding,
heat treating, and non-destructive testing are accomplished using personnel and procedures
qualified in accordance with industry codes and standards or Specification requirements.

D. Identification, control, and elimination of system conditions adversely affecting product
quality through the use of program effectiveness reviews and documented procedures that
require evidence of the corrective actions taken to correct non-conforming conditions and
preclude their recurrence.

E. Control of all work instructions, procedures, and their revisions to assure that manufacturing
and processes are performed in accordance with Specification requirements, including
ensuring that work is performed in the proper sequence.

F Control of materials and equipment used during production and inspection activities,
including all required calibration and maintenance activities.

G. Validation of processes for production and service provision where the resulting output
cannot be verified by subsequent monitoring or measurement. This includes any processes
where deficiencies become apparent only after the product is in use or the service has been
delivered. The Contractor shall demonstrate the ability of these processes to achieve planned
results. The Contractor shall establish protocols for these processes including the following:
(1) defined criteria for review and approval of the processes, (2) approval of equipment and
qualification of personnel, (3) use of specific methods and procedures, (4) record keeping
requirements, and (5) revalidation, if necessary.
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H. Determination, provision, and maintenance of the infrastructure and work environment
needed to achieve conformity to Specification requirements. Infrastructure includes, as
applicable, the following: (1) buildings, workspace, and associated utilities; (2) process
equipment (including hardware and software); and (3) supporting services.

5.1.3.4 Testing
Quality assurance activities in the area of testing shall include:

A. Control of testing programs to assure that all testing performed to demonstrate that systems
or components will perform satisfactorily in service, is performed by qualified and
experienced personnel in accordance with approved, written test procedures. These
procedures shall incorporate acceptance limits defined by industry codes and standards or by
this Specification; the more restrictive standard shall take precedence. All test results shall
be documented, and submitted to the Authority for review and approval as specified in
Section 3.

B. Control of inspection and test equipment to assure that it is maintained in serviceable
condition and within correct calibration. An effective time and usage cycle calibration or
certification system, with primary standards traceable to the National Bureau of Standards or
an approved alternative, shall be maintained. The system shall assure the accuracy of
equipment and tools used to support this procurement.

5.1.3.5 Record Keeping

The Contractor shall demonstrate control of records that are required to furnish evidence of activities
affecting quality and shall make these records available to the Authority immediately upon request.

Changes to documents and data shall be reviewed and approved by the same functions/organizations that
performed the original review and approval, unless specifically designated otherwise. The designated
function/organization shall have access to pertinent background information upon which to base their
review and approval. Where practical, the nature of the change shall be identified in the document or
appropriate attachments.

An IBM-compatible computer-based file system shall be prepared for the storage and status reporting of
quality assurance and quality control data. These records shall include:

Results of examinations (Contractor’s and Authority’s)
Inspection results (Contractor’s and Authority’s)

Test results

Process controls

Certification of processes and personnel

Discrepant material (including disposition)

Other quality requirements defined in the Contract.

OFMEmOOW»

These records shall be maintained complete at all times during the performance of the Contract. Timed,
automated back-up procedures shall be established so that information is protected from inadvertent loss
due to potentially harmful electronic interference, power surges, or other disaster. Monthly summaries of
file contents shall be supplied, and hard copies of documents that certify product compliance to this
entire Specification shall also be maintained. Prior to the start of production, the Contractor shall
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demonstrate the proposed record system using “dummy” data. A full complement of sample reports shall
be submitted during the demonstration. (CDRL 504) The complete system shall be designed to sort
quality records by the following categories:

Car system

Car number

Car type

Supplier

Open and closing dates
Problem identification number
Status “open” or “closed.”

OmmUOw

The Contractor shall include any additional categories or sorts that are required as a result of the
Authority’s review. Reports shall be generated from these various sorts as required by the Authority.

Exceptions taken to the quality of vehicle workmanship by both the Contractor’s and Authority’s
inspection representatives shall be posted in a manner convenient to review at or on the affected vehicle.
The rejection or approval status of each exception shall be readily determined throughout the vehicle’s
manufacturing cycle and shall be kept current by the Contractor’s inspection force on a routine, daily
basis. All rejected work shall be corrected, reinspected, and approved by the Contractor’s quality control
representative prior to continuing to the next phase of production.

5.1.3.6 Quality Assurance Procedures

Procedures shall be developed in the following areas to assure effective implementation of the quality
assurance activities discussed in Sections 5.1.3.1 through 5.1.3.5 and shall become part of the
Contractor’s Quality Assurance Manual for this Contract:

A. Design control, including control of all technical documentation

B. Transmission of all design, reliability, maintainability, system safety, and quality assurance
requirements to procurement sources

C. Surveillance of subcontractors and suppliers for conformance with all Specification
requirements

D. Receiving inspection

E. Production and process control

F. Functional testing

G. Discrepancy control

H. Measuring and test equipment calibration and certification

L Drawing control

J. Quality assurance recordkeeping
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5.1.3.7

5.1.3.7.1

5.1.3.7.2

Shipping inspection

Selection of qualified procurement sources

Evaluation of subcontractor quality assurance programs

Monitoring of subcontractor quality assurance performance

Evaluation of procured articles against purchase order and design requirements

Feedback of problems and their resolutions to the Contractor’s Engineering and Production
Departments.

Quality Control Functions
General

Inspection and verification of compliance shall be assured by the Contractor at all Contractor
and Subcontractor facilities. Further inspection at the Contractor’s and Authority’s facilities
to assess transportation damage to vehicles or equipment shall also be required.

All entities within the Contractor’s organization shall enforce the quality assurance program.
The Contractor shall employ sufficient staff within a functionally independent management
structure to perform effective quality control.

The Authority reserves the right to make inspections of items, completed or in-progress, with
or in addition to the Contractor’s inspection. This shall in no way remove, lessen or take the
place of the Contractor’s obligation to conduct thorough inspections. The Authority reserves
the right to reject all materials and workmanship which do not fully conform to this
Specification. Repetitious rejections at either the subcontractors’ or Contractor’s facilities
shall be cause to withdraw the Authority’s inspection. In such case, the work in question
shall be stopped until a satisfactory corrective action agreement is reached between the
Authority and the Contractor.

The Contractor’s quality control program shall implement written procedures for
enforcement of receiving, in-process, source, hold point, first article, final, and retrofit
inspections. Enforcement shall assure that products are manufactured correctly, marked with
appropriate identification, successfully tested, and packed to preclude damage during
shipment. Preparation for shipment of each vehicle shall be confirmed by completed quality
control check lists for each shipment. All quality control activities shall be documented with
Contractor check lists throughout the production process.

Scheduling Inspections

The Contractor shall give 10 calendar days notice before each shipment of major items to its
plant to enable the Authority to inspect components before shipment. All notices for
scheduled inspections shall be addressed to the Project Manager. The Contractor shall not
schedule more than two vendor inspections on the same date without prior approval by the
Authority. After notice by the Contractor, the Authority will advise within 5 calendar days
whether or not an inspector will inspect the shipment. Work shall follow the Contractor’s
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5.1.3.7.3

5.1.3.74

5.1.3.7.5

5.1.3.7.6

work plan and not be moved from sites without notice to the Authority. Equipment shall be
operational before shipment.

Inspection and testing will not be conducted by the Authority on Saturdays, Sundays, or
holidays observed by the Authority, except that specific tests or inspections may be
permitted, as agreed. Failure by the Contractor to recognize this restriction will be reason to
reject the equipment involved. Inspections will then be rescheduled at the Authority’s
convenience for normal daytime shifts.

Contractor Provisions for the Authority’s Inspection

The Contractor shall extend to the Authority full cooperation and provide facilities at its
plant and final assembly site in accordance with the Special Provisions. The facilities shall
enable convenient inspection of materials, work, and equipment, and shall include provisions
for separate office space, desks, locker facilities, and file cabinets. Copies of all drawings
(electronic and paper), diagrams, schedules, changes, deviations, and data shall also be
furnished. Data shall be sufficient to enable the Authority to verify design, construction,
assembly, installation, workmanship, clearance, tolerance, and functioning of the vehicles.

The Authority’s in-plant representatives shall be provided with a heated, cooled, and
adequately lighted private office, with convenient access to toilets. A telephone, telefax
machine, and copy machine shall be provided within the private office and dedicated to the
Authority’s use. The Contractor shall provide routine office janitorial services and prompt
maintenance of the office equipment whenever required.

Levels of Inspection

The Contractor shall specify 100%, or sampling inspection, for discrete items of work. If
sampling plans are proposed, the Contractor shall submit complete details of the plans to the
Authority for review and approval. Sampling procedures which determine Acceptable
Quality Levels (AQL) and Average Outgoing Quality Levels (AOQL) shall be performed
under ASQC Z1.4, ANSI/ASQC Z1.9, or other approved plans.

Statistical Quality Control

Statistical quality control (SQC) methods may be used on a case basis, to accept parts and
materials and to evaluate processes. Such methods shall be performed under MIL-STD-105
guidelines. Results shall be documented. A list of parts and material to be inspected by SQC
shall be presented to the Authority for approval. (CDRL 505)

Inspection Status

The Contractor shall maintain a system to identify the acceptance, rejection, or not-inspected
status of materials and components. Inspection status shall be identified by tags and stamps.
Materials and components that have been inspected and accepted shall be so marked and
stored that they can be readily identified.
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5.1.3.7.7

5.1.3.7.8

Receiving Inspection

Written procedures shall be implemented to assure items are inspected upon receipt to verify
conformance to acceptance criteria of specifications and drawings. All inspections shall be
performed to Specification drawing and purchase order requirements. Material certifications
and test reports shall be retained by the Contractor.

First Article Inspections

A First Article Inspection (FAI) will be performed jointly by the Authority and the
Contractor on all major equipment such as, but not limited to, traction equipment, brakes, air
conditioning equipment, heating and cooling controls, door operators and controls, trucks,
couplers, destination signs, lighting, journal bearings, batteries, converters, air compressors,
public address equipment, communication equipment, and automatic train control equipment.
Equipment shall be shipped from the point of manufacture only after an FAI has been offered
and either passed or waived by the Authority. The Contractor shall provide a minimum of 15
working days notice to the Authority before any FAL

Prior to each FAI data that include the latest drawings, test procedures, specifications, and
quality documentation required for adequate checkout of the equipment under inspection;
and an indenture list of drawings shall be submitted. (CDRL 506) The list of drawings shall
be identified by revision and shall be complete to the lowest level replaceable unit. The
Contractor shall perform pre-FAlIs when such are needed to assure the subcontractor is
prepared. The Contractor shall not schedule more than two FAIs on the same day without
prior approval by the Authority.

The FAI shall evaluate component and system maintainability where possible. The FAI shall
establish the quality of workmanship for the balance of like components. The quality level
shall be established jointly by the Authority and the Contractor.

No FAI shall be conducted until the design drawings of the article have been approved. If
conditionally approved drawings are used, the Authority’s conditions for approval shall be
satisfied at the FAI and represented by the inspection article.

FAls shall be performed only on components built using approved production processes,
tooling, and manpower.

FAls shall also be performed on carbody components, including but not limited to:

Side Frames

Roof

Ends

Floor

Complete Carbody Structure
Plastic Front End

Underfloor Equipment Installation
Trucks

Cab.

Interior Liners
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K.  Car Interior Appointments
The following shall be provided for each FALI:

A. A complete set of approved (or conditionally approved) drawings with the Authority’s
comments for the item to be inspected

B. A copy of the vendor’s purchase order, with commercial items excluded
C.  Completed inspection forms that controlled and accepted in-process work
D. Completed test documents which reflect that unit has passed

E. A well-lit work space with the necessary inspection and handling aids

F.  The inspection article displayed on a stand or table

G. Tools and labor to take mechanical or electrical measurements
H.  Tools and labor for disassembly and removal of covers

L. Tools and labor for functional testing.

5.1.3.7.9 Inspection of Work In-Process

The Contractor’s Quality Assurance Department shall maintain and direct a force of quality
control inspectors to verify that the work in its shops is performed in compliance with
approved design drawings and production specifications. Discrepancies in the work shall be
recorded, and departments responsible for the work shall be notified of the need for
corrections. Repairs and corrections shall be inspected for conformance to drawings and
engineering-approved rework instructions, before continuance. All of the Contractor’s
deficiencies shall be reworked and/or dispositioned prior to requesting an inspection by the
Authority. The acceptance status of reinspected articles shall be indicated by the
Contractor’s inspectors by stamp or initials on the original of the discrepancy report.
Responsible manufacturing supervision shall be notified of rework that is rejected.

5.1.3.7.10Hold-Point Inspection

The Contractor shall establish hold points in the manufacturing process, as part of the
inspection and test plan (Section 5.1.2) to provide the most critical form of inspection. Hold
points shall be utilized to inspect completed operations or installations. Hold points shall
also be used to inspect items that are about to be covered by succeeding assembly operations.
Nonconforming products shall not be released from a hold point area until all discrepancies
have been corrected. The Contractor shall use inspection forms to record the list of
discrepancies noted. The inspection forms shall be posted at or near the point of inspection
for each vehicle and included with the Car History Book when all discrepancies have been
eliminated.
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5.1.3.7.11

5.1.3.7.12

5.1.3.7.13

Source Inspection

The Contractor shall provide qualified source inspectors for the purpose of conducting
inspections of subcontractor components and materials at Subcontractor plants.

Once a component has been approved at FAIL the subcontractor may begin shipment to the
Contractor’s facility. Source inspections shall be scheduled prior to each shipment. The
Authority may elect not to attend the source inspection, however the Contractor’s source
inspectors shall attend as scheduled and perform the inspections. The Contractor shall notify
the Authority 5 working days in advance of any shipment to allow the Authority adequate
time to make travel arrangements. Equipment to be source inspected includes, but is not
limited to, the following:

A.  Couplers

Door Operators and Controls
Journal Bearings

Propulsion Apparatus

Brake Equipment

Seats

Air Conditioning Equipment
Light Fixtures

Truck Frame and Truck Bolster
Wheels, Axles and Mounting
Heating Equipment
Communications Equipment
ATC Equipment

Destination Signs

Converters

Inverters

Batteries.

OEOZEZCASTZOMEmUOW

Additional items may be added to the source list by the Authority, depending upon product
history.

Final Inspections

The Contractor shall schedule one day for the Authority’s inspection of each car before each
shipment. The Contractor shall perform final inspection to written procedures prior to the
Authority’s inspection. Workmanship items covered by prior inspection reports shall be
corrected before final inspection begins.

The Contractor shall provide a qualified supervisor to accompany the Authority during final
inspection to assure that proper corrective action is taken. The Contractor shall provide labor
and appropriate tools to remove or open and reapply covers and doors. During final
inspection, all systems shall be operational.

Retrofit Inspection

The Contractor shall provide written procedure to inspect retrofits or changes made to
vehicles on the Authority’s property. When a retrofit or change is made by the Contractor, it

TC-6000

TP5-12 Technical Specification
June 1, 2002



shall be to the entire fleet, or on an effective car basis, if approved by the Authority. Quality
Control shall verify and document completion status of changes. Completed changes and
retrofits shall be 100 percent inspected by the Contractor’s quality control representative.
Records of completed changes and retrofits and associated inspections shall be made
available to the Authority.

5.14 Quality Assurance Audits
5.1.4.1 General

The Authority will audit the Contractor’s quality assurance and quality control activities as frequently as
it deems necessary to determine compliance with the approved Quality Assurance Program Plan. The
audit will be conducted to the schedule in Section 5.1.4.2. During the initial audit of the Contractor’s
quality assurance functions, the Authority will audit the quality assurance programs of subcontractors.

The Contractor shall audit the same subcontractors according to the referenced schedule, and shall
provide reports of the audits to the Authority. Audits shall be performed to approved checklists by
personnel other than those who performed the work. Audits shall report on the degree of compliance
with approved quality assurance procedures listed in Section 5.1.3.6. (CDRL 507). Audit follow-ups
will be ongoing until all subcontractors are working to a fully compliant quality system.

The Authority will notify the Contractor of noncompliance found during audits. The Contractor shall
correct noncompliance promptly and request approval by the Authority. Noncompliance with any part of
the approved Quality Assurance Program Plan shall be cause for rejection of Contract work. If the
Contractor is responsible, work on the Contract shall be rejected. If a subcontractor is responsible, work
by that subcontractor shall be rejected.

After corrective action of the noncompliance has been verified, the Contractor will be notified; Contract
work may be resumed. Schedule delays caused by non-compliance with the approved Quality Assurance
Program Plan shall not justify an extension of time under the Contract.

5.1.4.2 Audits of the Contractor

The Authority will audit the Contractor’s quality assurance program at the following times:

A. Before production of the first carbody.
B. One month before the Authority’s acceptance of the first married pair.
C. Any time the Authority determines an audit to be appropriate.

5.1.4.3 Contractor Audits of Manufacturers
The Contractor shall audit subcontractors according to the following schedule:
A. As a condition of the subcontract or purchase order before the start of work

B. Within one month before the Contractor’s acceptance of the first article inspection, or of
supplied items and services.
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Audits of the manufacturers, subcontractors, and suppliers may be witnessed by the Authority. The
Contractor shall provide a minimum 3-week notice to the Authority of planned subcontractor audits
under “B” above. Additional audits of subcontractors may be directed by WMATA, at its discretion. If
it deems necessary, WMATA may conduct its own audits of subcontractors.

5.1.4.4

Audit Reports

Audit reports shall be submitted as follows:

A.

5.2

5.2.1

Following each audit, the Authority will furnish the Contractor with a report of the audit
describing the scope of the audit and identifying deficiencies, corrective actions, and date
when corrective action for each deficiency is required.

The Contractor shall prepare a similar report for submittal to the Authority for each audit of
manufacturers, subcontractors, and suppliers

The Contractor shall submit a formal written response to the Authority within 15 working
days following the receipt of each audit report. The response shall request approval for the
proposed methods and timetables to achieve compliance with the recommended corrective
action. In advance of the full formal response to the report, the Contractor shall correct
deficiencies and provide interim responses in compliance with the timetable for any such
requirements specified in the audit report.

RELIABILITY, AVAILABILITY & MAINTAINABILITY

Definitions

Reliability. The probability of performing a specified function without failure and within
design parameters, for the period of operation intended, under actual operating conditions.

Fleet. All cars furnished under the terms of this contract.
Test Fleet. All cars being monitored by the Reliability Program.

Failure. Any malfunction which requires unscheduled equipment maintenance, repair, or
replacement.

Mileage, Operating. The operating mileage of a car is the total distance traveled by the car
during scheduled and non-scheduled movements over established routes as recorded by the
Authority.

System. Any group of functionally-interrelated equipment which performs in concert to
produce control of a particular function relating to the performance of the car. The
components of a system are dependent on the function of the apparatus as it performs on the
car, and may be furnished by one or more suppliers.

Components and Subsystems. Any individual assembly, plug-in module, or component
which is designed to perform a particular function relating to the operation of a system such
as a traction motor, gear box, door control panel, or friction brake control unit. For the
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purpose of reliability testing, a component or subsystem shall be considered as a component
of a system which may require costly repairs or which, if inoperative, will render the car
unusable.

Primary Failure. A failure that occurs without being related to the failure of associated
items.

Secondary Failure. A failure of a component which is a direct result of a primary failure of
an associated component or system which can be specifically identified as having been the
cause of the failure. Where Secondary failures occur, it shall be the responsibility of the
Contractor to prove that protection measures provided integral to the apparatus in which the
secondary failure occurred were adequate. In general it will not be acceptable for Primary
Failure in a component, subsystem or system to lead to failure in other components, sub-
systems or systems unless those items are provided specifically to prevent more serious or
costly damage. Secondary Failures shall be counted as chargeable failures until proven
otherwise to the satisfaction of the Authority.

Simultaneous Failures. Multiple primary failures that independently prevent satisfactory
equipment performance. Each shall be counted as a chargeable failure.

Chargeable Failure. A chargeable failure of an item is a failure which results in a loss of
function of that item including:

1. A fault of an item while operating within its design and environmental specification
limits.

2. Faults caused by improper operation, maintenance, or testing of the item as a result of
contractor-supplied documentation.

3.  Item degradation discovered during the recommended preventive maintenance interval
which causes the loss of function or near loss of function of that item (excluding
consumable items). Note: Due to the subjective nature of classifying such instances,
the discrepant item(s), upon the Contractor’s request, shall be retained for review on
the Authority’s property for a period not to exceed two weeks.

4. Consumable items requiring replacement for reasons other than normal fleet
wear/aging.

5. In complex systems the occurrence of repeated transient failures is evidence of systems
that are not fully integrated. The operational impact of transient failures is
unacceptable to the Authority. Therefore multiple occurrences of a transient failure,
one where a failure is reported but no fault is found during investigation, will be
classified as a single Chargeable Failure.

6.  Loss of function resulting from the required resetting of circuit breakers, or similar re-
initialization of systems, including the restarting of systems incorporating software.

Non-Chargeable Failure. A failure or condition of an item due to the following:

1. A failure caused by specifically identified failure in other equipment.
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2. A failure caused by human error except where due to inadequate or improper
Contractor documentation.

3. A failure caused by Authority personnel not complying with Contractor documentation
which has been accepted and approved by the Authority.

4. A failure caused by accidents not associated with the normal operation of the item,
such as collision or striking a foreign object on the right of way.

5. A failure caused by operating the item outside of design or environmental specification
limits.
6.  Consumable items requiring replacement during specified preventive maintenance or

which should have been replaced during a previously scheduled preventive
maintenance interval and were not.

7. A failure which is a recurrence of one that was thought to have been corrected. (The
first failure shall be classified as chargeable, but not the recurring one, if the failure
occurs within 500 miles of the initial failure.)

Indeterminable Failure. A failure or condition of an item not included in the definitions of
chargeable and non-chargeable failures, such as:

1. Reported failures for which, upon review, insufficient or inadequate documentation is
obtainable to permit classification.

2. A fault indication for which, upon review, no cause can be determined.

Failures classified as indeterminable shall be held for review and disposition by the
Authority. All reported failures shall be classified as chargeable or non-chargeable by the
conclusion of testing.

A failure classified as an Indeterminable Failure will be reclassified as a Chargeable Failure
following multiple occurrences of the failure. The Authority will determine reclassification
of transient failures.

Failures per Million Miles (FPMM). The FPMM of an item is the ratio of the total number
of chargeable failures to the total mileage, in millions, of the Test Fleet. The Test Fleet's
mileage shall be accumulated on a calendar monthly basis. The Test Fleet's monthly mileage
shall be derived from actual mileage records as recorded by the Authority for the cars.

Multiple Occurrences. Multiple occurrence will be deemed to have taken place following
the third report of a transient failure within a rolling three month period.

Mean Time To Repair (MTTR). Average time required to bring system from a failed state to
an operational state. MTTR is calculated considering the diagnostic, repair (or replacement)
and retest times only. The MTTR does not include logistic delay time (assumes maintenance
personnel and spares are available to effect repair).
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Q. Availability. The probability that a car will be in an operational state. The Availability is
calculated from the percentage time in operational state (up time) compared to the total
operational time (up time and down time). The up time is calculated from the Mean Time
Between Failures (MTBF) (derived from the Failures Per Million Miles). The total time
comprises MTBF, Mean Time To Repair (MTTR) and Mean Preventive Maintenance Time
(MPMT), as follows:

Availability = MTBF / (MTBF + MTTR + MPMT)
5.2.2 General Requirements

The Contractor shall make every effort to design and construct all equipment furnished under this
contract to provide failure-free operation, achieve high levels of availability and ensure ease of
maintenance. The reliability failures shall not exceed the values allowed by Exhibit 5-1. The Contractor
shall assume that the overall level of maintenance shall be comparable to the periodic maintenance
required for the Authority’s existing AC propulsion cars as described in the Authority’s Heavy Repair
Manual, Chapter 15. The Availability and Maintainability requirements shall be agreed with the
Authority and shall then form part of the contractual requirements between the Contractor and the
Authority.

The Contractor shall make use of all reasonable means to ensure that the level of reliability, availability
and maintainability provided by the vehicles supplied under this contract comply with the at least the
minimum requirements of the Authority.

The contractor shall provide a preliminary assessment of systems reliability prior to PDR (CDRL 519).
This reliability assessment shall include sufficient information and data to demonstrate that preliminary
system designs are consistent with the requirements listed in Exhibit 5-1. Empirical data and engineering
calculations shall be delivered to support any assertions pertaining to the anticipated reliability of these
systems.

Where appropriate the Contractor shall make use of results of analyses required by related sections of the
specification, such as safety Failure Modes and Effects Analysis, Fault Tree Analysis, etc. If required to
provide evidence of their achievement of the contractual requirements the Contractor shall propose such
additional analyses as are appropriate (Reliability Block Diagrams, Maintainability Analyses, etc). The
Contractor shall inform the Authority prior to commencing such analyses, and shall take due account of
comments raised by the Authority. The Authority will inform the Contractor if it considers analyses will
not provide the assurance claimed by the Contractor.

5.2.3 Operating Parameters

To establish design parameters, the following values are assumed (these design parameters shall not be
considered as limits; the Authority will utilize cars to the extent required by service demands):

A. Average annual operating mileage of 69,000 miles per car.

B. Cars may be operated in trains of 2 to 8 cars and be utilized 6 days per week, operating
between the hours of 5:00 AM and 1:00 AM.

C. Cars will be in service a minimum of 300 days per year during the prescribed hours.
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D. Apparatus that is not de-energized when the console control lock is turned off will be left on
during standby or layover periods. Such apparatus is to be designed for continuous
operation, which is defined as operation 24 hours per day, 365 days per year.

5.2.4 System Failure Limit Requirements

The Maximum Allowable Failures per Million Miles for each of the systems, subsystems and/or
components is shown in Exhibit 5-1. These values assume both the mileage accumulated and the number
of failures counted are used to calculate reliability, and satisfy the requirements defined in Section 5.2.6.

5.2.5 Authority Reliability Analyses

To demonstrate that the failure limits of the equipment meet or exceed specification requirements, a
reliability test program shall be carried out on all accepted cars.

Failure data from the Authority maintenance tracking database will be compiled by the Authority. The
Contractor will be provided with a list of the chargeable failures against this reliability test monthly for
the previous month. Failed parts will, to the extent possible, be made available for inspection by the
Contractor. In addition, a monthly report will be provided listing the failure rate in failures per million
miles for each of the systems under test. This report will cover the most recent nine-month period. After
nine months, the report will be a rolling nine-month report with the oldest month being dropped and the
new month added. This report will be used for the reliability assessment.

5.2.6 Authority Reliability Assessment

At 10 months, 22 months and 34 months, the Authority shall produce a formal reliability assessment of
the cars based on the failure data accumulated in the monthly reports. It shall include the Authority’s
evaluation of the performance of each system. Any option cars will be evaluated using identical criteria,
but treated as a separate assessment program.

Exhibit 5-1
System Reliability Requirements in Failures per Million Miles (FPMM)
System/ Maximum Allowable
Subsystem Failures Per Million Miles
Propulsion 15
Brake 10
Door 10
Coupler 1
Communications 6
ATC 6
Auxiliary Power 3
700 Volt Power 2
Heating Ventilation and Air Conditioning 5
Destination Signs/Graphics 2
Lighting 2
Truck 3
Traction Motor 1.5
Propulsion Logic 6
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HVAC Control

Friction Brake Controls

Friction Brake Pneumatic/Hydraulic System
Converter

Radio

ATP

ATO

ATS

Door Operator

Door Control
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Note: For car components and systems not covered in Exhibit 5-1, the cumulative fleet
defect rate in any 12 consecutive month period shall not exceed 10% of the
overall failure rate. Any components within system with failure rate
requirements specified in Exhibit 5-1 shall not contribute more than 10%. The
assignment of components shared by two or more systems will be determined by
the Authority.

Within 60 days after the receipt of this report, the Contractor shall provide a formal reliability assessment
response report (CDRL 508), which at a minimum shall include specific discussions of the following:

A. A discussion of the predominant failure modes of those systems exceeding the allowable
goal.

B. An assessment of the data provided, if the Contractor disagrees with the conclusions drawn
by the Authority.

C. A complete list, with descriptions, of all modifications already performed, or in progress on

each system.

D. Proposals for additional modifications to bring non-compliant systems into compliance.

E. A specific program plan to perform additional studies or modifications if such work is
required.

5.2.7 Contractor Reliability Monitoring

The Contractor shall implement and maintain a closed loop system for identifying and analyzing failures
and their causes, determining and implementing corrective actions. The reporting system shall comply
with the minimum requirements of MIL-STD 2155, Failure Reporting Analysis and Corrective Action
(FRACAS). The Contractor shall provide to the Authority monthly summaries of failure data and
corrective actions, when the project enters the Reliability Test phase the output from the FRACAS shall
be combined with the Reliability Test Report as detailed in Section 5.2.7.1. The Authority shall review
the information supplied and where appropriate require additional justification or corrective action to
provide increased confidence in the system's abilities to meet the reliability requirements.

It shall be the responsibility of the Contractor to closely monitor the failure modes of all of the systems to
ensure that the cars will meet the required goals. If at any time during the test, the failure rate of any
system exceeds the allowable rate, it shall be the responsibility of the Contractor to seek modifications
and changes which will bring the system into compliance.
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Each car shall be included in the reliability test fleet for a maximum of three years or until the Authority
determines that all systems, subsystems, and components listed in Exhibit 5-1 have passed the reliability
test according to the test criteria. The car shall enter the reliability test group either three months or
10,000 miles after acceptance, whichever is later.

The Contractor may request that the Authority review the status of any failure charged against reliability
for compliance with the guideline of the test. These questions will be resolved in regular meetings
between the Contractor and the Authority. Such meetings will be held monthly and may be held more
frequently with the mutual consent of both parties. Problems with claims that cannot be resolved at the
meetings shall be referred to the Contracting Officer for final decision.

5.2.7.1 Contractor Reliability Test Report
It is the responsibility of the Contractor to submit a monthly reliability test report to the Authority,

summarizing the Reliability Test status. (CDRL 509) Each report shall contain, but is not limited to, the
following information:

A. Analysis of failure modes occurring more than once in the reporting period, including the
probable cause of the fault and what is being done by the Contractor to eliminate further
failures.

B. A table summarizing the classification of failures recorded during that reporting period.

Each failure shall be identified as chargeable, non-chargeable, or indeterminable. All non-
chargeable failures shall be accompanied by an explanation as to why it is non-chargeable.

C. A description of the reliability growth modifications being implemented and being planned
for implementation. The summary shall show which vehicles have received which
modification.

5.2.7.2 Reliability Test Completion

The decision on reliability compliance shall be on a system, subsystem and/or component basis and shall
rest with the Authority. A system shall be eligible to be judged as passing the reliability test when it
meets the following criteria:

A. All cars have been in reliability test for at least nine consecutive months.

B. The system has been in its final configuration for at least nine months and has achieved the
acceptable goal for at least nine consecutive months.

The Contractor shall be responsible for performing any modifications necessary to bring the vehicle and
systems into conformance with these reliability requirements. The Contractor’s responsibility for these
modifications shall include all costs for materials, necessary labor for removal and replacement, and
testing associated with the required corrective action. Such action shall be in accordance with the
Special Provisions.

At the conclusion of this test, it shall have been demonstrated that each and every system and subsystem
is in full compliance with the reliability requirements. In the event that the requirements are not attained,
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the Authority will make whatever repairs it deems are necessary, at the Contractor’s expense, in order to
achieve the reliability requirements.

5.2.8 Availability Requirements

The Contractor shall identify an availability target for the complete vehicle. The availability target will
be subject to approval by the Authority, but shall reflect the level of service expected by the Authority.
The Availability Target shall be greater than 0.98.

The Availability requirement agreed by the Authority shall be subject to monitoring throughout the
Reliability Test Period, within the Reliability Monitoring System. The Availability monitoring shall be
reviewed to consider the direct impact of failures on the service provided by the Authority and to monitor
the effectiveness of the maintenance documentation. Failure to achieve the targets shall lead to
modification of maintenance manuals, additional training or possible design action.

The results of the Availability monitoring shall be reported within the monthly Reliability Test Report.
5.2.9 Maintainability Requirements
5.2.9.1 General Requirements

The Contractor shall design and construct the equipment furnished under this contract to ensure ease of
maintenance. The maintenance periods and resources required shall not exceed those available as
defined within the Authorities Heavy Maintenance Manual Section 15.

A maintainability analysis for all systems on the car shall be submitted to the Authority. (CDRL 510)
This analysis shall be the basis for development of maintainability tasks, maintenance procedures,
methods, and techniques. This analysis shall establish the maintenance concepts to be incorporated in
the design, taking into consideration safety, reliability requirements, accessibility of apparatus for
maintenance, and the skills available for performing maintenance tasks. The maintainability analysis
shall show all tasks required of each level of maintenance (for example, 10,000 miles, semiannually and
annually), the task frequency, the time required, skill levels and the necessary support equipment. The
maintenance intervals shown in the maintainability analysis shall match those actually used by WMATA
for their existing maintenance schedule. The maintainability analysis shall be a continuing effort during
design and shall provide data for consideration in the review of the design of each system. The
maintainability analysis shall be presented during design reviews and kept up-to-date during design and
construction of all cars. Updated maintainability analyses are to be furnished to the Authority every 90
days.

5.2.9.2 Accessibility

All subsystems and components serviced as part of periodic preventive maintenance shall be readily
accessible for service and inspection.

Components requiring more frequent maintenance, repair or replacement shall be readily accessible
without the need for special to type tools or equipment. No active electrical or mechanical components
that can possibly require maintenance shall be structurally embedded without convenient access for
repair or replacement. In the design of the car, the Contractor shall not require that maintenance (such as
topping off of fluids or adjusting of parts) be provided more frequently than at 10,000 mile intervals,
except where permission has been given by the Authority for a shorter interval. However, the service
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manuals should include provisions for inspections on a more frequent basis, including daily, 30-day and
60-day inspections as needed.

5.2.9.3 Consumables

A minimum number of different lubricants or consumables shall be required for the car. Different styles
or sizes of fittings shall be used to prevent the inadvertent introduction of the wrong substance at any
point. Where possible, consumables for equipment furnished under this Contract shall be the same as
those used for equipment on the existing cars.

5.2.9.4 Connectors/Fittings

The design shall incorporate such fittings and connectors with adequate keying to ensure that inadvertent
misconnection of adjacent items is prevented.

5.2.9.5 Mean Time To Repair

The Contractor shall identify the mean time to repair (MTTR) for each major component, subsystem and
system as defined by the Authority.

The MTTR is the mean time to detect, isolate, repair or replace and retest following a failure. The
MTTR excludes logistic delays due to unavailability of spares or travel time for maintenance personnel.
The MTTR provides an indication of the ease of maintenance inherent in the design of the systems.

The MTTR values, once approved by the Authority, shall be monitored during the early project phases
and reliability test phase. The FRACAS process implemented by the Contractor shall include sufficient
maintainability information to allow the Authority to judge the Contractors compliance with the agreed
MTTR objectives.

Where the Contractor fails to achieve the MTTR objectives the Authority may demand such corrective
action as necessary to achieve compliance. The Authority will consider the ease of maintenance of the
overall vehicle and the time required for each planned maintenance period to determine the extent of any
corrective action required. In cases where the MTTR puts at risk the ability of the Authority to operate
under its existing maintenance policies corrective action by the Contractor will be required.

5.2.9.6 Maintainability Monitoring and Reporting

The Maintainability Monitoring shall be performed within the Reliability Monitoring System
implemented by the Contractor. The results of the maintainability monitoring shall be reported within
the monthly Reliability Test Report (CDRL 509).

53 SOFTWARE REQUIREMENTS

The Authority demands the highest levels of assurance for software implemented within the Vehicles and
support equipment supplied under this contract. To that end the Authority requires that the Contractor
implements a structured process to ensure that all software associated with the contract is suitable and
sufficient for the intended purpose.

The Contractor should follow the practices recommended by the Software Capability Maturity Model
and IEEE for the complete lifecycle of the project software. The Contractor shall submit a detailed
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report on its procedures and practices for software development and testing, and describe the extent to
which those practices comply with CMM and IEEE standards.

5.4 SAFETY REQUIREMENTS
5.4.1 General

The Contractor shall comply with the Department of Labor’s Occupational Safety and Health (OSHA)
standards.

5.4.2 System Safety Program Plan

The Contractor shall develop a System Safety Program Plan (SSPP) that defines activities, management
controls and monitoring processes to be used by the Contractor to ensure that safety considerations,
compatible with other system requirements, are incorporated into the design of the vehicle. (CDRL 511)

The SSPP must demonstrate that the Contractor has a clear understanding of the System Safety
requirements and has an organization in place that is capable of meeting the requirements and

verification thereof through completion of the specified safety analyses.

The SSPP shall be structured in accordance with MIL-STD-882, Task 102, and shall contain the
following information as a minimum:

A. Specific information showing how the Contractor shall verify attainment of system safety
requirements during design and test phases.

B. A list of organizational relationships and personnel responsible for system safety. The
Contractor’s System Safety Engineer shall report to or have direct access to the Contractor’s
Program Manager.

C. Detailed listing, description, and schedule of specific system safety tasks.

D. A description of the procedures for the reporting, recording, and resolution of hazards
identified during the design, installation, and testing.

E. A schedule indicating key milestones to ensure that system safety activities are performed in
a timely manner.

F. Procedures for the Contractor’s system safety personnel to review and approve design
changes and top-level drawings.

G. A description of the hazard identification and elimination/control process described herein.
5.4.3 System Safety/Hazard Resolution Process
System safety contributes to mishap prevention by minimizing system risks due to hazards within the

constraints of cost, schedule, design requirements, and system effectiveness. A hazard is defined as
"any real or potential condition that can cause injury, illness, or death to personnel; damage to or loss of

TC-6000 TP5-23 Technical Specification
June 1, 2002



a system, equipment, or property; or damage to the environment". The fundamental objective of system
safety is to identify, eliminate or control, and document system hazards throughout the system life cycle.
Consideration must be given to systems and system interfaces and interrelationships with such factors as
facilities, support equipment, operational procedures and environments, and maintenance programs.

System safety is based on the approach of studying the entire system under all possible operating
conditions to identify potential hazards. The goal of system safety is to optimize safety by eliminating or
controlling identified hazards, and managing the residual risks. Because safety is “the freedom from
personnel injury, damage to equipment, or loss of resources (especially critical resources),” there are
numerous system components that must be considered. The total system is a composite, of personnel,
procedures, materials, tools, equipment, facilities, and software.

The objectives of the system safety program are to ensure:

A. Safety, consistent with system operating requirements is designed into the system in a timely,
cost-effective manner.

B. Hazards are identified, evaluated, and eliminated, or the associated risk reduced to a level
acceptable to WMATA throughout the entire life cycle of a system.

C. Historical safety data, including lessons learned from other systems, are considered and used.

D. Minimum risk is sought in accepting and using new designs, materials, and production and
test techniques.

E. Actions taken to eliminate hazards or reduce risk to a level acceptable to the MA are
documented.

F. Retrofit actions are minimized.

G. Changes in design, configuration, or mission requirements are accomplished in a manner that

maintains a risk level acceptable to WMATA.

H. Consideration is given to safety and ease of disposal of any hazardous materials associated
with the system.

J. Hazards identified after production are minimized consistent with program restraints.

The system safety process is a systematic approach to safety program management, consisting of:

A. Defining the physical and functional characteristics of the system

B. Identifying and Documenting Identified Hazards

C. Assessing identified hazards to determine severity and probability

D. Resolving hazards by implementing corrective action or accepting the risk

E. Following up to monitor for effectiveness of the hazard resolution effort and to

monitor for unexpected results.
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The above will be accomplished by applying the following hazard management and hazard analysis
methodologies.

5.4.4 Preliminary Hazard List

The purpose of the Preliminary Hazard List (PHL) is to identify and list hazards or areas of concern
related to people, procedures, equipment or facilities. The PHL is the initial document for the safety
effort. The following hazard identification methods are typically used to identify the energy sources,
hazardous operations, procedures, and potential accidents that may result in injury to personnel or
damage to equipment or facilities.

Reviewing the specification and design information

Interviewing WMATA personnel;

Drawing on expertise in the specific areas (such as propulsion, brakes, ATC, etc.);
Reviewing lessons learned;

Analyzing similar vehicles or facilities;

Analyzing available technical data;

Reviewing energy sources;

Reviewing requirements documents; and

Reviewing the Project Management Plan.

TEZOmEoOOwe

Alone, any of these methods will identify some hazards, but a logical completion of all or a combination
of these steps will result in the development of a more thorough PHL. Once the PHL is completed it is
used to help determine what hazards exist in the system or facility. The PHL also provides input for the
Preliminary Hazard Analysis (PHA). The PHL can be prepared in any logical format that allows the free
flow of ideas.

5.4.5 Preliminary Hazards Analysis/Hazard Log

The Preliminary Hazard Analysis (PHA) is built upon the Preliminary Hazard List; however, this analysis
is more detailed. This documentation provides useful safety input for the decision making process used
in trade-off studies, design criteria, and operational goals. The PHA is a systematic method to identify,
evaluate and document identified hazards and recommendations. The analysis includes an assessment of
the systems and subsystems, operations, processes, equipment, personnel, environment, and materials.
This document shall also serve as a Hazard Log to track identified hazards and recommendations to
eliminate / control hazards. The term "Preliminary" relates to the stage when the PHA is produced within
the project. However, this analysis remains a tracking tool throughout the life cycle of the system.

The PHA is prepared to identify, evaluate, and make recommendations for the elimination, control, or
acceptance of hazards that could potentially cause:

A. Loss of life and/or serious injury to personnel;

B. Serious damage to facilities and/or equipment resulting in large dollar loss;

C. Failures with serious adverse impact on mission capability, mission operability, or public
opinion; or

D. Detrimental harm to the environment and the surrounding community.
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The Contractor shall prepare a PHA prior to reaching the 30% design level and shall submit the PHA to
the Authority for approval. (CDRL 512) The Contractor shall perform a PHA on the entire vehicle, and
shall ensure that hazards associated with the following subsystems are included in the PHA: ATC,
Propulsion, Brakes, Auxiliary Electric, Communications, Doors, Trucks and Suspension, Coupler and
Draft Gear.

The following hazards shall be included in the PHA:
A. Doors open on wrong side of vehicle.

