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1. INTRODUCTION – PART 2 



2. LITERATURE SURVEY ON LOADED TANK CAR ROLLOVERS

2.1 Background

2.2 NTSB Reports

2.3 TSB Reports

Report R07D0030



– Inconclusive.
Report R04M0032

 – Likely.
Report R04W0148

 – Likely.
Report R04Q0040



 – Likely.
Report R03V0019

 – Likely.
Report R03T0157

 – Clear.
Report R01E0009

 – Inconclusive.
Report R01W0182

 – Likely.
Report R00D0026

 – Inconclusive.
Report R00T0067



– Clear.
Report R99Q0019

 – Likely.
Report R99T0256

 – Inconclusive.
Report R99T0298

 - Inconclusive.
Report R98T0292

 - Inconclusive.
Report R96T0080

 - Inconclusive.
Report R95D0016

 - 
Inconclusive.
Report R94C0137



 – Likely.



3. ENERGY ANALYSIS OF TANK CAR DOMINO ROLLOVERS

3.1 Introduction



3.2 Stages – Empty Tank Car



3.2.1 Stage 1

Figure 1: Tank car sitting undisturbed on level track.

Table 1: Empty car energy with respect to the top of the rails, Stage 1.
Item CG Height 

Above TOR,
in.

Spring Deflection,
in. 

Weight, 
lb

Spring 
Rate, 
lb/in

Energy,
in-lb

Left Right
Body

Trucks

Springs

TOTAL 4,637,253



3.2.2 Stage 2

Figure 2: Car body rolled onto the side bearings.

Table 2: Empty car energy with respect to the top of the rails, Stage 2. 
Item CG Height 

Above TOR,
in.

Spring Deflection,
in. 

Weight, 
lb

Spring 
Rate, 
lb/in

Energy,
in-lb

Left Right
Body

Trucks

Springs

TOTAL 4,644,246



3.2.3 Stage 3

Figure 3: Car body rolls about the side bearings until contact occurs with the 
side frame.



Table 3: Empty car energy with respect to the top of the rails, Stage 3. 
Item CG Height 

Above TOR,
in.

Spring Deflection,
in. 

Weight, 
lb

Spring 
Rate, 
lb/in

Energy,
in-lb

Left Right
Body

Trucks

Springs

TOTAL 5,015,581

Figure 4: Car body rolled contacting the side frame at the end of Stage 3. 



3.2.4 Stage 4

Table 4: Empty car energy with respect to the top of the rails, Stage 4. 
Item CG Height 

Above TOR,
in.

Spring Deflection,
in. 

Weight, 
lb

Spring 
Rate, 
lb/in

Energy,
in-lb

Left Right
Body

Trucks
(less 

bolsters)

Bolsters

Springs

TOTAL 5,124,875



Figure 5: Car body has rolled about the inside corner of the side frame, until 
the body bolster lies flat on the side frame.

3.2.5 Stage 5



Figure 6: Car body carried on the outside corner of the side frame.

3.2.6 Stage 6



Table 5: Empty car energy with respect to the top of the rails, Stage 6. 
Item CG Height 

Above TOR,
in.

Spring Deflection,
in. 

Weight, 
lb

Spring 
Rate, 
lb/in

Energy,
in-lb

Left Right
Body

Truck

Springs

TOTAL 3,651,544

Figure 7: Car body has rolled about the wheel/rail contact points until the body 
contacts the ground below the TOR.

3.2.7 Stage 7



Figure 8: Truck falls back on the rails after the car body has rolled sufficiently 
far away on the ground.

Table 6: Empty car energy with respect to the top of the rails, Stage 7. 
Item CG Height 

Above TOR,
in.

Spring Deflection,
in. 

