Q

U.S. Department

of Transportation Office of Research,
Federal Railroad Development and Technology
Administration Washington, DC 20590

Advanced Component Testing: Tri-coupler Testing
and Freight Car Electrical Power Supply System
Demonstration

-—

DOT/FRA/ORD-24/31 Final Report | August 2024



NOTICE

This document is disseminated under the sponsorship of the
Department of Transportation in the interest of information
exchange. The United States Government assumes no liability for
its contents or use thereof.  Any opinions, findings and
conclusions, or recommendations expressed in this material do not
necessarily reflect the views or policies of the United States
Government, nor does mention of trade names, commercial
products, or organizations imply endorsement by the United States
Government. The United States Government assumes no liability
for the content or use of the material contained in this document.

NOTICE

The United States Government does not endorse products or
manufacturers. Trade or manufacturers” names appear herein
solely because they are considered essential to the objective of this
report.




REPORT DOCUMENTATION PAGE o Ao

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information
Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision
of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
Technical Report October 2012—April 2013
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Advanced Component Testing: Tri-coupler Testing and Freight Car Electrical Power | DTFR53-00-C-00012
Supply System Demonstration

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Daniel Carter

5e. TASK NUMBER
Task Order 255

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Transportation Technology Center, Inc. REPORT NUMBER

55500 DOT Road

Pueblo, CO 81001

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)

U.S. Department of Transportation
Federal Railroad Administration

Office of Railroad Policy and Development 11. SPONSOR/MONITOR'S REPORT
Office of Research, Development and Technology NUMBER(S)
Washington, DC 20590 DOT/FRA/ORD-24/31

12. DISTRIBUTION/AVAILABILITY STATEMENT
This document is available to the public through the FRA website.

13. SUPPLEMENTARY NOTES
COR: John Punwani, Monique Ferguson Stewart

14. ABSTRACT

FRA sponsored Transportation Technology Center, Inc. (TTCI) to perform evaluation tests on tri-couplers designed and produced by
Sharma & Associates, Inc. (SA). SA designed and produced the freight car Electrical Power Supply System (EPSS), while TTCI
provided support for the installation and demonstration. SA collected the test data and reported the test findings. Evaluation testing
included impact tests and various trackworthiness assessment tests.

15. SUBJECT TERMS
Tri-coupler, freight car, Electrical Power Supply System, EPSS, track

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF | 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
ABSTRACT OF
a. REPORT b. ABSTRACT | c. THIS PAGE PAGES
21 19b. TELEPHONE NUMBER (Include area code)

Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. 239-18
298-102



https://railroads.dot.gov/elibrary-search

METRIC/ENGLISH CONVERSION FACTORS

ENGLISH TO METRIC

METRIC TO ENGLISH

LENGTH (APPROXIMATE) LENGTH (APPROXIMATE)
1inch (in) = 2.5 centimeters (cm) 1 millimeter (mm) = 0.04 inch (in)
1foot (ft) = 30 centimeters (cm) 1 centimeter (cm) = 0.4 inch (in)
1yard (yd) = 0.9 meter (m) 1 meter (m) = 3.3 feet (ft)
1 mile (mi) = 1.6 kilometers (km) 1 meter (m) = 1.1 yards (yd)
1 kilometer (km) = 0.6 mile (mi)
AREA (APPROXIMATE) AREA (APPROXIMATE)
1 square inch (sqin, in?) = 6.5 square centimeters (cm?) 1 square centimeter = 0.16 square inch (sq in, in?)

1 square foot (sq ft, ft?) = 0.09 square meter (m?)

1 square yard (sq yd, yd?) = 0.8 square meter (m?)

1 square mile (sq mi, mi?) = 2.6 square kilometers (km?)

1 acre = 0.4 hectare (he) = 4,000 square meters (m?)

(cm?)

1 square meter (m?) 1.2 square yards (sq yd, yd?)

1 square kilometer (km?) 0.4 square mile (sq mi, mi?)

10,000 square meters
(m?)