B. Door opens with a vehicle speed greater than 2 mph (setting for zero speed relay) and brakes
are not commanded.

C. Door closes on person and indicates door closed and locked.

D. Door interlocks erroneously indicate door is closed and locked.

E. Train moves in wrong direction.

F. Complete loss of friction brakes.

G. Complete loss of dynamic brakes.

H. Loss of friction and dynamic brakes on a truck.

L Propulsion is not removed when requested.

J. Loss of safety grounds, or other failure, that exposes persons to injurious voltages.
K. ATP Faults

Note: The above hazards all have the potential to generate Catastrophic events, and must comply with
the highest mitigation (Risk Index 1) as defined in Section 5.4.7.2 and Exhibit 5-5.

All identified hazards shall be documented in a Hazard Log. This Hazard Log shall initially be populated
with the hazards identified during the Preliminary Hazard Analysis. The Hazard Log shall be used to
track hazards throughout the acquisition process.

The potential hazards identified in the PHA are to be organized by functional area and shall be entered in
a Hazard Log. They are to be subdivided into different areas of concern, types of hazards, and/or design
disciplines. The following is an explanation of the various entries in Exhibit 5-2, Preliminary Hazard
Analysis Data Sheet.

A. Heading - The heading on each PHA data sheet identifies the particular analysis. The
"Project" for all data sheets should identify the name of the vehicle project. The "Date"
indicates the most recent version of each data sheet. The "System/Subsystem" will indicate
the aspect of the system covered by the PHA data sheet.

B. Control Number - The first column of the data sheet provides the "Control Number" for that
particular hazard. The control number is related to the System/Subsystem provided in the
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heading, and to the corresponding number found in the PHA Data Sheet Organization on
Exhibit 5-2.

Hazard Description - The second column, "Hazard Description," identifies the source that
generates the hazard. This entry may also indicate the immediate cause for concern, such as
a fire/explosion or toxic fumes buildup.

Causes - The third column, "Causes," describes those items that create or significantly
contribute to the existence of the hazard. This entry will usually include the major causes of
the hazard, including items or conditions that increase the severity of the hazard.

Effects - The fourth column, "Effects," describes the potential detrimental effects of the
hazard, and analyzes the flow of energy between the source and the object that is to be
protected. The data provided in this entry are used in assigning a severity to the hazard.

Initial S-P - The fifth column contains the initial Severity and Probability, "S-P 1," assigned
to the hazard, based on Exhibits 5-4 and 5-5. The Severity and Probability recorded here
relate to the hazard prior to any mitigation measures being implemented.

Initial HRI - The sixth column translates the "S-P 1" into an HRI of 1, 2, 3, or 4, as explained
in Section 5.4.7.2 and Exhibit 5-5. This first Hazard Risk Index (HRI-1) is assigned based on
the severity and probability from S-P 1 with the assumption that no action has been taken to
protect against the hazard. The HRI is used to assist management in deciding the best course
of action for resolving the hazard.

Recommendations - The seventh column, "Recommendations," provides recommendations,
including design revisions or safety measures, to eliminate or control the hazard. If
applicable, cite the required codes, standards, guidelines, and good industry practices upon
which the recommendation was made (e.g., NFPA, OSHA 1910, UBC, UFC, etc.).

Final S-P and HRI - The eighth and ninth columns reflect the revised or residual Severity and
Probability, "S-P 2," and Hazard Risk Index, "HRI-2," after the recommendation has been
addressed and the identified action has been taken to eliminate or control the hazard. It
should be noted that for the S-P 2 the potential severity of the hazard is unlikely to be able to
be decreased by design modifications or addition of safety measures; however, the
probability of hazard occurrence can be greatly reduced, and thus, the Hazard Risk Index can
be decreased.

Responsible - The tenth column, "Responsible", indicates the organizational element
responsible for the identified hazard. This is used to track the implementation of the hazard
and its corrective action to eliminate or control the hazard to an acceptable level.

Status - The eleventh column, "Status," lists whether the hazard is "OPEN,""CLOSED," or
“ACCEPTED RISK” and to which phase of the vehicle life cycle the hazard applies
(Concept, Design, Installation, Integration and Test, Operations and Maintenance, or
Disposal). The eleventh column includes an explanation of how and/or why the hazard is
open or closed. The column also lists appropriate references and correspondence if
applicable. In order for a hazard to be closed, appropriate written documentation with
verification is required.
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Exhibit 5-2
Hazard Analysis Data Sheet

Preliminary Hazard Analysis

Project: Date:
Hazard Category: Page:
Prepared by:
Control Hazard Initial Final Responsible
Number Description Causes Effects sp THRI Recommendations SP [HRI OWM{&Tz.& Status
rganization
TC-6000 TP5-28 Technical Specification

June 1, 2002



5.4.6 Follow-Up Analyses

The process of hazard management is based on reducing the overall risk associated with the vehicle and
its operations. To achieve this the Contractor shall develop further analyses of the hazards to ensure that
high severity and/or high risk items are adequately understood and can therefore be appropriately
mitigated.

The Contractor shall perform Failure Modes and Effects Analysis (FMEA) on all Catastrophic and
Critical hazards, plus all items which result in Hazard Risk Index 1 or 2. Where FMEA is not considered
the appropriate analysis method, the Contractor shall provide the Authority with justification for use of
an alternative approach. The Contractor shall obtain Authority approval for the alternative approach
prior to commencing alternative analyses.

The Contractor shall also perform an Operating and Support Hazard Analysis (O&SHA) for the complete
vehicle and operating procedures.

Where appropriate the Contractor may make use of alternative analysis methodologies to support the
minimum specification requirements. Alternative approaches include Fault Tree Analysis (FTA),
Interface Hazard Analysis Event Tree Analysis (Consequence Analysis). For guidance, the analysis
methodologies for FEMA, O&SHA and FTA are described in the following sections.

5.4.6.1 Failure Modes and Effects Analyses

A Failure Modes and Effects Analysis (FMEA) is an analysis tool that identifies the ways a particular
component can fail and what its effects are on the system. The Contractor shall review all subsystem
hazards found by the PHA to have a Hazard Risk Index of 1 or 2, and shall conduct a FMEA of those
hazards. The results of the FMEA shall be submitted to the Authority for approval. (CDRL 513)
Information provided in the FMEA shall include:

A. A system overview including schematics.

B. A complete list of system and subsystem components that will be analyzed.

C. Identification of the “modes” or ways the components can fail.

D. Assessment of the effects of the failure on the system.

E. Determination of the severity and probability of the failure.

F. Determination whether the failure is a single-point failure

G. Determination of methods to eliminate or control the identified failure

H. Identification of single-point failures and hazard-level categorization, which should confirm

the adequacy of fail-safe design features.

The FMEA should be considered a concurrent part of the system design process. The FMEA should be
started early in the design effort, even though little design detail is normally available at that time. The
FMEA will thus initially consider high-level functions, and will be iteratively expanded and revised as
the design progresses. As it is being developed, the FMEA systematically challenges the design by
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probing the ways the system can fail and assessing the effects of these failures. The FMEA will normally
be required to be expanded down to the lowest level component of the system or subsystem under
consideration. However this will be dependent on the hazards associated with the items being analyzed.
This provides continuing insights into possible design weaknesses that may warrant modification. Such
modifications can then be readily implemented as a natural part of the design development cycle.

As the system design progresses through the development phase, and design modifications are made in
response to discovered needs, the FMEA is updated to reflect the changed design and is used in the
process of evaluating and approving the changes. In addition to consideration of the effect of single
failures on the safety of the system the FMEA can be used to consider Reliability effects. It is
recommended that the FMEA produced be reviewed for reliability implications so the Contractor can
obtain maximum benefit from a single analysis.

5.4.6.2 Operating and Support Hazard Analyses

The purpose of the Operating and Support Hazard Analysis (O&SHA) is to evaluate the adequacy of
procedures. The O&SHA examines the potential for hazards introduced by human errors. The analysis
is applied to operating and maintenance procedures for critical systems to ensure that unwanted system
effects are not caused by operator errors or incorrect maintenance. The O&SHA is carried out in a
similar fashion as the FMEA, except that “tasks” and “error modes” are examined instead of “functions”
and “failure modes.”

Each O&SHA should begin with a description of the procedure selected for analysis, and a listing of all
the tasks or subtasks within the procedure. Each task is systematically evaluated for potential errors and
their effects on the subsystem and transit system. The analysis will identify specific tasks within each
procedure that are prone to critical human errors, and make recommendations for reducing or eliminating
the chances of those errors.

The Contractor shall include in the O&SHA all operating and maintenance procedures for vehicle
subsystems found by the PHA to have a Hazard Risk Index of 1 or 2 shall be reviewed and addressed by
the O&SHA. (CDRL 514) Analyses should be performed as early in the design process as possible so
that results can have a meaningful impact on final designs.

5.4.6.3 Fault Tree Analyses

A Fault Tree Analysis (FTA) is a graphical method commonly used in both reliability engineering and
system safety engineering. It is a deductive qualitative or quantitative analysis tool. Once a “top level”
event is identified, then the system is systematically analyzed listing the various sequential and parallel
events or combination of faults that must occur for the top event to occur.

After review of the PHA, WMATA will identify hazards requiring further analysis. The Contractor shall
analyze these hazards using a Fault Tree unless, as determined by WMATA, another hazard resolution or
control methodology is more appropriate. The results of the analysis shall be submitted to the Authority
for approval. (CDRL 515) FTA provides analysis of the results of multiple failures, thus it is
appropriate for use on systems with redundancy or where multiple failures are required (such as brake
systems and door systems). The FTAs must consider all interfacing items, which in conjunction with the
analyzed system, can lead to the occurrence of the identified hazard.
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5.4.7 Hazard Assessment

Identified hazards must be assessed to determine severity and probability, and to recommend means for
their elimination or control.

5.4.7.1 Hazard Severity and Probability

5.4.7.1.1 Hazard Severity

Hazards do not necessarily result in mishaps. But if a hazard does occur, it creates mishaps
of certain severity. Mishap severity categories to be applied to all identified hazards are

shown in Exhibit 5-3.

Example Mishap Severity Categories are defined to provide a

Exhibit 5-3

Mishap Severity Categories

Description

Category

Mishap definition

CATASTROPHIC

I

Equipment failures, human errors, and/or external circumstances
that result in any fatalities, destruction of vehicle, or damage to
terminal or track segments such that affected segments of the
Authority cannot operate for an extended period. Category I
hazards will result in what the public would consider a major
accident or catastrophe, such as destruction of a train with
fatalities. Effective Operator corrective action is not realistically
possible. Train operation probably ceases systemwide.

CRITICAL

II

Equipment failures, human errors, and/or external circumstances
that would result in serious injury to passengers, public or staff,
extensive damage to the Authority’s equipment, higher workload
or physical distress such that the Operators could not be relied
upon to perform their tasks accurately or completely, or adverse
affects on the traveling public.

MARGINAL

11

Equipment failures, human errors, and/or external circumstances
that would reduce the capability of the Authority or the ability of
the Operators to cope with adverse operating conditions to the
extent that there would be, for example, minor injury, danger or
discomfort to the traveling public, a reduction in safety margins
or functional capabilities, non-disabling damage to the Authority’
equipment, a significant increase in operator workload or in
conditions impairing operator efficiency.

NEGLIGIBLE

v

Equipment failures, human errors, and/or external circumstances
that would not significantly reduce safety, and that require
operator actions that are well within their capabilities.

Negligible hazards may include, for example, a slight reduction
in safety margins or functional capabilities; a temporary slight
increase in Operator workload, such as manual train operation; or
some inconvenience to the traveling public.
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qualitative measure of the worst credible mishap resulting from personnel error,
environmental conditions; design inadequacies; procedural deficiencies; or system,
subsystem, or component failure or malfunction.

5.4.7.1.2 Hazard Probability

The probability that a hazard will be created during the planned life expectancy of the system
can be described in potential occurrences per unit of time, events, population, items, or
activity. Probability levels are generally qualitative but can be quantitative. The probability
for all identified hazards shall be in accordance with the guidelines presented in Exhibit 5-4.

Exhibit 5-4
Hazard Probability Levels

Descrini Level Specific Individual Item Fleet or Inventory
escription
FREQUENT A Likely to occur frequently Continuously
experienced
PERIODIC B Will occur several times in life of an item | Will occur frequently
OCCASIONAL C Likely to occur sometime in life of an Will occur several
item times
REMOTE D Unlikely, but possible to occur in life of | Unlikely, but can be
an item (5.0 x 107> X <1.0x 107) reasonably be expected
to occur
IMPROBABLE E So unlikely it can be assumed occurrences | Unlikely to occur, but
may not be experienced (1.0 x 10° > X) | possible

5.4.7.2 Hazard Risk Index

The Hazard Risk Index Matrix is a number derived by considering both the severity and the probability
of a hazard. The HRI shall be used to prioritize resources to resolve risks due to hazards and to
standardize hazard notification or response actions. The Hazard Risk Index (HRI) values are shown in
Exhibit 5-5. The HRI presents hazard analysis data in a format that helps provide clear concise
information to enable decisions regarding whether hazards should be eliminated, controlled, or accepted.
This process provides the basis for logical management decision-making, considering both the severity
and probability of a hazard.

5.4.8 Hazard Resolution Process

The overall goal of a system safety program is to design systems that do not contain hazards. However,
the nature of most complex systems makes it impossible or impractical to design them completely
hazard-free. As hazard analyses are performed, hazards will be identified that will require resolution.
Risk management is a decision-making process consisting of evaluation and control of the severity and
probability of a potentially hazardous event.

By assigning a HRI, a determination can be made as to whether hazards should be eliminated, controlled,
or accepted. System safety precedence is a methodology that can be used by the Program Manager to
define the order to be followed for satisfying system safety requirements and reducing risks. The
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Exhibit 5-5

Hazard Risk Index Matrix
Hazard Categories

Frequency of I I v

Occurrence Catastrophic Critical Negligible
Arrequent [ A W e
B - Probable RLLMHDEZMB/IBLBIDDDIDJSNMRNN 4B
]()? - gccasional \\\\\\\ \\\\\\\\ - jg

- Remote

E - Improbable 3E 4E

Hazard Risk Index HRI Suggested Criteria

1A, 1B, 1C, 2A, 2B,
3A

1 Unacceptable — Develop new hazard
controls to lower the HRI to a category 2,
3, or4.

1D, 2C, 2D, 3B, 3C 2 Undesirable — Shall only be accepted if
proven to the Authority that no reasonable
alternatives can be implemented. Shall
require additional safety or warning
devices and procedural controls to be
implemented. Shall be shown to be less

than 5.0 x 10-7 per car hour of operation.

1E, 2E, 3D, 3E, 4A, 3 Shall be resolved using standard fail-safe
4B engineering practices. May be acceptable
with review by WMATA.

4C, 4D, 4E 4 Should be eliminated or controlled. May
be acceptable without review.

alternatives for eliminating the specific hazard or controlling its associated risk will have to be evaluated
so that an acceptable method for risk reduction can be pursued.

It is not possible to remove all potential hazards from a transit system, and therefore a means for
determining which hazards are acceptable is required. In general, the more severe the hazard, the more
unlikely it should be. For the Authority’s vehicle, the following requirements have been established:

Hazards with an initial Hazard Risk Index of 1 or 2 should be mitigated such that the Hazard Risk Index
is reduced to HRI 3 or 4. Where it is not possible to reduce the risk to Level 3 or 4, specific detailed
analysis shall be provided by the Contractor to obtain approval of the Authority. It should be noted that
the Authority would normally expect the Contractor to introduce design changes to reduce the risk to an
acceptable level. Items with an HRI of 1 shall not be accepted. Items with an HRI of 2 will only be
accepted when it is proven to the satisfaction of the Authority that the Contractor has exhausted all
reasonable alternative approaches
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5.4.8.1

Hazard Reduction Precedence

The order of precedence for satisfying system safety requirements and resolving identified hazards is:

A.

Design for Minimum Risk. Design to eliminate hazards. If an identified hazard cannot be
eliminated, reduce the associated risk to an acceptable level, as defined by WMATA,
through design selection. Defining minimum risk is not a simple matter. It is not a cookbook
process that can be numerically developed without considerable thought. Minimum risk will
vary from program to program.

Incorporate Safety Devices. If identified hazards cannot be eliminated or their associated
risk adequately reduced through design selection, that risk shall be reduced to a level
acceptable to WMATA through the use of fixed, automatic, or other protective safety design
features or devices. Provisions shall be made for periodic functional checks of safety devices
when applicable.

Provide Warning Devices. When neither design nor safety devices can effectively eliminate
identified hazards or adequately reduce associated risk, device shall be used to detect the
condition and to produce an adequate warning signal to alert personnel of the hazard.
Warning signals and their application shall be designed to minimize the probability of
incorrect personnel reaction to the signals and shall be standardized within like types of
systems.

Develop Procedures and Training. Where it is impractical to eliminate hazards through
design selection or adequately reduce the associated risk with safety and warning devices,
procedures and training shall be used. However, without a specific waiver, no warning,
caution, or other form of written advisory shall be used as the only risk reduction method for
a hazard with a Hazard Risk Index of 1 or 2. Procedures may include the use of personal
protective equipment.

It is an obvious interaction of both engineering and management considerations to bring about an optimal
resolution of risk. Final resolution rests in the decision made by the managing activity.

Realistically, some risks must be accepted. How much is accepted, or not accepted, is the prerogative of
management. That decision is affected by many inputs including additional analyses that may be required
for hazards with a Hazard Risk Index of 1 or 2. As tradeoffs are being considered and the design
progresses, it may become evident that some of the safety parameters are forcing higher program risk.

5.4.8.2

General Safety Design Criteria

Criteria for system design, for all equipment with safety-critical characteristics, and for operational
procedures shall assure that system safety objectives are implemented throughout design development,
testing, delivery, operations, and maintenance.

The following criteria shall be incorporated by the Contractor as a minimum:

A. No single point failure shall result in a hazard with a Hazard Risk Index of 1 or 2. Multiple,
latent, undetected failure modes shall be considered as a single point failure.
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B. Vehicle design shall include component interlocks wherever an out-of-sequence operation
can result in a hazard with a Hazard Risk Index of 1 or 2.

C. Emergency equipment for public use shall be clearly identified and accessible.
5.4.9 Fail-Safe Design Requirements

Fail-safe circuits shall be based on closed-loop principles; e.g., broken wires, damaged or dirty contacts,
a relay failing to respond when energized, or a loss of power supply energy shall not result in unsafe
conditions.

Self-detecting component or system failures shall cause the train to stop or run at a safer, more restricted
speed than that permitted with no failure.

Component or system failures which are not self-detecting shall not cause unsafe conditions, even if
added to other failures.

Any number of simultaneous component or system failures attributable to the same cause or related
causes shall not cause unsafe conditions.

Any component or wire becoming grounded or any combination of such grounds shall not cause unsafe
conditions.

All designs, material and equipment associated directly with speed control and the control of train
movement shall be fail-to-safe (vital) standards whereby any single fault, breakage or disconnection shall
result in a more restrictive condition being applied. The fault, breakage or disconnection shall be capable
of being detected and rectified with such speed that there is a very low probability of a second fault
occurring which, in combination with the first, may lead to a dangerous situation.

Whenever possible, all systems are to be designed to prevent single point failures from negating the
ability of such systems to perform safely as intended.

Access control and alarm systems shall be designed to minimize the potential for unauthorized or
inadvertent changes to equipment.

The use of microprocessors in vital circuits shall be as approved by the Authority on a case-by-case basis.

Should an alternative for a relay or device specified for vital circuits, as defined by the AAR Manual
Part 55, be proposed for a use that is an independent direct item replacement for the relay or device
specified, the alternative will be evaluated on the basis of its physical materials and construction,
electrical characteristics, circuit analysis, reliability, and other technical data accompanying the
submittal. The acceptance of such an alternative does not preclude the requirement for further factory
and field tests to determine that the alternate device, in actual operation, complies with the specified fail-
safe criteria. Should the alternative device fail to meet the fail-safe criteria, the Contractor shall furnish
the specified relay or device to meet the requirements for a vital circuit in the service intended at no
increase in cost to the Authority.

All equipment, circuits, material and designs shall be so designed that faults or malfunctions are self-
revealing, if not in the course of normal operation then by special means. For processor based equipment
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used for vital purposes, the probability of an unsafe failure of that equipment shall, as a minimum, be less
than that of non-processor based vital equipment that it replaces.

Should an alternative be proposed for a specified system, or components thereof, whose function affects
the safety of train operation and because of its magnitude and integration parameters precludes absolute
fail-safe engineering analysis, the Authority will require definitive factory and field tests and
documentation of research and development tests, prior to granting approval of the alternative. The
acceptance of such an alternative system or subsystem does not preclude the requirement for further
factory tests and field tests to determine that the alternate system or subsystem, in actual operation,
complies with the fail-safe criteria. Should the alternate system or subsystem fail to meet the fail-safe
criteria, the Contractor shall furnish the specified system or component at no increase in cost to the
Authority.

Electronic fail-safe circuit design shall provide protection against the following types of component
failures:

A. Two-terminal devices: Open, short, partial open, or partial shorts
B. Multi-terminal devices: Any combination of opens, shorts, partial opens, or partial shorts

Any amplifier breaking into spurious oscillations shall not result in an unsafe condition.

Filters used in fail-safe circuits except for code-rate detectors shall be passive and shall be designed to
prevent undesired signals from passing through the filter at a level that could cause unsafe conditions
even in the event of component failures within the filter. Filters used for code rate detectors shall meet
the requirements specified in Section 18.2.

Fail-safe equipment proposed for this contract must be proven by in-service experience or made available
for type acceptance testing. Type acceptance testing of components shall consist of bench tests on
breadboard or prototype units as directed by the Authority. Type acceptance testing of systems or
subsystems shall consist of bench testing of operational systems or subsystems and/or field testing of
same at the discretion of and as directed by the Authority. All expenses incurred during type acceptance
testing, except for expenses incurred by the Engineer, shall be borne by the Contractor.

5.4.10 Design Safety for Human Engineering

In considering system hazards during the design process, the Contractor shall take actions to satisfy the
system requirements while taking account of human limitations as a design constraint The following
order of precedence shall be followed:

A. Incorporation of fail-safe or vital features which will cause the system to transfer from high
loss or risk mode to a lower loss or risk mode upon the occurrence of a critical failure.

B. Reduction of the probability of occurrence of a failure by increased component reliability, or
by provision of redundant components.

C. Use of safety devices to reduce the magnitude of the loss or risk once a hazardous mode has
been entered while ensuring that the safety device does not introduce an additional hazard or
system malfunction.
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5.5

Use of warning devices and systems which are an audio/visual portion of a vital system in
which the human is the responder.

Implement special operating procedures to reduce the probability of a hazardous event,
including the provision of any training requirements. (The level of training shall be based on
the complexity of the task and the anticipated trainee qualifications.)

REFERENCED CDRLs

The following CDRL items are referenced in this section:

5.6

CDRL 501 Quality Assurance Program Plan

CDRL 502 Inspection and Test Plan

CDRL 503 Quality Assurance Manuals

CDRL 504 Sample Quality Assurance Reports

CDRL 505 Statistical Quality Control Inspection List
CDRL 506 FAI Packages

CDRL 507 Audit Checklists and Reports

CDRL 508 Reliability Assessment Response Report
CDRL 509 Reliability Test Report

CDRL 510 Maintainability Analysis

CDRL 511 System Safety Program Plan

CDRL 512 Preliminary Hazard Analysis

CDRL 513 Failure Mode and Effects Analysis

CDRL 514 Operating and Support Hazard Analysis
CDRL 515 Failure Tree Analysis

CDRL 516 Weight Control Report

CDRL 517 Design and Development Review Report
CDRL 518 Design Verification and Validation Report
CDRL 519 Preliminary Systems Reliability Assessment
REFERENCED STANDARDS

The following standards are referenced in this section:

AAR Manual of Standards and Recommended Practices, Part 55
ASQCZ1.4 Sampling Procedures and Tables for Inspection by Attributes
ANSI/ASQC Z1.9 Sampling Procedures and Tables for Inspection by Variables for Percent
Nonconforming
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MIL-STD 105 Sampling Procedures and Tables for Inspection by Attributes
MIL-STD 882 System Safety Program Plan Requirements

MIL-STD 2155 Failure Reporting Analysis and Corrective Action

WMATA Heavy Repair Manual, Chapter 15
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SECTION 6
SYSTEMS SUPPORT

6.1 SPARE PARTS
See Contract Special Provisions.
6.2 DIES AND PATTERNS

The Contractor shall not destroy or otherwise dispose of dies, patterns, or molds used in the construction
of the cars without first offering the Authority the opportunity to acquire them.

6.3 WARRANTY
6.3.1 General

Warranty provisions shall be in accordance with the Special Provisions. A warranty plan shall be
submitted for review and approval. The plan shall identify the proposed approach to providing warranty
support, addressing such issues as personnel, locations, response time, warranty spares, etc. (CDRL 601)

6.3.2 Subcontracts

The Contractor shall obtain from each subcontractor providing any item of major equipment the same
agreement with regard to warranty that the Contractor is required to extend to the Authority. (“Major”
equipment is defined as traction equipment, brakes, air conditioning equipment, heating and cooling
controls, door operators and controls, trucks, couplers, destination signs, lighting, journal bearings,
batteries, converters, air compressors, public address equipment, communication equipment, and
automatic train control equipment.) In addition, the Contractor shall obtain from each of those
subcontractors, written certification that the method used for installation and connection of that
subcontractor’s equipment by the Contractor is satisfactory to the subcontractor.

6.4 REFERENCED CDRLSs

CDRL 601 Warranty Plan

6.5 REFERENCED STANDARDS

No standards are referenced in this section.
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SECTION 7

GENERAL PERFORMANCE REQUIREMENTS

7.1 DIMENSIONS, WEIGHTS, AND MISCELLANEOUS DESIGN PARAMETERS

7.1.1 Dimensions

Length of car from a point midway between the A and B cars of a

married pair to the front coupler face
Distance, center-to-center of trucks
Width of car at floor
Maximum width of carbody

Height, top of rail (TOR) to top of plymetal floor, measured at the

bolsters (See Note 1)
Minimum radius of track curve (See Note 2)
Minimum length of tangent between reverse curves
Shape of vertical curves
Length of vertical curves
Rail gap
Maximum height of top of roof
Minimum vertical clearance inside car at center
Minimum vertical clearance inside car at low ceiling area
Coupler height above TOR (See Note 5)
Side door clear opening width (See Note 6)
Minimum height, side door openings, over plymetal floor
Minimum height, end door openings, over plymetal floor
Minimum width of end door opening, clear
Wheel diameter - new wheel
Maximum grade
Most restrictive crossover
Maximum number of cars in train (normal conditions)
Maximum superelevation

Gauge, tangent track and curves with radii of 1,425 feet and greater (See Note 7)

75 feet, 0 inches
52 feet, 0 inches
10 feet, 0 inches
10 feet, 1-3/4 inches

40 inches

225 feet

(See Note 3)

Parabolic

(See Note 4)

58-60 feet

10 feet, 10 inches

6 feet, 9 inches

6 feet, 4 inches

22-1/2 inches

50 inches

6 feet, 4 inches

6 feet, 3 inches

28 inches

28 inches

5%

No. 6 with 14-foot track centers
8

6 inches

4 feet, 8-1/4 inches

Wheel gauge (Nominal) 55-11/16 inches
Truck wheelbase, minimum 84 inches
Truck wheelbase, maximum 92 inches
Normal load (AW1), 81 persons at 150 Ibs. each 12,150 Ibs.
Full load (AW?2), 175 persons at 150 Ibs. each 26,250 lbs.
Crush load (AW3), 232 persons at 150 Ibs. each 34,800 Ibs.
Absolute maximum load (AW4), 252 persons at 150 lbs. each 37,800 lbs.
Note I: Tolerances on this height are given in Sections 8.3.17 and 17.2.11.

Note 2: No spirals will be used between circular curves and tangent track in yard and shop areas.
Note 3: The most severe reverse-curve situation is that in which two No. 6 turnouts (of the same

hand) face each other with 13.53 feet of tangent track between the points and 250-foot radius
curves (in the same direction as the turnout) that continue beyond both frogs.
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Note 4: The minimum length of vertical curve is determined by the formula L = (G, - G;) 100 where
L = Length in feet and (G, - G,) = Algebraic difference in grade in percent. No vertical
curve will be less than 200-feet long.

Note 5: The tolerance on coupler height is = 5/8-inch, which includes the tolerance on the car floor
height with the air springs inflated.

Note 6: Clear opening is the width of the widest object that can be passed through an open door.

Note 7 The gauge is widened on curves of less than 1,425-foot radius.

7.1.2 Design Considerations

The carbody, trucks, and attached equipment shall be designed so that the maximum possible dynamic
outline shown in Contract Drawing 97936-017, will not be exceeded under the most extreme
combinations of broken and deflated springs, lateral and vertical motion, and roll permitted by the
suspension system. A clearance of at least 1-1/2-inches shall be provided between truck parts, including
wiring, and carbody parts under the most unfavorable conditions of track curvature, wheel wear, lateral
and vertical motion and roll, and broken and deflated springs. Except as otherwise allowed in Section
17, no part of the trucks or truck-mounted equipment shall be less than 2-1/2-inches above the horizontal
plane formed by the tops of the rails under any combination of conditions, including fully-worn wheels
and maximum possible primary and secondary spring deflection.

Under the most restrictive combination of track conditions, the clearance between adjacent cars (except
at the anti-climbers and couplers) shall not be less than 3 inches under maximum buff conditions, and not
less than 1/2-inch after coupler or drawbar has telescoped and anti-climbers have engaged. Car end
angles shall be designed to provide this clearance.

7.2 VOLTAGE

The nominal third rail voltage of the Authority’s system is 700 VDC. Except as otherwise specified
herein, all specification requirements shall be met or surpassed at all voltages from 700 VDC to
780 VDC. Performance requirements for the heating, ventilating and air conditioning system, specified
in Section 12, shall be met at 700 VDC. Propulsion system performance standards in acceleration and
deceleration, as defined in Section 15, shall be met at 650 VDC. Vehicle brake performance shall be met
regardless of the third rail voltage. All equipment shall operate without damage for any duration at any
voltage between 430 VDC and 860 VDC.

All equipment, except where otherwise stated, shall operate such that the ratio of actual performance to
specified performance is not less than the ratio of the actual voltage to the rated operating voltage for the
equipment.

Where the term “nominal third rail voltage” or “700 VDC” is used throughout the specification, it is
intended only to describe circuits operating at the third rail potential (as opposed to, for example, the
battery potential) and shall be understood to indicate a voltage range of 430-860 VDC.

Where the term “battery voltage” or “37.5 volts” is used throughout the specification, it is intended only
to describe circuits operating at the low voltage potential (as opposed to, for example, the third rail
potential) and shall be understood to indicate a voltage range of 23-42 volts. All car equipment shall be
protected from damage due to transient over- and under-voltage conditions, which may exist in the actual
operating environment or as a result of the Contractor’s design. Unless otherwise specified, the
Contractor and its suppliers will be expected to provide transient suppression based on their experience
in similar applications.
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7.3 WEIGHT

The weight of a car, which is complete in all respects but is without passengers or Operator, is called its
“ready-to-run” weight (AWO0). The maximum Ready-to-Run weight of any married pair of cars shall not
exceed 155,000 Ibs. The difference in ready-to-run weight between the “A” and “B” cars of a married
pair shall not exceed 1,000 Ibs. Assessment of liquidated damages based upon weight in excess of these
maximum weights shall be as set forth in the Special Provisions. See weight test requirements in Section
3.4.1.

Equipment and apparatus on the car shall be arranged so that lateral imbalance does not exceed 25,000
inch-lbs. The difference in weight of the two ends of the car shall not exceed 2% of the ready-to-run
weight, measured at the trucks.

7.4 ENVIRONMENTAL CONDITIONS

The transit vehicle shall be capable of being operated at the specified performance levels and stored
without equipment degradation under the following environmental conditions:

A. Ambient Temperature: -5°F to 105°F
B. Maximum Design Temperature Above
Running Rail 115°F
C. Relative Humidity: 20% to 100%, including conditions of condensation
D. Maximum Rainfall: 12 inches in 24 hours
E. Snow Accumulation Above Running Rail: 15 inches
F. Maximum Snowfall: 23 inches in 24 hours
G. Maximum Wind Speed: 80 mph (operational), 120 mph (storage)
H. Glaze or Freezing Rain: Two or three times per year

The temperatures shown only represent ambient temperature conditions.

The effect of increased temperatures due to solar radiation on the carbody and heat produced during
operation of equipment under the environmental extremes specified above must not result in degradation
of equipment performance or equipment reliability.

7.5 INTERCHANGEABILITY

To provide maximum car availability, all apparatus shall incorporate easily interchangeable modules and
component boards to the maximum extent possible.

All similar subassemblies, and all replaceable components within subassemblies, shall be physically
interchangeable between like cars.

The design of equipment and replaceable components shall be such that, after calibration by the bench
test equipment (Section 21.3), installation on any car shall not cause any car system performance
characteristic to change.

Use of local adjustments to compensate for resistance, etc., of components external to the equipment
being replaced should be avoided wherever possible; however, devices to enable local adjustment may be
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provided subject to approval by the Authority. Component boards, which have devices to permit such
adjustment, shall be semi-permanently attached to the equipment chassis.

All interchangeable modules and component boards shall be mechanically keyed in such a manner as to
make it impossible to insert any such module and component board into other than its correct location on
the proper chassis.

7.6 ELECTROMAGNETIC INTERFERENCE AND COMPATIBILITY
7.6.1 General

All equipment shall operate in the cars on the Authority’s existing system and with the Authority’s
existing cars without being affected by, or causing interference that may adversely affect, the Authority’s
system operation or safety because of conducted, induced, and/or radiated emissions.

7.6.2 Control and Test Plans

The Contractor shall submit electromagnetic compatibility (EMC) and electromagnetic interference
(EMI) control and test plans to the Authority. The EMI/EMC control and test plan shall include a
description of all criteria that must be met, including those specified for Conducted Interference (Section
7.6.5) and Inductive Interference (Section 7.6.6). Criteria shall be submitted to the Authority for review
and approval (CDRL 701). Control of EMC and EMI shall be part of the earliest stage of apparatus
design. The EMC and EMI control and test plans shall describe the methods to be used by the Contractor
to meet the specified EMC and EMI requirements. The approved versions of these plans shall be
incorporated in all Contractor apparatus purchase specifications. Authority approval of these plans does
not relieve the Contractor from providing apparatus which functions properly on the cars and in the
Authority’s transit system environment.

In addition to the requirements contained in this section, the Contractor shall perform the car level EMC
qualification tests described in Section 7.6.4.

7.6.3 Methods and Apparatus

The Contractor shall employ design techniques, construction methods, and whatever apparatus is
required to prevent interference caused by installed equipment from affecting the proper operation of any
car (including existing Authority cars) and wayside systems, and to prevent interference caused by
existing car and wayside systems from affecting the proper operation of the installed equipment. In
addition to coordinating frequencies, the Contractor shall provide necessary on-board balancing, filtering,
shielding, modulating techniques, grounding, and isolation to provide adequate signal-to-noise (S/N)
ratios and to reduce undesirable effects 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. Induction into trainline circuits
due to propulsion system and converter current transients shall be reduced as required to prevent
interference.

To contain EMI emissions, the suppression of EMI shall, wherever possible, be at the source of the EMI.
The following design requirements shall be included in the EMC and EMI control plans:

A. All magnet valves, relay and contactor coils, and other inductive devices shall have free-
wheeling diode or metal-oxide varistor transient suppression. Other means of suppression or the
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omission of suppression, for performance reasons, shall have the approval of the Authority prior

to use.

B. The number of suppression device types shall be kept to a minimum.

C. Apparatus design and enclosures shall shield the apparatus from any effects resulting from the
operation of an Authority handheld transceiver when the transceiver is within 18 inches of the
enclosure.

D. Apparatus design and enclosures shall shield the apparatus from any effects resulting from the

operation of cellular telephones, including when the telephones are operated within the car and
on the passenger platforms.

7.6.4 Emission Limits

To preclude undesirable effects caused by onboard vehicle subsystems upon the external environment
along the right of way, in no case shall the electromagnetic emission limits specified herein be exceeded.
In addition, the Contractor shall review each vehicle’s (“A” and “B” car) impedance to determine that the
following desirable characteristics are met:

A. At 60 Hz, the input impedance shall not be capacitive in nature
B. The input impedance resonant frequency shall be below 50 Hz.

Meeting the requirements specified in the following subparagraphs is the first level of defining the
interface between installed equipment systems and subsystems and other electromagnetically-sensitive
systems in the Authority’s environment. The Contractor shall be responsible for reducing the above-
specified limits, if necessary, to prevent interference.

7.6.4.1 Radiated Emissions

Between the frequencies of 0.15 MHz and 30 MHz, the maximum permissible interference limit shall not
exceed 20 dB above the limit of Figure 22 (REOS) of MIL-STD-461A. From 30 MHz to 88 MHz, the
maximum limit shall be 58 dB above one microvolt/meter/MHz bandwidth. From 88 MHz to
1,000 MHz, the maximum limit shall be 68 dB above one microvolt/meter/MHz bandwidth. These limits
shall not be exceeded when measured at a distance of 100 feet from the track centerline. A graphical
representation of these limits is given in Exhibit 7-1.

7.6.4.2 Conductive Emissions

The conductive emissions in the third rail shall have a maximum current limit (amperes RMS) of 1.1A
between the frequencies of 55 Hz and 65 Hz. For all frequencies between 2000 Hz and 4000 Hz, the
conductive emissions in the third rail shall have a maximum current limit (amperes RMS) defined by a
straight line from 0.100 ampere at 2000 Hz to 0.050 ampere at 4000 Hz. For all frequencies between
4000 Hz and 6000 Hz, the conductive emissions in the third rail shall have a maximum current limit
(amperes RMS) of 0.045 ampere. For all frequencies between 6000 Hz and 20,000 Hz, the conductive
emissions in the third rail shall have a maximum current limit (amperes RMS) of 0.020 ampere. These
third rail current limits shall not be exceeded by a train of any length up to 8 vehicles assuming 78% of
the emission level produced when all equipment of like type on the train is producing in-phase emissions
of the same frequency. This condition shall be met by each individual power component as well by as the
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simultaneous operation of all car apparatus on the train. To verify compliance with the third rail
conductive emission limits, single inverter measurements shall be made on one car of a married pair, as
measured by the procedures of “Conductive Interference in Rapid Transit Signaling Systems, Volume II:
Suggested Test Procedures,” UMTA-MA-06-0153-85-6. The results of the single inverter measurements
will used to calculate the emissions for a train of any length up to 8 vehicles.

Exhibit 7-1
Radiated Emission Limits
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7.6.4.3 Inductive Emissions

The inductive emissions, as measured by the procedures of “Inductive Interference in Rapid Transit
Signaling Systems, Volume II: Suggested Test Procedures,” UMTA-MA-06-0153-85-8, shall be limited
to a maximum of 100 millivolts RMS between 55 Hz and 65 Hz, and 10 millivolts RMS, rail-to-rail, at all
frequencies between 2 kHz and 20 kHz. This condition shall be met by each individual power
component as well as during the simultaneous operation of all car apparatus.
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7.6.5 Conducted Interference

The Contractor shall formulate a set of criteria governing both generation and tolerance of electrical
interference on conductors between assemblies. The criteria shall distinguish the basic types of circuits
present on the car and shall define a suitable, comprehensive classification of disturbances which could
be present in each type of circuit. The criteria shall insure that each connected assembly will be able to
tolerate the disturbances introduced simultaneously by all of the other assemblies to which it could be
connected. The criteria shall include any required reduction of the limits described above on conducted
interference into the third rail and running rails, with levels selected to prevent interference with signal
and communications system which use those circuits for their means of operation and communication.
These criteria shall be a part of the EMC and EMI control plans.

7.6.6 Inductive Interference

The Contractor shall formulate a set of criteria governing generation and tolerance of magnetically
coupled interference on or between assemblies. The criteria shall identify the basic types of circuits
present on the car and shall define a suitably comprehensive classification of disturbances which could
be present in each type of circuit. The criteria shall insure that each connected assembly will be able to
tolerate the disturbances introduced simultaneously by all other assemblies to which it is inductively
coupled. The criteria shall include any required reduction of the limits described above on the inductive
interference into the third rail and running rails, with levels selected to prevent interference with signal
and communications systems which use these circuits for their means of operation and communication.
These criteria shall be a part of the EMC and EMI control plans.

7.6.7 Cab Signal Interference

The Contractor shall minimize the amount of EMI that couples into the cab signal receiver coils and
cables over the range of 4 to 6 kHz. To this end, the level of in-band interference at the two cab signal
receiver carrier frequencies (4,550 Hz and 5,525 Hz) shall not exceed the level that 45 mA (RMS) in the
third rail produces for a train of any length up to 8 vehicles.

7.7 CONTRACT DRAWINGS

The following Contract Drawings are a part of this Specification:

Drawing No. Drawing Title
97936-1 Index of Contract Drawings
97936-001 Side Elevation and Floor Plan
97936-002 Carbody Cross Section — Normal Ceiling Area
97936-003 Cross Section — “F” End Low Ceiling Area
97936-004 Carbody Cross Section at Center Door
97936-005 Cab End Elevation and Contour
97936-006 Non-Cab End
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97936-007 Reflected Ceiling Plan
97936-008 Operator’s Cab
97936-009 Operator’s Console Control Panel
97936-010 Operator’s Console Indicator Panel
97936-011 Operator’s Auxiliary Control Panel
97936-012 Operator’s Circuit Breaker Panel
97936-013 Trainline Circuit Breaker Panel
97936-014 Two Passenger Seat
97936-015 Back-to-Back Passenger Seat
97936-016 Speaker Grilles
97936-017 Dynamic Outline
97936-018 Wheel — 28-inch Diameter Steel
97936-019 Coupler Electric Head Arrangement
97936-020 Schematic Diagram, Door Control
97936-021 ATP Block Diagram
97936-022 ATS and ATO Block Diagram
97936-023 Carborne Monitoring and Train Length Systems
97936-024 ATC Direction Sensing and Back-End Door Command Circuits
97936-025 ATC Undercar Equipment Layout
97936-026 Daily Safety Test Unit and Connector Wiring
97936-027 Approximate ATC Wiring Requirements
97936-028 Train-to-Wayside Communications Block Diagram
97936-029 Third Rail Details
97936-030 Audio Interconnections for Carborne Communications Equipment
97936-031 ATO Test Unit Block Diagram
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97936-032

97936-033

97936-034

97936-035

97936-036

Typical Marker Arrangements
Lateral Offset Requirements
Contact Rail Protection Cover

Contact Rail Fixation, Tangent/Superelevated Track

Contact Rail Fixation, Superelevated Track

Drawings depicting the layout and profiles of the Authority track lines are available at the request of the

Contractor.