Weight, 
lb

Spring 
Rate, 
lb/in

Energy,
in-lb

Left Right
Body

Truck

Springs

TOTAL 3,344,446

3.3 Analysis – Empty Tank Car





Figure 9: Change in potential energies of empty tank cars and change in total 
potential energy of a system, as a function of the car body roll angle 

of the first car.
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40.5; 498,683 58.5; 498,683 76.5; 498,683

64; 1,368,743

-4.00E+05

-2.00E+05

0.00E+00

2.00E+05

4.00E+05

6.00E+05

8.00E+05

1.00E+06

1.20E+06

1.40E+06

1.60E+06

0 10 20 30 40 50 60 70 80 90

PE
 (i

n-
lb

f)

Roll Angle of First Car [degrees]

Change of Potential Energy of Empty Tank Cars

Car 1 Car 2 Car 3 Car 4 Car 5 Car 6 System PE





3.4.1 Stage 1

Figure 10: Tank car sitting undisturbed on level track.

Table 7: Loaded car energy with respect to the top of the rails, Stage 1. 
Item CG Height 

Above TOR,
in.

Spring Deflection,
in. 

Weight, 
lb

Spring 
Rate, 
lb/in

Energy,
in-lb

Left Right
Body

Truck

Springs

TOTAL 22,807,354



3.4.2 Stage 2

Figure 11: Car body compresses truck suspension springs.

Table 8: Loaded car energy with respect to the top of the rails, Stage 2. 
Item CG Height 

Above TOR,
in.

Spring Deflection,
in. 

Weight, 
lb

Spring 
Rate, 
lb/in

Energy,
in-lb

Left Right
Body

Truck

Springs

TOTAL 22,894,563



3.4.3 Stage 3

Figure 12: Car body load transferred to side bearing from centre plate.



3.4.4 Stage 4

Figure 13: Car body rolls about the side bearing until contacting the side frame.



Table 9: Loaded car energy with respect to the top of the rails, Stage 4. 
Item CG Height 

Above TOR,
in.

Spring Deflection,
in. 

Weight, 
lb

Spring 
Rate, 
lb/in

Energy,
in-lb

Left Right
Body

Truck

Springs

TOTAL 23,507,652

Figure 14: Final position of Stage 4 - car body just contacts inside corner of side 
frame without loading it.



3.4.5 Stage 5

Figure 15: Car body load transferred to inside corner of the side frame.



3.4.6 Stage 6

Table 10: Loaded car energy with respect to the top of the rails, Stage 6. 
Item CG Height 

Above TOR,
in.

Spring Deflection,
in. 

Weight, 
lb

Spring 
Rate, 
lb/in

Energy,
in-lb

Left Right
Body

Truck

Springs

TOTAL 24,008,626

Figure 16: Car body rolls about the side frame until the system becomes 
unstable.



3.4.7 Stage 7

Table 11: Loaded car energy with respect to the top of the rails, Stage 7. 
Item CG Height 

Above TOR,
in.

Spring Deflection,
in. 

Weight, 
lb

Spring 
Rate, 
lb/in

Energy,
in-lb

Left Right
Body

Truck

Springs

TOTAL 10,061,223

Figure 17: Car body has rolled about the wheel/rail contact points until the body 
contacts the ground below the TOR.



3.4.8 Stage 8

Figure 18: Truck falls back on the rails after the car body has rolled sufficiently 
far away on the ground.

Table 12: Loaded car energy with respect to the top of the rails, Stage 8. 
Item CG Height 

Above TOR,
in.

Spring Deflection,
in. 

Weight, 
lb

Spring 
Rate, 
lb/in

Energy,
in-lb

Left Right
Body

Truck

Springs

TOTAL 9,761,663



3.5 Analysis – Loaded Tank Car



Figure 19: Change in potential energies of loaded tank cars and change in total 
potential energy of a system, as a function of the car body roll angle 

of the first car.

3.6 Comparison of Empty and Loaded Cases
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Figure 20: Comparison of system variation in potential energy between loaded 
and unloaded tank cars.
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Figure 21: Effect of reducing coupler slack on system energy.
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4. VAMPIRE SIMULATION

4.1 Introduction

4.2 Simulation Approach





Figure 22: Sample of measured torque vs angular displacement for a shelf (S1) 
coupler mated with a second shelf coupler (S2), from Trent et al [2]. 



