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20.1 STANDARD CONNECTORS 
 
Listed below are the standard connectors used for wayside services and inter-car connections.  
Please note Part numbers and suppliers are for known parts and equivalents may be used if 
approved by the Engineer. 
 
Trainline Connectors and Jumpers 
 
HEP Receptacle 3/3 Pyle-National P/N:  RPC17-84P/96C-SE1794 
HEP Plug 3/3 Pyle-National P/N:  RPC11-168/180C-SE1793 
 
Loc Control 27 Pin Receptacle Pyle-National P/N:  P-201452-KCY 
Loc Control 27 Pin Plug/Jumper Pyle-National P/N:  P-201453-KCY-80 
 
Car Control 27 Pin Receptacle Pyle-National P/N:  P-201452-AKCR 
Car Control 27 Pin Plug/Jumper Pyle-National P/N:  P-201453-AKCR-80SE1935 
 
Air Hose Connectors 
 
Brake Pipe Coupling FP5-1-1/4 FPT 
Main Reservoir Coupling LS-4 Gladhand-3/4 FPT 
 
Wayside Water Fill Nozzles 
 
1 inch, 316 stainless steel, Female NPT quick connect fitting Swagelok P/N:  SS-QF16-B-16PF 
 
Wayside Waste Dump Connector 
 
3 inch, GFR Polypropylene, cam and groove connector McMaster-Carr P/N:  5535K16 
 
Wayside Biocide Fill Nozzles 
 
¾ inch, stainless steel, Female NPT quick connect fitting Parker-Hannifin P/N:  SH6-63 
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20.2 SCRRA RECOMMENDED CLEANING PRODUCTS 
 
Below is a table of cleaning products used by SCRRA. 
 

Part number Description Supplier 
47-000-00020 Cleaner, Carpet Clean Action II Hillyard 
47-047-00012 Cleaner, Carpet S-12 Alco 
47-474-00025 Cleaner, Misty ready-steam carpets Southend 
47-743-03302 Cleaner, Vinyl, Neleco, "E-Clean" Neleco 
47-474-00027 Cleaner/degreaser "Super 101" Selig 
47-060-00174 Deodorant, Santi-Pak, powder Celests 
47-000-00128 Fabuloso, cleaner/dedorizer Southend 
47-000-00015 Liguid Gum-go Hillyard 
24-024-00002 Lysol Southend 
47-743-03004 Remover, Graffiti, Ink & Marker Neleco 
47-045-04708 Wax, Flo-flex, floor Southend 
36-363-00022 Windex, Anti-bacterial Southend 

SCJ-4265 Believe® Mass Transit Vehicle 
Cleaner S.C. Johnson 
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20.3 SCRRA KEYS AND LOCATIONS  
Shown below are key descriptions and locations at which they are used.  For part number 
description, refer to Section 4.19. 
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20.4 SCRRA SPECIFICATION NO. SPEC 99-001 ISSUED 8/12/99 
SPECIFICATION    FOR MOUNTING OF WHEEL AND AXLE 
ASSEMBLIES -SCRRA MULTI-LEVEL COMMUTER CARS 
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20.5 SCRRA BARCODE GUIDELINES CHAPTER 7 
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20.6 SCRRA FLEET STOP DISTANCE AND BRAKE RATE SUMMARY 
 
Listed below are summary tables of stop distance and brake rate data for the SCRRA Fleet.  
Generation 3 test train consisted of F59PH Locomotive, three (3) Generation 3 Trailer Cars and 
one (1) Generation 1 Cab Car.  Generation 2 test train consisted of F59PH Locomotive and four 
(4) Generation 2 Cab Cars. 
 

Generation 3 Trailer Cars @ AWO (Source Report No. 214-TPR-8109, Rev. 2) 
 
Description Average Cab/ 

Locomotive 
Brake Rate 
(mph/s) 

Average 
Trailer Car 
Brake Rate 
(mph/s) 

Average 
Stopping 
Distance 
(ft.) 