7.8 REFERENCED CDRLs

The following CDRL items are referenced in this section :

CDRL 701

EMC/EMI Control and Test Plans

7.9 REFERENCED STANDARDS

The following standards are referenced in this section:

MIL-STD-461A

Requirements for the Control of Electromagnetic Interference
Characteristics of Subsystems and Equipment

UMTA-MA-06-0153-85-6 Conductive Interference in Rapid Transit Signaling Systems,

Vol. I, Suggested Test Procedures

UMTA-MA-06-0153-85-8 Inductive Interference in Rapid Transit Signaling Systems, Vol.

II, Suggested Test Procedures.
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SECTION 8
CARBODY

8.1 GENERAL
8.1.1 Arrangement

The cars shall be designed to operate in two-car units or “married pairs.” Each married pair shall consist
of an “A” car and a “B” car, and shall be capable of operation in either direction.

The end of each car that is semi-permanently coupled to the other car of the married pair is the “R” end;
the opposite end is the “F” end.

The arrangement and dimensions of the car shall conform to the Contract Drawings.

Apparatus requiring inspection or attention more often than once a year shall be accessible and
replaceable without requiring the removal of other apparatus. All underfloor apparatus shall be arranged
to be accessible from maintenance pits or from the side of the car. Apparatus requiring attention more
often than every 60 days shall be accessible from the side of the car. The frequency of required service
shall determine the degree of equipment accessibility.

8.1.2 Physical Protection

Appropriate screens and guards shall be provided where required to protect underfloor apparatus from
flying ballast or similar missiles. Where screens or guards, because of their arrangement, afford the
opportunity for buildup of trash and other foreign material, the path of entry to the inside of the screened
or guarded area shall be blocked with some form of screening that will exclude foreign material but will
not interfere with ventilation. Screens and guards shall be easily removable.

Splash guards shall be provided where required to protect underfloor apparatus, such as resistors and
control boxes, from wheel splash.

All current-carrying parts connected to circuits with potential of more than 150 volts, except contact
shoes and their attachments, shall be insulated or shall be located or guarded to prevent accidental
contact. Doors and cover plates guarding said apparatus shall be securely fastened in place, and the
inside and outside of the doors shall be marked with the word “DANGER” and the normal voltage of the
circuit. Switches connected to circuits operating at potentials in excess of 150 volts, and which should
not be operated under load, shall be so labeled.

8.2 CARBODY STRUCTURE/MATERIALS
8.2.1 General

Except as otherwise specified, the carbody shall be constructed entirely of either stainless steel or
aluminum alloy.
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8.2.2 Materials

If the carbody is constructed of stainless steel, AISI Types 201L or 301L shall be used for all structural
and exterior parts (excluding the end underframe and “F” end cap).

If the carbody is constructed of aluminum alloy, structural members shall be made of alloy 6061-T6,
5083-H111, 6082, 6005A, 6008, 6106 T6, 5454 H24 and 5754 H26. In order to minimize welding and
HAZ (heat affected zone), the use of end-to-end hollow extrusions is desired. The structural use of any
2000 series and 7000 series alloys, and of aluminum castings of any alloy, is expressly prohibited.
APTA SS-C&S-015-99 Standard for Aluminum and Aluminum Alloys for Passenger Equipment Car
Body Construction shall be observed.

All surfaces of all aluminum portions of the carbody, except exterior surfaces, shall be properly cleaned
and given one coat of chromate-free two-part epoxy primer, or an Authority-approved equivalent primer.
An alternative primer may be used providing that the Contractor provides data on all of the
characteristics of the material; the material is shown to be equivalent to or better than the specified zinc
chromate prime; and the alternative is approved by the Authority. Use of stainless steel and aluminum
shall comply with all requirements of Sections 22.3 and 22.6, respectively.

Regardless of the Contractor’s selection of carbody material, such material must not be etched by the
environmental conditions that exist in the Washington Metropolitan Area and its subway tunnels to the
extent that the original appearance of the car cannot be restored by normal washing. This requirement
shall extend for the duration of warranty period, as specified in the Special Provisions.

Alternative materials to those specified in any part of Section 8 will be considered, providing that the
Contractor submits details of the material using a U.S.-recognized trade name or UNS number with
properties in English, along with evidence that the proposed alternative material is equal or superior to
the specified material in strength and performance for its intended application. For alternative carbody
materials, evidence of satisfactory performance shall address the effects of the chemical contents of
water leaching through tunnel linings.

The carbody material shall maintain its original appearance and physical characteristics even if unwashed
for periods as long as 3 months, as may be the case in cold weather or for cars placed in temporary
storage.

8.2.3 Construction Methods
Stainless steel structural framing shall be assembled by means of resistance welding or arc welding.

Aluminum alloy structural framing, where visible to passengers, shall be assembled by means of arc
welding, or flush rivets. Where not visible to passengers, lockpins and rivets with other head shapes are
also acceptable. Adhesive bonding of structural elements as the sole means of joining is not permissible
in either stainless steel or aluminum alloy structures.

Resistance welds visible to passengers shall be arranged in uniformly spaced patterns and shall display
no discoloration, no displaced metal (weld “feathers”), and minimum indentation. All other exposed
welds shall be finished sufficiently to be unnoticeable except by close visual inspection.

Rivets visible to passengers shall be arranged in uniformly spaced patterns, shall be no more obvious
than resistance welds, and shall be sanded to match adjacent material.
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The use of dissimilar metals as defined in MIL-STD 889B shall be prohibited.
8.2.4 Exterior Finish
8.2.4.1 Unpainted

All exterior surfaces of the carbody shall, unless otherwise specified, be of smooth (not corrugated)
unpainted metal, and shall have a horizontal, medium-grain brushed finish similar to that on the
Authority’s existing cars. Trim pieces may, however, be brushed parallel to the long dimension of the
piece. The grain size of the exterior finish shall be approved by the Authority. All brushed surfaces
shall have the same finish, whether applied by machine or hand, or furnished by a subcontractor.

8.2.4.2 Painted
All exterior surfaces to be painted shall be prepared according to Section 22.23.

The painted exterior treatment consists of, but is not limited to, a silver metallic cab end cap with red,
white, and blue stripes. The “F” end door, headlight recess areas, and side window dead light areas are
to be painted dark brown metallic. See Contract Drawings 97936-001 and 97936-005 for layout details.

All paint colors and finishes must be submitted to the Authority for approval (see Section 1, CDRL 109).

8.3 CARBODY STRUCTURE/ARRANGEMENT AND DETAILS
8.3.1 General

The carbody, including doors and windows, shall be watertight under all operating conditions, including
passage through a car washer. Except for those produced by the ventilation system, no drafts shall be
discernible at any operating speed.

All pockets formed by the construction of the carbody structure shall be self-draining to prevent
collection of water.

The structure shall be so designed that no fatigue failures will occur within the 40-year anticipated life of
the car when loaded to the specified “Full” loading condition (AW2). The car shall have no more than
1/2-inch to 3/4-inch positive camber between bolsters when empty, and shall not deflect to a negative
camber when loaded to the specified absolute maximum loaded condition. Positive camber shall form a
circular arc between the bolsters and may be straight and tangent to the arc beyond the bolsters. Camber
shall be measured from suitable points on the car structural side sills in the doorways; car roof, side
frames and floor shall be constructed and connected so that camber is the same for all of these members.

In addition, the car structure shall be designed to be compatible with the characteristics of the Authority’s
existing cars. The vehicle body shall protect occupants in the passenger compartment in the event of a
collision between two trains or between a train and a wayside obstruction. This protection shall be
provided by means of energy absorption devices and controlled, progressive, plastic deformation and/or
buckling of the carbody ends. The compression strength of the main carbody structure enclosing the
passenger compartment shall be greater than the compression strength of the carbody ends such that the
main structure shall neither collapse, buckle, nor plastically deform until the sacrificial elements of the
carbody ends have been permanently deformed.
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Each carbody end shall include at least two corner posts, two collision posts and anti-climbing devices
designed to prevent overriding and penetration into any passenger compartment in the event of a
collision. The design of the ends shall be easy to repair. The preferred design would be a single frame
that may be replaced as a unit in the event of collision damage.

The carbody including roof, sides and R-end shall be flat and free of nicks, dents, weld marks and other
surface imperfections. Flatness shall be better than 1/8" over a 3-foot span.

8.3.2 Carbody
8.3.2.1 Strength Requirements

The main carbody structure enclosing the passenger compartment shall be capable of withstanding the
following loading without exceeding the cited stresses.

A. Compression load of 200,000 1bs. The application and distribution of the compression load shall
be as transferred by the carbody ends with the compression load originally being applied to the
anti-climbers. This combined loading shall not cause stresses exceeding 90% of the yield
strength in any member inboard of the carbody bolsters, or 100% of the yield strength in any
member outboard of the carbody bolsters.

B. Static vertical loading corresponding to an AW3 loaded vehicle which shall not cause stress
levels in any structural member to exceed 50% of the yield strength.

C. Fluctuating loads due to passenger loading, unloading and whole body oscillations in response to
track irregularities. For design purposes, this loading shall be assumed to be oscillatory with a
mean value of AW2 and an amplitude of £20%. Stresses caused by this loading shall be below
the fatigue strength for 10 million cycles with a safety factor of at least 1.1.

D. Coupler Anchorage. A compression load of 135,000 1bs., applied horizontally and parallel to the
longitudinal centerline of the carbody, to the center reaction point of the coupler anchorage, shall
result in no yielding of the main structure.

E. Jacking Pads. The empty car, without trucks, shall be capable of being lifted on diagonally-
opposite corner outboard jacking pads without permanent deformation in any element of the
carbody structure or jack pads.

F. Collision Posts. The ultimate shear capacity of each collision post at the floor level shall be
300,000 1bs., applied anywhere up to £15 degrees from the longitudinal axis. In addition, each
collision post shall have sufficient capacity to withstand a load of 60,000 Ibs. applied 18 inches
above top of floor, anywhere up to +£30 degrees from the longitudinal axis, with no stress
exceeding the yield point.

G. Corner Posts. The ultimate shear capacity of each corner post at the floor level shall be
75,000 Ibs. for the “F” end, and 50,000 Ibs. for the “R” end, at any angle from longitudinal to
transverse. In addition, each corner post shall resist an inward load in any direction, applied
15 inches above the floor, of 25,000 Ibs. at the “F” end and 25,000 Ibs. at the “R” end, with no
stress exceeding the yield point.
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H. The carbody natural frequency in the first vertical bending mode shall be no less than 8 times the
natural frequency of the secondary suspension.

8.3.2.2 Crashworthy Design

The vehicle structure and supplemental energy absorption devices shall be designed to absorb maximum
energy in a collision and transmit minimum accelerations to passengers without override or telescoping.
The new vehicles must also be structurally compatible with the Authority’s existing vehicles. For design
purposes, in a collision involving an 8-car train of 6000 Series vehicles moving at speed V (with brakes
applied), on level tangent track, impacting a stationary 8-car train with brakes applied, with the stationary
train consisting of either 6000 Series cars or the Authority’s existing cars, in normal passenger service at
any weight up to AW2, the following criteria shall apply:

A. For V = 5 mph or less, there shall be no damage to any vehicle or equipment, except for the
coupler emergency release mechanism.

B For V = 20 mph, damage shall be confined to the ends of the vehicles outboard of the bolsters.
The structure of the vehicles inboard of the bolsters shall remain intact, with no permanent
deformation of any member; no passenger compartment shall rupture or suffer any opening
through which passengers’ limbs may protrude; high voltage devices and associated connecting
cables shall remain contained and shall not create electrical shock hazards to personnel; and there
shall be no fire hazards.

C. The force required to initiate controlled plastic deformation of the car ends outboard of the body
bolsters shall be in the range of 550,000 to 675,000 Ibs. The force required to crush the ends
shall be steady as the deformation progresses without sudden reductions. The resulting
deformations shall be symmetrical such that the vector sum of the crushing forces shall remain
parallel to the longitudinal centerline of the car. For design purposes the same wheel to rail
friction coefficient of 0.2 shall be used for both trains.

D. The underframe inboard of the bolsters shall withstand a longitudinal load of at least 300,000 Ibs.
without collapse or catastrophic failure.

E. The maximum longitudinal acceleration in the passenger compartment following a collision with
V =20 mph shall not exceed 5.0 g. The Head Injury Criteria shall be used to evaluate the mode
and severity of predicted injuries. The Abbreviated Injury Scale per AIS code shall be less than
3.

The Contractor shall provide test data and validated mathematical model simulation to demonstrate that
the vehicle will satisfy these requirements (CDRL 803).

8.3.2.3 Structural Analysis

The Contractor shall perform a structural analysis of the car/vehicle body, underframe and equipment
supports, and shall provide both a preliminary and a final stress analysis to the Authority for approval.
(CDRL 801) The preliminary stress analysis must be approved by the Authority before the Contractor
proceeds with the final structural carbody drawings and any procurement of material.

The final stress analysis shall include all secondary structure and/or attachments designed to withstand
operational loading of 200 lbs or greater. For Service Loading condition the load factors shall be: 1.5 g

TC-6000 TP8-5 Technical Specification
June 1, 2002

A009

A002



vertical, 1.0 g longitudinal and 0.5 g lateral. The loads shall be applied concurrently (as a static load) and
shall not develop a stress greater than of the yield stress of material. For Overloading the load factors
shall be: 3.0 g vertical, 5.0 g longitudinal and 2.0 g lateral. The loads shall be applied individually (as a
static load) and shall not develop a stress greater than the ultimate strength of the material. This shall be
considered to be a one-time crash situation, where the structure shall not fail or tear free. With the
exception of above defined load factors, the APTA SS-C&S-002-98 Standard for Static Strength
Attachment of Major Equipment to the Car Body Structure of Railroad Passenger Equipment shall be
observed.

The final analysis shall include the calculated stresses, allowable stresses, and safety margins for
structural elements under each of the specified loading conditions defined in the structural design
criteria. The safety margin shall be defined as the allowable stress divided by the calculated stress,
including safety factors required by the structural design criteria, minus 1.00. The safety margin shall be
positive. The analysis shall consist of finite element analysis and a combination of manual and/or
computerized calculations. At a minimum, finite element analysis shall be used for any complex
structural element that, in a failed state, affects safety. The analysis shall include at least the following:

A. Structural arrangements and layouts of the car/vehicle. Materials and sizes of structural elements
and the method of fastening shall be defined.

B. Diagrams showing externally applied loads and boundary conditions. Where finite element
analysis is used, diagrams shall be provided showing the finite element mesh, load applications
and boundary conditions, and their relation to the car/vehicle structures.

C. Documentation showing the properties of the materials used in the vehicle structure. At a
minimum, this documentation shall include the guaranteed minimum yield and ultimate
strengths, elongation, Young’s modulus, and allowable fatigue stress data for each material.

D. Detailed stress calculations, including calculation of the safety margin, for each structural
element.
F. Natural frequency of the body in the first bending mode.

8.3.3 Underframe

If the carbody is constructed of stainless steel, the underframe, except for the end underframe, shall be of
stainless steel. The end underframe shall be constructed of low-alloy, high-tensile steel.

If the carbody is constructed of aluminum, the underframe, shall be of aluminum. The end underframe
shall be constructed of aluminum or low-alloy, high-tensile steel

8.3.4 End Underframe

An end underframe unit shall be used at each end of the car. This unit shall be designed to comply with
the structural design requirements of Section 8.3.2. Approved drainage shall be provided for all cavities.

The design of the end underframe weldments shall provide for continuity of flanges and webs at any
place where load-bearing members intersect. The end underframes shall be designed so that, in case of
excessive impact, failure will be caused by buckling or crushing of structural elements in the region
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outboard of the coupler anchorage, rather than by shearing of structural elements or by failure of
connections between elements.

A stainless steel or aluminum anti-climber shall be provided as an integral part of the end underframe. It
shall be designed so that cars, under compressive forces that cause the coupler automatic release feature
to be actuated, will mate in a manner that prevents one car from climbing the other. When engaged with
the anti-climber of one of the existing cars, this arrangement shall resist, using only three of the four
“ribs,” a vertical load of 75,000 Ibs. in either direction, combined with a longitudinal inward load of
125,000 1bs., without exceeding the yield strengths of the anti-climber and its adjacent car structure.
Each rib shall be no less than 7/16-inch thick at its outer edge, in order to provide resistance to crushing.
The design of the anti-climbers shall ensure that they remain attached to the vehicle after the crushable
element is expended and the 75,000-lb. vertical load applied through the full stroke of the crushable
element. The anti-climbing arrangement shall have the appearance shown in Contract Drawings 97936-
005 and 97936-006. The anti-climber shall be parallel with the end structure.

The top surface of the front end anti-climber shall contain holes suitable for anchoring the emergency
ladder specified in Section 10.12. The holes provided must drain water outside in such a way as to
prevent entry of water into floor panels or insulation and to prevent formation of ice.

8.3.5 Subfloor

A stainless steel subfloor of a minimum 0.030 inch thickness shall be provided over the full length of the
car.

8.3.6 Side

A formation in the side sheathing shall run the full length of the car, below the windows, as shown in
Contract Drawings 97936-005 and 97936-006. The ends of the formation shall be closed off to give a
finished appearance at doors and at the ends of the car. Aluminum or stainless steel cosmetic trim shall
be used around the doorway to obscure the welded areas. At the rear end of the car cosmetic trim may be
used. All trim shall be bolted to the body structure, protected against dissimilar material corrosion when
applicable, and sealed using approved sealant. Door trim shall not create any hazard for passenger
clothes.

8.3.7 Skirt
A fixed non-rattling skirt shall be provided.
8.3.8 End Construction — Design Requirements

Car end structures shall be provided, at the sides of the end door openings, with vertical collision posts
that comply with the structural requirements in Section 8.3.2.3.

Each collision post shall have a section modulus about the carbody transverse axis of at least 4.5 cu. in.
for 110,000 psi yield stress material, or a proportionately greater value for material of lesser yield stress.

The collision posts shall be connected to the roof structure. The connections and supporting structure
shall be adequate to resist either one separately, or both collision post top reactions simultaneously,
without exceeding the yield strength of the load-carrying connections and supporting members, when the
posts are loaded at a line 18 inches above the top of the end sill to which they are attached with loads
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sufficient to develop the yield strength of the post material. The connections at the tops of the collision
posts shall also be designed to develop sufficient longitudinal, vertical, and bending strength that if the
collision posts should be overloaded in bending to their ultimate strength, the top post connections and
supporting structure will resist without failure the longitudinal, vertical, and bending loadings to which
they are subjected.

Transverse structural members shall be used to reinforce the end frames at the bottoms of the end
windows. These members shall be securely fastened to the collision posts and to the corner posts, and
structural shear panels shall be provided between the end sill top surface and the bottoms of the
transverse structural members, to resist the torsional shear loading resulting from the specified diagonal
jacking loading of Section 8.3.2.1. Corner posts shall be connected to principal side frame longitudinal
members.

8.3.9 Cab (“F”) End

The cab end shall be arranged and contoured as shown in Contract Drawing 97936-005. Details of the
contours must be approved by the Authority prior to manufacture (CDRL 804). The end sheathing shall
be of stainless steel, aluminum alloy, or fiberglass-reinforced polyester plastic. See Section 8.9 for
information on windows and Section 13.2 for specifications on headlights, tail lights, and marker lights.
No visible caulking shall be used in the connection of the end to the sides and roof. Fiberglass-reinforced
plastic used in the end sheathing shall conform to the fire-resistance requirements of Section 22.24.

8.3.10 Non-Cab (“R”) End

The non-cab end shall be arranged and contoured as shown in Contract Drawing 97936-006. It shall be
sheathed with the same metal used as the basic carbody material.

8.3.11 Roof

Roof sheets may be longitudinally corrugated in the area above the sight line (which line is on the surface
of the roof, extending no greater than 37 inches from the longitudinal center line of the car). All parts of
the roof shall be of sufficient strength as not to suffer any permanent deformation when passing through a
mechanical car washer. The roof structure shall be designed to support the air conditioning apparatus,
ducts, conduit, lighting fixtures, headlining, stanchions and other equipment, and shall, in addition, have
sufficient strength to support, without permanent deformation, concentrated loads of 250 Ibs., applied by
personnel working on the roof, at intervals of 30 inches apart.

8.3.12 Underfloor Boxes

Underfloor boxes shall be of painted or powder coated carbon steel, aluminum, or stainless steel. Boxes
shall be provided with top-hinged doors, which shall have suitable means for ready removal. Means shall
be provided to ensure that door hardware remains captive. The doors shall be gasketed to be water- and
dust-tight, where required by the nature of the apparatus contained therein. Doors on underfloor boxes
shall be interchangeable between the corresponding boxes on different cars and, to the extent possible,
between boxes on the same car. Fiberglass-reinforced polyester plastic may be used for underfloor doors
and, if used, shall conform to the fire-resistance requirements of Section 22.24. All underfloor boxes
shall have drain holes with cotter pins.
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Outer vertical faces of boxes and apparatus mounted along the side sill shall all be equidistant from the
longitudinal centerline of the car (that is, shall all lie in the same vertical plane), unless the Contractor
can show that a deviation from this requirement is needed to achieve balanced weight distribution. This
requirement does not apply to boxes and apparatus with a clearance of less than 16-7/8 inches above top
of rail; these shall be located to allow for track curvature as directed by Contract Drawing 97936-033.

Unless otherwise approved, devices enclosed in underfloor boxes and enclosures shall not be fastened
directly to the walls, roof, or floor of the box or enclosure. Hardware used to secure doors on underfloor
boxes and enclosures, including latches and hinges, shall be made of stainless steel. All mounting
hardware for access plates shall have captive fasteners. All equipment enclosures shall provide ready
maintenance access to components and wiring.

Unless otherwise approved, all access covers and doors shall be provided with quick-release, spring-
loaded latches that operate with a toggling-type action. The latches shall be arranged so that they are
protected from flying debris from the road bed and shall not violate the car’s dynamic envelope if not
engaged.

A spring-loaded safety catch shall be provided at the center of each equipment box cover. The safety
catch shall be designed to retain the cover within the vehicle dynamic clearance envelope at all operating
speeds without the cover latches engaged.

Heat-sensitive equipment and materials shall be so located or shielded that they are not adversely
affected by heat-producing equipment when the cars are stopped or moving at any speed.

8.3.13 Underfloor Equipment Supports

Supports for underfloor apparatus, pipes, conduits, and boxes shall be of low-alloy high-tensile steel,
aluminum alloy, or stainless steel; aluminum supports shall be wrought, extruded, or forged aluminum
alloy. Where possible and appropriate, supports for heavy apparatus shall rest on horizontal flanges of
side sills and center sills. If the underframe is constructed of longitudinal hollow aluminum extrusions,
longitudinal provisions in extrusions may be used for underframe apparatus attachment.

Unless otherwise approved, underfloor apparatus shall not be supported by bolts in tension. An
exception to this rule is made in the case of extruded longitudinal equipment support provisions as
described above and for resistance grids, which may be supported by bolts in tension if the connecting
leads are strong enough to hold the grids should the bolts fail. In this case, if bolts in tension are used,
safety straps, hangers or other devices per APTA SS-C&S-002-98 shall be provided for each individual
support. All installation guides and recommendations from the original equipment manufacturer shall be
observed, and installation approved by the Authority before underfloor mock-up review.

Apparatus requiring removal and replacement for other than accident damage shall be supported so that
both bolts and nuts are accessible. Dissimilar metals shall not be used at connections requiring
disassembly for removal and replacement of equipment. Equipment supported on resilient mounts shall
have safety straps or other devices for support in case of failure of the resilient mounts. No equipment
shall be supported by bolts in holes tapped in the underframe. Underfloor equipment supports shall be
designed to provide adequate fatigue strength for the life of the car, but in no case shall these supports be
designed to withstand less than 2g lateral, 5g longitudinal, and 3g vertical loads, based on the ultimate
strength of the material, as defined in Section 8.3.2.3.

All underfloor equipment shall be grounded to the carbody.
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8.3.14. Gutters

Water deflecting gutters shall be installed on the roof along the entire side of the car. The gutters shall
be continuous to ensure drainage at the corners of the car.

8.3.15 Jacking Pads
Jacking pads shall be provided in eight locations on each car:

A. On each side of the car, 53 inches from the longitudinal centerline and 31-1/2 inches toward
each end of the car from the transverse centerline of each body bolster (4 locations)

B. At each corner of the car, for re-railing purposes (4 locations). The corner jacking pads shall
be compatible with the Authority's existing wheel truing machines and associated towing
bracket.

Jacking pads shall be at least 4 inches wide by 11 inches long with an anti-slip bottom surface, shall
extend 1/2-inch to 1-inch below the bottom of the skirt, and shall be usable without interference or
requiring the removal or hinging of any part of the skirt or F-end mask. Adequate clearance shall be
provided around the jacking pads to permit use of the Authority’s standard shop jacks and towing
adapters. The 11-inch dimension of the jacking pad shall be parallel to the side of the car. It shall also
be possible to raise one end of the car with truck attached, for re-railing purposes, with the other end
resting on its truck, by means of a jack placed under the end sill or corner jacking pad without causing
permanent deformation of any structural member.

The vertical strength of the jacking pads and supporting structures shall be sufficient that the weight of
the car can be supported on only two pads, with the exception of end sill and corner jacks, without
permanent deformation of the carbody or the jacking pads. All jacking pads and their supports shall have
a strength in all directions in the horizontal plane of at least 20% of the vertical strength.

8.3.16 Truck Connection to Body

A truck safety mechanism shall be provided to produce a connection between carbody and trucks such
that the trucks will be raised with the carbody, unless intentionally detached. All structural members of
the carbody which serve to provide a connection between the truck and the carbody shall not fail when
subjected to a 150,000-Ib. horizontal load as specified in Section 17.4.

The truck safety mechanism shall not create an electrical connection between the truck frame and the
carbody except possibly when the car is raised on jacks.

8.3.17 Floor Level

With the car leveled, the height of each of the four corners of the carbody shall not be in excess of 1/8-
inch above or below nominal, as measured at the center of the side door threshold nearest each corner of
the car. This applies to the combined effects of car lean (due to equipment imbalance) and carbody
“twist,” but does not include permissible variations in height attributable to the air spring height-control
valves, given in Section 17.2.11, and primary spring deflection.
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8.3.18 Vibration

Structural body and panel natural frequencies shall be sufficiently removed from primary excitation
frequencies to preclude any damaging resonant vibrations at all speeds and power conditions up to 110%
of maximum cruise speed.

8.4 OPERATOR’S CAB
8.4.1 General

The “F” end of each car shall be equipped with a full-width Operator’s Cab, as shown in Contract
Drawing 97936-001. When the cab is in use by the Operator, the cab door will be in the transverse
position to exclude passengers from the cab area. In other locations in the train, the cab door will be
swung to a longitudinal position to close off the console and other controls, and the aisle and the two-
passenger seat on the left side of the cab area will be available to passengers.

A window with 1/4-inch-thick tinted (7-12%) laminated sheet shall be provided in the longitudinal cab
partition between the cab door and the “F” end body door. It shall be as wide as possible, and shall
extend vertically from a height 1-1/2 inches from the top of the cab console to within 1-1/2 inches of the
cab ceiling.

8.4.2 Apparatus and Appointments

The cab shall enclose the following apparatus, described elsewhere in this Specification: (this list is not
necessarily complete.)

Adjustable Seat — See Section 8.11.7

Fire Extinguisher — See Section 10.6

Windshield Wipers Control — See Section 10.7.1

Visor, moveable type — See Section 10.7.2

Cab Curtain — See Section 10.7.5

Emergency Ladder — See Section 10.12

Third Rail Shoe Paddles — See Section 10.13

Heater — See Section 12.2.5

Heated Windshield — See Section 12.2.6

Reading Light — See Section 13.1.5

Circuit Breaker Panel — See Section 14.6

Operator’s Auxiliary Control and Indicator Panel — See Section 14.6.2
Operator’s Control Console — See Section 14.6.2

Trainline Circuit Breaker Panel — See Section 15.6.6

Handbrake — See Section 16.4.11

Automatic Train Protection (ATP) Cut-Out Switch — See Section 18.2.4
Radio Loudspeaker — See Section 19.5.1

Passenger Call Loudspeaker — See Section 19.5.1

POFOZINATTEQRIEUO® >

85 UNDERSEAT MOUNTING OF APPARATUS

Wells shall be provided in the floor under the back-to-back seats. Where the following equipment is
mounted interior to the car, it shall be located as indicated below. Alternative locations for the
equipment may be proposed, subject to approval by the Authority.
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Left Front Seatwell Right Front Seatwell

General Door Control Panel Propulsion Logic

PA Amplifier and its Power Supply Layover Heat Thermostat

Radio (“B” Car only) Console Lamp Dimmer Power Supply (“A” Car
Front Truck Brake Cylinder Cut-out only)

Front Brake Control Air Supply Cut-out VCU Display Unit

Left Rear Seatwell Right Rear Seatwell

Friction Brake Electronic and Pneumatic Logic Brake Status Unit Relays

Front and Rear BCP Quick Disconnect Fittings Manual Upcoupling Lever

Third Rail Insulating Paddles
Rear Truck Brake Cylinder Cut-out
Rear Brake Control Air Supply Cut-out

Seatwell-mounted equipment shall be protected from spillage of liquids by a polycarbonate or other
approved shield (i.e., drip pan) incorporated into the bottom of the back-to-back seat. The appropriate
drainage, approved by the Authority, shall be provided.

Insulation, with equivalent thermal and acoustic properties to that provided in the floor, shall be provided
under and around the wells. See Section 8.12 for insulation requirements. Insulation shall also be
provided to protect passengers from heat generated by underseat apparatus. Permanent gasket(s) shall be
provided on the seat base or well; separate covers shall not be used. Other apparatus (except 700-volt
apparatus) that does not produce noise or more than a modest amount of heat may also be located in the
seat bases or wells. The foregoing is not intended to preclude the installation of heaters operating on
700-volt circuits under seats.

8.6 CEILING AND SIDE LINING - INTERIOR FINISH
8.6.1 General

Wherever specific lining materials are called for, it is only for the purpose of establishing a level of
strength, rigidity, cleanability, durability, and resistance to scratching and marking, and does not
necessarily indicate that these materials will meet the required flammability and smoke emission
standards, as defined in Section 22.24. Conformance with the flammability and smoke emission
standards of Section 22.24 is the responsibility of the Contractor.

“Anti-squeak” tape shall be used between linings and any structure to which they are attached or with
which they come in contact. The anti-squeak tape shall be reliably secured to prevent displacement.
Where linings cover apparatus requiring even infrequent maintenance, they shall be fastened with
approved fasteners in a manner allowing ready removal and replacement. Lining materials shall be
supported sufficiently to prevent sagging and drumming.

Colors and patterns of interior materials shall be as approved by the Authority.

Unless otherwise specified, all interior exposed surfaces, including seats, shall have an approved smooth
finish. Color shall extend all the way through all lining materials except melamine.
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Access to all apparatus mounted within the carbody shall be provided by the use of access panels or
doors. It shall not be necessary to remove cab partitions to maintain any part of the “F” end evaporator-
blower arrangement.

Ceiling panels shall be designed to be removable with the removal of no more than two (2) adjacent
panels.

8.6.2 Moldings

Moldings shall be used to cover all joints, unless otherwise approved. “Snap-on,” “H-type,” plastic
insert, or other approved types having no exposed fasteners shall be used. Moldings shall be hard-
surface plastic, plastic-coated aluminum or steel, or aluminum or steel coated with polyester powder
coating as available from Oxyplast Limited, or approved equal, in a color and gloss matching the
adjacent lining.

8.6.3 Lighting Fixture Supports
Lighting fixtures shall be supported from the car structure. Linings shall not be used for this purpose.
8.6.4 Normal Ceiling

The portion of the ceiling between air distributors, except for the low ceiling under the evaporator-
blowers at the ends of the car, shall be constructed of 3/8-inch thick, integrally colored melamine-faced
plymetal with particle board core, or approved equal. Ceiling shall be adequately supported, flatness
shall be better than 1/16 " over 3-foot span, and the panels shall not sag. If approved by the Authority,
this area of the ceiling need not be curved as shown on the carbody cross-section, Contract Drawing
97936-002,.

Transverse joints shall be spaced no closer than 4 feet apart.

The sharply-curved portion of the ceiling outboard of the light fixtures, except at the door pockets and
door openings, shall be constructed of integrally colored melamine-faced 0.081-inch aluminum or
1/8-inch thick balanced-type melamine-faced plastic or approved equal. Alternatively, this portion of the
ceiling may be formed by extensions of the window masks. At the door pockets and door openings, this
portion of the ceiling shall be formed of molded fiberglass-reinforced polyester, or approved equal.

8.6.5 Low Ceiling

The low ceiling under the evaporator-blowers shall be formed of 3/8-inch thick, integrally colored
melamine-faced aluminum with honeycomb core, or approved equal. It shall be composed of the
minimum number of pieces consistent with the need for access to equipment. Longitudinal joints in the
low ceiling area are permissible only at light fixtures. Exposed, but inconspicuous, approved quick-
acting, captive fasteners shall be used for access. Panels under the air conditioning evaporator units shall
be hinged and equipped with clear plastic covered safety chains with spring clips, to prevent injury to
maintenance personnel.

8.6.6 Window Masks

Window masks for side and end windows shall be constructed of 0.125-inch minimum thickness match-
metal-molded fiberglass-reinforced polyester or approved equal. Across the bottom of the sash, the
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panels shall have outlets for warm air discharge as specified in Section 12.2.3. The window masks shall
be so shaped as to eliminate window sills and other dirt collecting projections. The outlet holes shall
have a maximum diameter of 7/32-inch. If the window glazing or mounting arrangement will not permit
discharge outlet holes, the outlet holes shall be located in the wainscot panels.

8.6.7 Wainscot Panels

Side and end linings below window masks shall be covered with 0.125-inch minimum thickness,
integrally colored, unbalanced melamine with fire retardant added. Joints in the wainscot panels are
permitted only behind back-to-back seats. If the warm air discharge outlet holes cannot be located in the
window mask, they shall be located in the wainscot panels. The outlet holes shall have a maximum
diameter of 7/32-inch.

Brushed aluminum trim shall be used to hold the panels in place. The trim pieces shall be fastened to the
carbody with screws in a manner that allows the wainscot panels to be easily disassembled and replaced.
The trim attachment design shall be the same as that of the 3000 series cars or an improved design
subject to Authority approval.

8.6.8 Door Pockets

Door pockets shall be constructed, from the floor to the ceiling, of plymetal with a minimum thickness of
3/8-inch. The plymetal shall be melamine-faced on the side exposed to passengers and stainless or
aluminum facing on the side not exposed to passengers. The melamine facing shall continue, without
joints, to junctions with the window mask, the wainscot panel, and the windscreen. All door pockets
shall be of sufficient strength/support to the main structure, to bear passenger load under the most
extreme conditions.

Four of the twelve panels shall be designed to hold Authority system maps (“map” doors) and the
remaining eight (seven on the “A” car) shall be designed to hold advertising cards (“ad doors”). “Ad”
cards are not located at the #7 door pocket where the ATC rack is located on the “A” car.

The “ad” frames shall provide a 20-inch-wide, 21-inch-high opening in the center to take a standard 21- by
22-inch card. The opening shall have no bright metal trim. The advertising card shall be insertable from
the front of the frame by simple manipulation of the card.

At Doors 2 and 11, the map frame shall hold a system map approximately 31-1/2 inches wide by 36-1/2
inches high. At Doors 3 and 10, the arrangement shall hold system map 31-1/2 inches wide and 33-1/2
inches high, and shall contain a notch to accommodate the passenger emergency door release handle
specified in Section 11.3.3. The enclosures for the maps at Doors 3 and 10 shall provide for a continuous
seal in the notched area around the emergency door release handle.

The maps shall be protected by a sheet of clear polycarbonate and enclosed so that airborne dust and dirt
are not blown between the polycarbonate sheet and the map. The enclosure shall provide for periodic
removal and replacement of the maps

8.6.9 Windscreens
A windscreen shall be provided at entrance doorway numbers 1, 3, 4, 6, 7, 9, 10 and 12, as shown in

Contract Drawings 97936-001 and 97936-004. The windscreen shall be glazed in its upper portion, and
shall be of melamine-faced plymetal below, or approved equal. A vertical stanchion shall be provided at
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the aisle edge of the windscreen, as shown in Contract Drawing 97936-004. Glazing in windscreens shall
be 1/4-inch laminated safety glass, and shall be easily replaceable. . The strength of the windscreens shall
comply with APTA SS-C&S-006-98 Standard for Attachment Strength of Interior Fittings for Passenger
Railroad Equipment.

At the outboard edge of the windscreen, provision shall be made for the threshold lights described in
Section 13.1.4. Threshold lights shall have polycarbonate lenses and stainless steel or aluminum bezels.

8.6.10 Partitions

Operating compartment partitions, except for glazed areas, shall be constructed of 1/2-inch thick
plymetal, with integrally colored melamine facing on both surfaces. Other construction techniques will
be considered for approval by the Authority. Cab partitions shall be as shown in Contract Drawing
97936-003. The strength of the partitions shall comply with APTA SS-C&S-006-98 Standard for
Attachment Strength of Interior Fittings for Passenger Railroad Equipment.

8.6.11 Equipment Cabinet

A cabinet to house the handbrake operator and the ATP cut-out switch shall be provided at the left-hand
side of the cab. It shall be constructed of melamine-faced plymetal, and its rear wall shall be formed by
the cab partition. It shall have a sloping top. It shall have doors as necessary to provide free access to
the handbrake and other apparatus located within, and a tamper-proof polycarbonate window shall be
provided so that the position of the ATP cut-out switch can be determined without opening any door.
The doors shall have stainless steel piano hinges and locks operable by the door key.

8.6.12 Repair Procedures

Repair procedures for all lining materials shall be submitted for approval, simultaneous with submission
of the first liner drawings using that material. (CDRL 802)

8.6.13 Passageways

Passageways to doors which are accessible to disabled users shall comply with 49 CFR Part 38. In cars
where such doorways require passage through a vestibule, such vestibule shall have a minimum width of
42 inches.

8.7 FLOOR
8.7.1 Construction

The floor panels shall be of phenolic composite sandwich design and construction. They shall be % inch
thick and comprised of upper and lower fiberglass fabric reinforced skins, impregnated with a phenolic
thermosetting resin and affixed to a structurally reinforced, rigid, closed cell foam core material. The
floor shall be able to carry a passenger service load of AW4, uniformly distributed, at a simply supported
beam condition.

All exposed edges of the individual floor panels, including openings for ducts and conduits, etc. and
joints between panels, shall have a dense composite edge, machined smooth and free of sharp edges and
burrs. The floor materials shall be non-vermin supporting and shall not rot or corrode.
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The floor panels shall be composed of pieces as large as possible and shall extend the full width of the
vehicle. Transverse shiplap joints shall be located over structural members. There shall be no joints in the
top or bottom face skins of the panels.

All panels shall be isolated from any metallic structure, including floor penetrations, and be mechanically
fastened to tapping plates attached to elastomeric supports. It shall be possible to remove, replace, and/or
repair individual panels without damage to surrounding floor panels or structure.

The chosen floor and mounting configuration shall not exhibit any undesirable mechanical resonance nor
support other disagreeable noise generation.

All materials used in the construction of the floor panels shall be suitable for the intended service and
comply with the smoke, flammability and toxicity requirements stated in this specification.

8.7.2  Floor Coverings

Wool carpeting, complying with the requirements of Section 22.9.2 shall be installed throughout the car
except in the cab.

Glue-down carpet shall not be allowed in any area of the car interior. A suitable attachment system,
allowing easy replacement of carpeting without damage to the floor panels, shall be chosen and
submitted for approval. The carpeting shall be installed in accordance with the best practices of the
industry and the specifications of its manufacturer.

8.7.3 Walkway and Thresholds

The side door thresholds and the end door walkways shall be of cast aluminum with abrasive grit cast in,
similar to those on the Authority’s existing cars. The end door thresholds and anticlimber diamond
plates shall not create a slip or trip hazard for the passengers, maintenance personal or Train Operators,
and shall not interfere with the intended anticlimber function. The side door thresholds shall incorporate
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.
Neoprene rubber or equivalent material block shall be used in the middle of the side door to prevent
rattling. Block design, surface finish and attachment to the thresholds shall not create a slip or trip
hazard for passengers.

The thresholds shall be heated with self-regulating devices operating on AC voltage to maintain a surface
temperature of no greater than 50°F whenever ambient temperatures drop below freezing. The self-
regulating heaters shall activate automatically, without the need for intervention by operating or
maintenance personnel. The thresholds shall be designed so that the removal and replacement of the
heater element takes no more than 30 minutes. Thresholds shall be attached to the carbody structure
using stainless steel hardware.

The configuration and depth of the door tracks in the threshold shall be sufficient to provide for carbody
deflection, such as occurs between no load and absolute maximum passenger load, without resulting in
door binding. There shall be no less than 1/4-inch engagement between the door and threshold and no
less than 1/8-inch clearance between the door and threshold under the most extreme conditions of
passenger load.
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At all door openings, the floor shall make a weathertight connection with the threshold plates.

The car body gap created by the WMATA station platforms at the side door thresholds shall be reduced
by removable extension strips affixed at each of the six side door thresholds. The extension profile shall
not exceed the dynamic profile of the car body by more than 1.25 inches and shall not extend above the
door threshold surface.

The extension assembly shall be equal in length to the door threshold and in a continuous level manner.
The extension cross-section and profile shall be designed to physically appear similar to the Authority’s
existing cars. The extension shall be segmented and affixed to the full-length metal support. The metal
support shall be compatible with the car body material to which it is attached and shall be designed to
allow for installation and replacement using standard hardware and tools. The installation and removal of
the extension assembly shall be accomplished without the removal of the side door or threshold.

The extension shall be of extruded NEOPRENE Rubber and shall have the following properties:

ASTM D412 | Tensile Strength at Yield 1500 PSI
Elongation 250%

ASTM D2240 | Hardness Durometer 70 +/- 5

ASTM D624 | Tear Resistance 200 Min.