4.3 Simulation Results

Figure 23: Assumed impact scenario. 



Table 13: Major parameters for dynamic simulation. 

Parameter Name Value
Simulation Speed (mph) 1
Single Car GRL (lbs) 598,000                              
Single Car Body Mass (lbs) 42,611                                 
Single Car Body Roll Inertia, Ix (lbs-in^2) 1.09E+08
Single Car Body Pitch Inertia, Iy (lbs-in^2) 2.32E+08
Single Car Body Yaw Inertia, Iz (lbs-in^2) 2.23E+08
Single Car Body CG Position from TOR (in) 95
Distance between Truck Centers (in) 455
Distance from truck center to coupler face (in) 95.5
Wheel Diameter (in) 36
Wheel Base of Truck (in) 70
Spacing between Journal Center (in) 79
Center Plate Diameter (in) 14
Mass of one Bolster (lbs) 1,467                                   
Roll Inertia of one Bolster, Ix (lbs-in^2) 9.85E+05
Pitch Inertia of one Bolster, Iy (lbs-in^2) 1.32E+04
Yaw Inertia of one Bolster, Iz (lbs-in^2) 9.85E+05
Spacing of Wedge Column Face (in) 17.5
Mass of one Side Frame (lbs) 845.5
Roll Inertia of one Side Frame, Ix (lbs-in^2) 25,480                                 
Pitch Inertia of one Side Frame, Iy (lbs-in^2) 4.32E+05
Yaw Inertia of one Side Framer, Iz (lbs-in^2) 4.32E+05
Mass of one Wheelset (lbs) 2,718                                   
Roll Inertia of one Wheelset, Ix (lbs-in^2) 1.99E+06
Pitch Inertia of one Wheelset, Iy (lbs-in^2) 3.50E+05
Yaw Inertia of one Wheelset, Iz (lbs-in^2) 1.99E+06
Centre Bowl Friction 0.3
Gap between Center Plate and Center Bowl (in) 0.0625
Side Bearing Friction 0.3
Side Bearing Gap (in) 0.25
Wedge Angle (deg) 32
Wedge Friction 0.4
Spring Froup Name 7D5-3D5 / 2B432-2B433 
Axle Adapter  Longitudinal Clearance (in) 0.15
Axle Adapter  Lateral Clearance (in) 0.185
Axle Adapter Friction 0.4
Wheel Profile AAR1BW
Rail Profile AREMA Re136
Wheel Rail Friction 0.4
Rail Gauge (in) 56.53
Wheelset Back-toBack Spacing (in) 53.063
Coupler Center Hheight from TOR (in) 32





Figure 24: Animations of simulation results for regular Type E coupler case. 



Figure 25: Car body roll angles obtained by simulation for regular Type E
coupler case. 
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Figure 26: Animations of simulation results for double-shelf coupler case. 



Figure 27: Car body roll angles obtained by simulation for double-shelf coupler 
case. 

4.4 Proposed Dynamic Simulation Work for Future Consideration
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4.5 Capabilities and Limitations of the Future Simulation Models



Table 14: Capabilities and limitations of the developed simulation models. 
Request Capability/Limitation



Request Capability/Limitation



Request Capability/Limitation

.



5. PHYSICAL TESTING

5.1 Introduction



5.2 Objectives

Dry-Run Test

Test #1:

Figure 28: Test #1, dynamic testing - test setup schematic. 

Test #2:



Figure 29: Test #2, dynamic testing - test setup schematic. 

Test #3:

Figure 30: Test #3, dynamic testing - test setup schematic. 

Test #4:



Figure 31: Test #4, dynamic testing - test setup schematic. 



5.3 Test Results

5.3.1 Dry Run Testing

2. as
chosen after the dry-run test to be the first preferred method to be used during 
the dynamic testing).

3. as
chosen after the dry-run test to be the second preferred method to be used 
during the dynamic testing).

Figure 32: Pulling laterally at the end of the car from centre. 



Figure 33: Pulling laterally at the end of the car from top. 

Figure 34: Pulling laterally at the middle of the car from top. 