1 hectare (ha) = 2.5 acres

1 short ton = 2,000 pounds (Ib)

MASS - WEIGHT (APPROXIMATE)

1ounce (0z) =
1 pound (Ib)

28 grams (gm)
0.45 kilogram (kg)
0.9 tonne (t)

MASS - WEIGHT (APPROXIMATE)

1 gram (gm) = 0.036 ounce (0z)
1 kilogram (kg) = 2.2 pounds (lb)
1tonne (t) = 1,000 kilograms (kg)
1.1 short tons

VOLUME (APPROXIMATE)

1teaspoon (tsp) = 5 milliliters (ml)

1 tablespoon (tbsp) = 15 milliliters (ml)

1 fluid ounce (floz) = 30 milliliters (ml)

1cup(c) = 0.24liter (l)

1 pint (pt) = 0.47 liter (l)

1 quart (qt) = 0.96 liter (I)
1gallon(gal) = 3.8 liters (l)

1 cubic foot (cu ft, ft’) =
1 cubic yard (cu yd, yd®) =

0.03 cubic meter (m®)
0.76 cubic meter (m®)

VOLUME (APPROXIMATE)
1 milliliter (ml) = 0.03 fluid ounce (fl 0z)
1 liter (1) 2.1 pints (pt)
1 liter (I) = 1.06 quarts (qt)
1 liter (1)

0.26 gallon (gal)

1 cubic meter (m®) = 36 cubic feet (cu ft, ft°)

1 cubic meter (m®) = 1.3 cubic yards (cu yd, yd®)

TEMPERATURE ExacT)
[(x-32)(5/9)] °F = y°C

TEMPERATURE ExacT)
[(9/5)y + 32]°C = x°F

QUICK INCH - CENTIMETER LENGTH CONVERSION

0 1

2
Inches | | I
5

Centimeters | 1 2 3 4

6 7 8 9 10 1 12 13

QUICK FAHRENHEIT - CELSIUS TEMPERATURE CONVERSIC

°F -40° -22° -4° 14° 32° 50° 68°
] ] ] ] ] ] ]

8I6° 1?4° 122° 140° 158° 176° 194° 212°
1 1 I 1 ! |

1 1 1 T T T
°C -40° -30° -20° -10° 0° 10° 20°

T T T T 1 I I I
30° 40° 50° 60° 70° 80° 90° 100°

For more exact and or other conversion factors, see NIST Miscellaneous Publication 286, Units of Weights and

Measures. Price $2.50 SD Catalog No. C13 10286

il

Updated 6/17/98




Contents

EXECULIVE SUIMIMATY ..iiiiiieiiiiiiee ettt ettt e e ettt e e ettt e e e e stbeeeeesnbbeeeeeassbeeeeennsseeeeennsaneaeanes 1
1. TIETOAUCTION ... e e et e e et e e e e e e e e eenes 3
1.1 ODJECIVES .eeeuiiiiieeeeitiee e ettt e e ettt e e ettt e e e ettt e e e saatee e e e abaeeeeesbaeeeesnsaeeessnsaeeesennnees 3
1.2 OVerall APPIrOACKH ........viiiiiiiiiie e ettt e e e e e e e 3
1.3 N Te0] oL O P PP 3
1.4 Organization of the RePOTt .......cccuuiiiiiiiiiiiiiieee e 3
2. TTImCOUPLET ettt e e e sttt e e e et e e e e snbbeeeeennbeeaeanes 5
2.1 PLOCEAUIE ... e e e et e e e e 5
2.2 TOSTATTALION ..ot e e e e e e e e e e e e e eaas 5
2.3 TWISE ANA ROLL....oeeieeee e e e et e e e e eeeeeeeeeeaas 6
2.4 PitCh Qnd BOUNCE. ... e 6
2.5 HUNEINE ...ttt e e ettt e e ettt e e e et e e e e enbaaeeeennees 7
2.6 YaW QN SWAY ..eviiiiiiiiiiieeeiee et e et e e et e e e et e e e e nbaae e e e e 7
2.7 IMPACT TESE .eeeieieeeeieeee et e e e e e ettt e e e e e e e s eneaaeeeees 7
3. Freight Car Electrical Power Supply System...........ccccviviiiiiiiieiiiiiiiiiiieeeeieee e 9
3.1 PLOCEAUIE ... e et e e e 9
32 TOSTATTATION .ottt e e e e e e e e e e e e e e e eaas 9
33 DEIMONISITALION ... et e e e e et e e e e e e e e e e e e eeaaeeeeennns 11
4. COMNCIUSIONS ..ttt et e e e e e e e e e e e e e e e eeaeeeeennns 13
5. RETETEINCES ..ot e e e e e e e e e 14