ASTM D1149 | Ozone Resistance (1PPM at 40 Degree C at No Cracks

100 hrs 20% elongation)

ASTM D471 | ASTM #3 Oil Swell Vol. Change +80% Max.
n/a Color Black

8.7.4 Rubber Flooring

Continuous, smooth sheet rubber flooring, 1/8-inch thick, as described in Section 22.9.1, shall be
installed in the cab.

8.8 DOORS
8.8.1 Side Doors

Each car shall be designed with three bi-parting sliding-type doors on each side. The doors shall be
located as shown in Contract Drawing 97936-001. Each side entrance door panel shall contain a
stationary window as shown in Contract Drawing 97936-001. Doors shall be completely
weatherstripped, including at the top and bottom, so as to effectively exclude water under operating
conditions and when the car is passing through a mechanical car washer. Vertical gaps between door leaf
and carbody shall be covered to prevent dirt and debris from entering the door pocket, or passengers from
intruding fingers, without affecting proper door operation. A solution similar to that implemented on the
Authority’s 5000 Series cars may be used. The exterior of the side doors shall have an approved brushed
finish, grain horizontal, matching that of the car sides. Interior door finish shall have an approved, brush
finished, horizontal grain.

The side doors shall be opened and closed by door operators, which are described in Section 11.2.

Side doors shall be supported at the top and guided at the bottom. The door hanger shall be of a type in
which there is no change in magnitude or direction of load path through the bearing when a misalignment
occurs. The hanger shall be adjustable for height and for 1/4-inch lateral travel at each corner. Ready
access to the hanger shall be provided to facilitate adjustments. The sliding bottom surface shall be of
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sufficient strength to bear passenger load under the most extreme conditions. It shall be possible to
replace the sliding surface without removing the door leaf. The matting edges shall be cut at 45° to
create a watertight seal.

Door leafs hall maintain front-edge parallelism to 1/8-inch from top to bottom.

It shall be possible to remove and replace a door leaf without removing windscreens. Door leaves of the
same hand shall be interchangeable.

Each side entrance door panel shall be equipped with a neoprene rubber edge of an approved design,
which shall interlock with the edge of the adjacent door panel so as to provide a tight seal against the
passage of air, water or sound to the car interior. This door edge shall be sufficiently soft to avoid injury
to fingers. Operation of the obstruction-detection system is described in Section 11.6.

A stainless steel or aluminum drain pan, which drains underneath the car, shall be provided in the bottom
of each door pocket to prevent the accumulation of water. The pans shall drain to the bottom exterior of
the car through the dedicated drain tubes.

8.8.2 Body End Doors

A hinged door shall be provided at each end of the carbody, between the collision posts. The body end
door opening shall be 30 inches, and shall have a minimum clear opening width of 28 inches when the
door is in its fully-opened position. The door shall have a fixed rectangular window as shown in
Contract Drawings 97936-005 and 97936-006, and shall have a latch and lock. The latch shall have a
lever-type operating handle on each side of the door. It shall be possible to lock the door by means of a
door key, which is described in Section 10.9.2, from either side of the door, at the option of the crew
member; and to unlock it from either side of the door.

The door and hardware shall be designed and weatherstripped with adjustable weatherstripping to
prevent drafts, noise, and entry of water at any door, even those at the front of a train. The door shall be
equipped with a surface-mounted, hydraulic, rack-and-pinion type door closer which shall have a finished
rectangular anodized aluminum cover, a cast iron case, and separate and adjustable control valves for
closing speed, latching speed, and backcheck. The door closer shall have adjustable spring power
adequate to fully close the door when released from the half-open position. The location of the door
closer shall not interfere with the Authority regular maintenance practices. A means shall be provided to
prevent doors, when fully open, from hitting a passenger seat or arm rest. The end door threshold shall
have two 1/2-inch inside diameter drain holes, one at each end, and shall not create any trip or slip hazard
for passengers or Train Operators.

In addition to the above, the door at the “F” end shall be equipped with two wedge-type latches having
lever-type handles for operation from both sides of the door. These additional latches are for use when
the door is at the front or rear of a train, and the handles shall be arranged so that vibration shall not
cause the latch to move to the opposite position, either while engaged or disengaged. The latched and
unlatched positions of the handles shall be the same as on the Authority’s existing cars. Opening and
closing force for door and latches shall not exceed 25 1bs.
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8.8.3 Cab Door

A hinged door shall be provided in the longitudinal cab partition. It shall swing into the aisle. It shall
have a fixed rectangular window in the upper portion, as shown in Contract Drawing 97936-003. The
top edge of the door shall clear the underside of the ceiling by at least 1/2-inch, while its bottom edge
shall be raised above the floor for clearance of the floor covering. A tamper-proof self-locking latch shall
be provided which will require a door key for access to the cab from the aisle, but will permit exit from
the cab by turning a tee handle only. The lower portion of this door shall contain a replaceable louvered
grille for ventilation purposes. The louvers in the grille shall be positioned to limit air drafts in the area
of the seated Operator.

The cab door shall be able to be latched in two positions: transverse, creating a full-width cab at the
front end of the train; and longitudinal, to enclose the console and other controls and yet permit
passengers to use the aisle and the two-passenger seat on the left side of the cab area. The cab door shall
also be able to be swung at least 90 degrees beyond the transverse position into the passenger area, to
facilitate egress. The cab door shall not rattle in any position.

Door stops, or other swing-limiting devices, shall be provided as specified in Section 8.8.5
8.8.4 Door Construction

Side and end doors shall be of plymetal, honeycomb, or hollow metal construction, internally reinforced
and joined into an integral unit by resistance welding. The cab door shall be of melamine-faced
plymetal.

The outside of the “R” end door and both sides of side doors shall be faced with metal of the same
specification as is used for the car structure, with finish to match. The outside of the “F”” end door is to
be colored as shown in Contract Drawing 97936-005. The inside of both end doors shall be covered with
melamine to match the interior of the car.

Body end and side doors shall be able to sustain a load of 200 Ibs. concentrated in a 4-inch-square area
and applied perpendicularly to the plane of the door at the center of the front edge, while the door is
supported at both ends, with a maximum deflection of 1/4-inch and no permanent deformation. Joints
and edges shall be sealed against entry of moisture. Reinforcements shall be provided for the attachment
of all door hardware and operating arms. Doors shall be free of internal vibration, shall not vibrate in
their supports and guides, and, if hollow, shall be insulated as to comply with Section 8.12.

Side door window corners shall have the same radii as the passenger side windows and shall be formed
out of inside and outside door sheets with edges formed inwardly and welded together.

8.8.5 Door Hardware
Exposed portions of latches and locks on the inside or outside of the car shall be constructed of white
bronze, stainless steel, or anodized aluminum. Internal parts of the locks shall be bronze or stainless

steel.

Wedge-type latches on body end doors shall be of a design which will preclude injury to fingers.
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Swing-limiting devices, rollers, or stops shall be provided as required to prevent damage in the event that
the cab door and the body end door are both opened at the same time. These devices shall not present a
tripping hazard.

The exterior portion of the lock on the “F”” end door shall be colored to match the door.
8.8.6 Valance Door Arrangement

For valance-mounted side door operators, as described in Section 11.2, hinged valance panels (18 per
car) above and adjacent to each passenger side door opening shall be provided. The valance panels
above passenger doors shall be of sufficient strength to support mounted equipment, and shall not sag.
The locking assembly shall be of sufficient strength to prevent deflection under passenger load/passenger
leaning on valance panel.

Valance panels providing access to the door cut-out mechanism shall be secured using a half-hinge
design and captive, “-turn, hand-operated fasteners. Adjacent hinged valance panels shall be secured
using captive, Allen key “4-turn fasteners.

Two safety straps shall be provided for each of the valance panels. The straps shall be located at
approximately the quarter points of the panels and shall be as short as possible without causing
interference with the operation of the panels or the side door mechanism. The straps shall be connected
to the carbody on one end. At least one end of each strap shall be removable so that the panel can be
completely removed from the carbody for maintenance. The straps shall be coated or covered steel cable
with compression-type ring-lug terminals.

8.9 WINDOW CONSTRUCTION

All windows shall be capable of withstanding external and internal pressure differentials caused by head-
on pressures, tunnel clearance, and passing trains while the cars are at maximum operating speed. The
windows shall not leak water, either into the interior of the car or into the car or door structure. Glazing
shall be retained in an endless GRS rubber or neoprene section, and shall be arranged with zip-strip type
retention for easy reglazing without the need for sealing compounds.

8.9.1 Passenger Side Windows

Passenger side windows shall be fixed, FRA Type II windows. Contract Drawings 97936-002 and
97936-003 are intended to depict only the appearance of the window, not the design details.

Construction of the sash shall permit easy replacement of glazing from inside the car.
8.9.2 Operator’s Side Windows

The side window at the cab and the side window directly opposite on the other side of the car shall be a
two-piece, vertically split, horizontally sliding, FRA Type II sash similar to those on the Authority’s
1000 Series vehicles The sash shall slide to enable the Operator to lean out and view the side of the train
with ease. A minimum clear opening width of 12 inches shall be provided when the window is fully
open. A latch, operable from the inside only, shall be provided to hold the window closed. On the side
opposite the cab, a door key shall be required to open the sash. It shall, however, be possible to close the
window from outside the car, with the latch in the locked position, and it shall automatically latch when
closed. The front half of the sash shall be movable and shall be located on the inside track.
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8.9.3 End Windows

End windows at the “F” end shall be fixed and of single laminated FRA Type I safety glass. The glass
shall be set in a stainless steel or anodized aluminum frame with an inside clear opening smaller than the
glass to prevent the glass from being forced into the car. The glass shall be retained in a continuous
neoprene glazing section, and shall be replaceable from the outside of the car without the need for sealing
compounds. The design shall facilitate replacement of any end window, including the heated operator’s
windshield, in less than 45 minutes. The design shall be submitted to the Authority for approval and
compliance with the ease of replacement requirement shall be demonstrated on the first car (CDRL
7856).

End windows at the “R” end shall be fixed type, constructed the same as the passenger side windows.

The shape and placement of the windows shall be as shown in Contract Drawings 97936-005 and 97936-
006, which are intended to depict only the appearance of the window, not the design details.

8.9.4 Door Windows
Side entrance doors and R-end doors shall be equipped with windows of FRA Type II single laminated
safety glass. “F”-end doors shall be equipped with windows of FRA Type I single laminated safety glass.

All door windows shall be set in neoprene glazing strips, and having no separate sash.

Side door construction shall permit easy replacement of glazing from inside the car without the use of
grease or of any compound that stains, while making a weathertight seal.

The “F” end body end door shall have an inside opening smaller than the glazing size so that the glass
cannot be forced into the car.

8.9.5 Sign Openings

The glazing at destination signs shall be supported directly in the car structure with neoprene glazing
strips, with no separate sash.

8.9.6 Windscreens

Glazing in the upper part of windscreens shall be Safety Glass Type II, and shall be arranged as shown in
Contract Drawing 97936-004.

8.9.7 Cab Partitions and Door

Glazing in cab partitions and the cab door shall be supported directly in neoprene glazing strips, with no
separate sash.

8.10 GLAZING
8.10.1 General

All passenger windows shall be single-glazed safety glass. The window glass shall be retained in the
window opening with a continuous neoprene section, easily removable from inside the car.
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Glazing in windows and doors shall have the characteristics specified in Exhibit §8-1.

All polycarbonate shall have an approved abrasion-resistant coating equal to General Electric MR-5000
or Dow Tuffak CM-2

Glazing shall be as specified herein and in Section 22.8. All edges of glazing shall be ground smooth and
rounded.

Exhibit 8-1
Glazing Characteristics
Thickness Visible Light
Location (inch) Transmission Type/Color
Side Windows, Passenger Area 3/8 inch 40% to 50% | Bronze Tint Laminated
including sliding window Sheet
opposite cab
Side Window, Cab 3/8 inch Clear Laminated Sheet
End Window, “R” End 3/8 inch 40 to 50% Bronze Tint Laminated
Sheet
End Window, “F” End, Passenger See Section 22.8 Clear Laminated Sheet
Side
End Window, “F” End, Cab Side See Section 22.8 Clear Laminated Sheet
Windows, Cab Partition 1/4-inch 7t0 12% Bronze Tint Laminated
Sheet
Windows, Destination Sign 1/4-inch Clear Laminated Sheet
Windows, Windscreen 1/4-inch Clear Laminated Sheet
Side Doors 1/4-inch 40 to 50% Bronze Tint Laminated
Sheet
End Door, “R” End 3/8-inch 40 to 50% Bronze Tint Laminated
Sheet
End Door, “F” End See Section 22.8 Clear Laminated Sheet
Cab Door 1/4-inch 7 to 12%* Bronze Tint Laminated
Sheet
“Map” Panel 1/8-inch Clear Polycarbonate

*  Visible light transmission for cab door window may be modified if necessary to meet the
requirements of Section 10.7.6.

8.10.2 Glazing Seal Sections

Glazing seal sections shall be designed to permit easy replacement of broken glass without the use of
grease or of any compound that stains, while making a weathertight seal. Glazing details shown in
Contract Drawings are intended only to depict appearance. Glazing sections shall be continuous and
shall provide proper edge engagement for glazing under all temperature conditions; square corners shall
be formed by injection molding.

Glazing strips shall meet the Flame Spread Index of the flammability guidelines in Section 22.24 and
shall have the mechanical strength and other characteristics required consistent with the lowest possible
smoke generation.
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8.11 SEATS
8.11.1 General

Passenger seats shall be arranged as shown in Contract Drawing 97936-001. The required appearance of
the seat is shown in Contract Drawings 97936-014 and 97936-015. Bottom and back cushions shall be
duplicates of and physically interchangeable with the cushions now installed in the Authority’s existing
cars. The dimensions, shape, material, thickness and mounting arrangements are defined by the bottom
and back cushions of the existing cars, of which two each will be furnished to the Contractor by the
Authority. Contract Drawings 97936-001, 97936-014 and 97936-015 shall be followed for dimensions
and mounting arrangements. The Operator’s seat shall be located as shown in Contract Drawing 97936-
001.

8.11.2 Construction

Seat framing shall be constructed of suitable gauge stainless steel, painted carbon steel, or aluminum.
Edges exposed to passengers, Operators, or maintenance personnel shall be rounded smooth. Exposed
back pans shall be formed of 1/8-inch-thick integrally colored glass-filled polycarbonate or approved
equal. Alternatively, back pans of fiberglass-reinforced polyester may serve as the seat shell. Exposed
back pans shall have an approved hair cell texture finish.

Backs shall be recessed in the lower portion to provide knee room, as shown in Contract Drawing 97936-
014.

Armrests shall be provided at the aisle side of each transverse seat and at the side away from the
windscreen of each longitudinal seat. The armrests shall be of the same size and shape as those in the
Authority’s existing cars. The armrests shall be composed of an integrally colored formed thermoplast,
which shall be capable of taking high impact loading and surface abrasions, shall color-match the seat
upholstery, and shall be wear-resistant. The exposed surface of the armrest shall have a surface texture
to match the seat upholstery. The armrest shall be of both right-hand and left-hand configurations to
properly fit the seat and clear the cushions.

8.11.3 Seat Supports

Transverse seats, except for back-to-back seats and seats at the end of the car, shall be supported solely
by the side frame of the car. None of the supporting structure shall be visible.

Back-to-back seats shall be supported by full base enclosures of steel. Transverse seats at the ends of the
car and longitudinal seats shall either be installed on supports, which shall be covered with a full
enclosure, or be supported by full base enclosures of steel or aluminum. The exposed surfaces of these
enclosures shall be entirely covered with carpeting identical to that used on the floor of the car. The
enclosures shall have grilles where necessary for ventilation of apparatus housed therein and for the
discharge of heat from floor heat elements contained in the seat enclosure. The Contractor shall submit
the grille design for approval by the Authority (CDRL 805).

The design of all seat enclosures shall allow a minimum of 2 inches of toe space from the seat edges.
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The attachments of seats to the side frame or to the wall shall be designed so as not to create dirt-holding
pockets.

8.11.4 Cushions

Each seat bottom cushion and seat back cushion shall be constructed as an assembly. The bottom
cushion assembly shall consist of a support plate made of suitable gauge stainless steel or painted carbon
steel. A molded or fabricated neoprene foam cushion shall be glued to that plate and the entire
combination shall then be covered with fabric-backed vinyl upholstery on all exposed surfaces. This
covering shall be mechanically secured to the cushion support plate in an Authority-approved manner.

The cushions shall be manufactured of one-piece molded or fabricated neoprene foam. The back cushion
shall be of medium density with an Initial Load Deflection (ILD) value of 30 + 8 1bf, and the bottom
cushion shall be of firm density with an ILD value of 40 + 8 Ibf when tested to ASTM D3574-95 in a
70°F ambient temperature to 25% compression. These values are for the completed cushion assemblies
including the upholstery material and the mounting plate.

The seat upholstery material shall be made of industrial grade fabric-backed vinyl which is suitable for
use in the transit environment, with a wright of minimum 36 ounces per linear yard, but not to exceed 38
ounces per linear yard.

The material shall be capable of passing all of the following physical tests for textile products, latest

revision. Values shown are minimum allowable for testing.

Test Method Description Criteria
ASTM D-751 Weight 24 0z/Sq. Yd. (min)
ASTM D-751 Tensile Strength (Grab) 110 MD* x 1000 CMD**(Pounds)
ASTM D-751 Seam Strength 95 MD x 85 CMD (Pounds)
ASTM D-751 Tear Strength (Tongue) 10 MD x 12 CMD (Pounds)
ASTM D-5733 Tear Strength (Trapezoid) 30 MD x 30 CMD (Pounds)
AATCC-16A Colorfastness - 200 hours Class 5 (No change)
ASTM D-751 Adhesion of Coating (1b/2in) 8 MD x 8 CMD (Pounds)
ASTM D-2097 Flexing (30,000 Cycles) No cracking or flaking
ASTM D-751 Blocking Scale rating No. 2 max.

(175 Deg. F — 30 minutes)
FS191-5874 Cold Crack -20 degrees Fahrenheit min.
ASTM D-4157 Abrasion (1500 double rubs) No wear thru (#8 Cotton Duck abradant)
ASTM D-1308 Stain Resistance Scale rating No. 3 min.
ASTM E-662 Smoke Generation Ds (4.0) <200 (Coated)

D; (4.0) <125 (Uncoated)
FAR 25.853b Fire Test SE <10 sec. No Flaming Dripping

*MD  — Designates Machine Direction
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**CMD — Designates Cross Machine Direction

Both the seat bottom and back cushion assemblies shall have painted spring steel retention clips attached
to their back surfaces. When the cushions are installed to the seat structure these clips shall engage with
that structure and securely hold the cushion assembly in place, ensuring that they will not cause any noise
during car operations. The overall dimensions of the cushion assemblies shall be within +1/4-inch
tolerance except that the fit of the cushions into the seat shall not have visible gaps. It is expected that
the Contractor will work very closely with the Authority to achieve approval of the seat.

8.11.5 Handgrips

A full-width stainless steel tubing handgrip shall be provided on the back of all transverse seats, except
for transverse seats at the ends of the car. Back-to-back seats shall have one handgrip per assembly.

8.11.6 Access to Apparatus

Convenient access shall be provided for Authority personnel to any equipment located under seats.
Where equipment is located under longitudinal seats or transverse seats at the end of the car, the bottom
cushions of those seats shall be removable. If access to the equipment is facilitated thereby, back
cushions shall also be removable.

Where equipment is located under back-to-back transverse seats, or longitundinal or transverse seats at
the end of the car, the entire seat assembly shall be hinged above the level of the bottom of the seat
cushions. Hinges shall be designed to support the full weight of the seat if the safety straps are
disconnected. The axis of the hinge shall be longitudinal, and the seat assembly shall be able to be
rotated 110 degrees and then removed for better access, without the need for any tools. A torsion or gas
spring shall be provided to assist in raising the seat assembly and shall ensure that the seat assembly will
remain open during maintenance. The spring shall provide at least one-half the effort needed to raise it.
The spring shall be removable with the seat assembly. Safety straps, permanently coupled at one end,
shall be provided to limit seat assembly travel to 20 degrees past the vertical position, thus preventing
over-extension of the spring. When fully open, the seat and handgrips shall not interfere with the seat at
the opposite side of the aisle.

8.11.7 Operator’s Seat

The Operator’s seat shall be designed to maximize Operator comfort and be compatible with the space
constraints of the cab. It shall be able to be rotated from the normal forward facing position by at least
90 degrees toward the left to face the car centerline. No arm rests shall be provided. Cushions shall be
of neoprene foam, covered with transportation-grade fabric-supported vinyl of a quality equal to that
used on the passenger seats. The seat design shall be demonstrated in the cab mockup for approval by
the Authority.

The Operator’s seat shall provide adjustments of a height range of 17 inches to 20 inches and not less
than 4 inches for fore-and-aft movement. None of the moving parts of the seat shall require lubrication.
The location of the seat, both vertically and horizontally, shall be established using the cab mock-up and
shall be similar to seat location on the Authority’s 5000 Series cars. The seat shall be interchangeable
with those on the existing 5000 Series vehicles.
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8.11.8 Flip-Up Seat

A padded seat shall be provided on the rear surface of the left side of the cab partition. The bottom
cushion shall be held normally in the stored (flipped-up) position by springs or wave washers so that the
adjacent area is available to a passenger in a wheelchair, but it shall be readily lowered to the sitting
position and held there with minimum force or weight. The bottom and back cushions shall have
padding that is at least 1-inch thick. Seat bottom and back angles shall approximate those of the other
passenger seats if space permits.

8.11.9 Strength Criteria

Seats and their attachments to the carbody shall be designed and tested to comply with the following
sections of APTA SS-C&S-016-99 Standard for Seating in Commuter Rail Cars.

1. Section 3.0 — Seat Testing

2. Section 3.1 — Static Strength Testing

3. Section 3.2 — Dynamic Sled Testing (except 5g crash pulse shall be used instead of 8g)
4. Section 3.3 — Lateral and Vertical Strength Test

In addition, the maximum seat deflection under vertical load shall not exceed the maximum seat
deflection of the existing 3000 Series cars.

The testing shall be conducted and test results approved by the Authority prior to any seat frame
installation in the car (CDRL T857).

8.11.10 Interchangeability

All seat bottom cushions, seat back cushions, and same-hand armrests shall be completely
interchangeable.

8.12 INSULATION
8.12.1 General

The floor, roof, sides, and ends, of the cars shall be thermally and acoustically insulated. The materials
used for thermal and acoustic insulation, as well as all materials used for vibration damping, shall meet
the flammability and smoke emission requirements specified in Section 22.24.3.

Glass fiber insulation which is in contact with aluminum shall be of the boro-silicate type. Insulation
used in the roof, sides and ends shall be retained in position by the use of approved mechanical
fastenings. The individual sheets shall be as large as possible. Vertical and horizontal posts shall be
properly thermally insulated.

8.12.2 Heat Transfer

Heat transfer through the carbody (with doors closed) shall not exceed 1,000 BTU/hour/°F, with an air
velocity at the surface of the car of 5 mph or greater, and measured in accordance with Section 12.8.2.2,
using car's own floor heaters. Prior to insulating the first production or pilot car, the Contractor shall
provide an analysis to demonstrate adequacy (CDRL 806).
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8.13 ATC APPARATUS LOCKER
8.13.1 Location

The ATC apparatus shall be located in the “A” car housed in a floor-to-ceiling cabinet in the sidewall
directly behind the Operator’s cab and between it and the first side door.

The depth of the cabinet shall, to the degree possible, be minimized, in order to provide the Operator with
the greatest amount of visibility of the passenger compartment.

8.13.2 Cabinet

The cabinet housing the ATC apparatus shall be constructed of 1/2-inch thick melamine faced plymetal
with doors of the same material for access to equipment, and the necessary grilles or louvers for air
circulation. Ventilation fans, if necessary, shall be provided for equipment cooling. Fans shall be
provided with the required guards for protection of Authority employees. Cabinet doors shall have
stainless steel piano hinges and locks operable with the standard door key. A diagram identifying the
various components within the ATC cabinet shall be applied to the inside of the cabinet door.

The ATC equipment rack shall be either moveable or removeable to allow access to wire terminals and
connections.

8.14 BETWEEN-CAR BARRIERS

The ends of all cars shall be equipped with an ADA-compliant barrier on both sides to deter passengers
from inadvertently walking off station platforms and falling between cars. Additional barriers shall be
provided on either side of the end doors at both ends of the car to prevent passengers and employees
moving from car to car from falling to the road bed. Two sets of barriers shall be provided — one set shall
be attached to the corner posts and another set to the collision posts. The design of the barriers shall
minimize wind resistance, shall be rattle-free when the car is operating as the lead car of a consist, and
shall permit the cars to operate compatibly when coupled to existing vehicles in the Authority’s fleet that
do not have such barriers installed. The style and placement of the barrier shall be similar to the barriers
on existing cars and shall require approval by the Authority.

8.15 TESTS
8.15.1 Watertightness Test

All areas of the car sides, ends, and roof, including doors and windows, shall be given a complete test for
watertightness. (CDRL T851) The tests shall be made before installation of sound-deadening material,
thermal insulation, and interior finish. For the tests, doors shall be completely weatherstripped and
windows and necessary window masks shall be installed. The fresh air intake ducts in the car roof shall
be tested, with ventilating fans running at full speed, to determine the effectiveness of the water-
excluding features of the ductwork.

Water shall be sprayed from nozzles which are spaced no more than 3 feet from, and aimed directly at,
the surface being tested. Not less than 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 150 feet per second. Any
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water seepage occurring in the nose seal area between the door leaves will require review by the
Authority and acceptance before test results are approved.

All spray applications shall run for 10 minutes before the inspection for leaks begins, and shall run
continuously during the inspection. No leaks will be permitted.

Underfloor boxes that are required to be watertight shall receive a water test similar to the watertightness
test of the carbody. The watertightness test shall be successfully performed one time on the individual
boxes prior to installation, in a manner simulating the conditions that would be expected with the boxes
mounted on the car. The underframe boxes shall be tested again during the test of the complete carbody.
During test of the boxes after installation, the required spray is to be directed at the exposed sides and
ends of the boxes as would normally occur during car-washing operations.

As a part of on-site acceptance tests, all cars shall be re-tested and inspected for leaks using the
Authority's car washer or approved equal. The fresh air intake ducts on all cars shall be water tested.
During testing, the water spray shall be directed at the exposed sides and ends of the boxes. The
Authority reserves the right to require partial removal of interior liners before the test is begun. No leaks
shall be permitted.

For inspection of local repairs, such as windows, doors, etc., an approved portable washer machine will
be permitted.

The traction motor lead connections specified in Section 15.3.14 shall also be subjected to a water test.
The water flow rate and velocity shall be as specified for the carbody water test.

8.15.2 Body Compression and Vertical Load Tests

A. The first carbody structure shall be tested to prove compliance of the structure with the
Specification requirements. (CDRLs T852 and T853) The carbody shall be structurally
complete, and shall exclude such items as exterior and interior trim, windows, doors, seats,
lights, insulation, and interior linings. Underfloor apparatus, however, may be installed.

B. The carbody shall be subjected to a compression test (CDRL T852). During the compression
test, the carbody shall be supported on trucks or a simulation thereof to allow longitudinal
movement. The carbody shall be loaded with sufficient dead weight to bring the total body
weight up to that of a ready-to-run car. This loading shall be distributed in proportion to the
distribution of weight in the finished car. The pressure of the testing machine shall be applied by
hydraulic power and the force measured by a means independent of those producing the force, to
eliminate errors due to friction. Sufficiently recent calibration of the measuring device shall be
available to ensure accuracy to within & 1%.

A test load of 200,000 Ibs. shall be applied to the anti-climber, at its center, by means of a ram no
more than 24 inches in width. The load shall be applied in these steps: 50,000 Ibs., 100,000 Ibs.,
150,000 Ibs., 175,000 Ibs., and 200,000 Ibs. The load shall be reduced to no more than 4,000 Ibs.
after each step. Strain gauge readings shall be taken at each load increment and at each
relaxation of load. The ram shall be supported, but shall remain free to move longitudinally with
respect to the car end. Cushioning means, such as lead sheets, shall be provided to ensure
uniform bearing on the anti-climber.
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The coupler anchor shall also be subjected to a compression test (CDRL T854). In a similar A002
manner, a test load of 135,000 Ibs. shall be applied to the coupler anchor. For the purpose of
determining compliance with this Specification, a member shall be considered as having
developed permanent deformation if the yield point or yield strength in the appropriate
direction—tension or compression—as published or otherwise issued by the material
manufacturer is reached or exceeded. For material for which the manufacturer publishes a yield

point, strain gauge readings taken as directly proportional to the claimed yield point stress shall

be used to determine whether or not the point has been reached.

For material for which the manufacturer publishes a yield strength, strain gauge readings
corresponding to a directly proportional reading for the yield strength plus 0.002 inch per inch
shall be used to determine whether yield has occurred, but this is allowed only in the case of
first-time loadings of such members. For the second and subsequent loadings of material for
which the manufacturer of that material publishes a yield strength, yielding shall be determined
by multiplying the measured strain by the manufacturer’s published modulus of elasticity and
comparing the result with the manufacturer’s published yield stress. In all cases, for the
calculation of strain at the published yield point or yield strength values, the modulus of
clasticity shall be taken as the manufacturer’s published value.

If a reading indicating attainment of the yield point or yield strength is found on any strain gauge,
the Contractor may request a retest prior to redesign. The Authority may grant this request,
provided that up to four additional strain gauges will be required in the same general area to
determine the effects on surrounding materials of the plastic deformation that has presumably
occurred, and to determine whether stress values as great as the published yield point or yield
strength are reached in the retest. If the high reading has been accompanied by visible evidence
of distress in the member, a design correction will be required regardless of strain gauge values
indicated in any retest.

The zero point for strain gauge readings may be the readings found after relaxation of total buff
loads up to the 200,000 1bs. maximum, provided that no reading at intermediate load levels shall
have indicated attainment of the yield point or yield strength. If such a reading has occurred at a
lower level, the additional strain gauges required in the paragraph immediately preceding may be
required prior to imposition of the 200,000-Ib. load.

During the compression test, vertical deflections shall be measured in the region of the side sill
by means of a wire stretched between the car corner posts. This wire shall be fastened at one end
and kept tight at the other end by means of a weight, with the wire passing over a pulley.
Deflections shall be measured to the nearest 0.01-inch, using scales with mirrors located at the
body corner posts, at bolsters, and at the center of the car. Equivalent methods for measuring
deflection, equally accurate, may be substituted for the foregoing. Deflections shall be
considered as the average of the readings taken on both sides. The deflection measured at any
preliminary load application may be disregarded to eliminate the influence of whatever friction
may be present. Deflection between bolsters and center of car shall be determined by plotting
the data determined above.

C. The same carbody shall also be subjected to a vertical load test (CDRL T853). During this test, A002
strain gauge readings shall be zeroed with the empty carbody shell at no load. The zero point for
the strain gauges may be established after relaxation of a preload equivalent to 1g (carbody
ready-to-run weight) plus absolute maximum passenger load (37,800 1bs.) providing that no
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loadings encountered at intermediate load levels shall have indicated attainment of the yield
point or yield strength. If such a reading has occurred at a lower level, the additional strain
gauges may be required prior to imposition of the maximum loads. A test load equal to the
ready-to-run weight of the carbody (1g) plus the absolute maximum passenger load is to be
applied to the empty carbody shell, the test load being applied in five increments. The test loads
may be applied by means of weights or jacks, and shall be distributed in proportion to the
distribution of weight in the finished car.

During the vertical load test a measurement of carbody camber is also to be made with the empty
shell, with the empty shell loaded to the ready-to-run weight, and with the carbody at absolute
maximum passenger load. Camber shall be as required in Section 8.3.1.

All side doors on one side of the car shall be installed, complete with operators, thresholds, and
all sealing and weatherstripping; and at each increment of test load the doors shall be opened and
closed electrically by means of the operators. Any failure to operate at the prescribed speed, or
any indication of binding, shall require corrective action to be taken, by the Contractor, to the car
structure, to the door arrangement, or both. During this same test, changes in transverse width of
the car at the belt rail and top of the door caused by door post bending, and changes in the
dimensions of the door opening caused by carbody shear loads, shall be measured and recorded.

The car will be considered to have met the Specification requirements with respect to vertical
load if:

L. Plotted vertical deflections (measured on both sides of the car midway between bolsters
and taken as the average thereof) did not deviate, at any load increment, from a straight
line, drawn from the origin to the deflection at the absolute maximum passenger load, by
more than 5% of the deflection at the absolute maximum passenger load.

2. Maximum recorded stresses in principal structural elements did not exceed the
corresponding allowable stress values selected by the Contractor and approved by the
Authority prior to the start of the test program.

3. Recorded residual vertical deflection between bolsters, following removal of the
maximum vertical test loading, does not exceed 0.03-inch.

4. Indicated residual strain at strain gauges on principal structural elements, following
removal of the maximum vertical loading, does not exceed the maximum error resulting
from the accuracy of the instrumentation.

5. The carbody positive camber, as measured during the vertical load tests, is 1/2- to
3/4-inch between the carbody bolsters with the carbody shell loaded with a test load
equal to the ready-to-run weight of the carbody.

6. Side doors operated at the prescribed speeds without binding at all test load increments.
D. The carbody shall be subjected to a diagonal jacking test (CDRL T855). With the same strain

gauges in place, the carbody, loaded to equal its ready-to-run weight, shall be lifted at diagonally-

opposite corners, using outboard jacking pads until clear of all other support except at one other
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corner, to determine compliance with the torsional strength requirements of Section 8.3.1. Twist
shall be measured, and the absence of permanent deformation shall be determined.

With the same strain gauges in place, the carbody, loaded to equal its ready-to-run weight, shall
be lifted at one corner jack pad with truck attached, for re-railing purposes, with the other end
resting on its truck, without causing permanent deformation of any structural member.

The following minimum quantities of strain gauges shall be applied, at points agreed upon in
advance with the Authority:

1 Compression Test: 200 to 300 gauges
2 Coupler Anchor Test: 200 to 300 gauges
3. Vertical Load Test: 200 to 300 gauges
4 Diagonal Jacking Test: 200 to 300 gauges

In addition to Section 3.2.3 requirements, the test report content shall be agreed between the
Authority and the Contractor before any test is begun. As a minimum, all load cases and all test
steps shall be clearly presented, individual loads on each actuator shall be defined if applicable,
and correction factors shall be included. Comparison with calculated data shall be also provided
for major structural members.

REFERENCED CDRLS

The following CDRL items are referenced in this section:

8.17

CDRL 801 Preliminary and Final Stress Analysis of Carbody, Underframe, and
Equipment Supports

CDRL 802 Repair Procedure for Lining Materials

CDRL 803 Crashworthiness Design Data

CDRL 804 Cab End Contour Details

CDRL 805 Grill Design for Seat Enclosures

CDRL 806 Heat Transfer Analysis

CDRL T851 Watertightness Test Report

CDRL T852 Carbody Compression Test Report

CDRL T853 Vertical Load Test Report

CDRL T854 Coupler Anchor Compression Test Report

CDRL T855 Diagonal Jacking Test Report

CDRL T856 End Window Ease of Replacement Demonstration

CDRL T857 Seat Strength Tests

REFERENCED STANDARDS

The following standards are referenced in this section:
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MIL-STD-889 Dissimilar Metals

49 CFR Part 38 Americans with Disabilities Act (ADA), Accessibility Specifications
ASTM D1055 Standard Specifications for Flexible Cellular Materials — Latex
FED-STD-191 Textile Test Methods

A-A-59517 Cloth, Coated or Laminated, Polyvinylchloride (Artificial Leather)

APTA SS-C&S-002-98 Standard for Static Strength Attachment of Major Equipment to the Car
Body Structure of Railroad Passenger Equipment

APTA SS-C&S-006-98 Standard for Attachment Strength of Interior Fittings for Passenger
Railroad Equipment

APTA SS-C&S-015-99 Standard for Aluminum and Aluminum Alloys for Passenger Equipment
Car Body Construction

APTA SS-C&S-016-99 Standard for Seating in Commuter Rail Cars
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SECTION 9
COUPLER, DRAWBAR AND DRAFT GEAR
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SECTION 9
COUPLER, DRAWBAR, AND DRAFT GEAR

9.1 GENERAL
9.1.1 Arrangement

A coupler, which provides fully automatic mechanical, electrical, and pneumatic connections between
married pairs (including existing Authority cars), shall be provided at the “F” (cab) end of the car. A
flanged drawbar shall be provided at the “R” (non-cab) end of the car. The coupler, drawbar, and draft
gear shall be attached to the carbody using a clevis, anchor ball, or spherolastic-type pivot bearing anchor
bracket or other approved type of anchorage.

9.1.2 Strength Requirements

The mechanical coupler, drawbar, and draft gear assembly shall be able to withstand loads of 135,000 lbs.

in compression and tension with no permanent deformation.

The anchorage (the attachment of the coupler, draft gear, and drawbar to the car underframe) and the car
underframe shall be able to withstand, without permanent deformation, all loads that can be transmitted
to them by the coupler, draft gear and drawbar. Tests shall be conducted of structural strength in buff
(CDRL T951) and structural strength in draft (CDRL T952).

All parts of the coupler on which it is possible for a person to stand in attempting to climb to the end door
shall withstand, without permanent deformation, a vertical load of 360 Ibs. Tests shall be conducted to

conducted to confirm the ability of the coupler to withstand this vertical load (CDRL T953).

As a minimum the Contractor shall provide a finite element structural analysis of the coupler hook
(CDRL 901), drawbar (CDRL 902), and anchor assembly (CDRL 903).

9.1.3 Geometric Requirements

The coupler, drawbar, and draft gear shall be designed and constructed so that coupled cars shall be able
to negotiate the horizontal and vertical curves specified in Section 7.1, as well as all normal track
irregularities, when:

e All wheels on one car are fully worn and the air springs are deflated, and

e All wheels on the adjacent car are new and the air springs are over-inflated causing the
trucks to contact the “up-stops.”

Tests shall be conducted to confirm the ability of the coupler, drawbar and draft gear to remain properly
centered under the conditions described above (CDRL T954).

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. Tests shall be conducted to confirm the gathering range (CDRL T955).
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These requirements apply to new cars coupled together and new cars coupled to the Authority’s existing
cars.

9.1.4 Coupler Operation

The operation of the coupler shall be completely automatic when coupling. When cars are brought
together so that the couplers are fully engaged mechanically, the couplers shall lock and the air and
electrical connections shall be made automatically, without further action.

When the cars are coupled together, operation of the uncoupling valve or switch on either car shall effect
an uncoupling. During the uncoupling cycle the electrical trainline connections to the coupler head shall
be broken by the rotary switch specified in Section 9.9.

No brake application shall be caused on the part of the train from which an intentional uncoupling is
initiated. On the other part of the train (and on both parts of the train, in the case of an accidental
uncoupling), an emergency brake application shall be made by the venting of air.

Provision shall be made for disconnecting the electrical trainline connections only, or for closing the air
connection only, or both, without mechanical uncoupling. Disconnection controls may be combined with
the coupler control. The air supply line to the coupler control manifold shall be protected by an air filter,
equivalent to the filter on the Authority’s existing cars. Closing of any air connection shall be between
the carbody piping and any hoses, so that hoses can be removed without bleeding car air. End cock
handles shall be lockwired in the open position.

Uncoupling valves or switches shall be designed to return from the uncoupling position when released.
The control device shall be provided in the cab at the “F” end of the car. A guard shall be provided over
each uncoupling valve or switch to prevent accidental operation.

Provision shall also be made for manual uncoupling of the coupler in the absence of air and electricity
without requiring the use of any special tools other than the manual uncoupling lever handle defined
herein. The manual uncoupling lever shall be operable from the side of the car by means of a
nonconductive extension handle, which shall be provided to eliminate the need for individuals standing
between cars. The manual uncoupling lever handle shall be coated with OSHA Orange, as specified in
Section 10.14, and shall be stored on the vehicle in accordance with Section 8.5. The manual uncoupling
mechanism shall be able to be latched in the “uncouple” position, where it will remain until deliberately
returned to the normal position. The latch used to hold the manual uncoupling mechanism in the
“uncouple” position shall be wired in the inactive or stored position, requiring that the wire be cut or
broken before the latch can be used to retain the mechanism in the uncouple position.

9.1.5 Drawbar

The drawbar used at the “R” end of the car shall incorporate a flange connection to facilitate separation
of married pairs without removal of the drawbar. Pneumatic connections shall be by threaded hose
connections with swivel couplers at both ends. Electric jumper cables, as described in Section 9.7, and
the pneumatic hoses shall be supported on the drawbar.

In the event of an accidental separation at the “R” end drawbar, an emergency brake application shall be
made by the venting of air on both parts of the train. If the design does not completely exhaust the air
trainline under these circumstances, satisfactory valving shall be provided to ensure an emergency brake
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application. A catch bracket or other approved means shall be provided to prevent the drawbar from
falling onto the roadbed should separation of the cars of a married pair occur.

It shall be possible to completely remove the coupling hose in the immediate area between the cars.
Vented cut-out cocks between the carbody piping and coupler hoses shall be provided. Closing of the
cut-out cock shall vent the hoses to permit their removal without requiring the bleeding of car air. The
cut-out cocks shall be lockwired in the open position and shall be operable from between the cars.

9.1.6 Material

The coupler and drawbar shall be of high-strength steel. Fasteners used in the construction of the
mechanical, electric, and pneumatic couplers shall be stainless steel unless otherwise approved by the
Authority.

9.1.7 Drainage
Drainage shall be provided for rain and melted ice and snow wherever they can accumulate.
9.2 MECHANICAL COUPLER

The mechanical coupler shall be a slack-free, hook-type coupler capable of coupling with duplicates of
itself and shall be fully compatible in all respects with, and capable of coupling with, the couplers on the
Authority’s existing cars. The mechanical coupler design shall provide for the replacement of hooks,
alignment pins, bushings, and other wear items.

The locking device of the coupler shall lock automatically when couplers are fully engaged, and shall be
unlocked by power (or manually) when uncoupling.

