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Executive Summary

Transportation Technology Center, Inc., a subsidiary of the Association of American Railroads
(AAR), performed certification testing on the United States Department of Energy’s (DOE’s) 12-
axle cask car (Atlas car). The Atlas car has been developed as part of the DOE’s Atlas railcar
Design Project that is intended to meet the need for future large-scale transport of spent nuclear
fuel and high-level radioactive waste. Tests were performed according to the AAR’s Manual of
Standards and Recommended Practices (MSRP), Standard S-2043, “Performance Specification
for Trains Used to Carry High-Level Radioactive Material,” revised 2017.! For the purpose of
these tests, DOE designed and fabricated a minimum test load and a maximum test load.

Early vehicle testing revealed truck instability at higher speeds when the car was at the
minimum test load. TTCI tested different side bearings, centerplate liners, and primary pads to
address this behavior. The use of stiffer primary pads (prototype CSM 70 pads) was the only
change that improved the hunting performance. All dynamic testing was completed with the
CSM 70 pads, though some dynamic test regimes were also completed with different primary
pads. On October 15, 2020, TTCI reviewed the results with the AAR Equipment Engineering
Committee (EEC). The EEC directed TTCI to re-test the car with softer primary pads and a
minimum test load in the dynamic curving regime. The EEC emphasized that curving
performance was more important than high speed stability performance because the car would be
speed limited to less than 50 mph by AAR circular OT-55 when in high-level radioactive
material (HLRM) service.

The chosen primary suspension pads were made from chlorosulfonated polyethylene or CSM
and are categorized by the Shore D durometer hardness value. The production CSM 58 pads
were chosen based on the balance of curving and high-speed stability performance. The hunting
regime was tested with CSM 58 pads in both minimum and maximum test load conditions. The
dynamic curving regime was tested with CSM 58 pads in the minimum test load condition. All
other dynamic tests were completed with CSM 70 pads. The effect of the pad change on other
regimes will be evaluated using modeling and then documented in the post-test analysis report.
The table below shows the tests performed, the results of the tests, data where criteria were not
met, and the primary pad used during testing. Vehicle characterization tests are not listed because
there are no pass-fail criteria in Standard S-2043 for the characterization tests, as the tests are
intended to provide input for simulations.

Analysis was also performed on the securement system, and welds were fabricated and
inspected as required in AWS D15.1. Detailed analysis shows that pin stresses do not exceed the
ultimate stress. Maximum strains are below the ultimate strain levels.



Standard S-2043 Section Pad Met / Not Test Measurement (if S- Performance
Type Met 2043 Criteria was Not Met) requirement
5.2 Nonstructural Static Tests
5.2.1 Truck Twist Equalization CSM 58 Not Met | Minimum Test Load:
Wheel load at 50% during 2” 60% minimum wheel
drop condition. load at 2” drop.
Wheel load at 24% during 3” 40% minimum wheel
drop condition. load at 3” drop.
Maximum Test Load:
Wheel load at 43% during 2” 60% minimum wheel
drop condition. load at 2” drop.
Wheel load at 29% during 3” 40% minimum wheel
drop condition. load at 3” drop.
5.2.2 Carbody Twist Equalization CSM 58 Met
5.2.3 Static Curve Stability CSM 58 Met
5.2.4 Horizontal Curve Negotiation CSM 58 Met
\ 5.4 Structural Tests
5.4.2 Squeeze (Compressive End) CSM 58 Met
Load
5.4.3 Coupler Vertical Loads CSM 58 Met
5.4.4 Jacking CSM 58 Met
5.4.5 Twist CSM 58 Met
5.4.6 Impact CSM 58 Met
5.4.7 Securement System Test CSM 58 Met
5.5 Dynamic Tests
5.5.7 Hunting CSM 58 Not Met | Minimum Test Load: Truck hunting may not
Car unstable at speeds greater | be observed at speeds
than 65 mph with KR wheel of 70mph or less.
profiles
CSM 70 Met
5.5.8 Twist and Roll CSM 70 Met
5.5.9 Yaw and Sway CSM 70 Met
5.5.10 Dynamic Curving CSM 58 Met
CSM 70 Not Met | Maximum Test Load: 0.80 maximum wheel
Wheel L/V ratio = 0.81 L/V ratio.
5.5.11 Pitch and Bounce (Chapter XI) | CSM 70 Met
5.5.12 Pitch and Bounce (Special) CSM 70 Met
5.5.13 Single Bump Test CSM 70 Met
5.5.14 Curve Entry/Exit CSM 70 Met
5.5.15 Curving with Single Rail CSM 65 Not Met | Minimum Test Load:
Perturbation Wheel L/V ratio = 0.84 0.80 max wheel L/V
CSM 70 Not Met | Minimum Test Load:
Wheel L/V ratio = 0.88 0.80 max wheel L/V
Truck L/V ratio = 0.50 0.50 max truck L/V
5.5.16 Standard Chapter XI Constant | CSM 70 | Not Met | Minimum Test Load:
Curving Wheel L/V ratio = 0.86 0.80 max wheel L/V
95% Wheel L/V ratio = 0.66 0.60 max wheel L/V
Maximum Test Load:
95% Wheel L/V ratio = 0.63 0.60 max wheel L/V
5.5.17 Special Trackwork CSM 70 Met
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Definitions/Acronyms

A vs B-end As designated by AAR standards, defining the directionality of a car

AAR Association of American Railroads

AAR observer A designated employee responsible for documenting that test
operating procedures are followed

AAR-1B Wheel profile as specified by AAR

Buffer car A car that is part of a test train consist that is needed for overall train
make-up (axle count, car type, etc)

CCSB Constant contact side bearings

CCwW Counter-clockwise

CG Center of Gravity

Chapter 11 MSRP Section C-Part Il, M-1001, Chapter 11

Crossover On track, an arrangement of two switches such that a train may
change tracks where two or more parallel tracks are
present

Curvature The measurement of the tightness of a curve (high degree curvature
= small radius of curvature)

Ccw Clockwise

DOE U.S. Department of Energy

EEC AAR Equipment Engineering Committee

FRA Federal Railroad Administration

Gage The distance between rails, nominally 56.5" for standard gage

Grade crossing

Where a surface street crosses a railroad, on grade

HLRM

High-level Radioactive Material

Hunting Lateral oscillating instability in the trucks, typically occurring at higher
test speeds

Hz Hertz (frequency measurement in cycles per second)

IWS Instrumented wheelset

Kasgro Atlas cask car manufacturer

KR wheel profile

Wheel profile specified by Chapter 11 for high-speed stability tests

L/V ratio Ratio of the lateral load vs the vertical load on a wheel or
combination of wheels

LVvDT Linear variable differential transducer

MSRP Manual of Standards and Recommended Practices

MSU Mini-Shaker Unit
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RDL

Rail Dynamics Laboratory

Standard S-2043

MSRP governing the performance requirements of cars designed for
HLRM

Special trackwork

Track that consists of switches or other track construction
components that are not found in open track

Spiral

Transition between tangent track and a constant curvature

Superelevation (cant)

Relative height between rails within a curve (where the "outside,"
outermost rail is higher

Tangent track Straight track

TTC Transportation Technology Center. FRA facility northeast of Pueblo
CO

TTCI Transportation Technology Center, Inc. (A subsidiary of the
Association of American Railroads)

URB Urban Rail Building

URB Wye Track wye in close proximity to the Urban Rail Building

WRM Wheel Rail Mechanisms Loop
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1. INTRODUCTION

The United States Department of Energy (DOE) contracted with Transportation Technology
Center, Inc. (TTCI) to perform certification testing on its Atlas railcar. The Atlas railcar has been
developed as part of DOE’s Atlas railcar Design Project that is intended to meet the needs for
future large-scale transport of high-level radioactive material (HLRM) as defined in AAR
Standard S-2043 that includes spent nuclear fuel and high-level waste.

All tests were performed according to the Association of American Railroads’ (AAR)
Manual of Standards and Recommended Practices (MSRP), Standard S-2043, “Performance
Specification for Trains Used to Carry High-Level Radioactive Material,” Section 5.0 — Single
Car Tests.! Single car testing of the Atlas railcar was conducted primarily at the United States
Department of Transportation’s Transportation Technology Center (TTC) near Pueblo, CO
between April 2019 and August 2021. Static brake testing was conducted per relevant
requirements of AAR Standards S-401 and S-486 at the manufacturer’s facility prior to delivery.

2. ATLAS RAILCAR DESCRIPTION

The Atlas railcar was a 12-axle span bolster car with fittings to accommodate various cradles and
end stops designed so the car can carry various casks used for transportation of spent nuclear fuel
and/or high-level waste. The car deck was supported on two span bolsters. Each span bolster
rested on three 2-axle trucks. Figure 1 shows the car with a test load installed. Table 1 shows the
car dimensions.

Kasgro Rail Corporation (Kasgro) manufactured the Atlas railcar along with two prototype
buffer railcars in 2018. The car delivered for testing was numbered IDOX 010001.

Figure 1. IDOX 010001 during Testing with Minimum Test Load



Table 1. Car Dimensions

Dimension Value
Length over pulling faces 78 feet 1-1/4 inches
Length over strikers 73 feet 5-1/4 inches
Span bolster spacing 38 feet 6 inches
Axle spacing on trucks 72 inches
Distance between adjacent truck centers 10 feet 6 inches

The car used six Swing Motion® trucks (Figure 2). Each truck used two wheelsets with AAR
Class K-axles and AAR1B narrow flange wheels. Narrow flange wheels were specified for this
car because the increased gage clearance allowed more lateral movement for better performance.
The trucks were specially designed to use a polymer element between the bearing adapter and
side frame. This gave the truck a passive steering capability. Figure 3 shows the bearing adapter
pad. Table 2 shows the truck configuration used for testing. The secondary suspension was made
up of non-AAR-standard springs. A detailed description of these springs is given in Section 7.1.1.

Figure 2. Exploded view of Swing Motion® truck.



Figure 3. Roller Bearing Adapter Pad

Table 2. Car Configuration

Component Description
Secondary Suspension End Truck (2) 1-94, (2) 1-95, (2) 1-96, (4) 1-97, (4) 1-92, (4)
(A,B,D,E) 1-99

(2) 1-88, (2) 1-89, (2) 1-90, (4) 1-91, (4) 1-92, (2)

Secondary Suspension Middle Truck (C,F) 1-93, (4) 1-99

12A Adapter Plus pads, ASF-Keystone part
number 10522A

Side Frames FON-10FH-UB

BO9N-71 EJFZ on A, F, and C-trucks

Primary suspension

Bolsters BIN-71 HN-FX on B, D, and E-trucks
Side Bearings Miner TCC-1ll 60LT
Friction Wedge, composition faced (four ASF-Keystone Part number 48446
per truck)
AAR Class K 6 1/2 x 9 bearings with 6 1/2x9
Bearings and Adapters Special Adapter ASF-Keystone Part number
10523A
Center Bowl Plate Metal Horizontal Liner
End Truck Average Middle Truck Average
Minimum Test Load Spring Nest Height 8.97 inches 9.13 inches
Maximum Test Load Spring Nest Height 8.20 inches 8.17 inches

The convention for wheel and truck identification is shown in Figure 4. The B-end of a
railroad freight car is normally the end with the handbrake, but because the Atlas car had two
handbrakes, the car manufacturer designated and stenciled the B-end. The right and left sides of
the car are designated when standing at the B-end of the car and looking toward the A-end of the
car. Axles are numbered starting from the B-end. For axle numbers greater than 9 the locations
are stenciled with letters descending from Z.
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Figure 4. Axle and side naming convention.