Average 
Entry 
Velocity 
(mph) 

40 Mph Blended Full Service Brake 1.55 1.93 696 42.8 
40 Mph Blended Emergency Brake 2.09 2.53 536 43 
60 Mph Blended Full Service Brake 1.44 2.07 1275 60 
60 Mph Blended Emergency Brake 1.89 2.91 818 57 
80 Mph Blended Full Service Brake 1.52 1.92 2726 84.5 
80 Mph Blended Emergency Brake 1.79 2.48 1939 81 
 
 

Generation 3 Trailer Cars @ 154,000 lbs. (Source Report No. 214-TPR-8109, Rev. 2) 
 
Description Average Cab/ 

Locomotive 
Brake Rate 
(mph/s) 

Average 
Trailer Car 
Brake Rate 
(mph/s) 

Average 
Stopping 
Distance 
(ft.) 

Average 
Entry 
Velocity 
(mph) 

40 Mph Blended Full Service Brake 1.55 2.02 625 41.5 
40 Mph Blended Emergency Brake 2.09 2.73 430 40 
50 Mph Blended Full Service Brake 1.51 1.87 1101 53 
50 Mph Blended Emergency Brake 2.01 2.33 793 50.2 
60 Mph Blended Full Service Brake 1.44 1.88 1427 60.5 
60 Mph Blended Emergency Brake 1.89 2.78 827 56 
70 Mph Blended Full Service Brake 1.54 1.80 2082 71.5 
70 Mph Blended Emergency Brake 1.82 2.43 1499 70.5 
80 Mph Blended Full Service Brake 1.52 1.84 2518 79.5 
80 Mph Blended Emergency Brake 1.79 2.38 2046 81.5 
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Generation 2 Cab Cars @ AWO (Source Report No. 207-TPP-314.01, Rev. Nil) 
 
Description Average Cab/ 

Locomotive 
Brake Rate 
(mph/s) 

Average Cab 
Car Brake 
Rate (mph/s) 

Average 
Stopping 
Distance 
(ft.) 

Average 
Entry 
Velocity 
(mph) 

40 Mph Blended Full Service Brake 1.39 2.01 566 39.4 
40 Mph Blended Emergency Brake 1.95 2.44 481 40.0 
60 Mph Blended Full Service Brake 1.45 1.95 1191 56.3 
60 Mph Blended Emergency Brake 1.92 2.33 1114 59.5 
80 Mph Blended Full Service Brake 1.41 1.84 2455 78.5 
80 Mph Blended Emergency Brake 1.55 2.2 2173 80.75 
 
 

Generation 2 Cab Cars @ 154,000 lbs. (Source Report No. 207-TPP-314.01, Rev. Nil) 
 
Description Average Cab/ 

Locomotive 
Brake Rate 
(mph/s) 

Average 
Trailer Car 
Brake Rate 
(mph/s) 

Average 
Stopping 
Distance 
(ft.) 

Average 
Entry 
Velocity 
(mph) 

40 Mph Blended Full Service Brake 1.39 1.93 670 42 
40 Mph Blended Emergency Brake 1.95 2.44 493 41.1 
50 Mph Blended Full Service Brake 1.38 1.93 988 51 
50 Mph Blended Emergency Brake 1.91 2.33 818 51 
60 Mph Blended Full Service Brake 1.45 1.85 1426 60 
60 Mph Blended Emergency Brake 1.92 2.24 1268 62.5 
70 Mph Blended Full Service Brake 1.54 1.80 2024 70.5 
70 Mph Blended Emergency Brake 1.82 2.19 1711 71.5 
80 Mph Blended Full Service Brake 1.41 1.88 2470 79.6 
80 Mph Blended Emergency Brake 1.55 2.41 1956 80.2 
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20.7 CEM RESEARCH BIBLIOGRAPHY 
Listed below is a bibliography of CEM related research papers prepared for the FRA by the 
Volpe Center.  The papers are sorted by year with the most recent papers presented first.  The 
Volpe Center papers document the testing and research that has been performed to develop CEM 
technology, but is not to be considered a comprehensive list of all CEM research completed to 
date.  The list of these documents and other Volpe Center research papers that have been 
published and presented from 1999 to 2005 is also available on the Volpe Center website at 
HTTP://WWW.VOLPE.DOT.GOV/LIBRARY/PUBS.HTML.   
 