Figure 35: Pulling vertically at the end of the car from jacking pad. 

Figure 36: Pulling vertically at the end of the car using a custom-made beam. 



5.3.2 Test Preparation

Figure 37: Truck almost touching the concrete during the dry-run test (left); and 
holes in the concrete during testing (right). 



Figure 38: Track support. 

Figure 39: Cars landing on tires. 



Figure 40: Tires under Car #II after the rollover occurred. 



5.3.3 Instrumentation

Table 15: List of instruments. 

Instrument Make Model
Shear Strain Gauges

Shear Strain Gauges

String Potentiometers

Inclinometers
Load Transducers

Figure 41: Typical inclinometer location to measure coupler rotation angle. 



Figure 42: Typical inclinometer location to measure car body rotation angle. 

Figure 43: Typical inclinometer location to measure car body pitching angle. 



Figure 44: Typical inclinometer location to measure truck bolster rotation angle. 

Figure 45: Typical event sensor location to detect contact of body bolster to side 
bearings, and contact of body bolster to truck side frame (rolled side). 



Figure 46: Typical event sensor location to detect shelf/knuckle contact. 

Figure 47: Typical displacement sensor location to measure the height of the 
draft sill above top of the rail. 



Figure 48: Typical displacement sensor location to measure draft sill horizontal 
displacement across track. 

Figure 49: Typical strain gauge locations to measure car vertical load and 
torque. 



5.3.4 Test #1: Baseline Dynamic Testing

Test Setup



Figure 51: Test #1, dynamic baseline testing – test setup. 

Figure 52: Test #1, initiating car on ground, failed rollover attempt. 



Figure 53: Test #1, pulling laterally at the near end of Car #I from top. 



Figure 54: Test #1, cars after test – side view. 

Figure 55: Test #1, cars after test – tail end view. 



Figure 56: Test #1, cars after test – initiating end view. 

Figure 57: Test #1, cars after test – close up of trucks. 



Figure 58: Test #1, cars after test – linked coupler. 

Figure 59: Test #1, broken coupler key of Car #II A-end. 



Observations

The 
expectations were:

The first expectation



Figure 60: Test #1 first roll attempt, events on Car #III. 

Figure 61: Test #1 second roll attempt, events on Car #III. 



Figure 62: Gouge on wall of far end coupler of Car #I after Test #1. 

The second expectation



Figure 63: Test #1 first roll attempt, displacements for Car #II. 

Figure 64: Test #1 first roll attempt, displacements for Car #III. 



Figure 65: Test #1 second roll attempt, displacements for Car #II. 

Figure 66: Test #1 second roll attempt, displacement for Car #III. 



The third expectation

Figure 67: Test #1 first roll attempt, vertical forces on near-end car sills. 



Figure 68: Test #1 second roll attempt, vertical forces on near-end car sills. 

The fourth expectation

Figure 69: Test #1 first roll attempt, torques on near-end car sills. 



Figure 70: Test #1 second roll attempt, torques on near-end car sills. 

The fifth expectation



Figure 71: Test #1 second roll attempt, Car #III roll and side bearing contact at 
near end. 



Figure 72: Test #1 second roll attempt, centre pin in Car #III near truck. 

The sixth expectation



Figure 73: Test #1 second roll attempt, Car #III truck and body roll. 

The seventh expectation



The eighth expectation

Figure 74: Test #1 second roll attempt, Car #III roll and side bearing contact at 
far end. 



Summary of Observations





5.3.5 Test #2: Dynamic Testing With Modified Rotary Coupler – 4 Cars

Test Setup

Figure 75: Test #2, dynamic testing with one modified rotary coupler and 4 tank
cars - test setup schematic.

NOTE:



Figure 76: Test #2, dynamic testing with one modified rotary coupler and 4 tank
cars - test setup. 



Figure 77: Test #2, cars after test, initiating end – rotary coupler stopped the 
rollover propagation. 

Figure 78: Test #2, cars after test, tail end – rotary coupler stopped the rollover 
propagation. 



Figure 79: Test #2, cars after test, north side – modified rotary coupler junction. 