3. VARIATIONS IN COMPONENTS DURING TESTING

During initial tests the Atlas car loaded with the minimum test load showed some hunting
instability at speeds above 65 mph. TTCI tested different side bearings, centerplate liners, and
primary pads to solve the problem. Stiffer primary pads (prototype chlorosulfonated
polyethylene or CSM 70 pads) were the only change that improved the hunting performance.
After the change to stiffer pads resulted in improved hunting stability performance, all Standard
S-2043 prescribed dynamic test regimes were completed with the CSM 70 pads. However, using
these stiffer pads, car performance did not meet Standard S-2043 criteria in dynamic curving or
curve with single rail perturbation regimes.

On October 15, 2020, TTCI reviewed the results with the AAR EEC. The EEC directed
TTCI to re-test the car with softer primary pads with minimum test load in the dynamic curving
regime. because the car would be limited to less than 50 mph by AAR circular OT-55 when in
HLRM service the EEC noted that curving performance was more important than high speed
stability performance.

During the testing program, TTCI tested the car with a total of four models of primary
suspension pad. The pads are made from chlorosulfonated polyethylene (CSM) and are
categorized by the Shore D durometer hardness value. The production pads the car arrived with
were CSM 58. TTCI also tested the car with prototype pad types CSM 70, CSM 68, and CSM
65. CSM 58 pads are designated for their minimum hardness value, while the CSM 70 pads are
designated for their target hardness value.

The hunting regime was tested with CSM 58 pads in both the minimum and maximum test
load conditions. The dynamic curving regime was tested with CSM 58 pads in the minimum test
load condition. All other dynamic tests were completed with CSM 70 pads. Considering the
results of curving and hunting tests, the production CSM 58 pads provide improved performance
overall, when compared to the alternative pad materials that were tested. The effect of the pad
change on other regimes will be evaluated using modeling and documented in the post-test
analysis report. Table 3 displays the tests completed and the adapter pad type that was tested.

The production CSM 58 pads were chosen for use in service based on the balance of curving
and high-speed stability performance.



Table 3. Adapter Pads used during Testing

Standard S-2043 Section Component Type Tested
5.2 Nonstructural Static Tests

5.2.1 Truck Twist Equalization CSM 58

5.2.2 Carbody Twist Equalization CSM 58

5.2.3 Static Curve Stability CSM 58

5.2.4 Horizontal Curve Negotiation CSM 58

5.4 Structural Tests

5.4.2 Squeeze (Compressive End) Load | CSM 58

5.4.3 Coupler Vertical Loads CSM 58

5.4.4 Jacking CSM 58

5.4.5 Twist CSM 58

5.4.6 Impact CSM 58

5.5 Dynamic Tests

5.5.7 Hunting CSM 58, CSM 65, CSM 68, CSM 70
5.5.8 Twist and Roll CSM 70

5.5.9 Yaw and Sway CSM 70

5.5.10 Dynamic Curving CSM 58, CSM 65, CSM 68, CSM 70
5.5.11 Pitch and Bounce (Chapter XI) CSM 70

5.5.13 Single Bump Test CSM 70

5.5.14 Curve Entry/Exit CSM 70

5.5.15 Curving with Single Rail CSM 70

Perturbation

5.5.16 Standard Chapter XI Constant CSM 70

Curving

5.5.17 Special Trackwork CSM 70

4. EMPTY CAR CONFIGURATION

The Standard S-2043 covers trains and equipment carrying HLRM. The DOE does not plan to
put any empty Atlas railcars in trains carrying HLRM. Rather. the intention is to move the empty
cars as freight. For this reason, the EEC listed the following actions in a letter dated March 19, 2019
(Appendix A):

e The EEC confirmed that the lightest Atlas railcar to operate in HLRM trains, loaded with an
empty cask, be approved under Standard S-2043 rather than an empty car as described in
Standard S-2043.

e The EEC confirmed that approving the empty Atlas railcar under M-1001 is the proper
approach. Note that approval can only be made under Chapter 12 for Controlled
Interchange.

e The EEC approved the DOE’s request to classify the Atlas railcar as category D based
on its similarities with the empty Navy M-290 HLRM car which has been approved
under M-1001 and confirmed that Chapter 11 testing need not be conducted. Category D
is for cars with insignificant differences from previously approved cars.



5. TEST LOADS / TEST CONFIGURATIONS

Orano Federal Services (the prime contractor to the DOE for the design and fabrication of the
prototype railcar being tested) developed detailed designs for the test loads to simulate the
minimum and maximum condition HLRM cask/cradle combinations (packages) the Atlas railcar
was designed to transport?. The minimum test load assembly was designed to simulate the
lightest package (MP197), and the maximum test load assembly was designed to simulate the
heaviest package (HI-STAR 190XL).

A single modular test load design that can meet both the minimum and maximum test load
conditions was developed. The modular test load assembly consists of a central beam assembly
with three weight bundle assemblies that are welded to the frame. Each weight bundle assembly
consists of steel plates that are permanently tensioned together with tie rods. Two cradle
assemblies are designed to support the central assembly on top of the DOE Atlas railcar. The
minimum test load cradle uses a central shear key to support longitudinal loading, while the
maximum test load cradle uses end stop assemblies for longitudinal support. The minimum and
maximum test load assemblies are completed by bolting on additional weight bundle assemblies.
These weight bundles are also composed of steel plates tensioned with tie rods.

Figure 5 shows the central beam assembly being mounted on the minimum test load cradle.
Figure 6 shows the minimum test load assembly and its cradle mounted on the Atlas railcar.
Figure 7 shows the maximum test load with cradle and end stops.

Table 4 shows the car loading conditions. As explained above, the first condition (empty car)
was not tested to Standard S-2043, while the other two conditions were tested. The weights are
summed using the measurements made on the TTC track scale.

Table 4. Weight Conditions used in Testing

Condition Cask/Cradle Load Combined C*G Weight on Rail
Description (pounds) Height (in) (pounds)**
Empty Atlas Railcar | None 0 40 222,050
Minimum Test Load | Empty MP-197 199,000 75 421,050
Maximum Test Load | Loaded HI-Star 190 XL 487,000 95 709,050

*CG Heights estimated not including deck or spring deflection
**Actual TTCI scale measurements



Figure 5. Central Beam Assembly Being Mounted on Minimum Test Load Cradle

Figure 6. Minimum Test Load Assembly Mounted on Atlas Railcar



Figure 7. Maximum Test Load Assembly with End Stops Mounted on Atlas Railcar

6. TEST OVERVIEW

Standard S-2043 requires testing to be conducted in two phases, single car tests and multiple car
tests. Each railcar type that will eventually be included in a Standard S-2043 compliant train
must first undergo a series of single car tests as described in Standard S-2043 paragraph 5.0.
These tests are broken down into several groups: Vehicle Characterization, Nonstructural Static
Tests, Static Brake Tests, Structural Tests, and Dynamic Tests. The Static Brake Tests were
conducted by Kasgro before the railcar left its facility.

The single car tests are followed by a series of multiple car tests as described in Standard S-
2043 Paragraph 6.0. Multiple-car tests are designed to verify that the individual railcars do not
adversely affect the performance of adjacent railcars. The multiple-car test train consist must
match the anticipated HLRM train as closely as possible, with a minimum of one of each type of
railcar to be used.

This report provides single car test results only for the Atlas railcar. Single car test results for
other railcar types will be reported separately.

7. OBJECTIVE

The objective of the testing reported here was to determine if the DOE’s Atlas railcar met the
single car test requirements of AAR Standard S-2043, in preparation for inclusion in an AAR
Standard S-2043 compliant train. If the AAR EEC provides conditional approval based on this
report (and test reports for additional cars being prepared in parallel), the DOE plans to move
forward with multiple car tests. The consist for multiple car testing is expected to include an
Atlas cask car, two buffer cars, and a rail escort vehicle.

8. RESULTS
This section provides descriptions and results of each of the tests conducted at TTC under the
AAR Standard S-2043 as well as the static brake tests conducted at the Kasgro facility. Any



variances from the specification will be noted. Each section contains a brief description of the
test conduct. The test plan, included in Appendix B, contains additional test description
information.

8.1 Characterization Tests
Characterization tests were conducted to verify that the car and its components were constructed
as designed. The vehicle characterization tests include the following:

e Component characterization

e Vertical suspension stiffness and damping

e Lateral suspension stiffness and damping

e Truck rotation stiffness and breakaway moment

e Interaxle longitudinal stiffness

e Modal characterization

Standard S-2043 requires that measured suspension values be compared to the values used in
the original model as required by Standard S-2043, Paragraph 4.3 and that the model be adjusted
if the values are measurably different from those used in the original model. Detailed
comparisons of characterization results and the model inputs will be provided in the “Post-Test
Analysis Report” described in Standard S-2043, Paragraph 8.5. Where possible, preliminary
comparisons are provided in the test descriptions below. Characterization test results are
provided in Sections 8.1.1 to 8.1.6 of the current report.

8.1.1 Component Characterization Tests

TTCI tested the secondary springs and constant contact side bearings (CCSB). Component
characterization tests were carried out on a 50,000-pound MTS load frame. TTCI performed
component characterization tests on May 20, 2019 and May 21, 2019. Adam Klopp, TTCI
Principal Investigator I, witnessed the component characterization tests as the AAR Observer,
per Standard S-2043 requirements.

Because it was determined that a component test could not adequately capture the
performance, primary pads were not tested as a separate component. Instead, the properties of
the primary pads were measured during the system characterization tests.

The Atlas railcar uses different spring group arrangements for the middle and end trucks of
each span bolster, as shown in Figure 8. Two samples of each spring type were selected from the
car and characterized in a load frame. The following measurements were recorded:

e Unloaded free height
e Stiffness

e Solid height

e Wire diameter

Table 5 shows the spring characteristics from the manufacturer and Figure 8 shows the layout
of the spring nests. More details on these secondary suspension coil springs can be found in ““S-



2043 Certification: Preliminary Simulations of Kasgro-Atlas 12-Axle Cask Car” (P-17-021)° and
“Spring Test Requirements and Tolerances Procedure #12 Rev. 474, Table 6, Table 7, and Table
8 show the test results of each spring type vs the various spring specifications and the acceptance
tolerances.

Springs 1-99 on the end-truck were not characterized with the 1-99 mid-truck springs. Data
shown for the 1-99 end-truck springs was collected on April 20, 2021, outside of the regular
characterization effort. These tests were conducted by Dennis Rule and Juan Carlos Valdez-
Salazar but were not witnessed by an official observer. However, the spring rates of these springs
were within 1% difference of those tested during the regular characterization effort.