il



lllustrations

Figure 1. Installed Tri-Coupler POds.........ccooviiiiiiiiiiieeee e 6
Figure 2. Impact Test Train SELUP ......coovuiiiiiiiiiiiiie et 8
Figure 3. Tri-Coupler After Impact TeSNG ......ccueeiriiiiriiiiiiiieeieeeee e 8
Figure 4. Inverter Inside FRA-2001..........ooiiiiiiiiiiiieee et 9
Figure 5. JUNCHION BOX ...oiiiiiiiiiiiiiiiieeiiee et 10
Figure 6. Battery BOX . ...iiiiiiiiiiieeiieee e 10
Figure 7. Side-Mounted Operation BOX..........ccoouiiiriiiiiiiiiniieiiiicceieeeee e 11
Figure 8. Junction BoX MeEaSuICmMENLt ........ccc.ueieriiieiniiieiniieeniiee ettt et e 11
Figure 9. Battery BoX MeaSuICmMENt .........cccouueiiriiiiiniiieiniieeeiie ettt ettt e 12

v



Executive Summary

From October 2012 to April 2013, the Federal Railroad Administration (FRA) tasked
Transportation Technology Center, Inc. (TTCI) to perform evaluation tests on tri-couplers
designed and produced by Sharma & Associates, Inc. (SA).

TTCI also provided support for the installation and demonstration of the freight car Electrical
Power Supply System (EPSS), also designed and produced by SA.

The tri-coupler evaluation test and EPSS demonstration included the installation of the
components being used for testing and the trackworthiness testing of the components. SA
collected the test data and reported the test findings. Evaluation testing included impact tests
and various trackworthiness assessment tests.






1. Introduction

Sharma & Associates, Inc. (SA) designed and produced a freight car Electrical Power Supply
System (EPSS). From October 2012 to April 2013, the Federal Railroad Administration (FRA)
tasked Transportation Technology Center, Inc. (TTCI) to perform evaluation tests on SA’s tri-
couplers.

TTCI also provided support for the installation and demonstration of the freight car EPSS.

The tri-coupler evaluation test and EPSS demonstration included the installation of components
used for testing and the trackworthiness testing of the components.

1.1 Objectives

SA tested the functionality of advanced components developed or under development.

1.2 Overall Approach

FRA furnished prototype components for evaluation and testing of its functionality and
performance. Researchers carried out the evaluations on locomotives and cars from FRA’s
advanced concept train. The tests required a single car or a train to define operating practices and
to obtain user feedback.

1.3 Scope

Currently, there are freight car components that can be improved for ease of operation or
inspection and functionality. For example, when coupling two cars someone is required to get
between the cars to connect the air. With advanced components such as a tri-coupler, the air is
coupled during the car coupling process. When using an automatic angle cock operated from the
side of the car or from the locomotive, the air can be safely opened up without needing railroad
workers between the cars. These components should be durable and reliable, and optimized for
functionality for ease of operation.

Based on this research, alternatives to current operating practices may be suggested, tested,
and/or evaluated with demonstrations.
1.4 Organization of the Report

This report is organized into four sections: Section 1 introduces the work conducted. Section 2
describes the tri-coupler. Section 3 expans on the freight car EPSS. Section 4 provides a
summary of the results produced by this work.






2. Tri-Coupler

TTCI performed evaluation tests on tri-couplers installed on the FRA advanced concept train. SA
designed and produced the tri-coupler, and supplied the prototype for testing. SA collected the
test data and reported on the test findings. Testing included impact tests and various
trackworthiness assessment tests.

2.1 Procedure

A tri-coupler pod was mounted to the coupler on the A-end of the UTLX 96240 tank car and
another tri-coupler pod was mounted on the A-end of the Union Pacific (UP) 72053 covered
hopper car. Prior to testing, the tri-couplers were coupled and the trackworthiness testing began
after installation. The trackworthiness tests included twist and roll, pitch and bounce, yaw and
sway, and hunting, according to the criteria found in Chapter 11 of the Association of American
Railroads’ Manual of Standards and Recommended Practices (MSRP) [1]. Impact tests were
performed at the completion of the trackworthiness testing.