9.3 DRAFT GEAR AND AUTOMATIC RELEASE FEATURE
9.3.1 Draft Gear

The draft gear shall be of the double-acting cushioned type, or approved equivalent, and shall be pre-
loaded. Its deflection shall not exceed 1-1/2 inches per car-end before the automatic release feature
described in Section 9.3.2 permits the coupler head to move back or the drawbar to collapse.

9.3.2 Automatic Release Feature

The coupler design shall include primary and secondary automatic release features. A primary release
feature shall be incorporated in the coupler and drawbar which, upon a buff load of approximately
120,000 Ibs., will permit the coupler head to move back or the drawbar to collapse and the anti-climbers
to engage and transfer the buff load to the car structure. The primary release feature of the draft gear
shall consist of a shear ring, four ground shear pins, and four caps. The ground shear pins shall include a
shear groove for control of shear load. The caps shall be threaded. It shall be possible to replace sheared
pins without disassembly of the draft gear. Tests shall be made to confirm that the pins shear at the
specified buff load (CDRL T956).

The secondary release feature, the coupler anchor shall include a shear plate design that utilizes
calibrated shear bolts to be activated at approximately 155,000 Ibs or otherwise approved by the
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Authority. Sufficient additional travel shall be provided so that no transverse load is taken by couplers,
drawbars, and draft gear after the release feature has been actuated and anti-climbers engaged. The
design shall hold coupler captive to the underframe while the car energy management system is activated.

9.4 COUPLER SUPPORT AND CENTERING DEVICE
9.4.1 Coupler Support

The coupler draft gear shall be self-supporting and shall mount to the car underframe at the coupler
anchorage. Alternatively, coupler carriers may be provided, which meet the geometric requirements of
Section 9.1.3 and support the coupler at its nominal height.

9.4.2 Centering Device

Couplers shall be equipped with a self-centering device, or a latch of approved design, which will hold
the uncoupled coupler on the centerline of the car, within a tolerance of one-half of the gathering range in
either direction. The resistance of the centering device shall not interfere with the coupling operation.
The centering device or latch shall be designed so that it can be disengaged, and the coupler moved
manually, to permit coupling in circumstances in which the coupler will be off-center. The centering
device, when uncoupled, shall not under any circumstance come into contact with the third rail.

9.4.3 Waear Plates and Lubrication

Coupler and draft gear pivots and carriers shall be equipped with shims, replaceable bushings, wear
plates, or other means of compensating for wear. Devices requiring lubrication shall be avoided but, if
required, shall be subject to specific Authority approval, and shall be designed so as to require
lubrication no more often than annually.

9.5 PNEUMATIC COUPLER

A pneumatic connection for the brake air pipe shall be provided as part of the mechanical coupler head at
a port in the bottom of the coupler face. This pneumatic connection shall be fully compatible with the
pneumatic connection on the couplers on the Authority’s existing cars.

9.6 ELECTRIC COUPLER HEAD
9.6.1 General

Nonretractable electric coupler heads shall be provided, mounted to the sides of the mechanical coupler.
Each head shall have 86 contacts, arranged per Contract Drawing 97936-019. The electric coupler heads
shall be so located and arranged that they will make all electrical connections, and be fully compatible in
all respects, with the electric coupler heads on the couplers of the Authority’s existing cars. Tests shall
be made of a 6000 Series car coupled to a car of each of the other series to confirm that the electric
coupler heads are fully compatible (CDRL T957). The clectric coupler heads shall maintain positive
contact under all conditions, and shall be capable of withstanding all of the coupling impacts to which the
car couplers will be subjected in service. Provision shall be made to safeguard the electric coupler heads
from damage in the event of improper alignment during coupling.
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9.6.2 Operation

Electrical isolation shall be accomplished automatically during normal operation by the use of a rotary
switch, as specified in Section 9.9. An additional manually operated rotary switch shall be provided for
electrical isolation only, as required by Section 9.1.4. The handle of the manually operated rotary switch
shall be coated with OSHA Orange, as specified in Section 10.14.

9.6.3 Loop Circuits

Contacts for the necessary number of loop circuits, plus one spare loop circuit, shall be provided in the
rotary switch. Loop circuit contacts shall be closed when uncoupled.

Contacts for the ATC system shall be provided; those piloting the coupler relay shall be double-break
type. The coupler relay shall be of the vital type. Any failure shall cause the “coupled” condition to be
indicated.

9.6.4 Contacts

Each electric contact pin shall be of sufficient ampacity to handle 150% of the maximum current to
which it will be subjected (i.e., shunt type), and shall be of the spring-loaded button-type with rounded
contact face, the same as used on the Authority’s 5000 series cars. Spring pressure and preload for each
electrical contact shall be the same as that used on Authority’s existing cars. It shall be possible to
remove electrical contacts from the face of the electric coupler for maintenance purposes.

Spare electric contacts shall each have a capacity of at least 30 amperes.
9.6.5 Protection

Electric coupler contacts shall be protected by steel covers, which shall be held tightly closed by springs
and automatically pivot clear during the coupling of cars. The covers shall operate automatically when
coupled with, and shall be fully compatible in all respects with, the electric head covers on the couplers
of the Authority’s existing cars. The covers shall be coated with OSHA Orange, as specified in Section
10.14, with the phrase “DO NOT STEP” stenciled over the orange vertical faces in 1-inch-high black
letters.

A combination of seals and drains shall be used to prevent the retention of moisture and water within the
electric coupler assembly. Suitable seals shall be provided to exclude moisture from the contacts when
the covers are closed, when coupled to duplicate electric heads, and when coupled to electric heads on
couplers of the Authority’s existing cars. Tests shall be made to ensure that a watertight seal is
maintained under each of these conditions (CDRL T958)

9.6.6 Connections

Connections to the back of the electric coupler contacts shall be by means of service-proven terminals,
and shall be accessible for maintenance. Individual contacts shall be clearly and permanently identified
on the front and rear of the electric coupler face by engraved or embossed letters/numbers located
adjacent to each. The lettering shall be the largest possible compatible with electrical coupler design.
Fifty templates containing the contact identification information shall be provided for shop use. The
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templates shall be fabricated from rigid, nonconducting material and perforated so that they can be
slipped over the array of contacts while maintenance checks are performed.

Connections from the electric couplers to the carbody shall be by means of multiple conductor cables or
enclosed wire bundles. Locking-type plugs and receptacles shall be provided at the trainline junction box
and strain relief fittings provided at the electric coupler head. Plugs and receptacles shall conform to the
environmental and performance requirements of Military Specification MIL-C-5015, parts MS3400 and
MS3406, Classes F or R. The plugs and receptacles shall be keyed to preclude the insertion of a plug
into an incorrect receptacle. Critical circuits shall be so located as to minimize the effects of connector
or jumper failure.

Within the trainline junction box, the cables connected to the receptacles shall terminate at terminal
blocks. The cables shall contain conductors for, and the terminal blocks shall contain studs for, the spare
contacts and shields.

9.6.7 Spare Trainlines

Ten spare wires shall be run from end to end of the car. They shall be No. 12 AWG, and two of them
shall be shielded. They shall be clearly identified by means of nonconductive wire markers. The wires
shall terminate in the trainline junction box at each end of the car but shall not be connected to terminal
blocks. They shall be bundled neatly and clamped in an unused corner of the box.

9.6.8 Trainline Data Acquisition Module

A data acquisition module (DAM), to monitor trainlines as required by Section 20.6, shall be provided in
the trainline junction box or other suitable location.

The listed trainline signals shall be monitored and stored with time and date stamping the DAM. The
data in this module shall be capable of being readily downloaded to the portable test device via the car
communications network and the local RS232 port and transmitted by the car communications network to
the central vehicle monitoring system equipment specified in Section 20.6. Non-volatile data storage
shall be 15 minutes minimum. OId data shall be overwritten and the most recent data saved as a
redundant source for investigations. Recording of data shall cease if there is no input signal change or
request for data from the central unit (VCU) during a 5-second interval. Data recording shall resume
immediately whenever there is a change in signals or query from the VCU.

The DAM shall perform signal isolation, signal input acceptance, conversion, and short-term storage of
data for transmission to the VMS central unit (VCU). The DAM shall meet the applicable reliability and
safety design criteria as specified for the VCU in Section 20.5. The DAM shall convert the trainline
signals, analog or digital, to serial packages and store for transmission to the VCU viathe car
communications network, in accordance with Lon Works serial data communication or other Authority-
approved protocol.

The DAM shall be assigned a message identification (MID) character within the network so that
communications between all units can be managed and controlled.

9.7 “R” (NON-CAB) END ELECTRIC JUMPER CABLES

At the “R” end of the car, electrical car-to-car connections shall be made by means of jumper cables,
which shall be supported on the drawbar. Both ends of the jumper cables shall be fitted with plugs and
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the carbodies shall be fitted with receptacles, as specified in Section 9.6.6. The jumper cables shall
provide sufficient wires to make all active connections plus a total of at least 20 spare wires. Spare wires
shall be No. 12 AWG, and four of the spare wires shall be shielded. Separate jumper cables shall be used
for low-level communication circuits.

A trainline junction box shall be provided at the “R” end of the car. It shall contain terminal blocks with
studs for the spare conductors, shields, and the active conductors.

9.8 GAUGES

Six sets of gauges, which will provide acceptance standards for every surface critical to the operation of
the coupler, shall be provided to the Authority when the first car is delivered.

9.9 ROTARY SWITCH

A rotary switch shall be used at the “F” end to automatically perform the breaking and looping of
circuits, and the closing and opening of pneumatic lines specified herein. The switch shall contain
contacts for the specified numbers of spare trainline circuits and spare loop circuits in addition to the
circuits in use. Operation of the contacts shall be sufficiently rapid to preclude damage by arcing.

Provision shall also be made for manual operation of the switch. The switch shall be designed so as to
prevent creeping from the “On” or “Off” position. The manual handle shall be coated with OSHA
Orange as specified in Section 10.14. The rotary switch enclosure shall also serve as the trainline
junction box specified in Section 9.7.

9.10 COUPLER ADAPTORS

The Contractor shall furnish a total of four adaptors, two for the "F" end and two for "R" end, capable of
coupling at one end to the couplers described herein, and at the other end to a standard AAR coupler at
its proper height.

9.11 STEP

A nonslip step of sufficient size shall be provided on top of the mechanical coupler for use when entering
the train through the end door.

9.12 TESTS
All tests shall be documented and shall meet the requirements of Section 3. Trainline tests specified in
Section 3 shall be performed on each pair of cars utilizing a pair of the Authority’s existing 4000 series

cars.

Coupler anchors shall be compression tested, as specified in Section 8.15.2, and shall be in accordance
with the manufacturer’s recommended procedures. (see CDRL T854 in Section 8)

A watertightness test shall be conducted per Section 8.15.1.

9.13 REFERENCED CDRLs
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The following CDRL item is referenced in this section:

CDRL 901 Finite Element Structural Analysis of Coupler Hook
CDRL 902 Finite Element Structural Analysis of the Drawbar
CDRL 903 Finite Element Structual Analysis of the Anchor Assembly
CDRL T951  Coupler Anchor Compression Test
CDRL T952  Structural Strength in Draft Test
CDRL T953  Step Strength Test
A002 CDRL T954  Centering Ability Test
CDRL T955  Gathering Range Test
CDRL T956  Shear Pin Device Release Test
CDRL T957  Compatibility Test
CDRL T958  Electrical Equipment Watertightness Test

A006

9.14 REFERENCED STANDARDS
The following standard is referenced in this section:

MIL-C-5015  General Specification for Connectors, Electric, Circular Threaded, AN Type
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SECTION 10
MISCELLANEOUS CARBODY ITEMS

10.1 INTERIOR SIGNS
10.1.1 Interior Sign Materials

All signs and numbers shall be reverse silk screened with black gloss paint on a durable polycarbonate
plate. The plate shall be installed to adhere strongly to all surfaces.

Decals, where used, shall be of a design that will adhere strongly to textured surfaces, shall be sealed on
all edges, and shall be printed on the adhesive side to prevent rub-off and deterioration from cleaning
solutions.

10.1.2 Interior Sign Style

Unless otherwise specified, all lettering on signs visible to the public shall be Helvetica Medium, upper
and lower case.

10.1.3 Car Number

Car numbers shall start at 6000. Even numbers shall be assigned to “A” cars, with the next higher odd
number being assigned to the “B” car in the married pair.

Car numbers of 2-inch-high, black gloss numerals shall be applied on the inside of both end doors, on the
passenger side of the cab door, and in the cab within sight of the Operator. Positioning of the car
numbers shall be similar to that on existing Authority cars and as approved.

Car numbers shall also be applied at passenger call stations (push-to-talk) as specified in Section 19.2.4.
10.1.4 Interior Door Labeling

Side door leaves on each side of the car shall be numbered consecutively starting at the “F” end. Doors
on the right side of the car shall be numbered 1 to 6; doors on the left side of the car shall be numbered 7
to 12. Black gloss, 2-inch-high door numbers shall be placed on the adjacent windscreen, at the top
outboard corner of the plymetal lower portion. Where windscreens are not present, the door numbers
shall be applied at an equivalent height on the wainscot panels adjacent to the door post.

10.1.5 Maps and Advertising Cards

Frames for the display of Metro system maps shall be provided at door pockets 2, 3, 10 and 11. The
frame assemblies shall be manufactured of aluminum extrusion with powder coating to match the interior
paneling in color. The frame assemblies shall have a clear polycarbonate protective sheet to protect the
replaceable map, and the edges of the frame shall provide a seal to prevent the entrance of dirt, dust, and
moisture. The maps will be provided and installed by the Authority after delivery of the cars. The
remaining door pocket locations shall be designed to display advertising cards described in Section 8.6.8.
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10.1.6 Passenger Notices

Passenger notices, listed in Exhibit 10-1, shall be applied at the locations shown.

Exhibit 10-1
Passenger Notices

Wording and Arrangement

Location/Color/Notes

PLEASE DO NOT LEAN ON DOOR

Over each side door and on passenger
side of cab door/Black Gloss

No Passage Except in Emergency

On the door closer of each end door/
Red Gloss

In any Metro station or train it is unlawful to:
* Smoke . Play a radio or other instrument

except when connected to an
earphone

* Eat or drink * Carry any animals, flammable liquids

or other dangerous articles
* Spit or litter

On the low ceiling below header at
each end of the car/Black Gloss

Priority Seating for Senior Citizens
and People With Disabilities

Over the longitudinal seats adjacent to
doors 4 and 9/Black Gloss/Letter size
and spacing shall meet the latest ADA
requirements

For Emergency Only On the passenger call station at each
Push to Talk end of the car/Red Gloss/Note—insert
This is Car XXXX Car Number for “XXXX”
EMERGENCY DOOR RELEASE On the cover of the passenger
LIFT COVER emergency door release lever for doors
PULL HANDLE DOWN 3 and 10/

Red Gloss

10.1.7 Frames for Notices

Frames for the insertion of Public Hearing Notices shall be provided over the side windows at four
locations in the car, over each back-to-back seat. The measurements of the notices are 9 inches high by
28 inches long. Notices shall be easily inserted into and removed from frames within 1 minute.

The frames shall be constructed of plastic of the same color as the liner to which they are applied, so as
to be as unobtrusive as possible when no notice is inserted. The frame assemblies shall have a clear
polycarbonate protective sheet to protect the replaceable notice insert. In addition, the edges of the frame
shall protect the insert from intrusion of dirt, dust and moisture.
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10.2 EXTERIOR SIGNS
10.2.1 Logotype

The Authority’s Logotype shall be applied to the outside of the car, as shown in Contract Drawing
97936-001.

10.2.2 Car Number

The car number shall be applied to a plate on both sides of the car at both ends, as shown in Contract
Drawing 97936-001.

10.2.3 Equipment Signs

Underfloor apparatus shall be marked by means of embossed metal plates, welded or mechanically
fastened to the apparatus, and with the lettering in a contrasting color. The outside of each apparatus box
shall be marked with a designation of each major item of apparatus contained therein. Each air brake
reservoir and all cut-out cocks, switches, fuses and junction boxes shall be designated. Warning advice,
including the normal maximum voltages of circuits therein, shall be provided on the outside of boxes
containing electrical apparatus energized at greater than battery potential. Identifying labels for switches,
circuit breakers, terminal strips and indicating lamps shall be metal, plastic, or vinyl with lettering of a
contrasting color.

10.2.4 Exterior Sign Materials

Except as otherwise specified above, exterior signs and numbers shall be of exterior-type decorative
vinyl film. Where a logotype is applied to vinyl film, it shall be protected by the final lamination of clear
vinyl film. Upper edges of vinyl film shall be protected by being extended under the glazing rubber at
windows. Edges of the film shall be sealed.

10.2.5 ADA Accessibility Symbol

The international symbol of accessibility shall be displayed on the car exterior, adjacent to the door posts
at the doors numbered 1, 6, 7 and 12.

10.3 INSPECTION CARD FRAMES

A card holder shall be provided on the inside of the cab door. The card holder shall be an open-top box
having clear inside dimensions of 5 inches wide, 4-1/2 inches high, and 1/2-inch deep.

10.4 DESTINATION SIGNS

Three destination signs shall be provided on each car. The two side signs shall display the destination
and line color on the outside of the car and shall be arranged as follows: One sign shall be on the left
side of the car, above the side window forward of the center doors; one sign shall be on the right side of
the car above the side window, rearward of the center door—both as shown in Contract Drawing 97936-
001. One sign shall be on the front end of the car, as shown in Contract Drawing 97936-005, and shall
display the line color by word and color.
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Destination signs shall have white or yellow illuminated characters on a non-illuminated background and
shall use electronic segment or LED type displays.

Each side sign shall have a capacity for at least 97 different destinations and two special indications,
“NO PASSENGERS” and “SPECIAL.” A list of destinations will be provided to the Contractor within
60 days of contract award. The side signs shall also be programmable to display public-relations
messages. The side signs shall provide for at least 13 characters to spell the destination, and two color
columns immediately before the destination, capable of indicating one of five color codes (Red, Orange,
Yellow, Green, and Blue) in addition to the destination; which will make the color code of the
destination obvious at a distance of 15 feet (for side signs) and 50 feet (for front signs) to a viewer
directly in front of the sign and at angles up to 45 degrees on both sides. The front sign shall provide for
6 characters to spell out the line color, and at least one color column on each side of the descriptive word.
The colors shall not fade.

Intelligence for operating the color-code indicators at each destination sign shall be supplied from the
destination sign logic at that sign, and shall be based on the destination selected. Power for operation of
the line color indicators shall also be provided directly from the destination sign with which the
indicators are associated. Line color indicators shall be extinguished or otherwise obscured if the sign
“NO PASSENGERS” or “SPECIAL” has been selected. Line color indicators, if separate from the
destination signs, shall be considered as part of the destination sign for the purpose of determining
destination sign reliability. The destinations and colors will be designated by the Authority.

An area with a nominal size of 3 inches by 36 inches (3 inches by 24 inches for end sign) shall be
available for wording. The working parts shall be interchangeable between side and end signs.

The signs shall be compatible with and operable by the contact circuits used on the Authority’s existing
cars. It shall also be possible for the control signals on the cars furnished under this Contract to operate
destination signs on the Authority’s existing cars. Signs shall operate on battery voltage.

Signs shall be controlled from the destination output (two 4-bit digits) of the ATC in the leading pair of
cars or from the output of a destination sign selector switch. The destination sign selector switch shall be
provided in the Operator’s auxiliary control panel; it shall permit disconnecting the destination sign
trainlines from the destination output of the ATC, and imposing upon them the codes for the two special
indications referred to above. This selector switch shall have three positions: “AUTOMATIC,” “NO
PASSENGERS,” and “SPECIAL.” The time required to change destinations shall not, with any
combination of destinations, exceed 5 seconds at rated voltage. With a valid code input, 90% of all sign
logic failures shall produce a black indication. A malfunction shall also be considered a failure if three
or more segments, elements, or LEDs per sign do not function. A “00” code shall cause the sign to
display a black indication. Response to any invalid code shall produce a black display.

A small display, providing 13 LED characters that duplicate the display of the side signs, shall be
provided in the Operator’s auxiliary control panel as shown in Contract Drawing 97936-011.

Access to the sign and color-coded indicators, shall be from inside the car, and shall provide for easy
replacement and maintenance of all components.

All signs shall be discernable in bright daylight.
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10.5 CARIDENTIFICATION SYSTEM
Intentionally left blank.
10.6 FIRE EXTINGUISHER

Two UL and/or CE certified rechargeable fire extinguishers, each containing 10 lbs. of ABC dry
chemical and equipped with a pressure gauge, shall be provided in each car. One extinguisher shall be
mounted in the Operator’s cab, and the other shall be mounted at the “R” end of the car, behind or
beneath the rearmost seat on the left side of the car and accessible to passengers.

Placards indicating the location of each fire extinguisher shall be mounted on the door frame by the seat
where the fire extinguisher is located. The placards shall be 6 inches wide and have a red background
with white printed letters that glow in the dark and read “Fire Extinguisher” and a white arrow that glows
in the dark and points to the extinguisher’s location. The fire extinguishers shall bear the Authority’s
name.

Fire extinguishers shall be hydrostatically tested prior to initial filling and have tags indicating the
inspection date and the inspector’s signature.

10.7 CAB ACCESSORIES
10.7.1 Windshield Wipers

A heavy-duty, air- or electrically-driven windshield wiper shall be provided for the cab side “F” end
window. The wiper shall be able to clear the glass satisfactorily at train speeds up to 80 mph, and in all
normal wind conditions. The wipers shall be a parallel-motion type and shall cover the full width of the
glass from 36 inches to 60 inches above the floor. The wiper operating mechanism shall be easily
accessible, and its control shall be located in the Operator’s console. The control shall provide for two-
speed motor control. The high speed shall operate under the most severe weather conditions and the low
speed shall be equipped with a variable timer. A “park” position shall also be provided.

All exterior metal components shall be stainless steel.
10.7.2 Visor

An opaque visor shall be provided for the Operator’s end window, and shall measure approximately 8
inches by 24 inches. The visor shall be mounted on an extendable, double-ball-jointed arm, shall be
easily operated, and shall remain in the selected position. When not in use, it shall be able to be stored
unobtrusively near the cab ceiling.

10.7.3 Signal Buzzer
The cab shall be equipped with a buzzer for receipt of signals. It shall be energized, through a trainline,
by the signal pushbutton in any cab in a train. The tone of the buzzer shall be the same as the tone of the

signal buzzer in the Authority’s existing cars.

The buzzer shall have a volume sufficient to be readily audible with the cab window open under the
highest ambient noise level conditions.
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10.7.4 Overspeed Warning

An audible overspeed warning signal device shall be provided in the cab. The signal device shall
function under command of the Automatic Train Control apparatus as specified in Section 18.2.2.3.

10.7.5 Cab Curtain

An accordion-pleated curtain of opaque vinyl-coated fiberglass fabric shall be provided for the transverse
cab partition window behind the Operator. The curtain shall be able to cover all or part of the window
and shall be capable of being secured at different positions.

10.7.6 Cab Door Window

The cab door window (ref. Section 8) shall be shielded or shaded in such a way as to eliminate disruptive
reflections on the windshield originating from the passenger area when the cab door is in the operating
position; yet still permit passengers to effectively view the cab and to see forward through the windshield
and bulkhead door window. The necessary provisions may be external to the window, if mounted on the
cab-side, or internal.

10.8 HORN
10.8.1 Road Horn

A multiple-tone pneumatic horn, having a pleasing but authoritative tone, shall be installed under the
floor at the “F” end of each car, with its control located on the Operator’s console. The horn shall have
an output of not less than 97 dBA at a distance of 100 feet in front, and consumption of not more than
28 cubic feet of free air per minute. The horn shall be a Leslie or equivalent-quality railroad horn, and its
tone shall approximate that of the horn on the Authority’s existing cars.

10.8.2 Yard Horn

The road horn described above may also function as a yard horn. In this role, it shall have an output of
70dBA to 80 dBA at a distance of 60 feet in front. Its control shall be the existing “BUZZER”
pushbutton on the Operator’s Auxiliary Control Panel from the keyed-up cab console. Alternatively, an
electric horn similarly located and operated may be provided. Horn action shall be instantaneous.

10.9 STANDARD KEYS
10.9.1 Control Key

Two control keys shall be provided for each car. The total quantity of control keys required for all cars
to be supplied under this Contract shall be delivered to the Authority’s Brentwood storeroom at the time
of delivery of the first car. The control key shall operate the lock of the Operator’s console, which shall
activate the console and release a mechanical lock on the master controller.

10.9.2 Door Key
Two door keys shall be provided for each car. The total quantity of door keys required for all cars to be

supplied under this Contract shall be delivered to the Authority’s Brentwood storeroom at the time of
delivery of the first car. This key shall operate the following:
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Cab door lock

Body end door lock

Door-control key switch on Auxiliary Control Panel
Access panel for left-hand door controls
Environmental control set-up key switch

Door crew switch

Left-hand cab side window lock

Cab left-hand equipment locker door

ATC equipment cabinet.

ATP Cut-Out Switch Access Door

=TI ommouOwp

10.9.3 Lock Type

The car shall be keyed to match the Authority’s existing cars. The Authority will provide a sample of
each of the two types of keys (control and door) for the Contractor’s use in selecting locks.

10.10 EXTERIOR HANDHOLDS AND STEPS
10.10.1 General

Exterior handholds and steps shall be provided at the locations specified in Sections 10.10.2 and 10.10.3.
There shall be not less than 2 inches clearance between the handholds and any part of the car, including
the door and latch handles. Handholds and steps shall be attached to the carbody with not less than 1/2-
inch diameter stainless steel bolts and nuts. Loop steps shall have at least 8 inches clear depth and clear
height. The handholds and loop steps shall fall within the specified clearance envelope (ref. Section 7).

10.10.2 Handholds
Handholds are required at the following locations on each car:
A. Three handholds on “F” end collision posts, for use when entering or exiting the car by the

coupler step. One handhold shall be 6 inches long, and two shall be 15 inches long, as shown in
Contract Drawing 97936-005.

B. One outside handhold adjacent to center side door leaf number 9.
C. One handhold on the “R” end collision post, 15 inches long, as shown in Contract Drawing
97936-006.

10.10.3 Loop Steps

A loop step is required under the center side door handhold referred to in Section 10.10.2. The left side
of the loop step shall be approximately even with the centerline of the handhold; and the right side shall
be no more than 14 inches inside the door opening. The tread width (longitudinal dimension) of the loop
step shall be a minimum of 12-1/2 inches. The step shall be at least 20 inches above the top of rail and
shall fall within the allowable clearance envelope. The entire opening of the step shall be completely
clear of any interference from any undercar components or appurtenances.

TC-6000 TP10-7 Technical Specification
June 1, 2002

A006



A006

A step shall be provided as part of the coupler assembly in accordance with the requirements of
Section 9.11.

10.10.4 Material

Exterior handholds shall be of one-piece construction, and shall be made of 5/8-inch diameter stainless
steel rod.

Steps shall be made of stainless steel, with anti-slip treads having a minimum cross section of 1/2-inch by
1-1/2 inches.

10.11 INTERIOR HANDHOLDS

Interior vertical (stanchions) and horizontal handholds shall be provided as shown in Contract Drawings
97936-001, 97936-002, and 97936-004; except that the Contractor may propose alternate arrangements in
the vicinity of the forward and rear side doors to enhance space utilization, passenger flow paths, and
visibility of the “Next Station” signs.

Interior handholds shall be made of stainless steel tubing. The finish on the handholds shall be600 grit.
Flanges, tees, and other fittings shall be made of stainless steel or anodized aluminum, and shall be
tapered similar to the flanges on the existing 4000 series cars. All fasteners shall be flush or recessed.
The design shall be free of sharp edges. Welding as a joining method is prohibited.

Vertical handholds shall be 1-1/2 inches in diameter; horizontal handholds shall be 1-1/4 inches in
diameter. A minimum knuckle clearance of 1-1/2 inches from the nearest adjacent surface shall be
provided.

Each vertical handhold shall withstand, without permanent deformation, a horizontal load of 500 Ibs.
applied in any direction at the midpoint of the handhold. Horizontal handholds shall withstand, without
permanent deformation, a vertical load of 110 Ibs. per lineal foot. Handholds and their attachments to the
carbody structure shall also comply with the APTA SS-C&S-006-98 Standard for Attachment Strength of
Interior Fittings for Passenger Railroad Equipment. In the case of conflict the most stringent requirement
shall prevail.

The height of the horizontal handholds shall be 76-1/2 inches from top of finished floor to centerline of
handhold.

Short horizontal handholds, as shown in Contract Drawing 97936-007, shall be provided in the area
adjacent to the door pockets housing door panels 2, 5, 8 and 11. These handholds shall extend from a T-
fitting in the door entranceway vertical handhold in a longitudinal direction toward the center of the car;
making a smooth curve into a fixation point in the ceiling at approximately the aisle side front edge of the
transverse seat bottom cushion adjacent to the door pocket.

Stanchions and handholds shall not obstruct visibility of next station sign, whether standing or seated.
10.12 EMERGENCY LADDER
An emergency ladder shall be provided in each car for use in evacuating passengers in emergency

situations. The ladder shall be of the same length as those on the Authority’s 4000 series cars, and shall
hook into holes provided in the top surface of the front anti-climber to prevent slipping.
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The ladder shall be stored behind the passenger seat in the cab area, accessible only to employees. If
necessary, the ladder may fold or be sectional to permit storage. The ladder shall be nonconductive, shall
have at least the fire resistance specified in Section 22.24 for interior materials, shall have nonskid feet,
and shall have flat steps at least 3 inches deep. The ladder shall be constructed of fiberglass-reinforced
polyester with sufficient strength to support a 300-1b. maximum static load, and to comply with OSHA
requirements 1926.1053 section (a)(1)(ii)

10.13 SHOE INSULATING PADDLES

Two Authority-standard, third-rail contact shoe insulating paddles shall be provided in each car and shall
be stored in a rack inside the right rear seatwell. The paddles shall be of a configuration that will permit
a person standing clear of the car and outside the third rail to safely insert the paddle between the contact
shoe and the third rail with the Authority’s third rail cover arrangement.

10.14 RAPID IDENTIFICATION COATING

To aid in the rapid identification of various control points, the following apparatus on each car shall have
a permanent coating that matches OSHA Orange paint (DuPont No. 93-082-DH or approved equal), or
shall be painted with the same:

One (1) coupler gathering horn: front end

Two (2) coupler electric head covers: front end

One (1) manual uncoupling lever handle

One (1) trainline isolation switch handle: under cab

Two (2) air-actuated rotary switch control handles: under cab
Eight (8) brake actuator unit “flags” and their sixteen (16) notches
Twelve (12) side door manual emergency release handles.

OFMEmOOW»

10.15 WHEELCHAIR RESTRAINING DEVICE

A device capable of engaging a wheelchair wheel and restraining uncontrolled movement of the engaged
wheelchair shall be installed in each car. This device shall be located in the space provided to
accommodate wheelchairs immediately adjacent to the windscreen at door number 7 (left side, front end)
on the “A” car and adjacent to the windscreens at doors number 1 (right side, front end) and door number
7 (left side, front end) on the “B” car. The device shall be mounted on the door pocket paneling at an
appropriate height and shall be similar in installation to that on the Authority’s 4000 series cars.

10.16 REFERENCED CDRLs

No CDRL items are referenced in this section.

10.17 REFERENCED STANDARDS

The following standards are referenced in this section:

ADA Americans with Disabilities Act

OSHA 1926.1053 OSHA Regulations (Standards 29 CFR): Part 1926, Safety and Health
Regulations for Construction; Subpart 1053, Ladders
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APTA SS-C&S-006-98 Standard for Attachment Strength of Interior Fittings for Passenger
Railroad Equipment
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SECTION 11
DOOR OPERATION AND CONTROL

11.1 SIDE DOOR OPERATION
11.1.1 General

Door operators and controls shall be a service proven design, and shall have been used with a door panel
of comparable weight. The side doors shall be arranged for remotely controlled electric operation. The
control shall be trainlined so that all doors on each side of a train may either be operated automatically by
the ATC apparatus, or from manually operated pushbuttons. The doors on the left-hand side shall be
operable manually by the use of pushbuttons located on the cab door-control panel beside the side
window on the left side of the car, across from the Operator’s console. The doors on the right-hand side
shall be operable manually by the use of pushbuttons on the cab door-control panel beside the side
window on the right side of the car in the Operator’s cab. Refer to Contract Drawing 97936-020 for
required door control circuits.

Each vehicle shall contain a microprocessor-based door control system to control door and door signal
functions. The microprocessor shall also monitor the status of the door control and signal system on the
vehicle and shall store selected diagnostic information in the data acquisition module (DAM) for use by
the vehicle monitoring system (see Section 11.8).

Maximum use shall be made of solid-state controls for the door system; therefore, except for fail-safe
functions (zero speed, door closed and locked summary, and right and left motor control), the use of
electromagnetic relays is prohibited. Indicator lights shall utilize LED clusters for illumination where
possible.

11.1.2 Door-Control Selector Switch

A sealed, three-position selector switch shall be provided as part of the Operator’s circuit breaker panel
(see Section 14.6.2). The switch shall be effective only in the leading cab of a train, and shall permit the
Operator to select one of the following methods of door operation:

A. Auto: When the selector switch is placed in the “Auto” position, doors shall be opened and
closed by commands from the ATC system. Manual override shall be possible, except that
doors on the “wrong” side of the train shall be prevented from opening, as per Section 11.1.13.

B. Auto\Man: The “Auto/Man” switch position shall enable doors to be opened by commands
from the ATC system (with manual override) and closed manually by means of any activated
cab door-control panel. . Manual override shall be possible, except that doors on the

“wrong” side of the train shall be prevented from opening, as per Section 11.1.13.

C. Man: This switch position shall enable doors to be opened and closed manually by means of
any activated cab door-control panel. Doors on the “wrong” side of the train shall be prevented
from opening, as per Section 11.1.13.
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11.1.3  Door/Train Speed Interlock

The manual door controls shall be interlocked with the ATC system’s zero-speed relay so that the door
trainline or crew switch commands cannot be issued and doors shall not respond to trainline or crew
switch commands unless train speed is less than 2 mph and friction brake is applied. The interlocking
shall be accomplished on each car individually by the removal of power from the door-opening push-
buttons and crew switches. Further, door controls and the door operators shall be interlocked against
opening at speeds over 2 mph. Power removal at speeds over 2 mph shall be a vital function
accomplished in a fail-safe manner.

11.1.4 Door/Traction Interlock

Traction controls shall be interlocked with door signal lights (see Section 11.4) so that a train cannot be
moved unless two sensing switches for each door panel indicate that all doors are closed and locked.
One sensing switch shall check that the door is closed, and the second shall then check that the door is
locked. All closed and all locked limit switches shall be wired in two separate loop circuits for each side
of the individual car before energizing the relevant Left or Right side summary relay. The car loops shall
be arranged in such a manner as to prevent single point failures to both loops concurrently. The trainline
circuit performing door/traction interlock shall be a fail-safe, double-break circuit with two trainline
wires to provide maximum protection against erroneous door-locked signals (i.e. contacts of each Left
and Right summary relay shall be wired in series with both wires of the train traction interlock
trainlines).

The local car door closed interlock shall continue until the zero-speed indication ceases, so that pushing a
door leaf back as a train first begins to move will stop the train, by de-energizing the relevant summary
relay and interrupting the trainline circuit. After the zero-speed circuitry indicates the train is no longer
at zero speed, movement of a door’s pushback feature will have no effect on train movement. The
trainline circuit shall change polarity with each change in leading end in order to be able to detect ground
faults or false positive energy. Brakes shall be applied at Braking Level 4 whenever the door/traction
interlock trainline circuit is open.

11.1.5  Circuit Separation

All door-control circuits for one side of the car shall be separate and distinct from those for the other side
of the car. There shall be no shared components unless specifically called for herein.

11.1.6  Compatibility

Door-control signals shall be fully compatible in all respects with door-control signals on the Authority’s
existing cars, so that new and existing cars can be mixed in any order in a consist and all doors will
function as specified. Door control software and hardware performance shall be capable of following the
operation of manual door open an close pushbuttons consistent with existing WMATA train operating
practices. All door-closed trainlines (left and right) shall be pulsed momentarily by the ATP system after
motion is detected.

11.1.7 Door/Master Controller Interlock

Controls shall be arranged so that if, in manual operation, the master controller is advanced to a power
position while any door on a train is open, obstructed, or unlocked, no traction power shall be applied
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until (1) all doors have become closed, unobstructed, and locked; and (2) the master controller has been
returned to a coast or brake position before it is again advanced to a power position.

11.1.8  Door Operator Cut-Out Switch and Lock

A combined door operator cut-out switch and lock shall be provided at each side door operator so that, in
the event of failure of the door operator, the door operator can be made inoperative and the door leaf
mechanically locked in the closed position. The cut-out switch shall be accessible through the door
operator access panel. Traction controls shall be interlocked with the door signal lights as described
above in Section 11.1.4.

The cut-out switch shall bypass the “door closed, obstructed, and locked” signal circuit at that door
operator but shall not reduce the effectiveness of the obstruction detection system on the remaining
doors. The cut-out switch shall also disable the visual indicator (see Section 11.5) on the affected
doorway when either of its door operators are cut out.

11.1.9  Door/Traction Interlock Bypass

A door/traction interlock bypass switch shall be provided in the Operator’s circuit breaker panel (see
Section 14.6.2) to permit a train to be moved in the event of side door/traction interlock circuit failure.
The switch shall be sealed in the normal position, requiring that the seal be broken to bypass the
interlock.

11.1.10 Door-Control Trainline Cut-Out Switch

A cut-out switch shall be provided in the Operator’s circuit breaker panel to allow disabling of the
automatic and manual trainline door operation on a selected portion of a train. Placing this switch in the
“cut-out” position in any cab other than the leading cab shall disable door operation from that cab to the
rear of the train. Door status indication for the train in the operating (lead) cab shall not be affected by
placing this switch in the “cut-out” position. Placing this switch in the “cut-out” position in the operating
cab shall not affect door status indication for the train, nor disable side door operation in the lead pair.

11.1.11 Trainline Commands
Doors shall be opened and closed by signals on two 37.5 VDC trainline wires on each side of the train.
Energization of these wires (for 50 +/- 10 milliseconds) with voltage of one polarity shall open the doors
on that side, and energization with voltage of the opposite polarity shall close them. Hardware and / or
software filtering shall be applied to these signals to prevent transient voltages appearing on these lines
from appearing as valid requests.

11.1.12 Power Source

Door controls shall operate on nominal 37.5 VDC with a range of 23 to 42 VDC.
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11.1.13 Platform Detection System
11.1.13.1 General Requirements

The door control system on each car shall incorporate equipment and logic to inhibit manual door
openings on the off-platform side of the consist. The Platform Detection System shall operate in all door
control modes described in Section 11.1.2. This platform detection system shall interface with the left
and right Door Open push buttons located in the operator’s cab, independently disabling the left and right
Door Open push button functions until one of the following conditions are met:

Platform is detected, or

Doors are opened by automatic train control (ATC), or
System is manually bypassed, or

System is off (cut-out).

Platform detection equipment shall be included on each car, but shall be active only in the controlling car
of the consist. Platform detection outputs shall be active only when the car is at rest, i.e. at or below the
zero speed threshold. The system shall reset when motion is detected. The platform detection system
shall not interfere with the Door Close functions.

As part of the Door Control subsystem, the platform detection system design and equipment shall be
subject to the performance requirements in Sections 11.7 and 11.8, and the FMECA requirements of
Section 11.10

11.1.13.2 System Description
The Platform Detection system shall include the following features:

e Automatic detection of platform

e Left and right manual bypass (override) capabilities

e Automatic enabling (override on platform detection function) of door open pushbutton (on
appropriate side of car) after detection of ATC and/or crew switch door openings on the
controlling car.

e Automatic override (bypass) of platform detection functions when in yards

e System cut-out switch (sealed) and circuit breaker

e In cab visual indication of system status — different color for “bypassed” condition

Platform detection shall be active only when the vehicle is at the zero speed state. Platform detection
shall be automatic, requiring no operator interaction or control. The Contractor shall be responsible for
assuring that the system will detect all current station platforms. Performance verification testing shall
be incorporated in the Contractor’s test plan, Section 11.10.

Manual bypass switches for left and right platform detection shall be momentary, or spring, type.
Manual bypassing of platform detection shall be possible only when the vehicle is at the zero speed
condition (e.g. stopped at a station platform). Full, automatic, system functionality shall be restored
when the vehicle exceeds zero speed.

All switches. circuit breakers, and indicator lights shall meet the requirements of Sections 14.6.2 and
14.6.3. Bypass switches, system cut-out switch, and circuit breaker components shall be incorporated
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into the operator’s circuit breaker panel — See Section 14. Any exterior mounted sensors used for
platform detection shall be mounted in the F-end fiberglass nose of the vehicle in such a way as to
facilitate direct replacement without the use of special tools or fixtures. Sensor replacement shall not
require the removal of any other components from the car. The platform detection system shall not
require adjustment or calibration.

The platform detection system shall be automatically overridden (right or left side) when doors are
opened via ATC or a crew switch on the controlling car. The platform detection system shall be
automatically overridden (right and left side) when the vehicle is in a yard.

Visual indication of system status shall be provided to the operator by dual color LEDs (green/yellow)
incorporated in to the right and left door control pushbutton panels detailed in Section 11.3.1. The right
and left LED circuits shall be separate and distinct. A green LED shall illuminate when the platform
detection system has detected a platform or when the system has received an automatic override
command. A yellow LED shall illuminate whenever the system has received a manual bypass command
via the operator controlled switch.

11.1.13.3 VMS Interface

As part of the door control system, the platform detection system shall interface with the Vehicle
Monitoring System (VMS) as detailed in Section 11.8 and Section 20. VMS and DAM interfaces shall
incorporate, at a minimum, system status (On, Off, manual bypass, platform detected, auto-enable) and
system and/or component fault data.

11.2 SIDE DOOR OPERATORS

Each side door leaf shall be activated by a separate electric operator and corresponding microprocessor
controller. The operator controls shall be in a self-contained local control panel mounted in the valance
panels above and adjacent to each side door. Each door leaf shall operate by means of a drive-screw
spindle.  All adjustments to a door operator shall be readily accomplished from the exposed side of the
operator.