All springs tested fell within the acceptable rate range for an individual spring. It should be
noted that three spring types (1-93, 1-95, and 1-99) tested outside of the acceptable spring rate
range for a given spring population. For example, the 1-93 springs are specified for 2,219 Ib/in
rate, but tested at 2,431 1b/in (9% higher than the spec) which is within the acceptance range of
an individual spring (but fell outside acceptable range for a spring population), as shown in Table
8. However, the overall equivalent spring rate for the spring nests tested were within 4.5% of the

specifications, as shown in Table 9.
@ : @ 1-90 @ : @
OO/ OO/1-96
- 1-97
1 1-91 f
1-89  1-88 1-95  1-94
Middle Truck Spring Group End Truck Spring Group

Figure 8. Spring Group General Arrangement
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Table 5. Spring Characteristics from the Manufacturer

. Free Solid
gprmg Type | Description Bar Diameter | Height | Height | Spring Rate
roup (inch) (inch) | (inch) (Ib/inch)
1-88 | Control Coil Outer 25/32 11 23/32 | 6 11/16 1,161
1-89 | Control Coil Inner 1/2 11 23/32 | 6 11/16 500
. 1-90 | Empty Coil Outer 27/32 13 611/16 1,074
Mid .
Truck 1-91 | Empty Coil Inner 1/2 13 6 11/16 348
1-92 | Load Coil Outer 11/16 91/4 611/16 4,183
1-93 | Load Coil Inner 11/16 91/4 611/16 2,219
1-99 | Load Coil Inner Inner 3/8 71/2 5 3/8 550
1-94 | Control Coil Outer 13/16 11 3/32 | 611/16 1,328
1-95 | Control Coil Inner 17/32 113/32 | 611/16 656
End 1-96 | Empty Coil Outer 31/32 11 611/16 2,409
Truck 1-97 | Empty Coil Inner 19/32 11 6 11/16 934
1-92 | Load Cail 11/16 91/4 611/16 4,183
1-99 | Load Coil Inner Inner 3/8 71/2 5 3/8 550
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Table 6. Spring Characteristic from Testing*

Sori Sori Bar Free Solid Spring
Gl::;l:g T;’::g Description Diameter | Height Height Rate
(inch) (inch) (inch) (Ib/inch)
1-88 Control Coil Outer 0.500 11.81 6.46 1,158
1-88 Control Coil Outer 0.500 11.75 6.36 1,155
1-89 Control Coil Inner 0.776 11.81 6.57 514
1-89 Control Coil Inner 0.773 11.75 6.34 528
1-90 Empty Coil Outer 0.823 13.13 6.57 1,044
1-90 Empty Coil Outer 0.825 13.13 6.46 1,055
Mid 1-91 Empty Coil Inner 0.500 13.19 6.80 360
Truck 1-91 Empty Coil Inner 0.498 13.13 6.78 354
1-92 Load Coil Outer 1.063 9.25 6.52 4,329
1-92 Load Coil Outer 1.066 9.44 6.77 4,356
1-93 Load Coail Inner 0.684 9.31 6.35 2,385
1-93 Load Coil Inner 0.689 9.19 6.21 2,477
1-99 Load Coil Inner Inner 0.375 7.50 5.24 596
1-99 Load Coil Inner Inner 0.375 7.50 5.37 605
1-94 Control Coil Outer 0.800 11.19 6.49 1293
1-94 Control Coil Outer 0.802 11.19 6.59 1337
1-95 Control Coil Inner 0.535 11.06 6.31 713
1-95 Control Coil Inner 0.532 11.06 6.29 708
1-96 Empty Coil Outer 0.959 11.00 6.51 2434
T'fﬂgk 1-96 | Empty Coil Outer 0.957 11.13 6.30 2351
1-97 Empty Coil Inner 0.586 11.13 6.38 888
1-97 Empty Coil Inner 0.597 11.06 6.38 945
1-92 Load Caoil 1.067 9.25 6.52 4399
1-92 Load Caoll 1.064 9.19 6.49 4385
1-99 Load Coil Inner Inner 0.375 7.72 5.60 594
1-99 Load Coil Inner Inner 0.375 7.71 5.62 598

*Data includes two springs of each type, quantity 26 of the 224 springs in the railcar
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Table 7. Comparison of the Spring Characteristic from Testing to the

Manufacturer Specification

Bar Free Solid Spring
Spring | Spring 5 o Diameter Height Height Rate

Group Type escription (_percent (_percent (percent (_percent

difference difference difference difference

from spec) from spec) from spec) from spec)

1-88 | Control Coil Outer 0% 1% -3% 0%
1-88 | Control Coil Outer 0% 0% -5% 0%
1-89 | Control Coil Inner -1% 1% -2% 3%
1-89 | Control Coil Inner -1% 0% -5% 6%
1-90 | Empty Coil Outer -2% 1% -2% -3%
1-90 | Empty Coil Outer -2% 1% -3% -2%
Mid 1-91 Empty Coil Inner 0% 1% 2% 4%
Truck 1-91 Empty Coil Inner 0% 1% 1% 2%
1-92 | Load Coil Outer 0% 0% -3% 3%
1-92 | Load Coil Outer 0% 2% 1% 4%
1-93 | Load Coil Inner -1% 1% -5% 7%
1-93 | Load Coil Inner 0% -1% 1% 12%
1-99 | Load Coil Inner Inner 0% 0% -3% 8%
1-99 | Load Coil Inner Inner 0% 0% 0% 10%
1-94 | Control Coil Outer -2% 1% -3% -3%
1-94 | Control Coil Outer -1% 1% -1% 1%
1-95 | Control Coil Inner 1% 0% -6% 9%
1-95 | Control Coil Inner 0% 0% -6% 8%
1-96 | Empty Coil Outer -1% 0% -3% 1%
e | 1-96 | Empty Coil Outer 1% 1% 6% 2%
1-97 | Empty Coil Inner -1% 1% -5% -5%
1-97 | Empty Coil Inner 1% 1% -5% 1%
1-92 | Load Coil 0% 0% -2% 5%
1-92 | Load Coil 0% -1% -3% 5%
1-99 | Load Coil Inner Inner 0% 3% 4% 8%
1-99 | Load Coil Inner Inner 0% 3% 4% 9%
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Table 8. Comparison of the Tested Springs vs the Manufacturer Specifications and Acceptance
Tolerances

Test Spring Rate, Population

Design Data Spring Rate, Individual

Data Avg
Spring o Spring Spring _ Witrjin _ Witr]in
Group Type Description Qty Ra.te Ra.te Ml.n Ma}X req'd Ml.n Ma}x req'd
(Ib/in) (Ib/in) (Ib/in) | (Ib/fin) | range | (Ib/in) | (Ib/in) | range
1-88 | Control Coil Outer 1,161 1,157 1,075 | 1,248 True 902 1,421 True
1-89 | Control Coil Inner 500 521 463 537 True 389 612 True
) 1-90 | Empty Coil Outer 1,074 1,050 974 1,175 True 773 1,376 True
T'\r/lljlgk 1-91 | Empty Coil Inner 348 357 316 381 True 251 446 True

1-92 | Load Coil Outer
1-93 | Load Coil Inner

1-99 | Load Coil Inner Inner

1-94 | Control Coil Outer
1-95 | Control Coil Inner
End 1-96 | Empty Coil Outer

4,183 4,367 3,830 | 4,545 True 3,115 | 5,259 True
2,219 2,431 2,032 | 2,410 | False* | 1,652 | 2,790 True
550 598.25 516 595 False* 437 673 True
1,328 1,315 1,242 | 1,416 True 1,069 | 1,589 True
656 710.5 614 700 False* 529 786 True
2,409 2,393 2,256 | 2,564 True 1,949 | 2,872 True
Truck 1-97 | Empty Coil Inner 934 916.5 875 994 True 756 1,113 True
1-92 | Load Coil 4,183 4,367 3,830 | 4,545 True 3,115 | 5,259 True
1-99 | Load Coil Inner Inner 4 550 598.25 516 595 False* 437 673 True

*The small number of samples tested does not reflect the population average. The rate still falls within the criteria for a single
spring. The car manufacturer’'s (Kasgro’s) procedure is to have the manufacturer test every spring.
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Table 9. Spring rate equivalency at nominal load for the entire spring nest, based on the individual
spring rates

Spring Rate Equivalency, Complete Nest

Mid Truck | End Truck
Specification (Ib/in) 30,232 31,454
Tested (Ib/in) 31,606 32,364
Percent Diff (%) 4.5% 2.9%

The car is equipped with Miner TCC-III 60LT CCSB between each truck and the span
bolsters. Figure 9 shows the side bearings. The setup height of each CCSB is 5 1/16 inches. Two
samples were installed in a load frame so the force and displacement characteristics of the
samples could be measured. The side bearings were tested in near new condition before any
dynamic testing was performed. The side bearings, including the steel cages, were tested as
complete components. The loads were applied using constant velocity inputs at a rate of about
0.28 inches per second. Figure 10 shows the test result from an end truck (B-truck) right side
bearing and Figure 11 shows the test result from a middle truck (C-truck) left side bearing.
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Figure 9. Miner TCC-IlIl 60LT CCSB

B Truck Right CCSB Measured Force Displacement Data
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Figure 10. B-Truck Right Side CCSB Force-Displacement Data
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C Truck Left Side CCSB Measured Force-Displacement Data
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Figure 11. C-Truck Left Side CCSB Force-Displacement Data

8.1.2 Vertical Suspension Stiffness and Damping

The vertical suspension stiffness of the assembled truck was measured on the Mini-Shaker Unit
(MSU). One end truck and one middle truck were tested. Each truck tested was installed in a
special flat car that had connections for the vertical and lateral MSU actuators.

Displacements were measured across the primary and secondary suspension during vertical
characterization tests. Tests were performed in the minimum and maximum loaded conditions.
Vertical suspension stiffness and damping tests were performed on June 11, 2019, June 13, 2019,
June 25, 2019, and June 26, 2019. Although the trucks were broken-in on load frames at Amsted
and during the 1,400-mile journey from Kasgro’s facility to TTC, there was no noticeable wear.
Adam Klopp and Xinggao Shu, TTCI’s Principal Investigators, witnessed the vertical suspension
and damping tests as the AAR Observer, per Standard S-2043 requirements.

Tests were performed at loads equivalent to minimum and maximum test load condition with
the wedges installed. Tests were performed at maximum test load condition with wedges
removed. The purpose for wedges removed tests was to verify the solid height and to document
wedge damping. With wedges removed TTCI was able to move the suspension over a wide
enough range to observe the stiffness and damping at both the minimum and maximum test load
spring nest height when the test car was loaded with the equivalent of maximum test load.
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Each configuration was run at 0.1 Hz, 0.5 Hz, and 2 Hz, except for the vertical test with
wedges removed. This test was run at 0.1 Hz only to prevent exciting the undamped rigid body
modes. The input forces and displacements were adjusted for each run to achieve the desired
input range within the capability of the MSU hydraulic and control systems. At a low frequency
(0.1 Hz), the suspension was pushed to the stops where possible, but lower amplitude inputs
were used at higher frequencies.

The force supplied by the hydraulic actuators was measured by the load cells installed
between the actuators and the specially welded brackets where the vertical forces were applied.
Vertical forces were also measured under each wheel of the truck using loadbars (load cells used
in place of rails). The displacements across the secondary suspension were recorded using string
potentiometers. Part of the instrumentation is shown in Figure 12 and Figure 13.

P T # .
B TG —

Figure 12. String Potentiometer for Measuring Spring Vertical Displacement
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Figure 13. Load Bar for Measuring Vertical Force

The motion between the left and right-side frame and one axle’s bearing adapters was
measured using six Linear Variable Differential Transformers (LVDTs) on each side. The
LVDTs were positioned to allow for the calculation of the relative motion between the side
frame and the bearing adapter in the longitudinal, lateral, vertical, roll, pitch, and yaw directions.

The data analysis consisted of preparing force versus displacement plots from the measured
wheel/rail forces and displacements across the suspension components. These cross-plots were
used to obtain suspension stiffness and damping values.

The results are reported on a truck-by-truck basis by using the total weight on rail of the four
wheels, and the average displacement of the two spring sets. The averages of the slopes from the
top (loading) and bottom (unloading) regression lines are reported as the stiffness, and the
difference in y-values (forces) at displacement corresponding to the dead weight are reported as
the damping. For example, when the initial spring displacement was set to zero under dead weight,
the difference in the loading vs. unloading force y-intercept values is reported as damping.