2005 PAPERS AS OF JUNE 
 
Jacobsen, Karina, Tyrell, David, Perlman, A. Benjamin and Daniel Parent. 2005. "Preparations 
for a Train-to-Train Impact Test of Crash-Energy Management Passenger Rail Equipment", 
IEEE/ASME Joint Rail Conference, Pueblo, CO, March 16-18, 2005. RTD2005-70045. 

Martinez, Eloy, Tyrell, David, Zolock, John and Jacques Brassard. 2005. "Review of Severe 
Deformation Recommended Practice Through Analyses - Comparison of Two Cab Car Frame 
Designs", IEEE/ASME Joint Rail Conference, Pueblo, CO, March 16-18, 2005. RTD2005-
70043. 

Priante, Michelle, Tyrell, David and A. Benjamin Perlman. 2005. "The Influence of Train Types, 
Car Weight, and Train Length on Passenger Train Crashworthiness", IEEE/ASME Joint Rail 
Conference, Pueblo, CO, March 16-18, 2005. RTD2005-70042. 

2004 PAPERS  

Jacobsen, Karina M., Tyrell, David, and A. Benjamin Perlman. 2004. "Impact Test of a Crash-
Energy Management Passenger Rail Car", 2004 ASME/IEEE Joint Rail Conference, 
Baltimore, MD, April 6-8, 2004. RTD2004-66045. 
http://www.volpe.dot.gov/sdd/docs/2004/rail_cw_2004_1.pdf 

Jacobsen, Karina M., Tyrell, David, and A. Benjamin Perlman. 2004. "Impact Test of a Crash-
Energy Management Passenger Rail Car: Analysis and Structural Measurements", 2004 
American Society of Mechanical Engineers (ASME) International Mechanical Engineering 
Congress and Research and Development RD&D Expo, Anaheim, CA, November 15-19, 
2004. IMECE2004-61252. 

Martinez, Eloy, Tyrell, David and A. Benjamin Perlman. 2004. "Development of Crash Energy 
Management Design for Existing Passenger Rail Vehicles", 2004 American Society of 
Mechanical Engineers (ASME) International Mechanical Engineering Congress and 
Research and Development RD&D Expo, Anaheim, CA, November 15-19, 2004. 
IMECE2004-61601. 
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Parent, Daniel, Tyrell, David and A. Benjamin Perlman. 2004. "Crashworthiness Analysis of the 
Placentia, CA Rail Collision", I Crash 2004, International Crashworthiness Conference, San 
Francisco, CA, July 14-16, 2004. 
http://www.volpe.dot.gov/sdd/docs/2004/rail_cw_2004_4.pdf 

Parent, Daniel, Tyrell, David and A. Benjamin Perlman. 2004. "Crashworthiness Analysis of the 
Placentia, CA Rail Collision", International Journal of Crashworthiness, v. 9, n. 5, 2004, pp 
527-534. 

Severson, Kristine, Parent, Daniel and David Tyrell. 2004. "Two Car Impact Test of Crash-
Energy Management Passenger Rail Cars: Analysis of Occupant Protection Measurements", 
2004 American Society of Mechanical Engineers (ASME) International Mechanical 
Engineering Congress and Research and Development RD&D Expo, Anaheim, CA, 
November 15-19, 2004. IMECE2004-61249. 