The operator and controls shall be arranged so that the net force on an obstruction during closing shall
not exceed 31-1/2 lbs., measured statically at the mid-point of door travel, even if the obstruction
detection mechanism has been disabled. In case of failure of the obstruction detection mechanism and
when selected to be active, the door shall close at reduced speed and remain closed until the problem has
been corrected. This failure shall be reported via the VMS with a high priority status. The operator and
controls shall provide sufficient damping to keep the door from bouncing off the stops and nose rubbers
at the end of the opening and closing cycles.

The elapsed time for door opening shall be a maximum of 1.5 seconds from the moment of energization
of the door operator to the moment of completion of the operation, including cushioning. Door-closing
time shall be adjustable from 2.0 to 2.5 seconds in 50 msec intervals, and shall be easily changed by the
Authority. The Contractor shall provide the correct closing profile (acceleration, constant speed and
cushioning) for the variable closing time parameter to ensure changing the closing time does not
compromise other requirements. All variable parameter changes for all twelve (12) door locations on a
car shall be up-loaded from a central location. Both leaves of a door shall open and close simultaneously
and there should be no discernible differences when observing the whole side of a car. Changes in supply
voltage over the range specified shall not affect the door timing. Compensation for friction variation on a
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door-to-door basis shall be provided in the motor controls and the obstruction detection sensitivity shall
not be affected by the compensation for friction.

All limit switches used in the door operator shall be of the replaceable-unit type. The limit switches shall
be activated by gross movements of the operator mechanism, cut-out switch or emergency handle. The
design and installation of these switches shall be such that adjustments to replacement units will neither
be necessary or even possible for proper functioning. Limit switches for controlling the cushioning and
interruption of motor current are not permitted with the exception that the locked limit switch may be
used as a reference point to ‘zero’ the distance count from a shaft encoder or other method of distance
counting. When power is lost while the doors are open, the next closing sequence shall be performed at a
slower speed until the door locked reference is attained again.

The door mechanism shall incorporate a spring-loaded pushback feature allowing 1-1/2 inches of
pushback per panel at a force of 24 to 31-1/2 Ibs., even if the door is locked.

Current limiting to control door force and to protect the motor during prolonged periods of stalled
condition shall be provided by electronic controls.

A mechanical device shall ensure the locking of each door panel in the “Door Closed” position. Locking
shall be automatic. The door-locked indication shall be given only after the door has been mechanically
locked. Closed and locked limit switches shall undergo ‘cycle checking’ to ensure they change state
when the door panel is known to be open, based upon motor current or distance counting techniques.

11.3 DOOR CONTROL SWITCHES
11.3.1 Cab Controls

Heavy-duty, industrial type door control pushbuttons shall be provided at two locations in the cab. One
pair of buttons (one for “Open” and one for “Close”) shall be provided on the auxiliary panel to the right
of the Operator and shall control the doors on the right side of the train. The second pair of pushbuttons
shall be provided on the door-control panel on the forward side of the left side window, opposite the
Operator’s console, and shall control the doors on the left side of the train (see Section 14.6.2 and
Contract Drawings 97936-008 and 97936-011). All pushbuttons shall be barrier type. Dual color
(green/yellow) LEDs shall be incorporated in each door control panel as per Section 11.1.13.

The door-control panel on the left side of the cab shall be protected by a flush hinged cover. The cover
shall have a lock operable by a door key, and it shall be possible to remove the key after the cover is open
and to lock the cover by merely closing it. In addition to the “open” and “close” pushbuttons, this panel
shall be fitted with an “all doors closed” indicator light and an Emergency Stop button (mushroom).

Enabling of the door-control pushbuttons on either panel shall be accomplished by activation of the
control lock on the control console, or by activation of the door-control key switch on the auxiliary panel.
It shall be possible to remove the key and have doors remain open, and to close and lock the doors from a
different master door-control panel than that from which they were opened.

In the leading cab, the Operator shall be able to forestall the opening function by holding the “Close”
pushbutton, and to forestall the closing function by holding the “Open” pushbutton, when the commands
for these functions are being initiated by the ATC system.
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The door-control pushbuttons shall be of the spring-return type. Circuitry shall be arranged so that, once
the button is held down for at least the period specified in Section 11.1.11, the operating cycle will be
completed even if the button is subsequently released.

11.3.2 Crew Switches

Key-switch stations for crew shall be provided inside and outside of the car adjacent to door leaf
numbers 2, 8, and 9 for controlling operation of that door leaf. The exterior crew switches shall be
watertight and shall be located at a height of 60 to 65 inches above the rail and 12 to 18 inches from the
edge of the door opening, for operation by an employee standing either on the ground or on a station
platform. Keyholes on the outside of the car shall be provided with spring-closed, gasketed covers to
ensure they are weathertight. Covers shall have a brush finish identical to the exterior of the car. Interior
crew switches shall be flush mounted in a convenient but inconspicuous location in the windscreen or
side wall near the door leaf the switch controls. Door leaves shall be operated by momentary activation
of the crew switch with a door key. It shall be possible to remove the key with the door in either the open
or closed position. The "Open" and "Close" key positions shall be engraved on the faceplate of the
switch, and shall be filled in with black ink.

When a door panel has been opened or closed by an outside (or inside) crew switch, it shall be possible
to close or open it by the adjacent inside (or outside) crew switch or by operation of the normal trainline
door control from any master door-control panel, and the door shall thereafter function normally.

Crew switch circuits shall be zero speed protected and there shall be no single point failures that can
cause a crew door to open whether in motion or at zero speed.

11.3.3  Emergency Door Operation

All side doors shall be arranged so that they may be manually opened for emergency exit. The release
lever or handle shall be located inside the car, behind the door operator access panel. The handle shall be
coated OSHA Orange as specified in Section 10.14.

In addition, door leaves number 3 and 10 shall be arranged for emergency opening by passengers through
use of a lever located at a convenient and ADA compliant operating height at the rear of each door
pocket, between the map and the rear edge of the door pocket panel. The emergency operating lever
(passenger interface) shall be painted red and shall be visible through a clear polycarbonate window in a
fiberglass-framed door covering the lever. The cover door shall be sealed and shall be hinged at the top.
Operation of the lever shall require breaking of the seal and opening of the cover door. When the
emergency lever is pulled, it shall cause the mechanical lock to unlock that is sensed by the locked limit
switch and de-energizes the summary relay causing train brakes to be applied. With the door unlocked it
is then possible to manually slide the door panel open. The emergency lever operating mechanism shall
be interlocked with the car’s zero-speed circuitry so that when the emergency lever is attempted to be
pulled, the handle movement is restricted and the door will not open until the train is stopped. However,
loss of ATC power at zero speed shall not inhibit emergency door operation.

11.3.4  Emergency Door Opening Device Access Panel
To provide access for maintenance to the emergency door opening lever operating mechanism, the upper

portion of the door pocket at door leaves number 3 and 10 shall be arranged with removable panels. The
panels shall be of the same finish and construction as the door pocket and shall be secured with Phillips-
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head screws. Panels shall be finished with aluminum moldings along their edges. The arrangement shall
be submitted to the Authority for approval.

11.3.5 Emergency Door Recovery

The emergency door system shall provide for a powered recovery of the door leaf to the closed and
locked state. In the event of an emergency door opening, the train operator shall be able to restore the
door leaf to the closed and locked state by restoring the emergency handle, or by other approved means.
Upon activation, the emergency door leaf shall be powered closed and locked. This function shall not
affect the state of any other door on the car or consist. It shall also be possible to manually restore the
emergency door leaf to the closed and locked state with no more than routine physical effort. These
functions shall be active when the vehicle is at rest and the operator keys are removed from the operating
console.

11.4 DOOR SIGNAL LIGHTS
11.4.1  Exterior Door Signal Lights

A red indicating LED cluster in an unpainted bright metal tubular housing shall be provided above the
center side door on each side of the car. The housing shall conform to clearance requirements and shall
be of a design that will not be damaged by car-washing machines.

The circuitry shall be arranged so that the light will be illuminated when any door leaf on either side of
the local car is open, obstructed, or unlocked. The light shall be visible from both ends of the train. The
light shall have sufficient brightness so that a person with normal visual acuity will be able to discern
whether the light is illuminated or not in bright sunlight at a distance of eight car lengths on tangent
track.

11.4.2  Threshold Lights

Door threshold lights, described in Section 13.1.4, shall be illuminated at all times irrespective of speed
when the adjacent door leaf is open, obstructed, or unlocked at doors 3, 4, 9, and 10. At all other doors,
where only one windscreen is provided, the threshold lights shall be illuminated at all times irrespective
of speed when either door leaf is open, obstructed, or unlocked.

11.43  “Doors Closed” Indicator

Indicator lights shall be provided on the control console and in the left-hand door-control panel. The
circuitry shall be arranged so that, in any panel which has been activated with the door key or the control
key, the light shall be illuminated when all side doors, on both sides of the train, are closed and locked.
When a door-control panel is not activated, the light shall be extinguished.

11.44  Lamps

Door signal lights and threshold lights shall use cluster-type LEDs., per Section 13.1.4.
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11.4.5  Service Indicator Lights

A red LED indicator shall be located in the valance panel above each door leaf panel (12) and shall be
illuminated whenever its associated leaf is open, obstructed or unlocked, irrespective of car speed. This
local indicator shall also illuminate whenever its associated door leaf is preventing the train from moving
due to other causes, such as: Emergency door release; detection of unsafe conditions by the diagnostics;
etc. The objective being to locate the problem door in the quickest time possible, such that it may be
cutout and bypassed. Indication of Door Cutout annunciation, whether real or due to failure, shall be an
available option for the Authority. Annunciation of these same causes shall also be transmitted and
displayed by the VMS, to the greatest extent possible, so that there are redundant Detection Methods
during normal operation. The method of Detecting and Annunciating failures to minimize recovery time
shall be addressed by the Door System FMECA.

11.5 DOOR WARNING AUDIO AND VISUAL INDICATORS

A door operation audio and visual warning system shall be provided for the car. This system shall
comply with the relevant requirements of the ADA. When doors are ordered closed, either manually or
automatically, audible and visible warning signs shall be provided to alert passengers of closing doors.

The electronic door chime system shall not interfere with the public address (PA) system. There shall be
six separate speakers, one located above each side doorway. There shall also be six door operating
indicator lights, one located at each side door opening, which shall be clearly visible from inside and
outside the vehicle.

Door-opening and -closing voice announcements shall be provided in conjunction with door chimes.
Voice recording shall be as provided by the Authority. Upon door opening, the trigger signal shall be
simultaneous for the voice command and door opening. Upon door closing, the voice command shall be
triggered by the door chime signal before the doors begin to close.

A verbal announcement ( “Please stand clear of the doors. Thank you.”) shall be initiated whenever
doors are commanded to close before they are fully open, and whenever the door open/door close
pushbuttons are operated in rapid sequence (e.g., twice within 3 seconds). This verbal announcement
will be provided by the Authority.

11.5.1  Closing

The door-closing voice announcement, in conjunction with door chime tones, shall sound upon receipt of
a command to close the doors. To provide a waiting period after the second tone, the door shall begin to
close at the end of a period adjustable from O to 4 seconds, beginning at the command to close. Initially,
this shall be adjusted to a 2-second delay. In parallel with the door warning chime, the door operation
indicator lights shall commence pulsing on and off upon receipt of the door close command, and shall
continue pulsing until the doors are closed and locked. The initial pulsing frequency shall be 2Hz, but
this shall be adjustable if necessary. The door-closing indicating lights shall remain extinguished during
the opening cycle, and the light in the appropriate doorway shall remain extinguished if a door is cut-out
in that doorway.

11.5.2  Opening

The circuitry shall be so arranged that pressing the door-opening button in any active master door control
panel will instantaneously stop the door operation at any time in the closing cycle and cause the doors to
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reopen without any delay. Once the doors are fully open, the closing cycle shall be restored to its starting
point. If the door-closing button is pressed before the doors are fully open, the doors shall close without
going through the warning chime/light and timing cycle.

11.6 OBSTRUCTION DETECTION SYSTEM

The door operators shall be equipped with an obstruction detection system for passenger protection
during the door-closing cycle. The obstruction detection system shall be sufficiently sensitive to detect
the presence of a 3/8-inch-thick by 3-inch-high bar, when one is inserted between the leaves, at any
location along the nose rubber except for the top and bottom six (6) inches. This sensitivity shall be
maintained even if the adjacent door panel is cut-out and mechanically locked.

Each door leaf shall have a spring-loaded linkage in its connection to the door operator, to limit the force
developed by the door at the end of its closing cycle and to permit easy extraction of clothing or other
articles smaller than can be detected. This linkage shall permit each leaf to be pushed back a maximum
of 1-1/2 inches with a between 24 to 31-1/2 Ibs., even if the door is locked. The obstruction detection
system shall not be overridden by a passenger intentionally holding back the door panels against the
pushback feature in the nearly closed position.

An obstruction shall be detected through the measurement of the door operator motor current and by
comparison to the distance vs. time relationship stored in the electronic door control
The following three methods of operation shall be available to the Authority:

A. When the doors have started to close, the detection of an obstruction at either leaf of a door set
shall cause both leaves of that door set to reopen fully one time. After a waiting period, which
shall be adjustable from 0 seconds to 2 seconds in not more than half-second increments, the
door shall again attempt to close.

B. When the doors have started to close, the detection of an obstruction at either leaf of a door set
shall cause both leaves of that door set to reopen for approximately 0.25 second, one time, and
immediately attempt to close again.

C. No obstruction detection active.

In any of the above methods, the detection of an obstruction during the second closing attempt shall not
reopen the door or remove power from the operators, but shall continue to lock out traction control as
described in Section 11.1.4. The warning chime shall not sound during the second attempt to close.

At the time of car delivery, the door controls shall be connected to provide method B. However, it shall
be possible for the Authority to convert to other methods, or to render the obstruction detection system
inactive, by adding or removing a jumper wire or relocating a connection on a terminal strip on either the
operators or the door control panels, or by another simple, and approved method.

11.7 DOOR DIAGNOSTICS

At a minimum, microprocessor-based door controllers shall have an Authority-approved self-diagnostic
routine that is initiated automatically each time the unit is powered-up. It shall also be possible to initiate
the self-test routine via a control local to the unit.
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The controller shall have a comprehensive diagnostic system capable of diagnosing failed components.
The Contractor shall submit documentation defining the capabilities of this system for Authority
approval (CDRL 1101)

Door controllers shall interface with a laptop computer-based portable test device that automatically
measures door currents and timing sequence of opening and closing, and allows automatic repetitive
cycle tests. The portable test device shall also provide for setup, calibration, and adjustment of the door
equipment for proper timing and operation. It shall be possible to connect the tester at any pair of doors
and at a central location for general system testing (see Section 21), which shall include automatic
repetitive cycle tests.

11.8 VEHICLE MONITORING SYSTEM (VMS) INTERFACE

The input and output signals from each critical door and door control system performance-dependent
equipment, together with its power supply voltage, shall be monitored and stored, along with time and
date stamping, in a data acquisition module (DAM). Non-volatile data storage shall be a minimum of
15 minutes. Old data shall be overwritten and the most recent data saved as a redundant source for
incident investigations. Recording of data shall cease if there is no input signal change or request for
data from the VMS central unit (VCU) during a 5-second interval. Data recording shall resume
immediately whenever there is a change in signals or query from the VCU. The data in this module shall
be capable of being readily downloaded to the portable test device via the car communications network
and the local RS232 port and transmitted by the car communications network to the central vehicle
monitoring system equipment specified in Section 20.6. A functional block diagram of the system and its
equipment together showing all signals that will be stored in the DAM shall be submitted to the
Authority for approval as part of the design review process.

The DAM shall perform signal isolation, signal input acceptance, conversion, and short-term storage of
data for transmission to the VCU. The DAM shall meet the applicable reliability and safety design
criteria as specified for the VCU in Section 20.5. The DAM shall convert the signals from its associated
system, analog or digital, to serial packages and store for transmission to the VCU via the car
communications network. Serial data communication between the DAM and VCU shall be in
accordance with LonWorks or other Authority-approved protocol.

The DAM shall be assigned a message identification (MID) character within the network so that
communications between all units can be managed and controlled.

11.9 CIRCUIT BOARDS AND SOFTWARE

Selection and development of circuit boards and software shall be in accordance with the requirements of
Section 22, as well as any other applicable sections of this Specification. Circuit board traces shall be
sized to carry the highest current to which they may be exposed, or shall be isolated as approved by the
Authority. Fuses shall not be used to protect circuit board traces.

11.10 TESTS

The doors and their operating equipment, including voice announcements, shall be checked and adjusted
in accordance with the manufacturer’s recommended procedures to ensure smooth and proper
functioning and alignment; attainment of the specified speed, closing and pushback forces; and proper
functioning of control signals and interlocks. (CDRL T1151) The Contractor shall submit, for Authority
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approval, a test plan detailing the test steps necessary to verify the functional requirements of the door
operating system as defined by this Specification (see Section 3, CDRL 301). The door system shall be
subject to performance, qualification, factory acceptance, vehicle level, and reliability testing per
procedures generated by the Contractor and approved by the Authority (see Section 3, CDRL 302). The
vehicle level tests shall include as a minimum: Obstruction Sensing / Traction Interlock at zero speed and
above, Pushback Force, Manual Opening Force, Passenger Emergency Release and Interlocks and
Opening / Closing Time on every door panel. The platform detection system, all indicators, lights, chimes
and recorded messages shall also be included in the test. Further, a cycle test box shall be connected to
the coupler electric heads to exercise the doors on each married-pair a minimum of 500 cycles without
failure before the cars are offered for acceptance. Following any failure and corrective action, the cycling
test shall recommence until completed without failure. All failures shall be recorded in the appropriate
test reports.

A thorough Failure Modes, Effects and Criticality Analysis (FMECA) shall be conducted on the door
controls/system in order to ensure the safety of the overall system (see Section 5, CDRL513). This shall
include the elimination of all single point failures or multiple failures from a common source leading to
either Category I or II hazards. Dormant failures shall not be included as multiple failure modes when
addressing single point failures. The system shall be designed to annunciate the first failure by assuming
a safe state (such as door open-traction interlock inhibited) and requiring WMATA intervention to close
and cut-out the door. The ‘criticality’ shall be included to indicate the Mean Time or Mean Distance
Between Failure (MTBF or MDBF) as a means of measuring and controlling the probability of
undesirable events. The FMECA shall be performed in accordance with Mil-Std-882 latest revision. In
addition to the ‘bottom-up’ FMEA analysis the Contractor shall submit a Fault Tree Analysis (FTA) to
indicate the results of multiple failure modes (CDRL 515). The FMEA / FTA results shall require
Authority approval. The Authority shall, at its discretion, require that failures be induced to confirm the
validity of the analysis. The induced failures shall be evaluated at the bench level, or at the vehicle level
with the controller driving the vehicle doors, as required by the Authority.

The production door operator(s) shall undergo a 1.5-million life-cycle test, per an approved test
procedure, where a cycle is defined as one complete open and close movement. (CDRL T1152) A pair
of Operators shall be assembled onto a test frame that is representative of the installation on the car and
is transportable, including: the actual door panels (no simulated weights) with nose rubbers, weather
seals, interior brush seals, threshold, door guides, crew switches, emergency releases, etc. The cycling
shall be arranged to simulate the trainline commands emanating from the cab and shall include all
controls utilized on the individual car. Relays and other controls shall be loaded to simulate the
maximum switching load, if this is not provided by one pair of doors. The test rig shall be automatically
stopped from further cycling if either door panel fails to reach the fully open position after an open
request or if either door panel fails to reach the closed and locked position after a close request. Prior to
the start of the test, the Contractor shall demonstrate that the test set up complies with these requirements
by introducing obstacles or otherwise jamming the doors. With each failure simulated, the contents of the
DAM shall be read to ensure the diagnostics are reporting the correct symptom before the test
commences. An electro-mechanical counter shall be included to indicate the total number of cycles
accumulated and shall be used as a reference point for all failure reports during the test. The effects of
temperature extremes including hot/cold soaking shall be included to evaluate the thermal expansion
rates of dissimilar materials, grease selection and elastomer effects on obstacle sizes. Cycle times shall be
arranged to provide a duty-cycle that can be sustained by the equipment and may include supplemental
air movement if required. A portion of the test shall include human interaction and simulate passenger
abuses such as obstructions, leading edge impacts, and stalling of the door operator. The requirements
for the test to include human interaction and passenger abuse may be satisfied by placing the test rig in a
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location where Authority employees will need to pass through the door opening on a routine basis, or by
simulating them at time intervals as specified in the approved test procedure. All operational
components shall be exercised as part of the test including, but not limited to, emergency release devices,
crew switches, and cut-outs.

Wear and performance parameters shall be initially recorded and then recorded, at a minimum, every

100,000 cycles throughout the test. All adjustments, maintenance and failures shall be logged and made
available for Authority review throughout the test period. Cleaning and re-greasing of the spindle shall A003
not be required more often than twice during the conduct of the test.

All tests shall be performed and documented to meet the requirements specified in Section 3.

11.11 REFERENCED CDRLs

The following CDRL items are referenced in this section:

CDRL 513 Failure Modes, Effects and Criticality Analysis A003

CDRL 515 Fault Tree Analysis

CDRL 1101 Documentation on Door Diagnostic System

CDRL T1151 Door Function Test Report

CDRL T1152 1.5-Million Cycle Test Report A003
11.12 REFERENCED STANDARDS

Mil-Std-822 A003

49 CFR Part 38 Americans with Disabilities Act (ADA), Accessibility Specifications A008
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SECTION 12
HEATING, VENTILATION, AND COOLING
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SECTION 12
HEATING, VENTILATING, AND COOLING

12.1 GENERAL

The HVAC system shall provide automatic control of interior temperatures as required herein at any
ambient temperature from— -5°F to 105°F at the specified wet bulb conditions, with or without solar gain
or variable internal heat loads such as passengers, miscellaneous electrical apparatus and lights. Unless
otherwise specified herein, the HVAC shall be powered by the auxiliary power system (APS) and shall
start and operate within the voltage and frequency ranges specified in Section 7.2 or Section 14.

The HVAC system for each vehicle shall include the following:

A. Two overhead heating/ventilating/cooling units, which shall be located in the low ceiling area
at each end of the car. The overhead units shall be completely independent of each other.*

B. Two compressor-condenser units, mounted beneath the car floor at each end of the car. Each
compressor-condenser shall be completely independent of the other.*

C. Floor strip heaters.
D. Cab heater.
E. Windshield defroster/defogger.

* The Front- and Rear-HVAC systems, including controls, shall be separated to the greatest
extent possible to preclude failures on one half of the system from affecting the normal
operation of the other. The Contractor shall supply for Authority approval, a list of failure
mechanisms that could affect the operation of both systems concurrently (CDRL 1204).

F. A service-proven HVAC Control Box shall be mounted underneath the car, within the
clearance envelope and shall be serviceable from the side of the car.

G. Outside-air, Return-air, Discharge-air sensors, thermostats, etc. as necessary to control the
HVAC system within the limits of this specification.

Each overhead heating/ventilating/cooling unit shall consist of a motor and centrifugal blower, an
evaporator, and a heater section. Failure of one heating element shall not affect the operation of the other
clements. Each of the elements shall be individually removable from the plenum for repair or
replacement.

The overhead fans shall continuously introduce a minimum of 1,400 cfm total fresh air into the car
whenever the HVAC system is energized and the nominal 230 VAC, 3-phase auxiliary power is
available. The overhead electric heat shall heat the fresh air and provide an optimum amount of reheat
during the modulated cooling cycle for extended humidity control. Direct expansion cooling and
dehumidification coils shall be located upstream from the overhead heating elements.
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Floor heating shall be convection-type baseboard heating, under the HVAC system’s control. The floor
heaters shall draw cool air from the floor to promote air circulation and an even temperature distribution
within the car under normal operation, and shall provide layover heating when required by the control
system.

Both fresh and return air shall be filtered. Fresh and return air shall be drawn locally, and conditioned air
shall discharge into the main air distribution ducting and enter the passenger compartment via continuous
slot air diffusers adjacent to the fluorescent light fixtures.

Temperature control for each car shall be from a single panel mounted under the car with controls split
between front and rear to obtain redundancy and limit single point failures as specified in 12.1.A.
Primary temperature sensing shall be from the rear end of the car to control both systems. In the event
the rear unit fails, a temperature sensor in the front end of the car shall control the temperature. Other
alternative arrangements of achieving the redundancy may be proposed for Authority approval.

An outward-facing refrigerant service box shall be provided for each compressor-condenser and shall be
accessible from the side of the car. Each box shall contain pressure switches or sensors as required by
Section 12.4.3 (K) and (L) and valved pressure gauge connections. All for-service connection
ports/service valves shall be equipped with Schraeder valves with captive dust caps. Each service box
shall contain a three-position switch for testing and servicing. Besides the AUTO position that places the
compressor-condenser unit under the control of the HVAC controls, there shall be an OFF position and a
MANUAL position that places the HVAC control system in the full cool mode for an adjustable time
period of from ten to thirty minutes.

The cooling system shall utilize a conventional vapor cycle using a refrigerant compatible with the
standards of the U.S. Environmental Protection Agency (EPA). Compressor and evaporator capacity
modulation shall be provided for temperature and humidity control and to minimize “short cycling” of
the equipment. The design shall be developed to achieve maximum efficiency.

“All forced-air heating elements shall operate on either the 230 Vac or 700 Vdc supply. The Contractor
shall coordinate the APS capacity, regulation and phase imbalance requirements of Section 14 to achieve
this goal. DC heaters where used shall be designed to meet the requirements at 700Vdc and the capacity
shall be permitted to vary as the square of the voltage.

All AC motors used in the HVAC system shall undergo a ‘type-test’ at the manufacturer’s facility or
testlaboratory, the timing of the test roughly corresponding to First Article Inspection (FAI). Continuous
load on the motors during temperature rise tests shall be that used in the design calculations. The
manufacturer shall demonstrate that the resulting temperature rise will result in an insulation life of no
less than 15 years. Actual loads and temperatures measured during climate chamber testing shall be
compared to the results of the ‘type-test’ and any necessary adjustments made to the insulation life
prediction.

Temperatures in this section are given in degrees Fahrenheit (°F). The Contractor shall measure and
report temperatures in degrees Fahrenheit, and shall determine compliance with stated requirements by
comparison of measured temperatures with the appropriate Contract-specified Fahrenheit value.
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12.2 HEATING SYSTEM
12.2.1 Overhead Heat

Overhead heat shall be provided in the passenger area by electrical heater elements, which shall be an
integral and serviceable part of each of the overhead HVAC units. The overhead heater elements shall be
downstream from the evaporator coils and shall be split into two stages and proportioned to provide the
most efficient and economic operation for both the regular heating cycle and the reheat cycle.

The heater elements shall have adequate capacity to heat the total fresh air input a minimum of 60°F
above ambient. Performance shall be met at the nominal supply voltage and nominal heater element
design resistance values. The heaters may be powered from high voltage DC or the 230 VAC supply. If
powered by the APS, they shall be arranged so that failure of an individual element does not unbalance
the APS beyond its capability or the limits given in this specification by monitoring the three phase
heater currents and protecting against phase imbalance beyond the design limit.

The heater elements shall be finned round- or rectangular-section elements consisting of a corrosion-
resistant sheath surrounding a uniformly spaced coiled nickel-chromium resistance wire embedded in a
compressed and baked refractory material. The elements shall be adequately supported. The design shall
provide for removal of individual elements for maintenance purposes.

In selecting the type of heater element to be used, the Contractor shall consider the thermal inertia (heat
storage capacity) of the element and the effect of that inertia on the establishment of thermostatic-control
operational differentials so as to ensure compliance with the requirements of Section 12.5.4. The
Contractor shall also consider thermal inertia when establishing the location and set point of the
thermostat specified in Section 12.2.2, paragraph B, as well as the fusible links.

Direct electrical connections to the heater elements shall be via approved high-temperature crimp
connectors and bolted connections utilizing tinned, flexible, stranded copper cable of maximum 24 AWG
strand size using silicone rubber insulation with two glass braids with a minimum 200°C UL continuous
service certification. There shall be no exposed, uninsulated, or unprotected high-voltage components,
wiring, or terminal connections in the overhead area.

12.2.2 Overhead Heat Protection

Three safety features shall be incorporated into each overhead heater to prevent damage in the event that
air circulation stops. They are listed below, in order of precedence of operation:

A. An air-flow sensing device shall open the overhead heat supply whenever air circulation is
stopped or excessively reduced. This switch shall be located wherever it will react to failure of
the blower, clogging of the filters, restriction or blockage of the cooling or heating coils.

B. A thermostat located in the heater plenum, upon detection of temperatures higher than normal,
shall break the overhead heat supply and shall also open the overhead heat circuit breaker by
means of a shunt trip. It shall be located within the plenum in such a fashion that it will not be
activated by residual radiation or heat stratification when the evaporator fans and overhead
heaters shut down simultaneously during a full-heat cycle.

TC-6000 TP12-3 Technical Specification
June 1, 2002

A005

A005

A008
A009

A005

A005

A005

A005

A008



A005

A005

A005

A005

C. In the event that the above two features fail to protect against a hazardous temperature rise,
non-resetting fusible link(s) in the high-voltage supply shall positively interrupt the high-
voltage heater circuit.

12.2.3 Floor Heat

Panel-type floor heat shall be provided using electric strip heaters consisting of a nickel-chromium
resistance wire embedded in a baked, compressed, refractory material, sealed with a rust-resistant, high-
heat transfer sheath. The strip heaters shall be mounted behind stainless steel heater guards at floor level
along the side walls and beneath the transverse seats. The front panels of the heater guards shall be
constructed so that small sections may be removed for replacement of heating strips without requiring the
seats to be dismantled, and shall provide protection against the insertion of foreign objects. The lower
section of the heater guard shall be designed and constructed to prevent the accumulation of dirt. The
heater enclosure shall be designed to resist damage and permanent deformation from passengers kicking
or standing on them. There shall be no gap between the top of the heater enclosure and the sidewall
which would allow objects to fall behind the heater enclosure and present a potential fire hazard.

Air shall enter the heater guard through slots at the bottom, pass over the strip heaters, and rise by
convection. Holes or slots shall be provided at the top of the heater guard so that a portion or all of the
air will exit through the heater guard. Where the heaters are located under a window, a portion of the air
shall rise through a vertical duct behind the wainscot lining and discharge through holes in the window
mask just below the window, or through holes in the upper portion of the wainscot panel (see Sections
8.6.6 and 8.6.7). The heater guards shall be designed to facilitate the convection flow of heated air, and
to draw cooler air from the floor level. The floor heater system shall be designed to prevent interior
surfaces with which passengers may come in contact from exceeding 125°F over the voltage ranges
specified in Section 7.2.

The heaters shall be mounted with ceramic insulators with suitable provision for thermal expansion and
contraction of the heater strip. The heater assemblies shall be thermally isolated to prevent direct
transfer of heat to the outside of the car.

The strip heaters shall be uniformly distributed and arranged to provide two stages of floor heat. The
capacity of the floor heat shall be adequate to maintain an average interior temperature not less than 47°F
above the outside ambient temperature when the overhead heating and ventilation system is inoperative
and the line voltage is 700 VDC or higher. In this mode of operation, the average interior temperature
shall not be more than 70°F when measured at a minimum of four places equally spaced along a line on
the vertical and horizontal centerline of the passenger compartment. Heater performance shall be
permitted to vary as the ratio of the square of the voltages.

An approved over-temperature sensor shall be located close to the element at the +700 VDC end of each
series string of heater elements (4 minimum). These sensors shall connect 37 Vdc to a shunt trip coil in
the applicable circuit breaker, and shall disconnect power to the string(s) if an over-temperature
condition is present. The time constant of this protection shall be sufficient to preclude nuisance trips
due to intermittent high voltage caused by regeneration. Each stage of floor heating shall consist of at
least two series-strings of heating elements to provide some redundancy in case of failure to a single
element. Further the two stages shall use interleaving-elements within the two separate circuits. All wire
sizes shall be compatible with the circuit breaker rating and the temperature of the surrounding air.
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12.2.4  Layover Heat

Layover heat shall be automatically provided to meet the winter average interior temperature
requirements of Section 12.5.4, whenever the environmental control circuit breaker (ECCB) is closed and
the environmental control trainline is de-energized. Layover heat shall be provided by floor heat only.
Control of the layover heat shall not require the HVAC Control Box to be functioning and shall be
controlled by a simple thermostat. The same philosophy shall also be used for protective heaters unless
otherwise approved.

12.2.5 Cab Heat

The Operator’s cab shall be provided with a forced-air floor heater powered by the auxiliary power
supply system. It shall have adequate capacity to maintain a temperature of not less than 70°F in the cab
compartment at an ambient exterior temperature of -5°F with the overhead heat shut off and the door and
side window closed. For this requirement, no assistance shall be provided by the floor heater, situated
under the left side cab window.

The cab floor heater shall be mounted under the console. The cab heater housing shall be constructed of
heat-resistant material and shall utilize enclosed heater elements. A thermostat shall be provided to
remove power to the heater elements in the event that excessive heat is developed. Fusible-links shall
also be provided. The cab floor heater shall be designed to prevent surfaces with which the Operator
may come into contact from exceeding 125°Funder all conditions.

The cab heater and controls shall be fully accessible for repair and replacement through access panels
that are easily removable. It shall not be necessary to remove or disturb other systems or equipment to
gain access to either the heater or its controls.

A three-position switch shall be provided on the Operator’s console for control of the cab heater (see
Section 14.6.2). The switch shall provide “Off,” “Medium,” and “High” positions. Fan speed shall
correspond to the selected switch position. The cab heater shall operate whenever a door key has been
turned to the “On” position in the auxiliary control panel in that cab, or when the cab is ‘keyed-up’ and
the cab heater control switch is in “Medium” or “High” position.

Conditioned air shall also be supplied to the cab (see Section 12.3.2) under the control of the heating and
cooling control system.

12.2.6  Heated Windshield

The defrosting and defogging of the right side windshield shall be by means of electrically-heated glass
operating on battery voltage. The heated glass shall be capable of clearing the entire surface of the
window of ice, frost, and fog under the most adverse weather conditions specified. A lighted indicator
“ON-OFF” switch shall be provided in the Operator’s cab for the defroster. The circuit breaker for the
heated glass shall be located on the Operator’s circuit breaker panel between the circuit breakers for
friction brake system and master controller.
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12.3 VENTILATION
12.3.1 General

Ventilation of the car shall be accomplished by AC motors / blowers that are supplied as a part of the
overhead air-conditioning evaporator units and shall be powered by 230 Vac, 60 Hz, 3-phase, from the
auxiliary power system (APS). Unless otherwise approved by the Authority, the blowers shall be
supported independently at both ends and shall be coupled to the motor shaft by a self-aligning coupling.
All motors and all blower wheels shall be fully inter-changeable from one location to any other car in this
supply without requiring rebalancing. The Contractor shall consider the noise and vibration requirements
of Section 23 when selecting the arrangement to be used. The fans shall be of heavy-duty construction
that does not exhibit imbalance/vibration due to normal handling, dirt build-up between scheduled
maintenance and cleaning, including dismantling and re-installation. Maintenance requirements in this
area shall be minimal / restricted to inspection during filter replacement and occasional cleaning of the
wheels. Shock mounts utilized to minimize vibration shall be bypassed by a flexible ground strap to the
carbody.

Fresh air shall enter the car through screened openings on each side below the rain gutter and pass
through ducts and filters into the evaporator plenum chamber. Recirculated air shall pass through grilles
in the low ceiling, and through filters into the evaporator plenum chamber, where it shall mix with the
fresh air. The evaporator blower shall force the mixed air through the evaporator and heater and into the
main air duct specified in Section 12.3.5, from which it will be discharged into the car.

Baftle plates, if necessary, shall be located at least 8 inches from the filters and shall be used to control
the volumes of fresh and recirculated air. If the location of a baffle plate is such that the plate must be
removed for routine servicing, it shall be provided with guides and stops to ensure that it is returned to its
original position.

A minimum of 1,400 cfm total of fresh air shall be introduced to the car whenever the nominal 60 Hz
supply is available. The total evaporator air mass flow rate shall be determined by the following factors:

A. Interior thermal loads
B. Efficiency of blower and coil performance
C. A maximum temperature differential of 25°F between the car average interior temperature and

the temperature of the air leaving the diffusers at the slot outlet
D. Allowable temperature variation within the car or car section.
The ventilation system shall pressurize the carbody interior to a minimum of 0.15 inch of water when all
doors are closed, the car is not moving, and 230 VAC, 3-phase nominal frequency is supplied for the

blower motors.

The evaporator blowers shall operate whenever the car’s environmental control trainline is energized, as
specified in Section 12.5.1.
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12.3.2 Air Diffusers

Air shall be discharged into the passenger compartment through continuous, flush, adjustable (for
balancing), slot-type air diffusers located in the ceiling. The air diffuser design shall preclude the
impingement of undesirable air velocities on passengers.

The diffusers shall be designed to provide uniform distribution of air throughout the car. The diffusers
shall extend longitudinally along both sides of the bottom of the main air duct. The diffusers shall be
designed to provide a car interior which is free of objectionable drafts, and one in which the air motion in
the car interior does not exceed 70 feet per minute (fpm) when measured in any direction in the normal
seating or standing areas and at least 6 inches away from the diffuser. The diffusers may be omitted in
the low ceiling areas if the specified uniformity of interior temperatures can be met without them. The
slot-type diffusers shall be fixed during vehicle assembly and shall maintain the requirements of Section
12.5.5.

Air shall be discharged into the Operator’s cab through a rectangular, flush, multiple-fin diffuser. The
Operator shall be able to adjust the amount of air delivered to the cab without the use of any tools.

The diffusers shall be designed to create turbulence within the primary air stream, to ensure rapid mixing
of primary air and car air. The efficiency of the diffusers shall be such that the initial temperature
differential is reduced by at least one-half at a distance of 6 inches below the face of the slot-type
diffusers, and 12 inches below the face of the cab diffuser.

All exposed surfaces of the diffusers shall be of unpainted, satin finish, anodized aluminum.
12.3.3  Air Grilles

Recirculated air shall be drawn in through grilles in the low ceiling areas. These grilles shall have ‘sight-
tight” cores and satin finished frames of unpainted stainless steel, and shall be provided with safety
catches and limit chains. The grilles shall be designed to pass the required quantity of air without
exceeding the specified noise limits.

Fresh air intake grilles located on the exterior of the car shall be removable and shall be made of
perforated aluminum or stainless steel plates. Information on the size and style of the perforations shall
be submitted to the Authority for approval (CDRL 1203). The grilles and their fasteners shall be flush
with the skin of the car.

12.3.4 Air Filters

Fresh and recirculated air shall be filtered by 2-inch nominal thickness, industrial-type, disposable,
fiberglass viscous impingement-type filters. It is preferred that the filters be a commercially available
standard size. If such is not feasible due to the plenum design, the filter size shall be selected to enable
cutting of the filter from standard bulk rolls with minimum material waste.

Filter holders shall be provided to permit the use of both frameless and framed filters. The filters shall
have adequate edge sealing to minimize filter bypass. Filter area shall be such as to limit filter face air
velocity to a maximum of 300 fpm. Initial clean filter pressure drop shall be a maximum of 0.09-inch
water gauge. The average efficiency shall be a minimum of 70% at a constant velocity of 300 fpm up to
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0.5-inch water gauge pressure drop as tested in accordance with ASHRAE 41.3. The filters shall be
adequately supported to prevent blowout of the elements under clogged filter conditions.

12.3.5  Air Ducts

Fresh-air intake ducts shall be constructed of stainless steel, aluminum, or fire-resistant plastic per the
requirements of Section 22.24, and shall be sloped to drain to the outside of the car. Intake ducts shall be
located and designed so as to exclude rain and snow without the need for filters used solely for that
purpose; and to prevent car aerodynamics from affecting the direction and velocity of air flow through
the ducts, regardless of train speed or the position of the car in the train.

The top and sides of the main air duct shall be constructed of stainless steel or aluminum. This duct shall
be constructed with a diagonal splitter of the same material running the entire length, so that a separate
duct is provided for each evaporator unit. The bottom of the duct shall be formed by the ceiling panels.
Flexible transition ducts shall be of neoprene-coated nylon or an approved equal. The transition ducts
shall be fire resistant per the requirements of Section 22.24 and shall be able to withstand without

damage the maximum temperature developed by the overhead heat unit before over-temperature cutoff.

Average air velocities in the ducts shall not exceed 1,200 fpm. Acoustic insulation shall be used on the
outside of ducts as required to control objectionable noise.

Metallic ducting shall not be connected directly to the metallic roof structure. Thermal isolation shall be
used between the ducting and the structure to minimize heat transfer from or to the ducts.

124 COOLING SYSTEM
12.4.1  General
The car shall be cooled and dehumidified by electromechanical equipment having adequate capacity to
cool the cars to the temperature specified in Section 12.5.5 under the following exterior ambient
temperature, humidity conditions, and heat loads:
A. Ambient temperatures:
1. 95°F dry bulb (105°F dry bulb air into condenser), 78°F wet bulb
2. 105°F dry bulb (115°F dry bulb air into condenser), 80.5°F wet bulb
B. Heat loads:
1. Normal car lighting and electrical loads (including fan motors)

2. 175 passengers at 450 BTU/hr per passenger at 54.0% sensible heat ratio

3. Normal carbody heat transmission with 15 mph exterior air motion assumed
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4. A solar load of 14,000 BTU/hr, which will represent heat gain to the car interior by
direct and diffuse radiation, convection and radiation from the window surface, and
absorbed heat gain from the glazing and carbody structure.

Individual cooling systems utilizing 407 C refrigerant and designed integrally with heating and
ventilation shall be provided for each end of the car. Failure of the individual subsystems shall not affect
the operation of other subsystems.

12.4.2  Air Conditioning Evaporator Units

Evaporator units that are an integral part of each overhead HVAC unit shall cool and dehumidify the
fresh and recirculated air. The evaporator-coil fin assembly shall be housed in a rigid stainless steel
frame. The coils shall consist of copper tubes and copper fins with a minimum thickness of 0.008 inch
and a minimum fin spacing of 0.10 inch. The coil area shall be maximized so that the average face
velocity of air flow does not exceed 500 fpm; however, where the coil area is limited by the low ceiling
dimensions, air flow velocity exceeding 500 fpm may be approved by the Authority if necessary to
achieve specified cooling requirements.