Table 10, Table 11, Table 12, Table 13, Table 14, and Table 15 show the results for the
vertical tests performed on the Atlas railcar. The listed values are the average values per truck
set, rather than the individual values per spring nest or primary pad.
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Table 10. Vertical Test Results on End Truck with
Wedges Installed and Minimum Load Spring Height

Aggregate of Whole Truck, Two Spring Nests or Four Primary Pads
Fre?::)ncy Secondary Primary Pad Secondary Spring Primary Pad
Spring Stiffness Stiffness Hysteresis Band | Hysteresis Band
(kipsl/inch) (kips/inch) Width (kips) Width (kips)
0.1 70 775 9 29
0.5 68 805 8 36
2 67 945 10 26
Table 11. Vertical Test Results on End Truck with
Wedges Installed and Maximum Load Spring Height
Aggregate of Whole Truck, Two Spring Nests or Four Primary Pads
Frequency . Secondary Spring Primary Pad
(Hz) S_ecomflary Prm_1ary Pad Hysteresis Band Hysteresis
Spring Stiffness Stiffness . . .
et s Width (kips) Band Width
(kips/inch) (kips/inch) .
(kips)
0.1 70 850 12 42
0.5 70 1137 13 30
2 71 1,267 14 24
Table 12. Vertical Test Results on End Truck with
Wedges Removed and Maximum Load Spring Height
Aggregate of Whole Truck, Two Spring Nests or Four Primary Pads
Frequency . Secondary Spring Primary Pad
(Hz) S_econc_iary Prm_1ary Pad Hysteresis Band Hysteresis
Spring Stiffness Stiffness - . .
S s Width (kips) Band Width
(kips/inch) (kips/inch) -
(kips)
0.1 62 1004 4 42
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Table 13. Vertical Test Results on Middle Truck with
Wedges Installed and Minimum Load Spring Height

Aggregate of Whole Truck, Two Spring Nests or Four Primary Pads
Frequency Secondary Primary Pad Secor.mdary Primary P.ad
(Hz) Spring Stiffness Stiffness H Sprlp gB d I;I ys;e‘;\t’e.zlsh
(kipsfinch) (kipslinch) ysteresis Ban and Widt
Width (kips) (kips)
0.1 69 921 14 28
0.5 67 1,064 14 22
2 64 1,152 13 16
Table 14. Vertical Test Results on Middle Truck with
Wedges Installed and Maximum Load Spring Height
Aggregate of Whole Truck, Two Spring Nests or Four Primary Pads
Frequency Secondary Primary Pad Secor]dary Primary P_ad
(Hz) Spring Stiffness Stiffness H tSprl_n gB d L:I ysct’e‘;';zltsh
(kips/inch) (kipsl/inch) ysteresis Ban anc Wi
Width (kips) (kips)
0.1 68 916 13 37
0.5 68 1,190 17 20
2 68 2,040 19 25
Table 15. Vertical Test Results on Middle Truck with
Wedges Removed and Maximum Load Spring Height
Aggregate of Whole Truck, Two Spring Nests or Four Primary Pads
Frequency Secondary Primary Pad Secorlldary Primary P.ad
(H2) Spring Stiffness Stiffness H Sprlp gB d BH ys;eﬁzli
(kipsfinch) (kipsfinch) ysteresis Ban and Widt
Width (kips) (kips)
0.1 61 1,797 1 51

Figure 14 and Figure 15 show examples of the data for the secondary suspension of the end

truck and middle truck respectively. The sharp change in slope on the left side of the graph
indicates where the springs become solid. The change in slope on the right side of the series

indicates where the bolster loses contact with the load coils and is in contact only with the empty

coils. Figure 16 shows an example of the data for the primary suspension. Negative
displacements indicate compression and positive displacements indicate extension.
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Figure 14. Truck total vertical wheel load plotted against average secondary suspension
displacement, wedges installed, end truck, maximum test load, 0.1Hz.
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Figure 15. Truck total vertical wheel load plotted against average secondary suspension
displacement, wedges installed, middle truck, maximum test load condition, 0.1Hz
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Figure 16. Truck total vertical wheel load versus average primary suspension displacement, end
truck, maximum test load, at 0.1 Hz input

8.1.3 Lateral Suspension Stiffness and Damping

Lateral characterization tests were performed by connecting one actuator between the MSU
reaction mass and the carbody. One end truck and one middle truck were tested. The trucks were
tested in the minimum and maximum loaded cask conditions. Loads were applied at several
frequencies: 0.1 Hz, 0.5 Hz and 2.0 Hz, but the most consistent results were found at the lowest
frequencies. Input forces and displacements were adjusted for each run to achieve the desired
input range within the capability of the MSU hydraulic and control systems. At low frequencies
such as 0.1 Hz, the suspension was pushed to the stops where possible, but lower amplitude
inputs were used at higher frequencies. Figure 17 shows the MSU configured for lateral
characterization testing.

TTCI performed lateral suspension stiffness and damping tests on July 3, 2019, July 8, 2019,
July 9, 2019. July 11, 2019, and July 12, 2019. Although the trucks were broken-in on load
frames at Amsted and during the 1,400-mile journey from Kasgro’s facility to TTC, there was no
noticeable wear. Adam Klopp and Xinggao Shu, TTCI Principal Investigators, witnessed the
lateral suspension and damping tests as the AAR Observer, per Standard S-2043 requirements.

Tests were performed at loads equivalent to minimum and maximum test load condition with
the wedges installed. Tests were performed at maximum test load condition with wedges
removed. The purpose for wedges removed tests was to verify the total lateral clearance and to
document wedge damping. TTCI believes documenting this condition in the load condition
equivalent to the maximum test load is adequate to document these parameters.
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Figure 17. Flat Car Connected to the MSU during
Lateral Characterization Tests

The Swing Motion® truck design allows the side frames to roll slightly about the side frame to
bearing adapter connections to a greater extent than possible in a typical freight car truck. This
allows for additional lateral transom and truck bolster displacement. The displacement between
the bolster and transom was measured to determine the shear stiffness of the spring nests.
Additional tests were run while restraining the transom lateral displacement by connecting a
rigid bar laterally between the transom and the MSU reaction mass.

The lateral tests were run at 0.1Hz, 0.5Hz, and 2Hz with wedges installed and at 0.1Hz with
wedges removed. The tests with the restrained transom were run at 0.1 Hz only.

The force supplied by the hydraulic actuator was measured by a load cell installed between
the actuator and the specially welded bracket where the lateral force was applied. The lateral
displacements were recorded by laser transducers and a series of LVDTs. The setup and part of
the instrumentation are shown in Figure 18 and Figure 19.

These trucks also include a primary pad as shown in Figure 3. This pad allows some
lateral movement between the side frames and the axles that works in series with the effect of
side frame roll. The motion between the left- and right-side frame and the axle 2 bearing adapters
was measured using six LVDTs on each side. The LVDTs were positioned to allow the
calculation of the relative motion between the side frame and the bearing adapter in the
longitudinal, lateral, vertical, roll, pitch, and yaw directions. Because the two primary suspension
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pads work in parallel in the lateral direction, only the combined (or average) stiffness and
damping can be measured. The lateral stiffness reported is relative to the lateral movement
between the side frame and axle at a vertical position equal to the top of the bearing adapter.

Table 16, thru Table 21 show the results from the lateral suspension and damping tests.

Figure 19. Instrumentation Setup to Measure Lateral Movements of Pads
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Table 16. Lateral Suspension Test for End Truck (Wedges Installed and Minimum Load Condition)

Aggregate of Whole Truck, Two Spring Nests or Four Primary Pads

Frequency . .
(Hz) S.prlng Pad Stiffness Spring Hysteresis Pad Hystgrems
Stiffness (kipsfinch) | Band Width (kips) | Pand Width
(kipsfinch) P P (kips)
0.1 8 132 10 10
0.5 8 137 9 7
2 23 220 10 6
0.1 Transom
Restrained 15 NA 12 NA

Table 17. Lateral Suspension Test for End Truck (Wedges Installed and Maximum Load Condition)

Aggregate of Whole Truck, Two Spring Nests or Four Primary Pads

Spring .
Frequency (Hz) Spring Stiffness Pad Stiffness Hysteresis P%dargit\zg:z's
(kips/inch) (kips/inch) Band Width .
. (kips)
(kips)
0.1 14 233 13 9
0.5 14 265 12 11
2 19 329 13 10
0.1 Transom
Restrained 23 NA 13 NA

Table 18. Lateral Suspension Test for End Truck (Wedges Removed and Maximum Load

Condition)

Aggregate of Whole Truck, Two Spring Nests or Four Primary Pads

Spring .
Frequency (Hz) Spring Stiffness Pad Stiffness Hysteresis PaBdaII;IgT’t\z;e:zls
(kips/inch) (kips/inch) Band Width -
- (kips)
(kips)
0.1 16 389 5 7
0.1 Transom
Restrained 26 NA 3 NA
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Table 19. Lateral Suspension Test for Middle Truck (Wedges Installed and Minimum Load

Condition)

Aggregate of Whole Truck, Two Spring Nests or Four Primary Pads

Spring .
Frequency (Hz) Spring Stiffness Pad Stiffness Hysteresis P%dargit\zg:z's
(kips/inch) (kips/inch) Band Width .
. (kips)
(kips)
0.1 6 110 11 10
0.5 6 108 10 8
2 10 133 12 8
0.1 Transom 9 NA 9 NA

Restrained

Table 20. Lateral Suspension Test for Middle Truck (Wedges Installed and Maximum Load

Condition)

Aggregate of Whole Truck, Two Spring Nests or Four Primary Pads

Spring .
Frequency (Hz) Spring Stiffness Pad Stiffness Hysteresis PaBdarI-IIg?’tvei::zls
(kips/inch) (kips/inch) Band Width -
- (kips)
(kips)
0.1 13 301 16 14
0.5 13 327 15 12
2 19 427 16 10
0.1 Transom

Restrained 19 NA 14 NA
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Table 21. Lateral Suspension Test for Middle Truck (Wedges Removed and Maximum Load

Condition)
Aggregate of Whole Truck, Two Spring Nests or Four Primary Pads
Spring .
Frequency (Hz) Spring Stiffness Pad Stiffness Hysteresis P%dargit\zzz's
(kips/inch) (kips/inch) Band Width (kips)

(kips) P

0.1 14 340 7 8

0.1 Transom 23 NA 9 NA

Restrained

Figure 20 and Figure 21 show examples of the Lateral Suspension Stiffness and Damping
Test results for the end truck at the minimum test load. The side frames were allowed to swing
for the test results shown in Figure 20 but the transom was restrained to prevent the side frames
from swinging for the test result shown in Figure 21. When the transom is free to swing the total
clearance is over three inches, and when the transom is restrained, the total clearance is under
two inches.

Figure 22 shows primary suspension lateral displacement plotted against lateral force for the
middle truck at the maximum test load.
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Figure 20. Truck lateral load plotted against lateral secondary suspension displacement. End
truck with wedges, minimum test load, 0.1 Hz.
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Figure 21. Truck lateral load plotted against lateral secondary suspension displacement. End
truck with wedges, minimum test load, transom restrained, 0.1 Hz.
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Figure 22. Primary suspension with wedges, middle truck, maximum test load, 0.1 Hz

8.1.4 Truck Rotation Stiffness and Breakaway Moment

Truck rotation stiffness and breakaway moments were measured by suspending one end of the
car on air tables and measuring the force required to rotate the trucks relative to the span bolster
and the span bolster relative to the carbody. The opposite end of the car was raised up to ensure
that the car was leveled when the air tables were inflated. Hydraulic actuators were used to rotate
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the tables. To ensure that an equal load was applied on each side of the truck, and to minimize
lateral motion and skewing of the air tables, the actuators faced in opposite directions during
these tests. These tests were performed at a very low rotational frequency and were considered
static tests. These tests occurred between August 21, 2019 and September 5, 2019.