2003 PAPERS  

Jacobsen, K., Tyrell, D. and A. B. Perlman. 2003. "Rail-Car Impact Tests with Steel Coil: 
Collision Dynamics." American Society of Mechanical Engineers/IEEE Joint Railroad 
Conference, April 22-24, 2003. paper number JRC2003-1655. 
www.volpe.dot.gov/sdd/pubs-crash.html 

Martinez, Eloy, Tyrell, David and John Zolock. 2003. "Rail-Car Impact Tests with Steel Coil: 
Car Crush." American Society of Mechanical Engineers/IEEE Joint Railroad Conference, 
April 22-24, 2003. paper number JRC2003-1656. 

http://www.volpe.dot.gov/sdd/pubs-crash.html 

Mayville, R., Stringfellow, R., Johnson, K., and Scott Landrum. 2003. Crashworthiness Design 
Modifications for Locomotive and Cab Car Anticlimbing Systems, February 2003. DOT-
VNTSC-FRA-03-01, DOT/FRA/ORD-03/05. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

Mayville, R., Johnson, K., Stringfellow, R. and D. Tyrell. 2003. "The Development of a Rail 
Passenger Coach Car Crush Zone. American Society of Mechanical Engineers/IEEE Joint 
Railroad Conference, April 22-24, 2003. paper number JRC2003-1653. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

Mayville, Ronald A., Hammond, Randolph P. and Kent N. Johnson. 2003. Evaluation of 
Railroad Cab Car End Beam Designs, June 2003, DOT-VNTSC-FRA-03-05, 
DOT/FRA/ORD-02/08. 
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Severson, K., Tyrell, D. and A. B. Perlman. 2003. "Collision Safety Comparisons of 
Conventional and Crash Energy Management Passenger Rail Car Designs." American Society 
of Mechanical Engineers/IEEE Joint Railroad Conference, Chicago, IL, April 22-24, 2003. 
Paper number JRC2003-1657. 

 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

Tyrell, David. 2003. "Analysis of Collision Safety Associated with CEM and Conventional Cars 
Mixed within a Consist", 2003 ASME International Mechanical Engineering Congress and 
RD&D Expo, Washington, DC, November 15-21, 2003. Technical Paper IMECE2003-44122. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

Tyrell, David and John Zolock. 2003. "Locomotive Cab Occupant Protection Strategies", 2003 
ASME International Mechanical Engineering Congress and RD&D Expo, Washington, DC, 
November 15-21, 2003. Technical Paper IMECE2003-44121. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

Tyrell, David and Thomas Tsai. 2003. "Passenger Equipment In-line Fullscale Tests: Results to 
Date", 4th International Symposium on Passive Safety of Rail Vehicles, Berlin, Germany, 
October 7-8, 2003. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

Tyrell, David. 2003. Passenger Rail Train-to-Train Impact Test Volume I: Overview and 
Selected Results, July 2003, DOT-VNTSC-FRA-03-07.1, DOT/FRA/ORD-03/17.I. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

Tyrell, David, et al. 2003. "Rail Vehicle Cab Car Collision and Corner Post Designs According 
to APTA-S-034 Requirements." 2003 ASME International Mechanical Engineering Congress 
& Exposition, Washington, DC, November 16-21, 2003. Paper No. MECE2003-44114. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

2002 PAPERS  

MacNeil, R. and S. Kirkpatrick. 2002. "Vehicle Postmortem and Data Analysis of a Passenger 
Rail Car Collision Test", Proceedings of the 2002 IEEE/ASME Joint Railroad Conference, 
Washington, DC, April 23-25, 2002. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

Tyrell, David and A. Benjamin Perlman. 2002. "Evaluation of Passenger Rail Equipment 
Crashworthiness Strategies." 81st Annual Meeting of the Transportation Research Board, 
Washington, DC, January 13-17, 2002. (Invited Presentation) Paper no. P02-5175. 
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Tyrell, David, Mayville, R. and K. Johnson. 2002. "Development of a Rail Passenger Coach Car 
Crush-Zone." Proceedings of the 3rd International Symposium on the Passive Safety of Rail 
Vehicles, Berlin, Germany, March 21-22, 2002.  
http://www.volpe.dot.gov/sdd/pubs-crash.html 