An easily removable condensate drain pan shall be provided beneath the evaporator coil and shall extend
to beneath the thermal expansion valves and coil return elbows to collect condensation from the coil and
suction line and any other surfaces subject to condensation. The condensate pan shall be of stainless
steel with stainless steel fittings. It shall be suitably baffled and arranged to drain and to prevent water
from spilling over into the ceiling area under any operating conditions, including acceleration or
deceleration on the maximum grade and jerking. Condensate carry-over into the main duct shall be
precluded.

Condensate drain lines shall be readily accessible for cleaning and shall be maximum-sized copper tubing
routed and sloped to provide positive drainage to the underside of the car. Discharge from the
condensate drain lines shall be directly to the track bed.

All cold surfaces, including condensate drain lines, coil housings, bottom sides of condensate pans,
refrigerant tubing and controls shall be insulated to prevent sweating due to condensation. Thermal
insulation with closed cell foam meeting the fire-resistance standards of Section 22.24 shall be used for
such applications.

Components to be included as a part of the evaporator unit are:

A. A liquid line solenoid valve (a single valve shall be used for each coil).

B. Modulating solenoid valves to reduce each coil’s capacity, by reducing the number of active
coil circuits. Alternatively, a full-face coil may be used, with the first step of modulation to be
a compressor capacity reduction; on the condition that temperature and humidity control
equivalent to the coil circuit reduction technique can be provided under all load conditions, and

that the capacity reduction requirements of Section 12.4.3 are met.

C. Serviceable thermal expansion valves for the evaporator coil circuits, having external
equalizers and internal superheat adjustment only. Minimum superheat shall be 9°F.

D. Brass-bodied liquid line strainer and sight glass with service valves.

TC-6000 TP12-9 Technical Specification
June 1, 2002

A008

A007

A005

A008

A005

A005



A005

A005

A005

A008

E. Capped Shraeder valve test fittings in each suction header adjacent to the expansion valve
equalizer connections for test purposes.

The blower motors shall be of a design suitable for transit car application, operating from the APS and
meeting the applicable requirements of this Specification. Motors and their connections shall be easily
accessible for removal and for routine inspection and maintenance from inside the car. Motor insulation
shall be Class H rated. The motors shall have permanently lubricated ball bearings. A flexible safety
ground strap shall be provided from the motor frame to the grounded carbody structure around the
vibration isolation mounts. The motors shall not require thermal protection unless otherwise approved,
and shall be designed for continuous duty with the temperature rise due to solar radiation found above
the ceiling.

12.4.3  Compressor/Condenser Units

Each car shall be equipped with two resiliently mounted, separate and complete, combined compressor/
condenser units so arranged as to provide free rejection of heated air and to prevent the recirculation or
intake of heated air into the condenser coil. Each unit shall include the following items:

A. Permanently lubricated, totally enclosed, transportation class H, insulated, 230 VAC,
3-phase compressor and condenser fan motors.

B. A heavy-duty, reciprocating, multi-cylinder transportation-type compressor arranged for
suction-pressure-controlled unloading. The compressor shall be fitted with cylinder liners and
oil-pressure-actuated unloaders that operate to lift the suction valves from the valve seats.
Valves shall be of the ring-plate type. The compressor shall utilize screened force-fed
lubrication. The compressor crankcase body shall be fitted with removable crankcase heaters.
The unit shall automatically adjust its capacity under varying load conditions. A scroll-type
compressor may be used in place of a reciprocating compressor, if such is approved by the
Authority and meets all relevant requirements of this Specification.

C. An approved flexible coupling between the motor shaft and compressor shaft to facilitate rapid
compressor replacement, if an open-type compressor is utilized.

D. A condenser fan. The direction of air flow shall be approved by the Authority for the specific
application of the car, including noise control.

E. A condenser coil housed in a stainless steel frame or approved alternate with suitable fan
shrouding and protective screening. The coil shall be copper tube and copper plate fin
construction with a minimum plate fin thickness of 0.008 inch. Minimum fin spacing shall be
0.10 inch. The tube shall be expanded to positively retain the plate fins in position. The coil
shall be designed with adequate capacity to keep the system in full cooling at the extreme
operating points (as specified in Section 12.4.1, paragraph A2) and full internal loading. The
coil and coil ends shall be suitably protected against physical damage.

F. A serviceable filter-dryer assembly with adjacent service valves to provide for replacement of
the filter core element without loss of refrigerant.
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G. A liquid receiver of sufficient capacity to, in combination with the condenser, hold the entire
refrigerant charge (in combination with the condenser). The receiver shall be equipped with a
sight glass to visually indicate refrigerant level and a fusible plug to protect against excessive
system pressures.

H. A combination sight glass and moisture indicator located for convenient observation during
servicing of equipment.

L. A purge valve located at the high point of the high side system to provide purging of non-
condensable gas.

J. Service valves for charging and for test gauge attachment.

K. High-pressure and low-pressure cut-out switches. The low-pressure switch shall stop the
compressor motor upon a loss of refrigerant or for a normal pump-down cycle. The high-
pressure switch shall stop the compressor upon excessive condenser pressure and before
damage to the system would otherwise result. Automatic reset shall be provided for both
switches when the pressures become normal. The software shall detect an abnormal frequency
of short run times and preclude the affected system from restarting until serviced.

L. An automatically resetting pressure switch shall force the system into reduced cooling (by
closing of the modulation valve) when the discharge pressure approaches the set point of the
modulation-pressure cut-out switch. For condensing units with more than one compressor, the
modulation-pressure cut-out switch may perform a similar function by shutting off one
compressor, provided that the compressor is of a type that will not be damaged in this mode.

The compressor/condenser unit shall be resiliently mounted to the car underframe. Approved safety
hangers or restraints shall be provided for the unit and the motor compressor if they are of the suspended
type. Flexible copper ground straps shall electrically connect the compressor and condenser motor frame
to the carbody structure.

The condenser unit coil, and the subcooler if provided, shall be proof tested at 500 psig minimum by the
manufacturer.

Service manifold valves shall be provided in the compressor suction and discharge line connections to
provide for isolation and replacement of the compressor without loss of refrigerant charge.

The units shall comply with the noise and vibration requirements of Section 23 of this specification.
12.4.4  Insulation

The top and sides of the main air duct shall be insulated with a minimum of 1-inch thick, long-fiber,
unfaced fiberglass insulation, or an Authority-approved alternative material, cemented to the outside of
the duct with waterproof adhesive. If the duct or adjacent parts are constructed of aluminum, the
insulation shall be of boro-silicate fiberglass with a minimum density of 1.872 lbs./cu. ft., or an
Authority-approved alternative material.
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Refrigerant suction and liquid lines shall be insulated. Refrigerant lines passing through the truck area
underfloor shall be protected from damage by sheet-metal guards, unless located above and protected by
other equipment.

12.4.5  Piping Design and Installation
Refer to Section 22.14 for piping materials.

The Contractor shall follow the procedures of ANSI B31.5 and the recommendations of the HVAC
system’s manufacturer regarding the design and installation of refrigerant lines. Refrigerant liquid and
suction lines shall be insulated both above and below the floor using closed-cell foam insulation meeting
the fire-resistance standards of Section 22.24 with approved joint sealant between lengths of insulation.

Vibration isolation shall be provided where any refrigerant line attaches to a resiliently mounted
assembly and to the compressor. Vibration isolators beneath the car floor shall have an approved
waterproof jacket to prevent icing of the flexible elements. Vibration isolators shall be installed in
accordance with the manufacturer’s recommendations. All refrigerant lines shall be adequately
supported to prevent vibration, chafing, fatigue, and stressing of joints.

The Contractor shall prevent dirt from entering the refrigerant lines during fabrication. After fabrication,
the refrigerant lines shall be thoroughly cleaned of all dirt, moisture and foreign matter and sealed.

A minimum number of fittings shall be used, and all tubing shall be bent where necessary and practical
by means of a tubing bending tool. All inaccessible tubing runs shall be without joints. All tubing shall
be deburred after cutting.

Liquid line piping shall be sized to limit pressure loss under full load conditions to a value that will not
induce flashing in the liquid line. Suction line piping shall be sized to provide a maximum pressure loss
of 3 psi with full cooling capacity. No horizontal traps will be permitted in the suction line.

When its installation is complete, the entire system shall be thoroughly tested to ensure that it is
absolutely pressure-tight. No leaks will be permitted.

The system shall be evacuated and charged according to procedures approved by the HVAC system’s
supplier and by the Authority.

12.5 HEATING AND COOLING CONTROL SYSTEM
12.5.1 HVAC System Activation

The automatic operation of the heating and cooling control system shall be activated through the car’s
environmental control circuit breaker (ECCB) and environmental control trainline. The control system
shall utilize a microprocessor with fault indications as approved by the Authority. (CDRL 1201)
Layover heat shall be controlled by the layover thermostat whenever the ECCB is closed and the
environmental control trainline is de-energized. It shall be necessary for the environmental control
trainline to be activated as described below, for normal control of heating and cooling.

After the ECCB has been closed, it shall be possible to energize the environmental control trainline, and
thus activate the heating and cooling control system, by the following methods:
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A. By inserting a control key into the control lock key switch in the Operator’s console, or a door
key into the door and environmental control key switch in the auxiliary control panel, and
turning either one to the “On” position.

B. By inserting a door key into the door and environmental control key switch in the auxiliary
control panel, turning it momentarily to the “On” position, back to the “Off” position, and
removing the key.

C. By inserting a door key into the outside environmental control key switch, turning it
momentarily to the “EC On” position, back to the center “Off” position, and removing the key.

The heating and cooling control system shall be energized continuously whenever the control key is in
the “On” position in the Operator’s console or the door key is in the “On” position in the auxiliary
control panel.

12.5.2 HVAC System Deactivation

A time delay arrangement shall be provided which shall delay the de-energization of the heating and
cooling control system on all the cars in a train for a period adjustable from 5 minutes to 1 hour
whenever the control key is turned to the “Off” position in the Operator’s console, or the door key is
turned to the “Off” position in the auxiliary control panel. If the heating and cooling control system has
been energized on the cars in a train by the methods described in Section 12.5.1, paragraphs B or C, the
time delay arrangement shall de-energize them automatically at the end of the preset time interval. A
‘dry-contact’ output of the same time delay function shall also be provided to de-engergize the main, non-
emergency car light. The time delay arrangement shall be compatible with that used on the Authority’s
existing cars.

It shall be possible to deactivate the heating and cooling control systems prior to the completion of the
time delay at any time by either of the following methods:

A. By inserting a door key into the door and environmental control key switch in the auxiliary
control panel, turning it momentarily to the “EC Off” position, returning the key switch to the
center “Off” position, and removing the key

B. By inserting a door key into the outside environmental control key switch, turning it
momentarily to the “EC Off” position, back to the center “Off” position, and removing the key.

The outside environmental control key switch shall have a spring return to the center “OFF” position
from both the “EC On” and “EC Off” position; and the key shall be insertable and removable only in the
center “Off” position.

The door and environmental control key switch in the auxiliary control panel shall have a spring return to
the “Off” position from the “EC Off” position; the key shall be insertable and removable only in the
“Off” position.

The time delay functions described above shall be active on every functioning HVAC system in a train.
It shall be possible to activate the automatic HVAC control in every car in a train from any point in the
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train; and to deactivate it from the same or any other point in the train. The trainline control of the
environmental apparatus shall be compatible with that used on the Authority’s existing cars.

12.5.3 HVAC Automatic Controls

The heating and cooling control system shall use microprocessor-based solid-state controls for direct
control of solid-state devices used for power switching. The accuracy and operating differential of all
sensors shall be sufficient to meet the specified car interior temperature requirements.

The battery circuit logic and power devices to control the heating, ventilation, and air conditioning shall
be located in an accessible location beneath the car in an approved corrosion-resistant steel enclosure
with a removable cover and suitable weather seals. High- and low-voltage circuitry and wiring
harnesses, including AC wiring, shall be separate and suitably permanently identified. High-voltage
apparatus adjacent to or part of reset or test devices shall be properly isolated to prevent accidental
contact by maintenance personnel. Wire and wire insulation shall be of an approved type as specified in
Section 22, and shall be selected to meet the required ampacities for the ambient temperature conditions
within the control box. Drain holes with cotter pins that serve to keep the drain holes clear shall be
provided in the bottom of the box to prevent accumulation of moisture. All 700 VDC wiring into the box
shall be to Authority-approved barrier-style terminal strips in accordance with Section 22.18.2. For all
other wiring, mult-pin connectors in accordance with the requirements of Section 22 shall be used to the
maximum extent possible. Where connectors are not utilized, strain-relief fittings shall be placed upon
removable, gasketed, metal plates such that box replacement does not involve pulling all wires and
terminals out of the strain-relief. All wiring shall be permanently tagged or otherwise identified by wire
number.

Appropriate high-voltage warning labels shall be attached to the equipment interior and exterior.

Heat element cycling shall be minimized by staging the floor and overhead heat at an outside ambient
temperature to be approved by the Authority when the basic vehicle design and minimum cooling
capacity of the system are defined, and by optimizing the staging size used for reheat.

Blower fan interlocking of the overhead heating and the air conditioning compressor motor controls shall
be provided to prevent heater or compressor activation unless the applicable front or rear blower fan is
first energized and delivering the minimum required air-flow.

All high-voltage DC switching devices shall be rated for 1,500 VDC operation. All electrical devices,
terminals and plated metal objects shall be compatible with the internal environment of this enclosure for
the design life of the equipment. Ventilation shall be provided as required and shall be baffled to prevent
car-wash detergents from entering the enclosure.

All relay coils shall have suppression networks across each coil to inhibit transients on the battery
circuits.

Printed circuit boards shall be mounted in accordance with Section 22.28.1.

Blocking diodes used in the low-voltage control circuitry shall have a minimum 1,000 Peak Inverse
Voltage (PIV) rating.

TC-6000 TP12-14 Technical Specification
June 1, 2002



A mode-indicating panel shall be provided to indicate that the controls are calling for one of the
following operating modes: (1) floor heat first stage, (2) floor heat second stage, (3) overhead heat first
stage, (4) overhead heat second stage, (5) modulated cooling front end, (6) modulated cooling rear end
and (7) full cooling. The indicating devices shall be located so that they can be observed from the face of
the heating and cooling control system box and shall be easily visible from the side of the car, with the
cover closed. The color of these indicators shall match the existing cars unless otherwise approved. Other
LED displays shall be provided for trouble-shooting faults associated with the microprocessor and may
be on that enclosure. Critical input and output logic levels, self-test failure, etc. shall be included. A
conspicuous red warning LED shall annunicate when protective heaters are required to be ON but heater
current is not flowing.

The microprocessor shall also monitor HVAC system signals and shall store selected diagnostic
information to be utilized by the vehicle monitoring system via a data acquisition module (DAM) as
specified in Section 12.7. Diagnostic testing with the aid of discharge-air sensors at each end of the car
shall be implemented during start up. Voltage and current sensors, etc. shall be placed at strategic
locations to be able to diagnose and report failures in the system at the earliest time.

Connection of the PTU to the Control Box shall be made via a standard RS 232 connector. Connection
of the PTU to the Control Box will automatically display the revision level of the software of both units
and the vehicle ID number. This number to be used by the VMS shall utilize a wired connector that stays
with the car when Control Boxes are replaced. All data down loaded via the PTU will include the vehicle
ID number. Besides the monitoring function and communications with the VMS, the Control Box shall
be capable of exercising all controls, overriding the environmental train-line and simulating various
interior and exterior temperatures under the control of the PTU. To the greatest extent possible the
Control Box shall be able to measure the response to these simulations and give fault indications to the
LLRU. Where that is not practicable, the PTU shall provide a prompt for the technician to verify a
function or a physical inspection. Additional requirements for PTUs can be found in 21.2.

Covers shall be fully inter-changeable, requiring jigs and proper tooling for manufacture. They shall be
sturdy to withstand handling and shall be shaped to prevent ‘drumming’ in the tunnels due to pressure
gradients from passing trains, etc. The car number shall be painted/stenciled inside the cover. Hinges and
latches shall be manufactured from stainless steel. Latches shall also be the ‘over-center’ locking type
that can be adjusted to keep the gasket compressed/box water-tight for the life of the equipment.

12.5.4 Winter/Summer Mode Selection

A winter/summer mode selection device shall be provided so that, when the device is activated, the
average interior temperature range will be from 63°F to 67°F in winter mode, or 71°F to 75°F in summer
mode. The 4°F range is to provide a band within which a more specific temperature will be maintained
dependent on load and whether heating, or modulated cooling with or without reheat, is required to
balance the load within the range. When either mode is selected, the interior temperature shall not float
between the corresponding ranges specified in Section 12.5.5, but will be driven by heat or by full
cooling depending on the mode selected. This feature shall be automatically changed by the sensing of
exterior temperature, but shall have a suitable time constant to prevent rapid cycling during entry or
exiting of the tunnels.
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12.5.5 Required Interior Car Temperatures

The following average temperatures (in °F) shall be maintained within the car interior depending on
whether winter or summer mode is in effect and the ECCB is “On.

Ambient Temperature Average Interior
Environmental Mode (Dry Bulb) Temperature
Trainline
OFF Winter -5°to 45°F 45° £ 10°F
ON Winter Above 5°F 63°to 67°F
ON Summer 95°F or lower 71° to 75°F

The term “average temperature” means the arithmetic average of the temperatures at the 25 or more
representative locations used for the tests described in Sections 12.8.1 and 12.8.2, which are read at any
given time after the temperatures have stabilized. These locations are in areas in which the permissible
variations are specified.

If the exterior ambient dry bulb temperature exceeds 95°F , the cooling system shall have adequate
capacity to maintain either the specified car interior temperatures or a temperature not higher than 15°F
below ambient. Similarly, if the exterior ambient temperature falls below 5°F, the heating system shall
have adequate capacity to maintain either the specified car interior temperature or a temperature in the
car not less than 60°F above the outside ambient temperature.

The wet bulb temperature of the car shall not exceed 64°F (55% RH at 75°F, or 69% RH at 71°F) in the
summer mode or 58°F (60% RH at 67°F, or 74% RH at 63°F) in the winter mode when cooling is called
for.

The temperature in the Operator’s cab, with the side window closed, the cab floor heater turned off, and
the diffuser fully open, shall be controlled to the specified car interior temperatures during cooling and
shall be no more than 10°F lower than the specified car interior temperatures during heating.

The following variations are the maximum that shall be permitted after the car interior temperatures have
stabilized:

A. Over a period of 30 minutes, at any given point in the car (except in the entranceways) and at
least 12 inches from the ceiling and 6 inches from the floor and walls: 2°F.

B. At any given time, among all points in the same horizontal plane from one end of the car to the
other (except in the entranceways and the drop ceiling areas, where 5°F variation is
acceptable): 3°F.

C. At any given time, between any point approximately 48 inches above the floor and the
corresponding point, directly under it, 6 inches above the floor: 3°F.

D. During a door opening of 15 seconds duration, at any point on the centerline plane of the car,
on the seat side of and 4 inches from the plane of the side door windscreens, and 6 inches to
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66 inches above the floor: 6°F. (This requirement shall not apply to simultaneous opening of
the doors on both sides of the train.)

12.5.6  Alternative Humidity Control

The Authority is willing to entertain a proposal for use of a humidistat for humidity control. This device
shall be capable of reliable operation in the transit car environment. It shall be suitable for operation at
the steady state and transient voltages specified herein, be unaffected by shock and vibration as
experienced during transit car operation, and be capable of operation without periodic maintenance or
cleaning more than once per year. This device shall be able to respond to a 3% change in humidity
within two minutes of the change in humidity.

12.6 DESIGN REVIEW REQUIREMENTS

The detailed design of the system shall be presented to the Authority during the system final design
review (See Section 2, CDRL 209). Information to be submitted shall include, but not be limited to, the
following:

A. Fan Curves: External static pressure vs. standard cubic feet per minute (SCFM) showing the
RPM and BHP for 230 VAC, 3-phase nominal line frequency.

B. Evaporator Coil Design Criteria: Entering and leaving wet and dry bulb conditions at the
design saturated suction temperature; wet and dry coil pressure drops at the specified flow rate;
dividing of the coil for modulated cooling (if used), and number of rows and fins per inch.

C. Compressor: Volumetric efficiency vs. absolute pressure ratio curves, along with the sweep
volume of the cylinders: design RPM for 230 VAC, 3-phase nominal frequency; make and
model number of the compressor

D. Condenser Coil Design: Air-to-refrigerant temperature differential; degrees of subcooling;
pressure drop at design conditions and air flow

E. Motors: Current draw, horsepower, insulation class, NEMA description and RPM versus
percent load for 230 VAC, 3-phase nominal, 10% overvoltage and 10% undervoltage for the
blowers (evaporator and compressor) and compressor motors; make and model number

F. Pressures/Temperatures: Design saturated suction and discharge temperatures at full load and
230 VAC, 3-phase nominal voltage; saturated suction pressure setting for the unloaders; high-
pressure and low-pressure cut-out switch settings and differentials

G. Evacuation and Test Procedures: Equipment manufacturer’s factory electrical test and
evacuation procedures, including leak testing

H. Diagrams/Schematics: Electrical schematics, wiring and piping diagrams showing resistance
values of each resistor, contactor and solenoid valve coils, wire sizes, and piping sizes. The

condition of the circuits as drawn shall be stated

L. Vibration Mount Design
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J. Balancing Criteria for Motors and Fans.
12.7 VEHICLE MONITORING SYSTEM (VMS) INTERFACE

The input and output signals from each performance-dependent item of equipment within the HVAC
system, together with the equipment’s power supply voltage, shall be monitored; and these data shall be
stored with time and date stamping in a data acquisition module (DAM). Non-volatile data storage shall
be a minimum of 15 minutes. Old data shall be overwritten and the most recent data saved as a
redundant source for investigations. Recording of data shall cease if there is no input signal change or
request for data from the VMS central unit (VCU) during a 5-second interval. Data recording shall
resume immediately whenever there is a change in signals or query from the VCU. The data in this
module shall be capable of being readily downloaded to the portable test device via the car
communications network and the local RS232 port and transmitted by the car communicatins network to
the central vehicle monitoring system equipment specified in Section 20.6. A functional block diagram
of the diagnostics system and its equipment together with all signals that will be stored in the DAM shall
be submitted to the Authority for approval as part of the design review process. (CDRL 1202)

The DAM shall perform signal isolation, signal input acceptance, conversion, and short-term storage of
data for transmission to the VCU. The DAM shall meet the applicable reliability and safety design
criteria as specified for the VCU in Section 20.5. The DAM shall convert the signals from its associated
system, analog or digital, to serial packages and store for transmission to the VCU viathe car
communications network. Serial data communication between the DAM and VCU shall be in
accordance with Lon Works or other Authority-approved protocol.

The DAM shall be assigned a message identification (MID) character within the network so that
communications between all units can be managed and controlled.

12.8 TESTS

All tests shall be performed and documented to meet the requirements specified herein and in Section 3.
12.8.1 Air Conditioning Tests

The following air conditioning tests shall be performed.

12.8.1.1 Qualification Test

The air conditioning system in one of the cars of the pilot cars shall be tested in an approved climate
laboratory capable of being heated to and maintaining a temperature of 105°F and of maintaining any
level of humidity between 25% and 90%. (CDRL T1251) Temperature in the climate laboratory shall be
uniform throughout; a maximum of 5°F variation will be permitted from the rail to a point 2 feet above
the roof and from one end of the car to another. Fans may be used to circulate air. Passenger load shall
be simulated by means of heaters inside the car; solar and equipment loads shall be simulated by means
of heaters inside or outside the cars. Humidity shall be introduced into the car.

The testing shall begin by “soaking” the car at 105°F for at least 16 hours. After the air conditioning
equipment is energized, the length of time required for the car temperature to pull down and enter
modulated cooling shall be measured. Testing shall include a functional check of all apparatus including
thermostats and controls, an air balance test, a pressurization test, and a temperature and relative
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humidity check to show compliance with the specified cooling requirements with the HVAC operating
from the APS supply with 700 VDC at the input, as required by Section 7.2. The proportion of fresh and
recirculated air and the total volume of air delivered by the circulating fans shall be measured and
recorded. Measurements shall be taken with the apparatus running at nominal voltage (700 volts) and at
minimum voltage (430 volts) for any piece of equipment not supplied by a constant frequency AC
source. The current drawn by the equipment, its speed, and the line voltage shall be recorded at a
minimum of 1-minute intervals for each of the test conditions. After temperatures have leveled off (for
each test condition), the temperatures at no less than 25 representative locations, including the operating
compartment, shall be recorded every minute for 30 consecutive minutes in order to determine
temperature variation as the cooling apparatus cycles. Tests shall be run at ambient temperatures of:

50°F dry bulb; 48°F wet bulb
65°F dry bulb; 60°F wet bulb
80°F dry bulb; 75°F wet bulb
95°F dry bulb; 78°F wet bulb
105°F dry bulb; 80.5°F wet bulb

moawy»

For the temperature conditions specified in paragraphs A through D, tests shall be run twice, once with
full passenger and full solar loads simulated, and once with neither of these loads. For the temperature
condition specified in paragraph E, the tests shall be run only once, with full passenger and full solar
loads simulated. In all cases, equipment load shall be simulated.

12.8.1.2 Functional Test and Adjustment

The thermostatic operation of the air conditioning equipment in all cars shall also be demonstrated by
test. (CDRL T1252) Controls and dampers shall be checked and adjusted for even distribution and
proper circulation of air in all cars.

12.8.1.3 Air Diffuser Test

Compliance of the diffusers with the requirements of Section 12.3.2 shall be tested in a laboratory prior
to finalizing of the design of the diffuser and, subsequently, in the air conditioning test referred to above,
to confirm compliance in the actual car. (CDRL T1253)

12.8.2  Heating Tests
The following heating tests shall be performed:
12.8.2.1 OQualification Test

The heating system, including cab heating, in one of the pilot cars shall be tested in an approved climate
laboratory capable of being cooled to and of maintaining a temperature of -18°F. (CDRL TI1254)
Temperature in the climate laboratory shall be uniform throughout; a maximum of 5°F variation will be
permitted from the rail to a point 2 feet above the roof and from one end of the car to another. Fans may
be used to circulate air. Circulating fans used during these tests shall develop air velocities of at least 5
mph as measured anywhere around the carbody 6 inches from the carbody surface. The testing shall
begin by “soaking” the car at -18°F for at least 16 hours; and the length of time required to stabilize
temperatures, after heating equipment is energized, shall be measured. Testing shall include functional
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checks of all apparatus including thermostats and controls, and a temperature check to show compliance
with the specified heating requirements, including layover heat.

Tests shall be made at outside temperatures of -18°F, -5°F, 5°F, 20°F, 35°F and 50°F and/or just above
and just below the operating temperatures of any fresh air thermostats that are set close to one of these
temperatures. Heating tests shall be run at nominal voltage and at minimum voltage for each outside
temperature condition. After temperatures have leveled off (for each test condition), the temperature at
the same locations as cited in Section 12.8.1.1 shall be recorded every minute for 30 consecutive minutes
in order to determine temperature variation as the heating apparatus cycles. Line voltage, current and
power drawn by the heating elements shall be continuously recorded. The specified car interior
temperature requirements (winter mode) shall be maintained with the car operating at 700 VDC as
required by Section 7.2.

12.8.2.2 Heat Transfer Test

Using the car’s floor heating elements only, heat transfer through the carbody shall be measured to verify
conformance with Section 8.12.2. (CDRL T1255) This test shall be performed as part of the above-
specified qualification test in the climate room held at -5°F, with the air in the climate room being
circulated at a velocity of at least 5 mph, as measured 6 inches from any surface of the carbody. The
fresh air intakes may be sealed with light plastic for this test.

12.8.2.3 Functional Test

The heating system in all cars shall be functionally tested. (CDRL T1256) The operation of the
thermostatic control system shall be demonstrated by test. Controls shall be checked and adjusted for
even distribution and proper volume of heat.

12.8.2.4 Defroster Test

The ability of the cab windshield defroster/defogger to comply with the requirements of Section 12.2.6
shall be demonstrated during the heating test described above. (CDRL T1257)

12.9 REFERENCED CDRLs

The following CDRL items are referenced in this section:

CDRL 1201 HVAC system fault indications
CDRL 1202 Functional block diagram of DAM
CDRL 1203 Air Grille Details
CDRL 1204 Potential Failures Affecting Both HVAC Systems Concurrently
CDRL T1251 Air Conditioner Qualification Test Report
CDRL T1252 Air Conditioner Functional Test Report
CDRL T1253 Air Diffuser Test Report
CDRL T1254 Heating System Qualification Test Report
CDRL T1255 Heat Transfer Test Report
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12.10

CDRL T1256 Heating System Functional Test Report
CDRL T1257 Defroster Test Report
REFERENCED STANDARDS

The following standards are referenced in this section:

AAR
ANSIB31.5
ASHRAE 41.3
EPA

SAE J381

Recommended Specification for Air Conditioning
Refrigeration Piping

Standard Method for Pressure Measurement

EPA Standards

Windshield/Side Windows Defrosting/Demisting System Test Procedure
and Performance Requirements - Trucks, Buses and Multipurpose
Vehicle

TC-6000

TP12-21 Technical Specification
June 1, 2002



SECTION 13

LIGHTING
TABLE OF CONTENTS

Section Page
13.1 INTERIOR LIGHTING ..ottt sttt ettt s s s e sanenes 1
I3.10T GINETAL ...ttt b bbb e ettt a et a ettt en 1
I3.1.2 INEEIISIEY .ottt ettt ettt ettt ettt s e s b se st se s b e st s e b ese st ese st ese s esese s eseseesenens 1
13.1.3 FIUOTESCENT FIXTUIES .....viuiuiiiiiieieieietete ettt es 2
13.1.4 ThreShold LiGIES .......c.oouivieiiiiciciceeeeeeecececec ettt ettt ettt n e s 2
I3.1.5 €Cab LIGREING ....cooiiiiiiiiiiiiicteetcet ettt sttt s et se st se s seseesenenis 3
13.1.6 Fluorescent Lighting CONtIOL...........ccocviuiuiiieieieicieieecceceieee ettt 3
13.1.7 Fluorescent Lighting Ballasts............cccccoiiioiiiiioicieieieccii ettt 3
I3.1.7.1 GONETAL......eei ettt s e 3

13.2 EXTERIOR LIGHTS ...ttt b e 4
13.2.1 Head Lights, Tail Lights, and Running Lights ............cccccoeiririeiiiirerericiiiceeeceeeeeeeeeeeas 4
13.2.2 INAICALOTS ...ttt ettt b bbb sttt s s b e et sesenene e ees 4
13.2.3 SOUICE ...ttt etk s st ettt 2 e e b et e b e b e b e st e st e e s e s e b e e et e s e neseneae e es 5
13.2.4 DIESIN...uiuiiviiiieiiiiieteeee ettt ettt ettt ettt bt se b b s bt se st se bt se st ee st se st se s etene s enens 5
13,205 COMIIOL ...ttt ettt b ettt b st e e s st e e et e s e st e e e s 5

13.3 EMERGENCY LIGHTS ...ttt sttt s s s s sasenes 6
L T8 T 57 Yo7 150 3§ T E RSP TUURSU TP 6
13.3.2 COMIIOL ...ttt ettt e bbbt b et e e e s e st e et e sttt e s 6
13.3.3 POWET ...ttt b ettt e et b Rt s sttt s bt e ettt e s 6

L3.4 TESTS ettt ettt et b bttt st et s et a s s bbb st e et et b st e s st e bbb s e e 6
13.5 REFERENCED CDRLS......cocuititiiiiiiitieieeie sttt s st eseses e sananes 6
13.6 REFERENCED STANDARDS........oi ettt 6
TC-6000 TP13-i Technical Specification

June 1, 2002






SECTION 13
LIGHTING

13.1 INTERIOR LIGHTING
13.1.1 General

The passenger area shall be illuminated by two longitudinal rows of fluorescent fixtures mounted in the
ceiling, with additional short transverse fluorescent fixtures mounted over the end doors. In addition,
white LED fixtures shall be provided to illuminate each side door threshold when the adjacent door is
open (see Section 11.4.2).

The arrangement of the fluorescent fixtures in the passenger-area ceiling shall generally be as shown in
Contract Drawing 97936-007 and shall be subject to approval by the Authority.

An incandescent or LED reading light shall be supplied for the cab, as shall lights illuminating console
controls (see Section 13.1.5).

All incandescent and LED fixture lighting shall operate on battery voltage. Overhead fluorescent lights,
except for emergency lights, shall operate from 37.5 VDC using either a dedicated inverter or DC lamp
ballasts, and shall remain lit for a period of time compatible with load shedding times established in
accordance with Section 14.2.5 during interruptions of primary power.

13.1.2  Intensity

The following minimum light intensities shall be met with new lamps and power sources at nominal
values:

Location Intensity
Reading plane, seated passenger, longitudinal seats and 30 footcandles

transverse seats nearest end of car

Reading plane, standing passenger, most unfavorable direction 20 footcandles
Floor, fluorescent lights illuminated 15 footcandles
Floor, at side door threshold, from side of car to 12 inches 10 footcandles
inboard of the side, threshold lights illuminated, fluorescent

lights extinguished

The reading plane for a seated passenger is at a 45-degree angle, intersecting a horizontal line parallel to
the seat back, 33 inches above the floor; for a standing passenger, the reading plane is at a 45-degree
angle, 51 inches above the floor.
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13.1.3 Fluorescent Fixtures

The exposed portions of fluorescent fixtures shall be similar in appearance to those on existing Authority
rail cars, and shall be subject to approval by the Authority. The fixtures shall be arranged with access for
maintenance from below, with access provided by a hinged door which contains the diffuser lens. The
door hinge shall be made of metal and shall be able to withstand dropping of the door to the open
position without breakage. The fixture and door shall be sufficiently rugged to maintain their alignments
and resist distortion during the life of the car. No door shall be more than 50 inches in length.
Alignment pins shall be used between adjacent fixtures. The hinge shall be shall be a concealed type and
shall be located on the side of the fixture nearest the side or end of the car. On the side opposite the
hinge, the door shall be held closed by a spring latch and/or by one or more captive, self-locking screws
requiring one-quarter turn to lock. The fixtures shall not incorporate wireways.

Fluorescent lamp sockets shall support the ends of the lamps in such a way that vibration cannot cause
the lamps to fall.

The fluorescent lighting, excluding emergency lights, shall meet the requirements of UL 935, Class P,
and shall be thermally protected and of the high-power-factor type. The lighting shall operate by means
of one- or two-lamp lighting ballasts, which shall comply with the requirements of Section 13.1.7. The
fluorescent fixtures shall be on two circuits, staggered through the car; adjacent lamps or pairs of lamps
shall not be on the same circuit.

Lamps shall be limited to 20-watt (F17T8WW), 30-watt (F25T8WW), and 40-watt (F32T8WW) sizes.
The lamps shall be type T-8 high-efficiency, rapid-start having a rated life of 20,000 hours, and shall be
Warm White in color.

The fixtures shall be resistant to the entry of dust, moisture, and insects. The diffuser lens shall be made
of UV-stabilized polycarbonate meeting the flammability requirements of Section 22.24. Prisms shall be
utilized and shall be accurate to within 0.1 degree; radii of fillets shall not exceed 0.010-inch. Both top
and bottom surfaces of the lens shall be covered with smooth sheets to facilitate cleaning. Alternative
arrangements may be considered acceptable but must be approved by the Authority. If the lens is made
of two or more plies, the edges shall be sealed to prevent entry of dust between the plies. Light output
from the fixture shall be obscured at higher viewing angles so as to produce light output as follows:

Longitudinal Direction

Viewing Angle Maximum Candlepower
50° 325
60° 200
70° 100
80° 30

The viewing angle is measured from a vertical line down from the fixture.
13.1.4  Threshold Lights
Each windscreen shall have dual white LED lamp fixtures. The lamp beams shall be directed so as to

illuminate the door threshold and the floor immediately inboard of the threshold. The fixtures shall be
similar in appearance to those on the Authority's existing cars.
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The threshold lights shall operate on battery voltage and shall be controlled as required in Section 11.4.2.
If required, resistors shall be used to reduce the line voltage to the nominal lamp voltage. The LED bulb
or bulb cluster shall be held securely in place and shall be easy to replace.

13.1.5  Cab Lighting

An incandescent or white LED reading light having an adjustable swivel-base type of mounting, similar
to those currently in use on the Authority’s existing rail cars, shall be located in the ceiling of the cab
above the Operator’s seat. This light shall provide at least 25 footcandles on the reading plane at the
Operator’s seat. It shall operate on battery voltage and shall be controlled by a switch in the cab. The
reading light shall be so designed as to cause minimum interference with observation of the roadbed
when in use at night. Incandescent bulbs used for the cab reading light shall use a 15 candlepower, S-8,
double-contact, bayonet-base, long-life lamp, Chicago Miniature 895 or approved equal. LED lamps
used for the cab reading light shall provide similar illumination and shall be approved by the Authority.

The console controls shall be illuminated by lights built into the console as specified in Section 14.6.2.
The intensity of the console lights shall be controlled by a dimmer arrangement.

13.1.6  Fluorescent Lighting Control

Fluorescent lighting shall be controlled by circuit breakers located in the Operator’s circuit breaker panel
and by a trainline-controlled lighting relay. It shall be possible to turn the fluorescent lights on or off
throughout a train by the use of the train lighting switch in any cab in which the switch has been
energized by the use of either the control key on the Operator’s console or the door key on the auxiliary
control panel. It shall be possible to remove the key after the lights have been turned on, and have them
remain on; and to turn them off from a different cab than that from which they were turned on. The
circuits shall be compatible with the circuits on the existing Authority cars.

A time-delay arrangement shall be provided which shall automatically turn off the fluorescent lighting,
after a period adjustable from 20 minutes to 1 hour, when there is no control key in the console at either
end of the train. This time-delay arrangement may be combined with the time delay arrangement used to
de-activate the heating and cooling control systems, as described in Section 12.5.2.

13.1.7  Fluorescent Lighting Ballasts
13.1.7.1 General

Ballasts shall be rapid-start units that shall meet the requirements of UL 595, ANSI C82.1 through C82.3,
and ANSI C82.11. All ballasts shall be integral with the fluorescent fixtures and shall be approved for
rapid-transit car use. Ballasts shall have the ability to withstand the voltage fluctuations inherent in this
type of service, including the most severe transients. The ballasts shall operate at a frequency (minimum
20 kHz) above the audible spectrum and shall have electrical noise suppression to meet the EMI
requirements of Section 7.6. The ballasts shall operate lamps with minimum detectable flicker with total
harmonic distortion of less than 10%. Ballasts shall be solid-state electronic type with a power factor
greater than 98%. Lamp current crest factor shall be less than 1.7%. Ballasts shall meet Federal
requirements for EMI/RFI (47 CFR 0-19, Ch I). Ballasts shall also meet all applicable ANSI and IEEE
standards regarding harmonic distortion and transient protection, such as ANSI C62.41.

The ballasts shall be equipped with individual fuse protection and shall have fuses that are accessible
without requiring disassembly or removal of the ballast. The ballasts shall operate either rapid-start or
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trigger-start lamps, shall produce full rated lamp output, shall not shorten lamp life below normal, and
shall not, in the case of two-lamp ballasts, be harmed by operation when one lamp is missing or
defective. Lamps shall start, even though light output is reduced, at 0°F with nominal voltage at the
input. The sound rating shall be A or better.

A proposal for the use of throw-away ballasts may be submitted to the Authority for approval if sufficient
data are included to attest to the reliability and cost-effectiveness of the ballasts.

13.2 EXTERIOR LIGHTS
13.2.1  Headlights, Tail Lights, and Running Lights

Two headlights, two white running lights, two red tail lights, and two red running lights shall be
furnished on the end of each cab. The headlights, tail lights, and running lights shall be located as shown
in Contract Drawing 97936-005. The lights shall be set in waterproof enclosures.

The headlights shall consist of two sealed-beam lamps, each 200 watts, nominal 30 volts, type PAR 56,
mounted in a fixture which supports the lamp securely and is adjustable, with bezel in place, to permit
proper horizontal and vertical alignment.

The headlight beams shall be set parallel to the centerline of the car and 0 degrees, 15 minutes down
from horizontal. Prior to acceptance testing, the headlights on each car shall be aimed and adjusted to
meet the specified beam characteristics.

The tail lights shall consist of two red LED cluster lamps as approved by the Authority, mounted in a
fixture similar to the headlights. The tail light beams shall be set parallel to the centerline of the car and
horizontal.

The white running lights shall use white LED cluster lamps as approved by the Authority.

The red running lights shall utilize red LED clusters as approved by the Authority.

13.2.2  Indicators

Exterior indicating lights shall be located as shown in Exhibit 13-1.

Red illuminated indicators shall utilize red LED clusters, as approved by the Authority. To the maximum
extent possible, other illuminated indicators shall utilize LED clusters. The color and intensity of the
illumination shall be as approved by the Authority. Where LED clusters are not used, indicating lights
shall feature 15 candlepower, S-8, double-contact, bayonet-base, long-life lamps, Chicago Miniature 895

or approved equal, powered from the battery system as described in Section 13.2.3.

Exhibit 13-1 — Exterior Indicating Lights

Indicator Description Indicator Exterior Location
Color
Front Truck Fault — Brake System Blue (Top) Rear Bulkhead Under Right
Window
Brake System Fault White (Center) | Rear Bulkhead Under Right
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Indicator Description Indicator Exterior Location
Color

Window
Rear Truck Fault — Brake System Blue (Bottom) | Rear Bulkhead Under Right

Window
Trainline Circuit Breaker Tripped Amber Rear Bulkhead Under Left Window
Brakes Released Green Rear Bulkhead Above End Door
Brakes Applied Amber Rear Bulkhead Above End Door
Door Status Red Car Side Above Center Doorway
Manual Mode Blue Car Side — Right
ATP Cut-Out Amber Car Side — Right
Propulsion System Fault Blue Rear Bulkhead Under Left Window

Unless noted otherwise, all car side indicating lamps shall be located near the top of the rear side of the
car, similar in appearance and function to the Authority’s existing cars, and shall be clearly visible from
the lead cab of an eight-car train.

13.2.3 Source

The headlights, tail lights, running lights, and all indicator lights shall be arranged to operate on the
battery circuit and shall not be wired in series. Resistors may be used as required in headlight, tail light,
running light, and indicator light circuits to reduce line voltage to nominal lamp voltage.