The tri-coupler connected cars were subjected to the most severe track conditions and operating
speeds possible without risking the safety of personnel and operating equipment, other than the
tri-coupler pods.

The instrumentation used in the testing included:
e Instrumented wheelsets installed on the lead axle of each car

e Vertical, lateral, and longitudinal acceleration sensors installed on each end of the test
cars

e Pneumatic path pressure through the tri-coupler
e Electrical connection continuity through the tri-coupler
e Impact speed of hammer car

e Video

2.2 Installation

The initial installation of the instrumentation on these two test cars was on the B-end of both
cars. This proved to be problematic because of coupler wear. The tri-coupler pods were then
mounted onto the A-end couplers of both cars. Figure 1 shows the tri-coupler pods installed onto
the A-end couplers and connected. Installing an air tank on each car prevented any interference
with the operation of the brake system.
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Figure 1. Installed Tri-Coupler Pods

2.3 Twist and Roll

Twist and roll simulates the roll modes of the carbodies. The twist and roll track section is
comprised of 10 staggered perturbations with a wavelength of 39 ft and a cross-level of 0.75 in.
This track section excites a rotation about the longitudinal axis through the center of mass for
each car. Six test runs were made through the twist and roll track section. Test speeds started at
35 mph increasing at 5 mph increments until reaching maximum test criteria. The MSRP Chapter
11 testing criteria for the twist and roll section [1] are stated as: vertical force shall be above 10
percent of the average, and longitudinal force to vertical force ratio (L/V) shall be below 1. The
test showed the L/V criterion was exceeded on a run at 40 mph. Due to the proximity of the twist
and roll track section with the pitch and bounce track section, some runs started before the twist
and roll track section to get enough speed before the pitch and bounce track section.

2.4 Pitch and Bounce

Pitch and bounce simulates the vertical oscillation of the carbodies. The pitch and bounce track
section is comprised of 10 parallel perturbations with a wavelength of 39 ft and a maximum
vertical amplitude of 0.75 in. This track section excites a rotation about the transverse axis
through the center of mass for each car. Four test runs were made through the pitch and bounce



section of track. Test speeds started at 40 mph increasing at 5 mph increments until test criteria
were reached. The MSRP Chapter 11 testing criteria for the pitch and bounce section are listed
as: vertical force shall be above 10 percent of the average, and L/V shall be below 1. The test
showed the L/V criterion was exceeded on a run at 50 mph. Performing the fourth test run
verified that the L/V criterion was exceeded during the pitch and bounce track section and was
not caused during the transition between the twist and roll and the pitch and bounce track
sections.

2.5 Hunting

Hunting simulates the sustained lateral oscillation of the axle between the wheel flanges. The
hunting section was on tangent FRA Class 6 track on the Railroad Test Track. The wheels of the
test cars had average worn wheel profiles. Test speeds started at 40 mph increasing at 5 mph
increments until reaching the test criteria. The MSRP Chapter 11 testing criteria for the hunting
section are listed as: vertical force shall be above 10 percent of the average, L/V shall be below
1, and carbody acceleration shall be below 0.13 g (new limit in Chapter 11). The old limit for
acceleration of the carbody was set at 0.26 g. The test showed the acceleration criterion for the
new limit exceeded 50 and 55 mph for the older limit.

2.6 Yaw and Sway

Yaw and sway simulates the roll and yaw body mode between coupled cars. The yaw and sway
track section is comprised of five parallel perturbations with a wavelength of 39 ft and a
maximum lateral amplitude of 1.25 in. This track section excites a rotation about the vertical axis
through the center of mass for each car. Five test runs were made through the yaw and sway
section of track. Test speeds started at 30 mph, increasing at 5 mph increments until reaching the
test criteria. The MSRP Chapter 11 testing criteria for the yaw and sway section are listed as:
vertical force shall be above 10 percent of the average, L/V shall be below 1, and carbody
acceleration shall be below 0.13 g (new limit in Chapter 11). The old limit for acceleration of the
carbody was set at 0.26 g. The test showed the acceleration criterion for the new limit exceeded
45 and 50 mph for the older limit.

2.7 Impact Test

The impact testing of the tri-couplers aided in verifying that the tri-couplers could survive
impacts that might be encountered during revenue service. Impacts such as those encountered
during train make-up or humping operations were simulated.