During these tests the centerplates were lubricated with a lubrication disk (Pennsylvania
Railcar Part Number D073243) and the CCSB were installed during the test. Adam Klopp,
Xinggao Shu, and Abe Meddah, TTCI Principal Investigators, witnessed the truck rotation
stiffness and breakaway tests as the AAR Observers per Standard S-2043 requirements. The tests
performed are shown in Table 22. Figure 23, Figure 24, and Figure 25 show the experimental set
up for these tests.

Table 22. Truck Rotation and Break Away Moment Matrix

Truck Position Loading Condition Loading Condition
B Minimum Maximum
Cc Minimum Maximum
D Minimum Maximum
Span Bolster Minimum Maximum

Figure 23. Truck Rotation Setup with Truck Floating on Air Table and One Lateral Actuator
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Figure 24. Test Setup for the Span Bolster Test Showing Connected Air Tables

Figure 25. String Potentiometers Used for Truck Rotation Measurement
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Table 24 shows the measured friction moments for each condition tested. The coefficient of
friction in the centerplate was estimated using the following equation:

_ 3(Torque — 25Bld X SBdst X ug,)(CPrad” — Hrad?)
B 2 (Tld — 2 x SBId)(Cprad3 — Hrad?3)

Where:
e Torque is the average turning torque measured in the test

e SBId is the CCSB preload measured during side bearing component
characterization

e SBdst is the distance from the canter of rotation to the CCSB mounting locations,
25-inches

® L is the assumed coefficient of friction between the CCSB and the body
e C(Cprad is the centerplate radius

e Hrad is the centerplate hole radius

e TId is the load carried by the truck center plate and side bearings

Side bearing preload was taken at the middle of the hysteresis loop at setup height shown in
Figure 10, 5,240 pounds. The truck rotation test was performed shortly after the car was built.
When the side bearings were installed on the new car, a light coat of lubricant was applied to
help with break-in. This lubricant had not worn off at the time of the test, so TTCI estimated the
coefficient of friction between the truck side bearings and side bearing wear plate was 0.2. The
span bolster side bearings were gap type side bearings and therefore contributed no resistance to
the span bolster turning moment.

The truck loads were obtained from the nominal load bar readings during the equalization
test, shown in Table 23. The span bolster weight (25,200 pounds), truck weight (11,000 pounds),
and side bearing preload (5,240 pounds) were subtracted from the weight on rail shown in Table
23 to calculate the load on the span bolster and truck center plates. Figure 26 shows a plot of the
data for the run showing the highest aggregate centerplate friction coefficient (0.30) on one of
the D-truck maximum load test runs.
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Table 23. Loads on Trucks and Span Bolster, Nominal Loads from Truck Load Equalization Test

Truck Maximum Test Load Condition* Minimum Test Load Condition*

Gross car Weight 714.000 425,000
(pounds)

B-Truck (pounds) 135,000 86,000
C-Truck (pounds) 111,000 54,000
D-Truck (pounds) 130,000 76,000
Span Bolster 376,000 216,000
(pounds)

* Values summed from inidividual wheel loads measured with load bars. Due to limits of
measurement accuracy these values may not match scale weights.

Table 24. Truck Rotation Moments and Estimates of
the Associated Friction Coefficients

Maximum Load Condition Minimum Load Condition
Truck Mean Torque Center Plate Mean Torque Center Plate
1,000 inch- Friction 1,000 inch- Friction
pound Coefficient () pound Coefficient ()
B-Truck 150 0.14 140 0.19
C-Truck 220 0.28 120 0.23
D-Truck 260 0.30 117 0.16
Span Bolster 450 0.18 225 0.16
(8) Moment (inch-kips)
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Figure 26. Example of Air Table Data for a D-truck of Atlas Car with Maximum Load

8.1.5

Interaxle Longitudinal Stiffness

The longitudinal stiffness of the axle to side frame connection is critical to vehicle performance
in curving and high-speed stability regimes. The interaxle longitudinal stiffness is measured by:
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e Installing independently rotating wheels with spindles at the bearing endcaps in the truck
e Mounting actuators and load cells between the spindles on each side of the truck

e Forcing the axles apart and pulling them together while measuring the force and
displacement (Figure 27).

Runs were performed while pushing and pulling in phase on each side of the truck and
separately while pushing on one side of the truck and pulling on the other side. TTCI performed
the interaxle longitudinal stiffness test on July 17, 2019. Adam Klopp, TTCI Principal
Investigator I, witnessed the interaxle longitudinal stiffness tests as the AAR Observer, per
Standard S-2043 requirements.

The motion between the left and right side frame and the bearing adapters of one axle was
measured using six LVDTs on each side. The LVDTs were positioned to allow the calculation of
the relative motion between the side frame and the bearing adapter in the longitudinal, lateral,
vertical, roll, pitch, and yaw directions.

The applied force at the axle centerline was vertically offset from the level of the axle to side
frame connection. This caused the bearing adapters to pitch and shear longitudinally. The shear
stiffness data in Table 25are based on longitudinal displacements at the level of the top of the
bearing adapter. Pitch stiffness data are based on a rotation of the bearing adapter around the
bearing. Axle centerline stiffness data are based on the longitudinal motion of the axle at its axis
of rotation. Figure 28 shows example data for longitudinal axle stiffness tests.

Axle yaw stiffness data were determined during push-pull runs, and this data can be
expressed as two longitudinal stiffnesses separated by the bearing centerline distance. The
effective longitudinal stiffness was calculated from the axle yaw stiffness by this method for
comparison with the direct measurements of primary longitudinal stiffness. Given the large
variation in the direct measurement of axle centerline longitudinal stiffness, the values derived
from axle yaw stiffness agree to within 15% of the average values from the direct measurements.
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Figure 27. Configuration and Measurements for Interaxle Longitudinal Stiffness Tests

Table 25. Side Frame to Axle Stiffness Data per Pad

Minimum Loading

Maximum Loading

P
roperty End Truck End Truck

Avg 38 39
Shear Stn‘fness. Min 16 18
(1,000-pounds/inch)

Max 60 64

. _ Avg 334 396

Pitch S.tlffness Min 159 213
(1,000 inch-pounds/rad)

Max 447 571
Axle Centerline Longitudinal Stiffness Avg 8 9
(1,000-pounds/inch, axle motion excited here Min 3 S
is longitudinal without any yaw) Max 10 14

Avg 22,353 24,544
Axle Ya.W Stiffness Min 18,924 24 476
(1,000 inch-pounds/rad)

Max 25,782 24,611
Axle Centerline Longitudinal Stiffness Derived
from Axle Yaw Avg 7.2 7.9

(1,000-pounds/inch)
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Figure 28. Example Data for Longitudinal Axle Stiffness Tests Showing the Force and
Displacement Across one Primary Pad

8.1.6 Modal Characterization

Modal characterization was performed to identify the rigid and flexible body modes of vibration
for the vehicle. The Atlas car has a 48-foot deck, but the majority of the load is carried on a short
cradle in the center of the car. The concentrated load has large mass and rotational inertias fixed
over a short span in the center of the deck that causes the flexible body modes to be coupled with

what are normally rigid body modes.

The Atlas car was excited through actuators attached at the B-end jacking locations. Figure
29 shows the car setup for lateral inputs. The car was tested in minimum and maximum load
configurations, and wedges were removed for all tests. TTCI performed modal characterization
tests between July 07, 2021, and August 06, 2021. Adam Klopp, TTCI Principal Investigator I,
witnessed the modal characterization tests as the AAR Observer, per Standard S-2043

requirements.

Actuators were operated in force control at lower frequencies (0.2-10 Hz) and in
displacement control for constant acceleration input at higher frequencies (3-30 Hz). In practice,
the displacement control inputs were intended to be constant displacement but were limited by
the actuator response and displacement amplitude reduced as frequency increased. Frequency
was increased linearly with time for the frequency sweeps. The inputs included:

e Lateral excitation with one actuator

e Vertical excitation with one actuator
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e Vertical excitation with two actuators operating in phase

e Vertical excitation with two actuators operating 180 degrees out of phase

The Atlas car deck was instrumented with five vertical accelerometers on the right edge, five
vertical accelerometers along the left edge, and five lateral accelerometers along the right edge.
Figure 30 shows the distribution of the accelerometers used during the modal test. The input
forces and displacements were also recorded.

E

I
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__

Figure 29. Actuator Attached to Carbody during Modal Testing with Lateral Input
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Figure 30. Distribution of Accelerometers during the Atlas Railcar Modal Test

The test was performed according to the following sequence:
1. Vertical rigid body test runs (force control). Minimum load
2. Roll rigid body test runs (force control). Minimum load
3. Vertical flexible body test runs (displacement control). Minimum load
4. Twist flexible body test runs (displacement control). Minimum load
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Vertical rigid body test runs. Maximum load
Roll rigid body test runs. Maximum load
Vertical flexible body test runs. Maximum load
Twist flexible body test runs. Maximum load

A A

Lateral rigid body test runs (force control). Maximum load

10. Lateral flexible body test runs (displacement control). Maximum load
11. Lateral rigid body test runs. Minimum load

12. Lateral flexible body test runs. Minimum load

The accelerometer and force outputs were used to create Operational Deflection Shapes
(ODS) and Frequency Response Functions (FRFs). The analysis of the ODS together with the
frequency rate used for each test allows for the determination of the corresponding natural
frequencies. Table 26 shows the results of the modal characterization tests. The bending mode on
the maximum load condition could not be excited during these tests, most likely due to the
additional stiffness created by the load distribution as described at the end of this section. This
case is marked as Not Observed. Figure 31 shows an example of the FRFs determination. Each
one of the peaks was evaluated and further refinements were made as necessary. Figure 32 shows
the vertical bending mode at 8.49 Hz.

Table 26. Modal Characterization Results (Hz)

Mode Type Mode Minimum Maximum
Test Load Test Load
RIGID BODY Bounce 2.22 2.04
Pitch 3.82 3.75
Upper Center Roll 2.63 2.30
Lower Center Roll 0.80 0.78
Yaw 1.62 1.56
FLEXIBLE BODY Twist 15.5 6.85
Vertical Bending 8.49 Not Observed
Lateral Bending 18.9 18.1
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Figure 31. Frequency Response Function Sample

Figure 32. Bending Mode Shape at 8.49 Hz. (Minimum Load)

Figure 33 shows a photo of the Atlas car loaded with the maximum test load in the Rail
Dynamics Laboratory (RDL) during modal testing. The end stops restrain the maximum test load
longitudinally, and specially cut wooden blocks are wedged in between the end stop and the end
of the central beam assembly at each end of the assembly to take up the clearance. The end stops,
blocks, and central beam assembly form a longitudinal connection from one end of the car to the
other, at a height several feet above the deck surface. The effect of this connection is a significant
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stiffening of the car in vertical bending that is believed to have increased the frequency of the
vertical bending mode so that it was not observed in the maximum test load condition.

Figure 33. Atlas car with maximum test load in the RDL. Note the central beam assembly contacts

the end stops.