13.2.4  Design

The red and white running lamps shall be designed for replacement from the interior of the car. All other
exterior lights called for in this section and elsewhere in this Specification shall be designed for
replacement from the exterior of the car and shall feature easy maintenance access. Headlight and tail
light aiming shall be accomplished from the car exterior. The hardware used to permit maintenance or
alignment of lights shall be captive.

The headlight and tail light enclosures, running lights, and indicator lights shall be designed so that they
do not allow leakage of water into the carbody.

The running and indicator lamp assemblies shall utilize glass lenses and shall be designed to prevent
damage to the assembly due to heat build-up.

The running lights shall be located on the end of the car as shown in Contract Drawing 97936-005. The
beam spread of each light shall be no less than 20 degrees horizontally and 10 degrees vertically. The
beam intensity shall be such that, when measured at the center of the beam of the white running light and
at a test distance of 50 feet, it is no less than 300 candelas; the red running light shall be of the same
fixture design as the white running light, and shall use a red lens if necessary.

13.2.5 Control
Control of headlights, tail lights, running lights, and console lights shall be automatic, through contacts in

the electric coupler and a relay operated by the control key, so as to achieve the operations described
below.
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Both ends of a train shall display tail lights and red running lights at all times unless a control key is
inserted at either end cab. When a control key is inserted in the control console, the tail lights and red
running lights at that location shall be extinguished and the headlights, white running lights, and console
lights shall be illuminated. No lights shall be illuminated at intermediate coupled ends. To allow for
emergency operation of the train from other than the leading cab, a headlight bypass switch in the
Operator’s circuit breaker panel shall permit the tail lights and red running lights to be extinguished and
the headlights and white running lights to be illuminated on the leading car. This switch shall be sealed
in the normal position.

The headlights shall be arranged for dimming through resistances operated by a pushbutton on the
Operator’s console. An indicator light on the console shall be illuminated when headlights are bright.

13.3 EMERGENCY LIGHTS
13.3.1 Location

Six of the longitudinal, 40-watt, fluorescent fixtures shall serve as emergency lights. They shall be
located two in each entranceway at doors 1-2, 5-6, and 9-10.

13.3.2 Control

The six emergency fixtures shall be illuminated whenever the car’s trainline-controlled lighting relay is
closed. They shall not, however, be connected to any load-shedding device.

13.3.3  Power
Emergency lighting shall be powered from 37.5 VDC battery voltage.
13.4 TESTS

The light intensity values specified in Section 13.1.2 shall be verified on the first car during qualification
testing. (CDRL T1351)

13.5 REFERENCED CDRLs

The following CDRL items are referenced in this section:
CDRL T1351 Light Intensity Test Report

13.6 REFERENCED STANDARDS

The following standards are referenced in this section:

47 CFR 0-19 Telecommunications
ANSI C62.41 Surge protection in Low-Voltage AC Power Circuits
ANSI C82.1 Electric Lamp Ballast — Line Frequency, Fluorescent Lamp Ballast
ANSI C82.2 Fluorescent Lamp Ballasts — Methods of Measurement
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ANSIC82.3 Fluorescent Lamp Reference Ballasts
ANSIC82.11 High-Frequency Fluorescent Lamp Ballasts
Federal Law 100-357 Federal Efficiency Law
UL 595 Marine-Type Electric Lighting Fixtures
UL 935 Fluorescent Lamp Ballasts
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SECTION 14
POWER SUPPLY AND MISCELLANEOUS ELECRICAL APPARATUS

14.1 POWER SUPPLY
14.1.1 General

Electrical equipment shall be energized from the following power sources: (1) primary power,
(nominally 700 VDC) from the third rail or maintenance shop power; (2) low voltage DC supply
(nominally 37.5 VDC) from an installed storage battery system, which shall include a low voltage power
supply operating on third rail power that provides battery charging; (3) 3 phase 60 Hz 230 VAC supplied
by auxiliary inverter(s) operating on third rail power; (4) 120 VAC, isolated single-phase, 60 Hz
generated by the auxiliary power system (APS) inverter.

The Contractor shall submit for approval an overall block schematic diagram of the electrical auxiliary
and propulsion circuits showing the proposed circuit topology.

14.1.2  Third Rail Source

Third rail voltage shall be used for propulsion, via inverters for AC drive, floor heating (cab heaters shall

use 230 Vac), and as input to the low-voltage power supply (LVPS) and the APS inverter(s). Except

under fault conditions, the maximum current draw per car from the third rail shall not exceed 1,620
amperes for more than 1 second. Staggered starting of auxiliary loads may be provided to minimize start

up current on the APS or shop supply. If provided, sequencing shall not inhibit any load from starting A005
because the previous load failed to start. Although heavy loads may be started up ahead of smaller loads,

the sequencing scheme shall always ensure that the priority is given to the essential loads, such as the air
COMPressor.

All equipment powered from the third rail shall be designed to handle multiple / closely spaced input
power interruptions including gaps in the third rail and shoe bounce. Suitable filtering and protection
shall be provided to ensure that equipment is protected if the primary power voltage exceed the specified
range, and that no damage occurs to equipment as a result of sustained abnormal voltages. The voltage
on capacitors shall be discharged to less than 50V within one minute after removal of the power supply,
and less than 10V within two minutes after removal. Suitable warning labels and or warning devices of
an approved design shall be provided for filter capacitors. Means shall be provided whereby
maintenance personnel can easily, reliably and safely verify that each high voltage capacitor has been
discharged.

A005

14.1.3  Auxiliary Power System (APS)
14.1.3.1 General Configuration

A service-proven static inverter with microprocessor-based control shall be provided, complying with

IEC 61287-1 shall be provided on each car. The inverter shall be capable of operating from primary A002
power and of providing 230 VAC, 60-Hz, three-phase power for AC loads. Galvanic isolation shall be

provided for all 230 VAC equipment and for all 120 VAC outlets. The neutral shall be grounded at one

location. A005
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The inverters shall provide power to the equipment in an adjacent car of a married pair during an inverter
failure. Load shedding will be allowed during inverter failures to allow performance critical equipment
to remain fully functional on both cars. Performance critical equipment shall include the air compressor,
equipment cooling fans if required, half of the HVAC systems in each car, cab heaters / windshield
defrosters, and any other equipment necessary to maintain the operation of the married pair. Load
switching between inverters under such failures shall be automatic and shall prevent both inverters from
supplying power to the same equipment simultaneously should the failed inverter restart.

The inverter output waveform generation scheme, output transformer quality, component mounting,
acoustical shielding, and other parameters shall be optimized to minimize audible noise, EMI and
interference to the wayside signaling system.

14.1.3.2 Capacity

The auxiliary inverter shall have a 10% minimum excess capacity to start and simultaneously operate all
auxiliary subsystems on one car while operating as a lead car, with battery receiving maximum charge
and HVAC in full cooling. Supplementary supply of an adjacent car during inverter failure as described
in 14.1.3.1 shall also be possible with the above established capacity. The Air Compressor shall be
considered a constant load to account for the occasions when one unit is supplying all compressed air to a
4-car train. All loads must be carried through the specified voltage and elevated undercar tempeature
range. If used, sequenced starts shall be completed within 5 seconds after the inverter starts. Load
shedding as described in 14.1.3.1 shall only be permitted during inverter failures. The Contractor shall
consider the worst-case combinations of loads and inrush currents, as well as elevated undercar
temperatures at the specified high-ambient conditions, and that two or more loads may require start-up at
the same time during normal operation. During the starting of a heavy load, the inverter frequency and
voltage output shall not exceed the specified ranges.

The Contractor shall perform and submit an initial analysis of the auxiliary inverter loads to confirm the
equipment rating (CDRL 1401). Should sequence starting of auxiliary loads be proposed, the Contractor
shall submit details of the proposed approach for approval. A final analysis of the auxiliary inverter
loads shall be submitted prior to the final design review and shall be updated as required to reflect
changes in the auxiliary power inverter loads (CDRL 1404). The analysis shall include worst case steady
state operating conditions and starting currents and shall be updated with measured load values when
available.

The efficiency of the inverter shall be at least 85% over the output power range of 50% to full load.
14.1.3.3 Power Circuit Devices

The auxiliary inverter shall utilize service proven Insulated Gate Bipolar Transistor (IGBT) devices. The
power semiconductor assemblies shall be service proven and shall be functionally grouped, keyed, and
mounted in modular form to facilitate repair and replacement. The inverter design shall be such that the
maximum junction temperature of power semiconductor devices shall be at least 10°C (18°F) below the
device manufacturer’s maximum allowable junction temperature under the worst-case duty cycle
conditions, including 110% loading and with filters, if used, in a condition representing the replacement
condition.

Power electronic devices and firing circuit modules shall be readily accessible for inspection,
maintenance, replacement and testing. All functionally identical modules shall be interchangeable. The
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device and its firing circuits and protection circuits shall be suitably coordinated to ensure reliable
operation of the auxiliary power supply.

14.1.3.4 Fault Tolerance and Protection

The inverter control circuits shall be designed to prevent damage to both the auxiliary equipment and the
inverter itself resulting from input power and load variations. The control logic shall allow the power
supply to restart automatically for shutdowns caused by self-correcting failures. For major faults when
the auxiliary power supply fails to restart, it shall latch the equipment off until manually reset from
within the vehicle, or an alternately-approved location.

The Contractor shall establish the permissible range of voltage and frequency deviations for faults, which
shall be set in the protection circuitry and shall be testable using a portable test unit (PTU). See Section
21.2 for PTU requirements.

14.1.3.5 Self-Test

The APS shall incorporate a self-test to verify that all system components are working normally within
pre-defined limits, and to check and troubleshoot the integrity of the static inverter. The APS shall
initiate a self-test upon start up. The self-test shall be capable of being initiated by the PTU. Failure
conditions from the electronics self-tests shall be communicated to the VMS, stored as faults in the
DAM, and shall be downloaded as part of the fault log by the PTU. The Contractor shall submit
information on all self-test functions to the Authority for approval. (CDRL 1402)

14.1.3.6 Regulation and Control

Steady-state voltage regulation shall maintain inverter output voltage within +5% over the entire range of
connected loads and over an input voltage range between 430 and 860 VDC and the full range of output
loads from zero to full load. The inverter shall start automatically when the steady-state input voltage is
between 525 VDC and 860 VDC. The inverter may shut down when the steady-state input voltage is less
than 430 VDC. Hysterisis shall be utilized between turn-on and turn-off at both extremes of the range to
prevent cycling. The Contractor shall coordinate the design of the APS with the propulsion system to
ensure that the APS does not shut down due to transient over-voltages occurring during interruption of
the propulsion regenerative braking cycle when traversing third rail gaps and during transition from
motoring to coast or braking. The inverter shall be sized for continuous operation of all loads
simultaneously and short-time rated for the starting of the largest individual load with all other loads
applied. Steady-state frequency regulation shall maintain inverter frequency at 60 Hz, £2 Hz. The output
voltage shall be regulated to maintain a constant voltage-to-frequency ratio during start-up. The system
shall be designed to maintain a phase-to-phase voltage unbalance of 1% or less on the 230 VAC
subsystem.

The inverter output waveform shall not exceed 10% total harmonic distortion. The root mean squared
(rms) value of the harmonic voltages shall be compatible with all permanently connected loads.

Transient response shall be adequate to prevent damage or degraded performance. The voltage or
frequency shall return to steady-state value within two seconds after an input voltage step change of 100
volts or a 50% step change in the output current.

It shall be possible to start the auxiliary power supply using only primary power. Alternatively, the dead
battery start may be located in the LVPS as described in Section 14.3.
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Starting and restarting of the AC loads shall be coordinated with the design of the inverter to prevent
prolonged delays. The Contractor shall submit for approval details on the load management subsystem.
(CDRL 1403)

All control hardware shall be isolated to protect against possible flashovers that might occur between
high-voltage and low-voltage components or wiring.

The inverter control equipment shall comply with the applicable requirements of Section 22 of this
specification. The Contractor shall submit a software architecture plan to the Authority for approval in
accordance with Section 22. The plan shall describe the all tasks and define required inputs and outputs.
(CDRL 2211)

14.1.3.7 Line Filter

A line filter shall be provided to ensure transient voltage protection, to filter power frequency
components, and to suppress all high-frequency transients as required to comply with Section 7.6 of this
Specification. The line filter shall be independent of any propulsion system filtering devices.

14.1.3.8 Cooling

Natural convection cooling of the APS and associated heatsinks is preferred. Over-temperature
protection shall be included to protect the equipment from overheating. The detection of over
temperature shall result in annunciation on the Operator’s console. If air intakes are necessary, they shall
be screened and oriented to prevent ingestion of water, snow and debris. Air intakes shall be arranged so
as to prevent obstruction or blocking by snow. Suitable baffling and drains shall provide for removing
and draining ingested moisture.

If forced air cooling is proposed, external, filtered, air may be used only for cooling heat sinks. Cooling
air shall only be routed through channels free of high-voltage stress to avoid dirt build-up zones and arc
over. The reliability of fans, their control equipment and power supply shall be such as to have a
negligible effect upon system availability. The design and arrangement of the cooling equipment, control
equipment and APS shall be such that failure of the cooling equipment shall not cause damage to the
devices being cooled. If a forced air cooling system is proposed, full details shall be submitted for
approval.

Air flow sensors or over-temperature protection shall be included to detect the absence of cooling and
protect the equipment from overheating. The detection of a failure in the cooling equipment shall result

in annunciation on the Operator’s console.

All air filters shall be subject to approval. If replaceable filter elements are installed, they shall have a
service life of at least 10,000 miles and shall conform to the requirements of Section 22.

The blower and motor shall have sealed bearings rated for a life equivalent to 6 years or more of
operation.

14.1.3.9 Diagnostics

The control equipment shall continuously monitor the operation of critical APS performance-dependent
equipment, together with its power supply voltage, and shall identify problems down to the line
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replaceable unit. All data shall be timed, dated, and recorded in Eastern Standard Time (EST),
automatically adjusted for Daylight Savings Time (EDT) and stored in a data acquisition module (DAM).
The DAM shall perform signal isolation, signal input acceptance, conversion, and short-term storage of
data for transmission to the VCU. The DAM shall meet the applicable reliability and safety design
criteria as specified for the VCU in Section 20.5. The DAM shall convert the signals from its associated
system, analog or digital, to serial packages and store for transmission to the VCU. The Contractor shall
submit for approval data on the design and functionality of the system. (CDRL 1405)

At least 100 operational faults shall be stored in non-volatile memory. Storage of the fault information
shall be circular such that the most recent fault will overwrite the oldest fault when the fault logger is
full. The level of fault reporting shall be sufficiently detailed to allow operating and maintenance
personnel to uniquely identify common faults. The Contractor shall submit for approval a list of faults,
together with a functional description of the fault logic. (CDRL 1406)

The fault logging system shall also record at least three fault traces, sampling data at a rate no slower
than 100 milliseconds and recording relevant data for 3 seconds before and 2 seconds after the fault.
Trace data shall be triggered by major APS faults. The Contractor shall submit for approval a list of
triggering faults, together with a functional description of the trace recording system. (CDRL 1407)

Recording of operational data shall cease if there is no input signal change or request for data from the
VMS central unit (VCU) during a 5-second interval. Data recording shall resume immediately whenever
there is a change in signals or a query from the VCU.

All fault, trace, and operation data shall be capable of being readily downloaded to the portable test
device via the car communications network and the local RS232 port and transmitted by the car
communications network to the central vehicle monitoring system equipment specified in Section 20.6.
The PTU shall be capable of downloading the entire contents of the fault logger and displaying the
information in real units, e.g. volts, amperes, time of day, etc.

All fault, trace, and operational data shall also be available at a standard port for transfer via the car
communications network to the central vehicle monitoring system equipment specified in Section 20.
Serial data communication between the DAM and VCU shall be in accordance with Lon Works or other
Authority-approved protocol. The DAM shall be assigned a message identification (MID) character
within the network so that communications between all units can be managed and controlled.

14.1.3.10 Testing

Prior to acceptance of each car, the auxiliary inverter and all associated components shall be checked for
proper operation. (CDRL T1451)

14.2 BATTERY AND LOW-VOLTAGE DC POWER SUPPLY

Systems and components supplied with battery voltage include, but are not limited to, the headlights, tail
lights, running lights, threshold lights, emergency lights, cab ceiling lights, instrument lights, temperature
controls, destination sign controls and illumination, door operators and door controls, communications,
automatic train control, ATC power supply, and propulsion and braking controls. All systems or
components supplied directly from the battery shall be capable of operation with subsystem or
component input voltage at any and all values between 23 and 42 volts.
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The Contractor shall be responsible for coordinating the design of all circuits and equipment operated at
battery voltage to prevent damage or disturbance to function caused by electrical transients generated by
any component connected to the battery system. To this end, the Contractor shall develop standards
covering the entire frequency spectrum, defining the maximum allowable transients and interference that
any subsystem may introduce on wires which lead to other subsystems, and defining the transients and
interference which all subsystems connected to the battery system shall be able to tolerate without harm
or degradation of function. The transient amplitudes that subsystems shall be able to tolerate shall be at
least four times as great as the maximum amplitudes that any subsystem is allowed to generate. Prior to
issuance of purchase specifications for battery system components, the Contractor shall develop and
submit a plan for battery system electrical compatibility. (CDRL 1408) Compatibility criteria contained
in the plan shall be applied to the component purchase specifications.

Equipment and power circuits operated at battery voltage shall be designed so that sustained presence of
any battery voltage from the maximum down to zero will not cause damage to any part of the car. This
requirement shall not be taken as an indication that low battery voltage is expected to occur at any time
during normal operation, but only as a means of avoiding excessive damage in the event that it should
occur as a result of unpredictable events. All circuits / sub-systems that can be damaged by reverse
voltage shall be protected by reverse polarity protection within the particular equipment.

The battery system shall be designed to supply the heaviest possible combination of loads that can be
applied thereto in an eight-car train. There shall be no more than a 2.5-volt difference between battery
terminal voltage and the voltage across the input terminals of each subsystem or component package fed
from the battery assuming the largest currents that can occur (excluding faults) when battery voltage is 26
volts and non-essential loads have been shed. This 2.5-volt maximum drop shall apply to all essential
loads within the pair of cars supplied by the battery in question. The Contractor shall be required to
conduct a test to demonstration that all essential loads on the married-pair are still performing normally
and with a safety margin, while there is 26 volts at the battery terminals, including allowance for the
worst-case temperature conditions (CDRL T1457). The objective is to show that the under-voltage trip
will shut-down the married-pair, before any sub-system stops performing normally. When the battery
system of one pair is the only source of power to the battery system loads of an adjacent second pair
whose battery breaker has been tripped, the difference between the voltage at the first pair’s battery and
the input voltage to any load in the second pair shall not exceed 2 volts when the first pair’s battery is at
26 volts. The B(+) and B(-) battery system trainline cables shall be of stranded copper with conductor
section area sufficiently large to accomplish the above functions. The design of the battery system shall
provide battery charging compatible with the manufacturer’s recommendation to ensure maximum
battery life.

Load shedding shall be accomplished as described in Sections 13.3.2 and 14.2.5.
14.2.1  Battery Capacity

Each “B” car shall be equipped with a nickel-cadmium-alkaline battery of a type to be approved by the
Authority. The battery shall have at least 25 cells. Each cell shall have a steel case, and shall have
sufficient electrolyte reservoir capacity to be able to endure 6 months of normal service without requiring
inspection of electrolyte level or the addition of water, including summer time operation with elevated
under-car temperatures. The choice of ampere-hour capacity shall be the Contractor’s responsibility,
subject to the limitation that all other requirements are met or exceeded. At normal battery operating
temperature (+10 to +40°C), the battery shall have sufficient capacity before the under-voltage device
trips to:
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A. Carry all loads of the married-pair until load shedding, then provide all 37.5-volt loads
(including emergency lighting) on a two-car train in the absence of battery charging voltage for
a period of 40 minutes, including 20 station stops with passengers boarding and alighting.

B. Maintain a terminal voltage adequate to operate all connected systems after 60 hours operation
on a stored pair of cars with the battery system power converter inoperative (assuming normal
loading), heating control in layover position, and the control key removed. Access via crew
doors shall be available but not used during this period

C. Carry emergency lighting, communications equipment, running lights, and any loads that
cannot be shed by the use of cab circuit breakers and switches, on a two-car train standing still
with no third rail power, for 2 hours.

Each of the above conditions shall be met beginning with a battery charged to 85% of capacity.

Battery capacity outlined in A, B, and C shall be validated with a battery load analysis utilizing either
constant resistance or constant power, as each circuit dictates and the battery manufacturer’s discharge
curves. This analysis shall be included in CDRL 1408. Prior to acceptance of the first married-pair the
Contractor shall demonstrate the validity of the analysis as proof that the chosen battery meets the
requirements of this section. Data from the test such as individual loads shall be used to up date the
analysis.

Battery capacity shall not degrade below 85% Cs A-hr after 2000 cycles with depth of discharge of 40%
at a constant ambient temperature of 40°C. Life expectancy of the battery in the WMATA environment
shall be 12-years or longer and end of useful life will be defined as: when the battery has degraded to
75% Cs A-Hr. Procedures for any commissioning charge and reasonable maintenance practices shall be
included in the Maintenance Manuals. Reasonable in this instance means: WMATA wishes to reduce
battery maintenance to a minimum and capitalize on technology and life cycle costs.

The low voltage distribution and train-line circuits shall be adequately sized/rated with a maximum
voltage drop of 3V under all operating conditions on an eight car train.

The battery system shall be complete with an approved over-temperature protective system to guard
against possible damage to the battery, battery enclosure, and other car components resulting from
excessive battery charging. The protection circuit shall open the battery circuit breaker via the shunt trip
when over-temperature is detected. The temperature sensor shall be located so that the battery, battery
box and other components are protected, but nuisance trips are avoided. Its location and mechanical
protection shall prevent damage to the sensor during operation and all battery maintenance procedures.
Further, its terminals and other parts of the circuitry shall be enclosed or otherwise arranged so that they
cannot be the source of an ignition ‘spark’.

All cells shall include flame-arresting vent and filler caps that stay open for watering and positively lock
in place during service. Bus-bars shall be protected by insulating covers. Inter-cell jumper cables shall be
a minimum of 3/0 AWG. All positive terminals shall be identified with bright red insulating discs and all
negative terminals shall be black.
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14.2.2  Battery Box
14.2.2.1 General

The battery shall be carried in a box located under the “B” car. The box shall be constructed of 300
series stainless steel and shall provide protection against vermin entry. The box shall be mounted with
brackets that comply with Section 8.3.13. A system of guides and rollers shall be provided to allow the
battery box interior trays to roll out to the side of the car for maintenance.

The roll-out system shall be corrosion resistant and shall be provided with the necessary stops and locks
to limit the travel of the battery box, retain it in both extreme positions, and allow it to be maintained by
one person. When rolled out, the entire top of the battery shall be exposed.

An automatic topping up device for the battery electrolyte shall be provided. This device shall be
portable and easy to operate, and shall allow the routine replacement of battery electrolyte to be
performed automatically. As an option, the Authority would consider the concept of a centralized filing
system. Details about these devices shall be submitted for approval.

14.2.2.2 Box Interior and Construction

The box interior shall be lined with 3/16-inch to 1/4-inch thick fiberglass insulating board or an approved
alternate nonflammable, electrolyte-proof, insulating structural material. Each cell shall be suitably
separated from the adjacent cell to provide electrical isolation and heat dissipation. Several cells shall be
connected together via bus-bars in an insulated carrying cradle with handles. Each cradle shall be
connected to the next by inter-cell jumper cables. The box shall be ventilated to preclude the possibility
of hydrogen gas build up in excess of 2% during over-charge, while the car is stationary or irrespective of
the direction of motion. Vents shall be baffled to prevent the entry of car washing fluids and
precipitation. A removable drain plug shall be provided in the bottom of the box. The box shall be
designed to accommodate batteries from alternative manufacturers while still meeting all other
requirements of these specifications. During the design reviews, the Contractor shall submit drawings
showing the lay-out of each battery type and arranged in such a manner that the main cables will reach
the output terminals. Data sheets shall be provided to confirm the electrical characteristics of the
alternative batteries relative to the capacity, life expectancy, watering frequency, etc.

14.2.2.3 Battery Tray, Roll-Out System and Locks

Within the battery box, the battery shall be mounted in roll-out trays to allow for easy maintenance. Each
tray shall be provided with the necessary stops and locks to limit travel and to retain it in either the fully
extended or fully housed position. The trays shall be designed to roll out without the use of any tools
other than the tool required to unlock the trays.  The Contractor shall ensure that the roll-out tray is
designed to support 150% of the battery weight in the fully extended position without permanent
deformation.

The tray roll-out system shall require approximately 25 lbs. force to move from the normal stowed
position to the fully extended position or to return it to the normal stowed position. The tray mechanism
shall not require maintenance more than once every 2 years. Bearings and slides shall be over-sized,
heavy-duty type and shall be locked in the stowed position to prevent ‘brinneling’ of the bearings with
the motion of the train.
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The battery box and tray locks shall be electrically interlocked so as to prevent train movement at all
times unless both the box and trays are locked in the fully housed position. The interlocks shall be
provided by a heavy-duty, industrial-style, totally-enclosed, limit switch with adequate pre-travel / over-
travel and selected specifically for this vibration environment. The locks shall have sufficient strength to
prevent movement of the battery box and trays when subjected to the specified forces and loads during
normal operation of the car and shall minimize ‘brinnel” damage to the roll-out bearings.

14.2.3  Battery Circuit Breaker

A battery circuit breaker of adequate capacity and approved design shall be mounted in a separate
enclosure under the “B” car adjacent to the battery box. The breaker shall isolate the battery from the 37
VDC circuits except for those on the battery bus that are protected by a separate fuse(s). The breaker
shall be as specified in Section 14.6.1.3. Main cables between the battery terminals and the battery
circuit breaker shall be: flexible, adequately sized, insulated, supported and protected to preclude
accidental puncturing during battery roll-out for maintenance and fretting due to vibration, etc. The main
cable passageway to the circuit breaker shall have no sharp edges, shall be lined with suitable material
and all steps must be taken to ensure there is no possibility of a short circuit up-stream of the protection.

This breaker shall incorporate a shunt-trip device, which shall be used to disconnect the battery whenever
the battery terminal voltage falls to a level that could result in battery damage. Shunt trip of this breaker
shall cause a trainline specified by the Authority to become energized, a local annunciator light at the
breaker to be illuminated, and indication via the VMS to the active cab. Trip voltage shall be set at 26
volts and shall incorporate some hysterisis. Reset shall be achieved by manual lifting of the handle at the
breaker. Tripping on this basis shall function to prevent battery damage that might otherwise occur due
to cell reversal and shortening of battery life due to deep discharging. All other devices connected to the
battery system shall be designed to tolerate continuous presence of all voltages from 0 to 42 volts without
harm.

14.2.4  Battery System Circuit Breaker

A circuit breaker of adequate capacity and approved design shall be provided in the Operator’s cab to
serve as a main service breaker for the battery system on each car. The B(+) and B(-) feeds to this
breaker shall be taken from B(+) and B(-) trainlines.

14.2.5 Load Shedding

In the event of LVPS failure or the loss of third rail power, the battery load shall be shed automatically
after a predetermined length of time approved by the Authority, leaving the battery sufficient capacity to
meet the requirements of Section 14.2.1. Load shedding shall provide for the disconnection of all
nonessential battery loads. Battery system power shall be available to the following essential systems,
which shall not be shed, including;:

A. HVAC controls and cab heater controls

B. Door controls, including crew doors, operators, indicator lights, and voice announcements

C. ATC power conditioning equipment

D. Exterior lights

E. Emergency lighting, including threshold lights

F. Emergency brake controls

G. All protective heater circuits
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Control lock interlock and master controller signals
Fault indicator lights

Friction brake

Radio

VMS and VCU in the lead car

Public address and intercom.

Propulsion control

Windshield wiper and horn control

APS control

NOZZCREST

14.2.6  Battery System Testing

Batteries shall be given a capacity test at the point of manufacture in accordance with IEC 623 (CDRL
T1452).

Prior to acceptance of each car, all components of the battery system shall be checked for proper
operation, including the operation of the load shedding system. (CDRL T1453)

14.3 LOW-VOLTAGE POWER SUPPLY

An approved low-voltage power supply (LVPS) shall be furnished and installed on each “B” car. The
LVPS shall be service proven in a rail vehicle environment. The LVPS shall be powered from the third
rail supply and shall be capable of safe and reliable performance at any supply voltage in the ranges
specified in Section 7.2.

The LVPS shall provide the low voltage power for a pair of cars that includes battery charging, traction
control, trainline control, all emergency loads, normal and emergency fluorescent lighting, and all other
auxiliary car circuits connected to the battery supply. The converter shall have a constant voltage output
capability at 37.5 VDC for any load demanded by a pair of cars, at any position in a train, for all third
rail voltages specified in Section 7.2 and over the full range of output power up to 100% output loads.

The LVPS shall be a regulated DC power supply complying with IEC 61287-1. The LVPS shall provide
for complete electrical isolation from input to output, and from both input and output to the enclosure and
carbody. The LVPS shall be able to charge a dead battery without battery damage or LVPS overload.

Converter control circuitry shall be accessible from the side of the car for maintenance.

The Contractor shall review the converter interface design with the supplier of the propulsion equipment
to ensure that the energy storage characteristics of the converter do not interfere with propulsion system
operation and protective devices such as potential relays.

14.3.1  Capacity

The LVPS is used to charge the battery and supply all low-voltage DC loads, including essential loads
specified in Section 14.2.5. Power supply capacity shall be rated to supply 120% of worst-case
combinations of peak loads of a married pair, or 375 amps, whichever is greater. The LVPS shall
recharge a fully discharged battery to 50% of capacity within 2 hours and to 85% of capacity within 5
hours.
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The Contractor shall submit for approval a load analysis and description of operating characteristics.
(CDRL 1409) The LVPS output shall be current limited. In case of LVPS failure or loss of input power,
LVPS loads shall be transferred automatically without delay to the battery.

14.3.2  Power Circuit Devices
The LVPS shall be provided with power circuit device features as specified in Section 14.1.3.3.
14.3.3  Fault Tolerance and Protection

The LVPS shall have overload protection. For load or fault conditions of very low load resistance (such
as a dead short), the LVPS control shall “fold back” (limit both current and voltage), disconnect the
output, or shut off. Normal operation shall resume automatically when the overload or short circuit is
removed. Over-voltage and reverse polarity protection shall be provided.

14.3.4 Self Test

The LVPS shall provide self-test capability as specified in Section 14.1.3.5 and shall be reported in
CDRL 1402 along with the APS.

14.3.5 Regulation and Control

The LVPS supply shall maintain a constant output voltage of 37.5 VDC £0.5 volts, adjustable £10%, for
input voltages from 430 to 860 VDC and for any combination of output load, returning to regulation band
within 0.1 second. LVPS regulation shall be as required by the loads, including the battery. Negative
temperature coefficient (NTC) compensation of voltage shall be permitted if necessary to meet battery
electrolyte servicing requirements.

The power supply shall have an output ripple of less than 5% peak-to-peak from zero to full load with
battery connected. The over-charge current shall be such that the battery electrolyte servicing intervals
are no more frequent than every 6-months. The LVPS shall include circuitry to detect and annunciate
failures. Output voltage variation due to temperature drift shall be zero or minimally negative (increasing
ambient temperature reduces output voltage). Any failure of the regulator circuit shall result in reduced
or zero output.

The LVPS control system shall comply with the relevant requirements of Sections 14.1.3.6, 14.1.3.7, and
14.1.3.9.

14.3.6  Cooling
The LVPS shall be cooled as specified in Section14.1.3.8.
14.3.7  Diagnostics

The LVPS shall be provided with diagnostics as specified in Section 14.1.3.9 and shall be reported in
CDRLs 1405 and 1406 with the APS data.
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14.3.8  LVPS Testing

The LVPS shall be tested in accordance with IEC 61287-1, including optional sudden variation in load
test (4.2.6) and effectiveness of filter test (2.4.6.5¢) and IEC 61133. (CDRL T1454) The Contractor
shall perform noise vehicle tests per IEC 61133 and vehicle acceptance tests in accordance with Section
3 of this Specification.

The Contractor shall ensure that the converter is such that it cannot cause interference with the cab signal
equipment of the new and existing fleet of cars under all conditions of converter load and train lengths
having from one to four converters. To this end the Contractor shall ensure that the power converter
conforms to the vehicle ATC specifications identified in Section 18 and shall secure the approval of the
ATC equipment manufacturer for the design and installation of the power converter. (CDRL 1410)

14.4 CONVENIENCE OUTLETS

Two duplex convenience outlets shall be provided in each passenger compartment, located in the wall
under the transverse seat or in the base of the adjacent back-to-back seats, as shown in Contract Drawing
97936-001. Convenience outlets are also specified for the cab area as shown in Exhibit 14-2.

At each location, one of the outlets shall be supplied with nominally 37.5-volt battery voltage; the other
outlet shall be supplied with 110-volt, 60 Hz. The 37.5-volt outlet shall have a capacity of 50 amperes
and shall be protected by a suitable circuit breaker. It shall have the same plug interface as Hubbell
Model 9367 used on the Authority’s existing cars. The 110-volt outlet shall have a capacity of 20
amperes and shall be protected by a suitable circuit breaker. It shall be a 20-ampere, 125-volt, 2-pole, 3-
wire, grounded receptacle. The outlets shall have hinged cover plates that close automatically when not
in use and shall be secured with a Y-turn, tamper-proof fastener as approved by the Authority. The rear
of each individual outlet shall be enclosed by a grounded electrical box that prevents accidental contact
with the terminals, and shall trip the appropriate circuit breaker should the ‘hot’ side touch the box. The
boxes shall also prevent the battery and AC voltage terminals or wiring from contacting each other
should they become loose.

14.5 BATTERY SYSTEM CIRCUIT GROUNDING
14.5.1 General

All systems, subsystems, and components connected to the nominal 37.5-volt system, including the
battery and power converter, shall have their negative sides grounded through a common negative
grounding pad.

14.5.2  Arrangement

The negative side connection between the battery and the power converter shall be through an insulated
copper battery system main return bus plate grounded via the traction return bus on the “B” car. To
control B(-) trainline current between pairs of cars due to voltage gradients along the running rails, the
grounding path from the battery system return bus plate to the “B” car traction return bus plate shall
include a fixed resistor suitably sized and ventilated and with a resistance value between 0.1 and 0.5
ohm. The negative return from all other 37.5 VDC systems or subsystems shall return to the negative
side of the battery or converter through this battery return bus plate. Battery system current from the B(-)
pole of the “A” and “B” car battery system circuit breakers of Section 14.2.4 shall be returned to the
battery system return bus plate on the “B” car via the B(-) trainline cable described in Section 14.2 or via
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a separate B(-) return feeder. Return wires from negative poles of circuit breakers for individual battery
system loads shall be terminated on a secondary bus plate connected to the negative pole of that car’s
battery system circuit breaker.

Trainline currents which return to the controlling car via the B(-) trainline shall not go via the above
paths but shall return to the B(-) trainline via separate wires and via a rotary switch as specified in
Section 14.6.1.3. In addition to sizing negative return wires based on current carrying capacity, the
Contractor shall consider voltage drop and noise sensitivity of the involved circuit in the final selection
of wire size.

14.5.3  Grounding Bus Plates

The battery main and secondary return bus plates shall be housed in weatherproof and dust-proof
enclosures complete with readily removable gasketed access covers for maintenance. The battery return
bus plates shall be insulated from the carbody in such a manner that the insulation resistance between
them and the carbody is a minimum of 100 megohms under all weather conditions.

The battery return bus plates shall be complete with means by which the car wiring can be attached
thereto, preferably by copper posts or terminals, brazed or silver soldered to the bus plates and of
adequate size to accommodate the wiring. No more than two wires may be connected to any one
terminal. The battery return bus plates shall contain sufficient terminals to handle all return wires from
the connected loads including the ATC and communications systems, plus spare terminals numbering 5%
(to the next higher integer) for each size terminal on each plate.

The battery main return bus plate shall be grounded to the carbody by means of removable cables, one
connecting the battery main return bus plate to the 0.1 to 0.5 ohm grounding resistor and the other
connecting the resistor to the traction return bus plate.

The return bus plates shall be the only locations where it will be permissible to ground the negative side
of any system, subsystem, or component connected to the battery system. With the grounding straps
between the battery system main return bus plate and the traction return plate removed, the 37.5-volt
system wiring insulation resistance shall be as specified in Section 22.17.4.

14.6 CONTROL AND CIRCUIT BREAKER PANELS
14.6.1  General
14.6.1.1 Panel Arrangements

Switch and circuit breaker panels shall be built into the cab and underfloor boxes as described herein.
Enclosures within the carbody containing switches or breakers shall be lined with 3/16-inch to 1/4-inch
thick “Insularc” insulating board or approved alternate nonflammable, insulating, structural material.
Each panel shall have a “dead front” which shall, in the cab, be of black anodized aluminum. The “dead
front” shall be designed to prevent personnel from coming in contact with energized parts when
operating circuit breakers or switches. Wiring shall be accessible by removal of the “dead front.” All
switches and circuit breakers shall be mounted so that the handle moves vertically, and the “Up” position
shall indicate “On.”
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Individual engraved nameplates shall be provided both above and below the breaker to permit
identification from track level and when car is on jacks. The nameplates shall be mechanically fastened
to the “dead front” and shall identify each switch or circuit breaker.

The lists of switches and circuit breakers given in Sections 14.6.2 through 14.6.4 are not necessarily
complete; they are intended principally to identify the desired locations for the various items listed.

14.6.1.2 Switches
Switches shall be of the toggle-action, indicating type unless otherwise specified.
14.6.1.3 Circuit Breakers

Circuit breakers shall be an approved type of highly shock-resistant design suitable for railway service
and bolted in place. They shall clearly indicate whether “On,” “Tripped,” or “Off.” Circuit breakers in
nominal 700 volt circuits shall interrupt only the “hot” side of the circuit and shall be mounted under the
car. Unless otherwise specified, all 37.5-volt circuit breakers, except the propulsion system control
breaker, shall be double-pole, and shall break both positive and negative feeds whenever either pole is
tripped, in order to facilitate location of ground faults. The propulsion system control breaker shall be
single-pole and shall break the positive side only. All circuitry shall be arranged to prevent energization
via an abnormal path as a result of a breaker being open.

Except in special cases, which may exist due to requirements elsewhere in this Specification, separately
protected circuits shall not be electrically connected on the load sides of their respective breakers. The
most notable exceptions are those trainline circuits which share the B(-) trainline as a common return
path. Currents that are drawn from those trainlines shall not pass through any negative side breakers but
rather shall all be returned to the B(-) trainline via a rotary switch of the same type as the KAS2 trainline
isolation switch used in the Authority’s existing cars. This rotary switch shall include 10% spare poles,
and shall be arranged to facilitate location of ground faults of trainlines and of circuitry connected to
them. The rotary switch shall have an additional pole which shall be used as an interlock in the feed to
the emergency relay to ensure that the switch is in the normal position prior to operation of the car. The
arrangement shall be such as to preclude the possibility that the emergency interlock can be made up
while some of the other poles are not fully closed.

One branch circuit breaker shall be provided for each AC load and shall be rated to provide short circuit
and overload protection. Spare spaces shall be provided, equivalent to at least 10% of the total number

of circuit breakers. Circuit breakers shall comply with the requirements of Section 22.

Circuit breakers feeding performance critical systems shall be monitored and circuit breaker trips shall be
annunciated in the controlling cab and recorded in the VMS.

Circuit breaker terminals shall not be used as junction points.
14.6.1.4 Fuses
Circuit breakers shall be used for circuit protection wherever possible. However, fuses may be used,

with the Authority’s approval, where the use of circuit breakers is impractical or inappropriate, provided
that the fault isolation and anti-sneak circuit functions of the preceding paragraphs are maintained.
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14.6.1.5 Auxiliary Circuit Testing

Prior to acceptance of each car, all auxiliary circuits and equipment shall be checked for proper
operation. (CDRL T1455)

14.6.2  Operator’s Control Console and Auxiliary Control and Indicator Panels

A control console and auxiliary control and indicator panel shall be provided in each cab, as shown in the
Contract Drawings. It shall contain the apparatus shown in the Contract Drawings and shall contain, in
addition, any apparatus found, during the engineering, construction, and testing of the cars, to be
necessary for the proper operation of the cars. A functional description of all of the cab controls is
contained in Exhibit 14-1. Except as otherwise specified, the control console and auxiliary control and
indicator panel shall be as identical to those of the Authority’s existing cars as possible in regard to
appearance, form, feel, size, and function, except that lettering shall be engraved and filled with paint;
silk-screened lettering is not acceptable. The console and control and indicator panel arrangement shall
be submitted to the Authority for approval as part of the cab mock-up described in Section 1.2.5.1.

All pushbuttons and indicators shall be uniform in style, and shall be arranged, sized and labeled as
shown in the Contract Drawings. Insofar as possible, all pushbuttons and indicator lamps shall be of the
same manufacture.

All pushbuttons indicated in Exhibit 14-1 as being normally lighted shall have their legends engraved on
the top surface or marked in such a way that the legend visible by reflected light as well as by internal
illumination. All pushbuttons on the portion of the console angled 15° from the horizontal shall be of the
barrier type, to prevent undesired activation.

All indicators, except combination pushbutton/indicators, shall display no wording unless illuminated
from behind. When not illuminated, indicators shall appear black. All console indicators shall be of a
design which provides good visibility even with bright sunlight conditions and minimizes glare under
dark tunnel conditions.

The lights of the control console shall be illuminated as appropriate when that console is in control of its
train but shall not be illuminated otherwise. Illumination of pushbuttons and indicators shall be
adjustable, under control of the four-position console light control switch, and shall in the “High”
position be easily visible under the highest ambient light conditions that can be expected. Conditioned
power for all console lights shall be provided from the appropriate subsystem.

The console light power supply(s) shall adjust its output in response to the setting of the console light
control switch so as to cause all console lights to produce suitable light intensities.

All lights in the console and auxiliary control and indicator panel shall be replaceable from the front.
Where lenses are removable for lamp replacement, the lenses shall be keyed or attached so that they can
be returned only to the proper location.

Each pushbutton and indicator shall be illuminated by at least two lamps. The console light brightness
switch shall include a spring return lamp test position for energizing all console indicators.

Small flood lamps shall be provided near the top of the console and shall illuminate the console when the
console light control switch is set to “Low.” The communications channel selector switch shall
il