Tyrell, David and T. Tsai. 2002. "Passenger Rail Equipment Research in the U.S." Proceedings 
of the 3rd International Symposium on the Passive Safety of Rail Vehicles, Berlin, Germany, 
March 21-22, 2002. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

Tyrell, David, Severson, Kristine, Zolock, John, and A. Benjamin Perlman. 2002. Passenger 
Rail Two-Car Impact Test Volume I: Overview and Selected ResultsJanuary 2002, DOT-
VNTSC-FRA-01-08.I. DOT/FRA/ORD-01/22.I  
http://www.volpe.dot.gov/sdd/pubs-crash.html 

Tyrell, David. 2002. "Rail Passenger Equipment Accidents and the Evaluation of 
Crashworthiness Strategies" Journal of Rail and Rapid Transit, Proceedings of the Institute 
of Mechanical Engineers Part F, v216, n2, June 2002, pp. 123-130. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

Tyrell, D., Severson, K, Perlman, A.B. and R. Rancatore. 2002. "Train-to-Train Impact Test: 
Analysis of Structural Measurements", 2002 ASME International Mechanical Engineering 
Congress and Exhibition, New Orleans, LA, November 17-22, 2002. Paper number 
IMECE2002-33247. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

Tyrell, David, Zolock, John and Caroline VanIngen-Dunn. 2002. "Train-to-Train Impact Test: 
Occupant Protection Experiments", 2002 ASME International Mechanical Engineering 
Congress and Exhibition, New Orleans, LA, November 17-22, 2002. Paper number 
IMECE2002-39611. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

Tyrell, David. 2002. "U.S. Rail Equipment Crashworthiness Standards", Journal of Rail and 
Rapid Transit, Proceedings of the Institute of Mechanical Engineers Part F, v216, n2, June 
2002, pp. 131-148. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

VanIngen-Dunn, Caroline and J. Manning. 2002. Commuter Rail Seat Testing and Analysis, 
July 2002, DOT-VNTSC-FRA-02-10. DOT/FRA/ORD-01/06. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 
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VanIngen-Dunn, Caroline. 2002. Passenger Rail Two-Car Impact Test Volume II: Summary 
of Occupant Protection Program, January 2002, DOT-VNTSC-FRA-01-08.II. 
DOT/FRA/ORD-01/22.II. 
http://www.volpe.dot.gov/sdd/pubs-crash.html 

2001 PAPERS  

Tyrell, D., Severson, K. and A. B., Perlman. 2001. "An Overview of Passenger Equipment 
Fullscale Impact Tests: Results to Date," World Congress on Railway Research, November, 
2001, Cologne, Germany. 

Tyrell, David C. 2001. "Rail Passenger Equipment Accidents and the Evaluation of 
Crashworthiness Strategies." What Can We Realistically Expect from Crash Worthiness? 
Improving Train Design to Withstand Future Accidents, Institute of Mechanical Engineers 
Headquarters, London, England, May 2, 2001.  
http://www.fra.dot.gov/rdv30/reports/index.htm 

Tyrell, David C. 2001. "U.S. Rail Equipment Crashworthiness Standards." What Can We 
Realistically Expect from Crash Worthiness? Improving Train Design to Withstand Future 
Accidents, Institute of Mechanical Engineers Headquarters, London, England, May 2, 2001.  
http://www.fra.dot.gov/rdv30/reports/index.htm 

2000 PAPERS  

Martinez, Eloy. and David Tyrell. 2000. "Alternative Analyses of Locomotive Structural Designs 
for Crashworthiness," 2000 International Mechanical Engineering Congress and Exposition, 
Orlando, FL, November 6, 2000. 
http://www.fra.dot.gov/rdv/volpe/pubs/reports/techppr/alt_loco.pdf 