8.2 Nonstructural Static Tests

Nonstructural static tests were performed to ensure the vehicle would equalize its load properly
under common conditions. Test results are provided in Sections 8.2.1 to 8.2.4. The nonstructural
static tests included:

8.2.1

Truck twist equalization
Carbody twist equalization
Static curve stability
Horizontal curve negotiation
Truck Twist Equalization

The truck twist equalization requirement ensures adequate truck load equalization while
negotiating track twist due to low joints or other track geometry conditions. With the Atlas car
on level track, vertical wheel loads were measured while raising and lowering one wheel from
0.0 inch to 3.0 inches in increments of 0.5 inch. At 2.0 inches of deflection, the vertical load at
any wheel may not fall below 60 percent of the nominal static load. At 3.0 inches of deflection,
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the vertical load at any wheel may not fall below 40 percent of the nominal static load. One
wheel of each truck in the car was raised and lowered to test this condition (Right Axle 1, Left
Axle 4, Right Axle 5, Right Axle 8, Right Axle 9, and Left Axle 12).

The truck twist equalization tests were completed on September 26, 2019, September 30,
2019, October 9, 2019, and October 10, 2019. Adam Klopp, Abe Meddah, and Xinggao Shu,
TTCI Principal Investigators, witnessed the truck twist equalization tests as the AAR Observers
per Standard S-2043 requirements. The car did not meet the Standard S-2043 requirements.
Therefore, on behalf of the DOE, TTCI is requesting an exception from the AAR EEC. Table 27
shows the worst-case truck twist equalization results. Figure 34 displays the wheel load result for
all wheels during the lifting and lowering of the L4 wheel with the minimum test load. Figure 35
and Figure 36 display the wheel load results for all wheels during the lifting and lowering of the
R9 and L4 wheels, respectively.

In May 2020, 0.375-inch shims were placed between the center plates for the middle trucks (1
each, trucks C and F) and the span bolster. This shim placement was done to improve the load
equalization among the three trucks of each span bolster and may improve the performance of the
middle trucks in this regime. Table 28 shows the load distribution for trucks under the B-span
bolster before and after the shims were installed. Only data from the B-span bolster in shown
because the best data from after the shims were installed for comparison to previous load bar data
was from instrumented wheel sets (IWS), and IWS were only installed in axles 1-6, under the B-
span bolster. The data shows that although the B and D trucks still carry more load than the C
truck, the load on the C truck increased by 6 kips or more when the 3/8-inch shim was installed.

The issue of these test results not meeting specification was discussed with EEC October 15,
2020. The EEC did not advise TTCI to repeat these tests at that time.

Table 27. Truck Twist Equalization Results

Minimum Test Load Maximum Test Load
Condition Percent Load Wheel Raised Percent Load Wheel Raised
Result or Lowered Result or Lowered

2-inch Drop 50% at L4 Wheel L4 Lowered 43% at R9 Wheel R9 Lowered
3-inch Drop 24% at L4 Wheel L4 Lowered 29% at L4 Wheel L4 Lowered
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Figure 34. L4 Truck Twist Result for All Increments (Minimum Test Load)
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Figure 35. R9 Truck Twist Result for All Increments (Maximum Test Load)
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Figure 36. L4 Truck Twist Result for All Increments (Maximum Test Load)

Table 28. Truck Loads with and without 3/8" Shim

Minimum Test Load Maximum Test Load
Truck Load Bar Data IWS Data with Load Bar Data IWS Data with
Location without 3/8” Shim | 3/8” Shimin C | without 3/8” Shim | 3/8” Shimin C
in C Truck Truck in C Truck Truck
B Truck Load 86 80 135 128
(Kips)
C Truck Load 54 60 111 118
(Kips)
D Truck Load 76 69 130 121
(Kips)

8.2.2

Car Body Twist Equalization

The carbody twist equalization requirement is the documentation of wheel unloading under
carbody twist, i.e., during spiral negotiation. With the Atlas car on level track, vertical wheel
loads were measured while consecutively raising and lowering six wheels from 0.0 inch to 3.0
inches in increments of 0.5 inch. At 2.0 inches of deflection, vertical load at any wheel may not
fall below 60 percent of the nominal static load. At 3.0 inches of deflection, no permanent
damage should be produced and vertical load at any wheel may not fall below 40 percent of the
nominal static load. Figure 37 shows the Atlas railcar with minimum test load during Car Body
Twist Equalization test.
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Figure 37. Atlas Railcar with Minimum Test Load during Carbody Twist Equalization Test

The carbody twist tests were completed on October 1, 2019, October 9, 2019, and October
10, 2019. Adam Klopp and Abe Meddah, TTCI Principal Investigators, witnessed the carbody
twist equalization tests as the AAR Observer, per Standard-2043 requirements. The Atlas car met
the criteria for carbody twist equalization. No permanent deformation occurred at 3 inches of

carbody twist. Table 29 shows the worst-case test results.

Table 29. Car Body Twist Equalization Results

Condition Minimum Test Load Maximum Test Load
Percent Load Wheel Percent Load Wheel

2-inch Lift 74% Axle 7 Left 73% Axle 10 Right

3-inch Lift 71% Axle 8 Right 65% Axle 4 Right

Figure 38 and Figure 39 display the load percentage for all wheels during the test for

minimum and maximum test load.

43




150%

o)

=]

T ® 8 A | H
% ] 0 b4 [ L

% 100% © s .

£

o

S 50%

)

=
B 0%
- 0 0.5 1 1.5 2 2.5 3

]

é Increment (inch)

— | imit ® R1 Wheel ® L1 Wheel R2 Wheel L2 Wheel
® R3 Wheel ® L3 Wheel ® R4 Wheel ® L4 Wheel ® R5 Wheel
® L5 Wheel ® R6 Wheel ® L6 Wheel R7 Wheel L7 Wheel

R8 Wheel L8 Wheel R9 Wheel ® L9 Wheel @® RZWheel
® LZWheel ® RY Wheel ® LY Wheel ® RX Wheel LX Wheel

Figure 38. Car Body Twist for Minimum Test Load Condition (BR) - Results for All Wheels

< 150%
= a [ ]
© a [ ] []
7 100% © s ! | 8
Y
o L ' '
S 50%
e
1)
£ 0%
2 0 0.5 1 1.5 2 2.5 3
o]
% Wheel Height
9]
ey
= em— | imit ® R1 Wheel L1 Wheel R2 Wheel L2 Wheel

® R3Wheel ® L3 Wheel R4 Wheel @ L4 Wheel @ R5 Wheel

® L5Wheel @® R6Wheel @ L6Wheel R7 Wheel L7 Wheel

R8 Wheel L8 Wheel R9 Wheel @ L9 Wheel @ RZWheel
® LZWheel ® RYWheel @ LYWheel @ RXWheel LX Wheel
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8.2.3 Static Curve Stability

The static curve stability test was performed on the car in the Minimum Test Load condition.
Testing was performed on November 4, 2019. Adam Klopp, TTCI Principal Investigator I,
witnessed the static curve stability test as the AAR Observer, per Standard S-2043 requirements.

On one end, the Atlas car was coupled to a short base car as defined in AAR MSRP C-II
paragraph 2.1.4.2.3° and a long car having 90-foot over strikers, 66-foot truck centers, 60-inch
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couplers, and conventional draft gear on the other end. The 200,000-pound load was applied and
held for more than 20 seconds. The train was chocked in a 10-degree flat curve.

The Atlas railcar must not experience wheel lift or suspension separation during this test.
Wheel lift is defined as 1/8-inch lift 2 5/8 inches from the rim face with a feeler gauge. The car
met criteria for the static curve stability test.

Figure 40. Atlas Railcar during the Static Curve Stability Test

8.2.4 Horizontal Curve Negotiation

The horizontal curve negotiation test is performed to identify areas of interference in the car
suspension, structure, and brake system. The test was performed on the car in the maximum load
condition in a 150-foot radius curve on July 7, 2019. Ulrich Spangenberg, TTCI Principal
Investigator I, witnessed the horizontal curve negotiation test as the AAR Observer, per
Standard S-2043 requirements. No interference was noted; therefore, the Atlas car met the
criteria for this test.

8.3 Static Brake Tests
Standard S-2043 requires the static brake force measurements be made per MSRP Section E
Standard S-401, and the single-car air brake test must be performed per the AAR MSRP Section

E, Standard S-486. These tests were conducted by Kasgro prior to delivery of the Atlas car to
the TTC.

The static brake force measurements were conducted on IDOX 010001 A-End and B-End, at
the Kasgro Facility in Pennsylvania on February 12, 2019. AAR Standard S-401 testing is
documented in a letter from Matt DeGeorge to Jon Hannafious (TTC) dated August 20, 2021.
AAR Standard S-486 testing is documented in a letter from Mike Yon to David Cackovic (TTCI)
dated March 12, 2019. Both letters are included in Appendix C.

8.4 Structural Tests

Structural tests were conducted to demonstrate the railcar's ability to withstand the rigorous
railroad load environment and to verify the accuracy of the structural analysis. Standard S-2043
refers to MSRP Section C Part II, Specification M-1001, paragraph 11.3 (Ref 6) for structural
testing details and criteria.
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The Standard S-2043 requirement calls for dimensional measurements at the start and
conclusion of the structural tests and strain measurements during testing. In addition, visual
inspections for damage are required before and after the individual tests. A key criterion from
AAR MSRP Chapter 11° is that no permanent deformation shall be produced by the testing. This
is interpreted as no strain exceeding material yield.

The Atlas railcar was instrumented with 55 strain gauges. The gauges were placed in key
locations on the top and bottom of the railcar as specified by the railcar designer The
measurements taken by these gauges were used to monitor the strain during each of the structural
tests and to verify the FEA. Figure 41 shows the location of strain measurements. A description
of each location is included in Appendix B (Table B1). Further detail on the locations,
placement, and orientation of the gauges is found in Appendix D.

These gauges were installed on the empty car. A baseline measurement was recorded prior to
loading. Additional baselines were recorded for the car loaded to the maximum and minimum
test loads. The gauges were zeroed before each test so that test results could be either isolated or
combined with the baseline conditions.

Using the following formula, the results have been converted from microstrain (pe) to stress
(o, ksi) with a positive value indicating tension and a negative value indicating compression:

o = Epe/1,000,000
Where:
o = stress (ksi)
E = Young’s modulus (29,000 ksi)
e = microstrain (10 inch/inch)

The MSRP section C-II, Paragraph 4.2.2.4, states “...the allowable design stress shall be the
yield or 80 percent of ultimate, whichever is lower, or the critical buckling stress.” Kasgro’s
critical buckling analysis (Appendix E) shows that buckling is not limiting for the Atlas car.
With four exceptions, the allowable compressive or tensile stress is yield strength of the material
the strain gauges were applied to, 60,000 psi for all the Atlas carbody components, per Kasgro.
The exceptions are gauge locations SGBF15, SGBF18, SGBF23 and SGBF26 which are grade
80 plate. For these four locations 80 percent of ultimate is lower than the yield stress and the
allowable stress is 72,000 psi.

The structural tests include the following:
e Preliminary and post-test inspection
e Squeeze (compressive end) load

e Coupler vertical loads
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e Jacking
o Twist

e Impact
Table 30 shows the structural tests conducted and the associated load condition(s).

Table 30. Summary of structural tests and load condition

Test Name Maximum | Minimum
Squeeze (compressive end) load X X
Coupler vertical loads X

Jacking X

Twist X

Impact X

Structural test results are provided in Sections 8.4.1 to 8.4.7.
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8.4.1 Preliminary and Post Test Inspection
The Standard S-2043 requirement calls for special measurements during pre- and post-
test inspections and strain measurements during testing. These measurements are used to

verify the FEA predictions.