Figure 80: Test #2, cars after test, south side – modified rotary coupler junction. 



Figure 81: Test #2, rotary coupler after test. 

Figure 82: Test #2, rotary coupler orientation after test. 



Observations



Figure 83: Test #2, events on Car #III. 

Figure 84: Test #2, displacements on Car #I. 



Figure 85: Test #2, displacements on Car #III. 



Figure 86: Test #2, vertical forces on car sills. 



Figure 87: Test #2, torques on car sills. 





Figure 88: Test #2, motion at the near end of Car #III. 



Figure 89: Damage to Car #III centre bowl on near truck. 

Summary of Observations





5.3.6 Test #3: Dynamic Testing With Modified Rotary Coupler – 5 Cars

Test Setup

Figure 90: Test #3, dynamic testing with one modified rotary coupler and 5 tank
cars - test setup schematic. 



Figure 91: Test #3, dynamic testing with one modified rotary coupler and 5 tank
cars - test setup. 

Figure 92: Test #3, lateral force applied at the middle of the initiating car from 
the top. 



Figure 93: Test #3, cars after test – rotary coupler stopped the rollover 
propagation. 

Figure 94: Test #3, rotary coupler after test. 



Figure 95: Test #3, rotary coupler partially opened after test, release arm hit 
ground. 

Figure 96: Test #3, rotary coupler partially opened after test. 



Observations:

Figure 97: Comparison between rotary coupler position (before lifting the 
following car) in Test #2 (left) and Test #3 (right). 



Figure 98: Rotary coupler resting on the bottom springs (left); rotary coupler not 
touching the springs (fully compressed) (right).

Figure 99: Top gap (left); bottom gap (right).



Figure 100: Rear assembly of the rotary coupler. 



Figure 101: Rotary coupler assembly3. 



Figure 102: Car #II near-end truck. 

Figure 103: Car #II near-end truck. 



Figure 104: Car #II after testing. 

Figure 105: Car #II far-end truck after testing. 







5.3.7 Test #4: Dynamic Testing With Modified Rotary Coupler – Blocked Carrier 
Springs

ar 
end of Car #III

Test Setup

Figure 106: Test #4, dynamic testing with one modified rotary coupler and 5 tank
cars - test setup schematic. 



Figure 107: Test setup showing rollover force application. 



Figure 108: Rotary coupler with isolated carrier system. 

Figure 109: Test #4 – five car test consist prior to rollover. 



Figure 110: Test #4, five car test consist after rollover – rotary coupler stopped 
the rollover. 

Figure 111: Test #4, dynamic testing with one modified rotary coupler and five
tank cars. 



Test Setup

Figure 112: Test #4, Car #II near-end truck. 



Figure 113: Test #4, Car #II far-end truck. 

Figure 114: Consist after test, from rolled end. 



Figure 115: Final position of modified rotary coupler. 



Figure 116: Test #4 modified rotary coupler partially opened after test, release 
arm hit ground. 

Observations from Test #4





5.4 Explanation of the Domino Rollover Phenomenon and Rotary Coupler Effect

5.4.1 Domino Rollover Phenomenon – Standard Type E Double-Shelf Couplers

5.4.2 Rotary Coupler Effect – Facing the Oncoming Domino Wave



5.4.3 Rotary Coupler Effect – Facing Away from the Oncoming Domino Wave





5.4.4 Comparison of the Rotary Coupler Effectiveness in Tests #2, #3 and #4 







5.4.5 Study Limitations





6. CONCLUSIONS 

6.1 Literature Survey On Loaded Tank Car Rollovers

6.2 Energy Analysis – Unloaded and Loaded Cases



6.3 Vampire Simulation

6.4 Physical Testing

6.4.1 Dry-Run Test



6.4.2 Dynamic Test #1 - Baseline with Standard Type E Double-Shelf Couplers – 
4 Cars



6.4.3 Dynamic Test #2 with Modified Rotary Coupler – 4 Cars



6.4.4 Dynamic Tests #3 and #4 with Modified Rotary Coupler– 5 Cars 

6.4.5 Physical Test Summary 

This is the domino-halting mechanism in the third and fourth physical 
tests.