Severson, K., Tyrell, D. and A. B. Perlman. 2000. "Rail Passenger Equipment Collision Tests: 
Analysis of Structural Measurements." 2000 International Mechanical Engineering Congress 
and Exposition, Orlando, FL, November 6, 2000. 
http://www.fra.dot.gov/rdv/volpe/pubs/techppr/str_meas.pdf 

Tyrell, David. 2000. "FRA Full-Scale Crash Test Program." Presented at the 79th Annual 
Meeting of the Transportation Research Board, Washington, DC, January 9-13, 2000. 

Tyrell, D., Zolock, J. and C. VanIngen-Dunn. 2000. "Rail Passenger Equipment Collision Tests: 
Analysis of Occupant Protection Measurements." 2000 International Mechanical Engineering 
Congress and Exposition, Orlando, FL, November 6, 2000. 
http://www.fra.dot.gov/rdv/volpe/pubs/techppr/occ_meas.pdf 
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Tyrell, David, Severson, Kristine, and A. Benjamin Perlman. 2000. Rail Passenger Equipment 
Collision Tests Single Passenger Rail Car Impact Test. Volume I Overview and Selected 
Results, DOT-VNTSC-FRA-00-01. http://www.fra.dot.gov/rdv30/reports/pdf/ord0002_1.pdf 

Tyrell, D., Severson, K., Perlman, A.B., Brickle, B. and C. VanIngen-Dunn. 2000. "Rail 
Passenger Equipment Crashworthiness Testing Requirements and Implementation." 2000 
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20.8 CREW COMMUNICATION STATION LAYOUT 
 
 



 
SUPPLEMENTAL DRAWINGS 

 
 

 
IFB NO. EP142-06  20-25 August 25, 2005 

Criterion: Prescribed Sequence

1) Couplers of Cab Car 
and Locomotive 
Contact

5) Crush Zone 
Exhausted

4) Principal Energy 
Absorption 
Mechanism Initiates

3) Load Transfer 
Mechanism 
Engaged

2) Coupling Mechanism 
Initiates Energy 
Absorption

20.9 CAB END INITIATION SEQUENCE 
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Criterion: Prescribed Sequence

1) Coupled Car 
Interaction

2) Coupling Mechanism 
Imitates Energy 
Absorption 

4) Crush Zone Exhausted

3) End Frames Load 
Transfer Mechanism 
Engaged and Principal 
Energy Absorption 
Mechanism Initiates

20.10 NON-CAB END INITIATION SEQUENCE  
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Example Criteria Values: 
Force-Crush Characteristic

CM Initiation 
Load Range

PEAM Initiation 
Load Range

Passenger Volume 
Collapse Load

PEAM Overall Slope 

CM Energy 
Absorption

PEAM Energy 
Absorption

PEAM Stroke

20.11 CAB END IDEALIZED FORCE-CRUSH CHARACTERISTIC CURVE 
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Target Force-Crush 
Characteristic: Non-Cab End

PEAM Initiation 
Load Range

CM Initiation 
Load Range

Passenger Volume 
Collapse Load

PEAM Overall Slope

PEAM Stroke

PEAM Energy 
Absorption

CM Energy 
Absorption

20.12 NON-CAB END IDEALIZED FORCE-CRUSH CHARACTERISTIC CURVE 
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Case 1: Nominal
Case 2: Nominal without Coupler
Case 3: Nominal with Coupled B-End

Three Cases of Existing Fleet

Using an SAE 60 Filter

20.13 EXISTING FLEET FORCE-CRUSH CHARACTERISTIC 
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63” 
Height

30” Length

12” from  
front of seat

Control   
Stand 

Allowance 30” Width from   
right armrest

30” Length

TOP VIEW

Criterion: Operator Volume

SIDE VIEW

20.14 PROTECTED OPERATOR CAB SPACE 
 
 

 