The Atlas car length was measured from striker to striker, as well as over the pulling
faces. Table 31 shows the results of these measurements before and after the tests were
performed. The length over pulling faces increased by 0.875 inch—this amount is
considered to be negligible considering the various clearances in the draft system and the

measurement accuracy.

A survey total station was used to measure the shape of the railcar deck before and
after testing. Figure 42 shows the results of the level measurements before and after
structural testing. No significant change in shape of the deck was noted.

Table 31. Survey Measurements

Condition Striker to Striker Length over Pulling Faces
Initial Measurement 73 feet 5-1/4 inches 78 feet 1-1/2 inches
Post Squeeze 73 feet 5-1/4 inches 78 feet 2 3/8 inches
Pre-test
= Post-Test
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Figure 42. Results of Level Loop around the Car Deck

8.4.2 Measured Stress from Test Loads

Baseline measurements were recorded for the car loaded in both the minimum and
maximum test load conditions. There are no Standard S-2043 criteria for the baseline
measurements, but it should be noted that no allowable stresses were exceeded.
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Table 32 shows a summary of stresses from the baseline measurements of the Atlas
car after loading the maximum test load (but without any additional applied load), for the
locations with highest measured stress. The maximum measured stress was 27 ksi (38
percent of allowable) in tension measured at SBGF26.This amount of stress was
measured at the center of the left-hand side sill bottom flange, approximately 74 1/8
inches from the B-end body bolster toward the center of the car.

Table 33 shows a summary of stresses from the baseline measurements after loading
the minimum test load, without any additional applied load for the locations with highest
measured stress. The maximum measured stress was 11 ksi (15 percent of allowable) in
tension measured at SGBF26.

The locations for the gauges referenced in Table 32 and Table 33 are highlighted in
Figure 43.

Table 32. Highest Measured Stresses for Atlas Car Loaded to Maximum
Test Load Condition with no Additional Applied Forces

Measured

Channel Approximate Location Measured Allowable Stress as
Name PP Stress (ksi) | Stress (ksi) percent of
Allowable

Center of LH side sill bottom
SGBF26 flange, 74 1/8 inches from B end | 27 72 38%
body bolster toward center of car

Top of deck plate, above LH side
sill web, 66 3/8 inches from line
SGDP45 across centermost edges of B- -21 60 35%
end end stop pin blocks toward
center of car

Top of deck plate, above RH
side sill web, 66 3/8 inches from
SGDP48 line across centermost edges of | -20 60 33%
B-end end stop pin blocks
toward center of car

Center of RH side sill bottom
SGBF15 flange, 74 1/8 inches from B end | 18 72 25%
body bolster toward center of car
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Table 33. Highest Measured Stresses for Atlas Car Loaded to Minimum
Test Load Condition with no Additional Applied Forces

Measured

Channel Apbroximate Location Measured Allowable Stress as
Name PP Stress (ksi) | Stress (ksi) percent of
Allowable

Center of LH side sill bottom
SGBF26 flange, 74 1/8 inches fromB end | 11 72 15%
body bolster toward center of car
Center of RH side sill bottom

SGBF15 flange, 74 1/8 inches from B end | 9.4 72 13%
body bolster toward center of car

Top of deck plate, above LH
center sill web, 66 3/8 inches
SGDP52 from line across centermost -8.8 60 15%
edges of A-end stop pin blocks
toward center of car

Top of deck plate, above LH side
sill web, 66 3/8 inches from
SGDP45 across centermost edges of B- -8.7 60 15%
end end stop pin blocks toward
center of car
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Figure 43. Measurement with Highest Measured Stress from Test Loads Only

8.4.3 Squeeze (Compressive End) Load

The squeeze (compressive end) load test was performed to verify that the Atlas railcar
can withstand compressive longitudinal loads. A horizontal compressive static load was
applied at the centerline of the draft system of car interface areas using TTCI’s squeeze
fixture. The load was cycled up to 750,000 pounds three times, and then on the fourth
cycle the load was increased to 1,000,000 pounds. The applied load was monitored with a
load cell.

The test was performed in the maximum test load configuration on October 22, 2019,
to test the worst-case stress condition. The test was also performed in the minimum test
load configuration on October 24, 2019, to test the worst-case stability condition. Figure
44 shows the Atlas railcar in the maximum test load car configuration installed in the
squeeze fixture just before testing. Adam Klopp, TTCI Principal Investigator I, witnessed
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the squeeze (compressive end) load test as the AAR Observer, per Standard S-2043
requirements.

The Atlas railcar met all criteria for the compressive end load test in both the
maximum and minimum test load configurations. No permanent deformation or
suspension separation was noted.

Figure 44. Maximum Test Load Compressive End Load Test

Maximum Test Load Condition

Figure 45 and Figure 46 show the summary results for the compression test on the Atlas
railcar in the maximum test load condition at 1,000 kips of applied compressive end load.
Note that the highest total tensile stresses (indicated by positive values in SGBF15 —
SGBF26 in Figure 45) are primarily from the maximum test load and are reduced by the
applied compressive load. The highest compressive stresses (indicated by negative values
in SGDP45 — SGDP52 in Figure 46) are in locations where the stresses from the applied
load are relatively low. The highest compressive stresses from the applied compressive
end load SGBF7, SGBF8, SGBF35 and SGBF36 are in locations with relatively low
tensile stresses from the maximum test load, resulting in relatively low total compressive
stresses.

Table 34 shows the locations with the highest total tensile stress (stress from the
maximum test load combined with stress from the applied compressive load). The highest
total stress was once again at SGBF26. Note that the applied compressive load acted to
reduce the tension load from the baseline loading and resulted in a lower total tensile
stress of 23 ksi (38 percent of allowable). The highest compressive stress of -21 ksi (35
percent of allowable) is at SGDP45, located on top of the deck plate, above the left-hand
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side sill web and approximately 66 3/8 inches from the centermost edges of the B-end
end stop pin blocks, toward the center of the car. Table 35 shows the locations with the
highest stress from applied load.

In both loading conditions, SGBF26 was the worst location. This location
corresponds to the center of the left-hand side sill bottom flange, approximately 2 inches
aft of #2 cross bearer. Additional details on the test results are provided in Appendix F.
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Figure 46. Summary of Atlas Railcar Squeeze Test Results — Maximum Test Load Condition with 1,000 Kips Applied Compressive Load
(2 of 2)
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Table 34. Locations with Highest Total Tension and Compression Stress under Maximum Load Condition

Stress from

Channel Maximum Stress from Total Allowable | Total Stress
N Approximate Location Applied Load Stress Stress as percent
ame Test Load . . .
(ksi) (ksi) (ksi) (ksi) of Allowable
Center of LH side sill bottom flange,
SGBF26 approx. 74 1/8 inches from B end 27 -4.1 23 72 32%
body bolster toward center of car
Top of deck plate, above LH side sill
web, 66 3/8 inches from line across
SGDP45 centermost edges of pin blocks -21 0.16 -21 60 35%
toward center of car (directly above
SBGF 26)
Table 35. Locations with Highest Stress from Applied Load under Maximum Load Conditions
c Stres_s from Stress from Total Allowable Measured
hannel . . Maximum . Stress as
Name Approximate Location test load Applled_ Load Stre':::s Stre_ss ercent of
- (ksi) (ksi) (ksi) P
(ksi) Allowable
LH side of bottom flange of center sill
- forward of rear body bolster - aligns o
SGBF36 with center sill web and end stop 3.4 -8.9 -5.5 60 9%
mount block pin hole
RH side of bottom flange of center sill
SGBF35 - forward of rear body bolster - aligns 36 85 49 60 8%

with center sill web and end stop
mount block pin hole
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Minimum Test Load Condition

Figure 47 and Figure 48 show the summary results for the compression test on the Atlas railcar
in the minimum test load condition at 1,000 kips of applied compressive end load. As with the
maximum test load results, the highest tensile stresses from the minimum test load are reduced
by the applied compressive load, resulting in overall tensile stresses below 3 ksi. However, in
this case, the highest compressive stresses coincide with the highest compressive stresses from
the applied load (SGBF7, SGBFS8, SGBF35 and SGBF36).

Table 36 shows the locations with the highest total tensile stress. The highest total stress was
once again at SGBF26. The applied compressive load acted to reduce the tension load from the
baseline loading and resulted in a lower total tensile stress of 2.9 ksi (only 5 percent of
allowable). The highest compressive stress of -9.6 ksi (16 percent of allowable) is at SGDP35,
which is on the right-hand side of the bottom flange of the center sill, 5 3/16 inches from the B-
end body bolster toward the center of the car. Table 37 shows the locations with the highest
stress from applied load.
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Figure 47. Summary of Atlas Railcar Squeeze Test Results — Minimum Test Load Condition with 1,000 Kips Applied Compressive Load
(1 of 2)
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Table 36. Locations with Highest Total Tension and Compression Stresses under Minimum Load Condition

Stress from Measured
L Stress from Total Allowable
Channel . . Minimum test . Stress as
Approximate Location . Applied Stress Stress
Name load (ksi) Load (Ksi) (ksi) (ksi) percent of
Allowable
Center of LH side sill bottom
flange, approx. 74 1/8 inches o
SGBF26 from B end body bolster 11 -0.81 29 72 4%
toward center of car.
RH side of bottom flange of
center sill — 5 3/16 inches
SGBF35 | from B-end body bolster 0.29 -9.9 -9.6 60 16%
toward center of car - aligns
with center sill web

Table 37. Locations with Highest Stress from Applied Load under Minimum Load Condition

Stress from Measured
L. Stress from Total | Allowable
Channel . . Minimum test . Stress as
Approximate Location . Applied Stress Stress
Name load (ksi) Load (Ksi) (ksi) (ksi) percent of
Allowable
RH side of bottom flange of
center sill - 5 3/16 inches from
SGBF7 A-end body bolster toward 1.2 -10 -8.8 60 15%
center of car - aligns with
center sill web
RH side of bottom flange of
center sill — 5 3/16 inches from
SGBF35 B-end body bolster toward 0.29 -9.9 -9.6 60 16%

center of car - aligns with
center sill web
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Figure 49. Locations with Highest Measured Stress during Squeeze (Compressive End) Load Test

8.4.4 Coupler Vertical Loads

A load of 50,000-pound was applied in both directions to the coupler knuckle and held for 60
seconds. The test was performed on October 11, 2019, with the maximum condition test load
installed. Adam Klopp, TTCI Principal Investigator I, witnessed the coupler vertical load tests as
the AAR Observer, per Standard S-2043 requirements.

The car met criteria for the 50,000-pound coupler vertical load test. Figure 50 shows the
coupler carrier plate after the coupler vertical load test.

Figure 51 and Figure 52 show results from the downward portion of the test. Results for the
upward portion are similar and are included in Appendix G. Note that for the locations measured
the applied stresses from the vertical load are small compared to stresses from the maximum test
load.