This is the domino-halting mechanism in the second test.

Table 16: Comparison of key observations from full-scale tests. 

Observation / 
Question

Test #1 Test #2 Test #3 Test #4

Number of 
cars involved

Coupler 
connection

Was domino 
rollover 
progression 
stopped and 
why?



Observation / 
Question

Test #1 Test #2 Test #3 Test #4



Observation / 
Question

Test #1 Test #2 Test #3 Test #4

Differential 
roll angle 
absorbed by 
rotary 
coupler

Shelf to 
knuckle 
contact 
(Y/N)? 

Driven car 
vertical 
clearance / 
take up 
before driven 
car is lifted



Observation / 
Question

Test #1 Test #2 Test #3 Test #4

Centre pin 
clearance 
(which cars 
did/did not 
clear pin)

1st Roll 
Attempt:

2nd Roll 
Attempt:

Roll angle at 
which next 
car begins to 
roll

1st Roll 
Attempt:

2nd Roll 
Attempt:

(from data)

(from data)

(based on 
video 
observation)

(based on 
video 
observation)



Observation / 
Question

Test #1 Test #2 Test #3 Test #4

Max vertical 
loads at key 
connections

Max torque 
measuremen
ts at key 
connections

Max vertical 
displacement 
at key
connections

Max lateral 
displacement 
at key 
connections

Did car body 
and truck roll 
together?



Observation / 
Question

Test #1 Test #2 Test #3 Test #4

Condition of 
trucks after 
test

Other key 
points?





7. REFERENCES





APPENDIX A   INSTRUMENTATION LIST  



Table 17: Instrumentation channels and sensors.

Ser. Type Measured 
Parameter Car# Location Comments Fig #



Ser. Type Measured 
Parameter Car# Location Comments Fig #



Ser. Type Measured 
Parameter Car# Location Comments Fig #



Figure 117: Draft sill vertical force and torque measurements. 

Figure 118: Draft sill displacement measurements. 

Torque

Vertical 
Force

Draft Sill 
Height

Draft Sill Horizontal 
Displacement



Figure 119: Contact between a knuckle and shelf. 

Figure 120: Contact of body bolster to truck side frame and side bearings. 



Figure 121: Car body pitching. 

Figure 122: Car body and truck bolster rotation angle. 



Figure 123: Coupler rotation angle. 



APPENDIX B  TANK CAR DRAFT SILL CALIBRATIONS 



B.1 Strain Gauges Location Investigation

Figure 124: Preliminary strain gauge locations on draft sill. 



Figure 125: Preliminary strain gauge bridge wiring diagrams. 



B.2 Final Strain Gauge Locations 

Figure 126: Typical strain gauge locations on draft sill. 

Figure 127: Strain gauge locations on Car #III draft sill. 



Figure 128: Strain gauges SG3 & SG4 on Car #II draft sill. 

B.3 Calibration Procedure

B.3.1



Figure 129: Calibration beam. 

Figure 130: Typical vertical force calibration setup. 



Figure 131:  Torque calibration setup. 



Figure 132: Torque calculations - beam at angle zero. 

Figure 133: Torque calculations - beam at a . 

F1

F2

F1

F2



B.4 Calibration Results

Table 18: Tank car draft sill vertical force calibration results. 

Calibration Factor 
(

Maximum applied  
vertical force (lbs)

% error in calculated 
vertical force

Maximum absolute 
error in calculated 

torque measurements 
(ft*lbs) at the 

maximum applied 
vertical force

% error in torque 
channel at the 

maximum applied 

vertical force(1)

A-End 54.5209 19,283 1.8% 3,217 3.6%

B-End -81.3967 19,430 2.3% 2,028 2.3%

Car #II A-End 110.7002 19,595 2.0% 2,167 2.4%

A-End
(Upwards)

138.5457 19,405 3.9% 2,289 2.5%

A-End
(Downwards)

-169.3481 19,164 3.4% N/A N/A

Car #III

Car # Car End

Car #I

Vertical Force Calibration



Figure 134: Calculated and applied vertical forces – Car #I A-end. 