A hammer car was impacted into a string of three standing, empty cars. The impact string had
the hand brake fully set on the last car (opposite end). A series of impacts was made on tangent
track by the hammer car. Successive impacts were made at 3, 4, and 5 mph. After each impact,
the tri-couplers were uncoupled and visually inspected for damage. Figure 2 shows a diagram of
the test train. The tri-couplers were installed on the hammer car and on the first car of the anvil
string. Figure 3 shows one of the tri-coupler pods after the impacts.
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Figure 2. Impact Test Train Setup

Figure 3. Tri-Coupler After Impact Testing



3. Freight Car Electrical Power Supply System

The EPSS was installed on a locomotive and two cars from the FRA advanced concept train. SA
supplied the equipment for the EPSS, collected the test data, and reported the demonstration
findings. The EPSS converts power from the locomotive to supply power to freight cars and is
intended to allow monitoring and control of sensors, including the application/release of hand
brakes, cut-levers, and angle cocks.

3.1 Procedure

The EPSS was installed on the FRA-2001 locomotive, the UTLX 96240 tank car, and the UP
72053 covered hopper car. After installation, assembly of the test train ensued along with a
demonstration of the components. Electrical connections were tested at various stages of the
demonstration.

3.2 Installation

The components installed on the locomotive were junction boxes next to the couplers and an
inverter inside the short hood. Figure 4 shows the inverter after installation, and Figure 5 shows a
junction box.

Figure 4. Inverter Inside FRA-2001



Figure 5. Junction Box

The components installed on the covered hopper and tank car were junction boxes next to the
couplers, battery boxes, and side-mounted operation boxes. Figure 6 shows a battery box, and
Figure 7 shows one of the side-mounted operation boxes.

Figure 6. Battery Box
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Figure 7. Side-Mounted Operation Box

3.3 Demonstration

The research team performed the demonstration of the EPSS on May 22, 2013. The procedure
used for the demonstration was to connect all the EPSS connectors between each of the test cars,
energize the system, take voltage and current readings at each of the junction boxes and battery
boxes, and demonstrate the operation of select advanced devices. The advanced devices selected
to be tested at each interval were an automated hand-brake release and an angle cock. Figure 8
shows measurements being taken at one of the junction boxes, and Figure 9 shows a
measurement being taken at one of the battery boxes.

Figure 8. Junction Box Measurement
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Figure 9. Battery Box Measurement

After the baseline measurements were taken, the test train was moved to the Transit Test Track, a
9.1 mile loop. After completing one full loop at 30 mph and one-half loop at 40 mph,
measurements were taken of the voltage and current readings, and the angle cock and automated
hand brake release were operated. The test train then completed another 1.5 laps at 40 mph, and
final measurements were made. The final measurements taken were voltage and current readings,
and the angle cock and automated hand brake release were operated.
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4. Conclusions

SA designed and produced a freight car EPSS. From October 2012 to April 2013, FRA tasked
TTCI to perform evaluation tests on SA’s tri-couplers. TTCI also provided support for the
installation and demonstration of the freight car EPSS. The tri-coupler evaluation test and EPSS
demonstration included the installation of components used for testing and the trackworthiness
testing of the components.

The tri-couplers various test results could be summarized as follows:
The twist and roll test showed that L/V criterion was exceeded on a run at 40 mph.

The pitch and bounce test showed that L/V criterion was exceeded on a run at 50 mph.
Performing the fourth test run verified that the L/V criterion was exceeded during the pitch and
bounce track section and was not caused during the transition between the twist and roll and the
pitch and bounce track sections.

The Hunting test showed the acceleration criterion for the new limit exceeded 50 and 55 mph for
the older limit.

The yaw and sway test showed the acceleration criterion for the new limit exceeded 45 and 50
mph for the older limit.

Impact testing of the tri-couplers was also conducted and verified that the tri-couplers could
survive impacts that might be encountered during revenue service. Impacts such as those
encountered during train make-up or humping operations were also simulated.
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Abbreviations and Acronyms

ACRONYM | DEFINITION

EPSS Electrical Power Supply System

FRA Federal Railroad Administration

L/vV Longitudinal Force to Vertical Force Ratio

MSRP Manual of Standards and Recommended Practices
SA Sharma & Associaties, Inc.

TTCI Transportation Technology Center, Inc.

UP Union Pacific
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