Figure 135: Percent error in calculated vertical force measurements – Car #I B-
end. 
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Figure 136: Percent crosstalk error in torque measurements – Car #I B-end. 
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Table 19: Tank car draft sill torque calibration results. 

Calibration Factor 
(

Maximum applied 
torque (ft*lbs)

% error in calculated 
torque

Maximum absolute 
error in calculated 

vertical force  
measurements (lbs) at 
the maximum applied 

torque

% error in vertical force 
channel at the 

maximum applied 

torque(2)

A-End 75.6132 91,102 2.0% 2,806 14.8%

B-End 77.6432 98,420 7.4% 9,809 51.6%

Car #II A-End 178.8444 94,679 3.6% 1,163 6.1%

Car #III A-End 146.9251 92,036 3.6% 1,079 5.7%

Torque Calibration

Car # Car End

Car #I



Figure 137: Calculated and applied torque – Car #I A-end. 
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Figure 138: Percent error in calculated torque measurements – Car #I B-end. 

Figure 139: Percent crosstalk error in vertical force measurements – Car #I A-end. 
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APPENDIX C MODIFIED ROTARY COUPLER MANUFACTURING AND 
INSTALLATION



C.1 Coupler Modification

Figure 140: Rotary coupler modification schematic6. 



Figure 141: Modified rotary coupler manufacturing.

C.2 Coupler Installation



Figure 142: Modified rotary coupler inside Type E sill/striker.

Figure 143: Modified rotary coupler inside Type F sill/striker.



Figure 144: Sill before modification. Figure 145: Sill after modification.

Figure 146: Insertion of 1 in. spacer below the yoke





APPENDIX D TANK CAR WEIGHTS AND DIMENSIONS



Table 20: Tank car weights and dimensions used in simulation.
Parameter Unit Car #II Car #III Car #I 

Light weight lb 71000 71200 70600 

Loaded CG above top of rail in 86.15 82.1 85.61 

Tank inner diameter in 113.125 110.25 108 

Shell thickness in 0.449 0.46875 0.4375 

Head thickness in 0.4375 0.4375 0.4375 

Gross rail load lb 263000 263000 263000 

Truck cap ton 100 100 100 

Spring travel in 3.6875 ?? 3.6875 

Draft sill above top of rail in 26.5 20.5 x 

Top of side frame above top of 
rail 

in 31 31.25 same 

Lateral position of inside of side 
frame from truck centre 

in 38 same same 

Side frame top chord width in 8 same same 

Centre plate above TOR in 26 same same 

Vertical clearance, coupler shank 
to underside of striker, A-end 

in 1 1 0.75 

Vertical clearance, coupler shank 
to underside of striker, B-end 

in 0.875 1.5 0.75 

Side bearing type  CCSB rollers CCSB 

Distance, pulling face to striker,  
A-end 

in 16.25 18 16.75 

Distance, pulling face to striker,  
B-end 

in 16.75 18.25 15.75 

Vertical distance, knuckle to 
shelf top, A-end 

in 6.625 6.5 6.75 

Vertical distance, knuckle to 
shelf bottom, A-end 

in 6.25 6.75 6.5 

Vertical distance, knuckle to 
shelf top B-end 

in 6.5 6.75 6.75 

Vertical distance, knuckle to 
shelf bottom B-end 

in 6.75 6.5 6.5 

Length across strikers in    

Truck wheelbase in 70 70 70 

Truck centre distance in 575 552.5 573 



APPENDIX E TANK CAR AND TRUCK COMPONENT TERMINOLOGY



Car body bolster

Centre bowl

Centre pin

Centre plate

Coupler

Coupler carrier iron springs

Coupler carrier iron

Coupler key

Coupler knuckle

Coupler shank

Coupler
Double-shelf coupler

Draft sill

Side bearings

Side frame

Tank car body

Truck bolster

Truck springs



Truck