Table 38 shows the locations with highest total tensile and compressive stress. The locations
were the same as for the squeeze test, with the highest total tensile stress of 27 ksi (43 percent of
allowable) during the upward test at SGBF26. The highest compressive stress of -21 ksi (35
percent of allowable) was at SGDP45, also during the upward test. Table 39 shows the locations
with the highest stresses from applied loads. No evidence of gradual zero-shift (plastic
deformations) was noted.
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T
Figure 50. Coupler Carrier Plate after the Coupler Vertical Load Test

62



Stress (psi)

30,000
28,000
26,000
24,000
22,000
20,000
18,000
16,000
14,000
12,000
10,000

8,000

6,000

4,000

2,000

-2,000

-4,000

-6,000

-8,000
-10,000
-12,000
-14,000
-16,000
-18,000
-20,000
-22,000
-24,000
-26,000
-28,000
-30,000

LT

% Yo > O o A LD 3
¥ 25 5 5 X AR AMIRAGIR AR AR AR AR 4\'4\'4\'00@
LFLELLLELEELF LS FELELEL S

L D Q’ Q’
EOGE O OGN
M Max Test Load Only MW Applied Load Only (Downward) W Max Test Load + Applied Load

Figure 51. Stress from Downward Coupler Vertical Load Test (1 of 2)
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Figure 52. Stress from Downward Coupler Vertical Load Test (2 of 2)
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Table 38. Vertical Coupler Force Test Locations with Total Tensile and Compressive Stresses

Stress Total
fr9m Stress Allowa Stress
Maximum from Total ble as
Channel Name Approximate Location test load . Stress percent
- Applied - Stress
ks 1 oadksi) | KV | (ksi) of
Allowabl
e

Downward Direction

Center of LH side sill bottom flange,
SGBF26 approx. 74 1/8 inches from B end body 27 -0.58 26 72 36%
bolster toward center of car.

Top of deck plate, above LH side sill web,
66 3/8 inches from line across centermost o
SGDP45 -21 0.47 -20 60 33%

edges of pin blocks toward center of car
(directly above SBGF 26)

Upward Direction

Center of LH side sill bottom flange,
SGBF26 approx. 74 1/8 inches from B end body 27 0.31 27 72 38%
bolster toward center of car.

Top of deck plate, above LH side sill web,
66 3/8 inches from line across centermost o
SGDP45 -21 -0.30 -21 60 35%

edges of pin blocks toward center of car
(directly above SBGF 26)
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Table 39. Vertical Coupler Force Test Locations with Highest Stresses from Aplied Loads

Stress
from Stress Total
Channel Apbroximate Location Maximum from Total Allowable Stress as
Name PP Applied Stress (ksi) | Stress (ksi) | percent of
test load .
- Load(ksi) Allowable
(ksi)
Downward Direction
RH side of bottom flange
of center sill - 5 3/16
inches from B-end body o
SGBF35 bolster toward center of 3.7 -1.0 26 60 4%
car - aligns with center sill
web
LH side of bottom flange of
center sill — 5 3/16 inches
SGBF36 | from B-end body bolster 3.4 -0.98 24 60 4%
toward center of car -
aligns with center sill web
Upward Direction
RH side of bottom flange
of center sill - 5 3/16
inches from A-end body o
SGBF7 bolster toward center of 2.3 0.89 3.2 60 5%
car - aligns with center sill
web
LH side of bottom flange of
center sill - 5 3/16 inches
SGBF8 from A-end body bolster 2.3 0.86 3.2 60 5%

toward center of car -
aligns with center sill web
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8.4.5 Jacking

The jacking test is performed to verify a fully loaded car can be lifted free of the trucks
when supported at the jacking pads. The test was conducted on October 10, 2019. Adam
Klopp, TTCI Principal Investigator I, witnessed the jacking test as the AAR Observer,
per Standard S-2043 requirements. The Atlas car met criteria for the jacking test. No
permanent deformation was noted.

Figure 53 and Figure 54 show results of the jacking test. The highest total tensile
stresses (SGBF15 — SGBF26) are primarily from the maximum test load and are slightly
modified by the applied load from jacking. Similarly, the highest compressive stresses
(SGDP45 — SGDP52) are in locations where the stresses from the applied load are
relatively low.

Table 40 shows the jacking test locations with the highest total tensile and
compressive stresses. The highest total tensile stress of 28 ksi (47 percent of allowable)
was at SBGF26. The highest total compressive stress of -21 ksi (35 percent of allowable)
was at SBGF45. No evidence of gradual zero-shift (plastic deformations) was noted.

Table 41 shows the jacking test locations with the highest stresses from applied loads.
The highest stresses from the jacking load were seen for gauges SGBF37, SGBF38,
SGBF39, and SGBF40. These gauges are located at the front and rear of the B truck,
bottom flange of the body bolster near the center sill as shown in Figure 55. Appendix H
has further details on the results from all locations.
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Figure 53. Stress from Jacking Test with Maximum Test Load (1 of 2)
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Figure 54. Stress from Jacking Test with maximum Test Load (2 of 2)
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Table 40. Jacking Test Locations with Highest Total Tensile and Compressive Stresses

Channel
Name

Approximate
Location

Stress from
Maximum
test load
(ksi)

Stress from
Applied
Load (ksi)

Total
Stress
(ksi)

Allowable
Stress
(ksi)

Total
Stress as
percent of
Allowable

SGBF26

Center of LH side sill
bottom flange,
approx. 74 1/8 inches
from B end body
bolster toward center
of car.

27

1.0

28

72

39%

SGDP45

Top of deck plate,
above LH side sill
web, 66 3/8 inches
from line across
centermost edges of
pin blocks toward
center of car (directly
above SBGF 26)

0.69

60

35%

Table 41. Jacking Test Locations with the Highest Stresses from Applied Loads

Channel
Name

Approximate Location

Stress
from
Maximum
test load
(ksi)

Stress
from
Applied
Load (ksi)

Total
Stress
(ksi)

Allowable
Stress
(ksi)

Measured
Stress as
percent of
Allowable

SGBF40

Bottom flange of B-end
body bolster. On edge
nearest B-end. 2 V4
inches outboard of
center sill bottom flange
toward LH side of car.

7.5

4.6

60

8%

SGBF38

Bottom flange of B-end
body bolster. On edge
nearest center of car. 2
Y4 inches outboard of
center sill bottom flange
toward LH side of car.

7.4

4.9

60

8%

SGBF39

Bottom flange of B-end
body bolster. On edge
nearest B-end. 2 V4
inches outboard of
center sill bottom flange
toward RH side of car.

7.2

41

60

7%

SGBF37

Bottom flange of B-end
body bolster. On edge
nearest center of car. 2
a inches outboard of
center sill bottom flange
toward RH side of car.

6.5

3.9

60

7%
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Figure 55. Jacking Test Locations with Highest Stresses from Applied Loads

8.4.6 Twist

The Twist Test consists of two parts. The first part, referred to in this document as the
Suspension Twist Test is performed at the same time as the Carbody Twist Equalization Test
described in Section 8.2.2. The test procedure is the same, with the additional requirement for the
Suspension Twist Test that strain data be measured. It is required in the maximum test load
condition only. The test was conducted in the maximum test load condition on October 8, 2019.

The second part is a structural Carbody Twist Test. The carbody is required to be supported
at all four jacking pads and one corner will be allowed to drop 3 inches. The Carbody Twist Test
was conducted in the maximum test load condition on October 11, 2019. Adam Klopp, Xinggao
Shu, and Abe Meddah, TTCI Principal Investigators, witnessed the Suspension Twist Test and
Car Body Twist Test as the AAR Observer, per Standard S-2043 requirements.

Standard S-2043 paragraph 4.1.1.5 says that the allowable design stress for twist load shall
be 56% of the yield stress. For the grade 80 material this corresponds to 44.8 ksi and for the
grade 60 material it corresponds to 33.6 ksi.

Suspension Twist Test
Figure 56 and Figure 57 show results from the Suspension Twist Test with the left-hand corner
of the A-end lifted 3 inches. The complete results are provided in Appendix I.

Table 42 shows the highest total tensile and compression stresses from the Suspension Twist
Test. The highest total tensile stress was 29 ksi (40 percent of allowable) at SGBF26 with the A-
end, right-hand side raised 3 inches. Table 43 shows the highest stresses from the applied load
during the Suspension Twist Test. No evidence of gradual zero-shift (plastic deformation) was
noted.
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Figure 56. Stress from Suspension Twist Test, A-End LH Side (1 of 2)
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Figure 57. Stress from Suspension Twist Test, A-End LH Side (2 of 2)
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Table 42. Highest Total Tensile and Compression Stresses from Suspension Twist Test

Stress Measured
Stress Allowable
. from Total Stress as
Channel Approximate . from Stress
. Maximum . Stress o percent
Name Location Applied - (56% of
testload | | oqksi) | (KS) | vield, ksi) of
(ksi) ’ Allowable
Center of LH side sill
SGBF26 | bottom flange, approx.
(A-end, 74 1/8 inches from B 27 1.8 29 44 .8 65%
RH Side) | end body bolster
toward center of car.
Top of deck plate,
above LH side sill
SGDP45 \fl\rlgr% I?r?eséir?scsh *
(A-End, -21 -1.4 -22 33.6 65%
. centermost edges of
RH Side) .
pin blocks toward
center of car (directly
above SBGF 26)
Table 43. Highest Stresses from Applied Load during Suspension Twist Test
Stress Stress Allowable Measured
. from Stress as
Channel Approximate Maximum from Total Stress ercent
Name Location Applied Stress (ksi) (56% of P
testload | | = d(ksi) Yield, ksi) of
(ksi) ’ Allowable
Rear of bottom
flange of cross
bearer, 18 1/2
SGBF32 | inches from B-end
(A-End, body bolster from -3.2 21 -1.1 33.6 3%
RH Side) | center of car. 5 3/4
inches outboard of
center sill, toward
RH side.
Rear of bottom
flange of cross
bearer, 18 1/2
SGBF32 | inches from B-end
(A-End, body bolster from -3.2 -2.1 -5.3 33.6 16%
LH Side) | center of car. 5 3/4
inches outboard of
center sill, toward
RH side.

Figure 58 shows the locations of the highest stress locations for Part 1 of the Twist Test.
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Figure 58. Maximum Stressed Gauges during Suspension Twist Test (Maximum Load Condition)

Carbody Twist Test

The Carbody Twist Test second portion of the Car Body Twist Test requires that the loaded
carbody be supported on the four jacking locations. One corner is then lowered 3 inches. Figure
59 and Figure 60 presents the results summary for the Car Body Twist Test. Table 44 shows the
highest total tensile and compression stresses from the Carbody Twist Test. The highest total
tensile stress was 31 ksi (43 percent of allowable) at SGBF26. Table 45 present the highest
stresses from the applied twist condition. No evidence of gradual zero-shift (plastic deformation)
was noted.
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Figure 59. Stress from Carbody Twist Test, B-End RH Side (1 of 2)
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Figure 60. Stress from Carbody Twist Test, B-End RH Side (2 of 2)
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Table 44. Highest Total Tensile and Compression Stresses from Carbody Twist Test

Sftrr;?;s Measured Stress Allowable Measured
Channel Approximate Location Maximum Stress with from Total Stress Stress as
Name PP test load car on Applied Stress (ksi) (56% of percent of
(ksi) Jacks (ksi) | Load(ksi) Yield, ksi) | Allowable
Center of LH side sill
bottom flange, approx. 74
SGBF26 1/8 inches from B end 27 25 5.7 31 44.8 69%
body bolster toward center
of car.
Top of deck plate, above
LH side sill web, 66 3/8
SGDp45 | Inches fromline across | 19 6.7 26 33.6 77%

centermost edges of pin
blocks toward center of car
(directly above SBGF 26)

Table 45. Highest Total Tensile and Compress

ion Stresses from Applied Loads during Carbody Twist Test

s;t?;s Measured Stress Allowable Measured
Channel Abbroximate Location Maximum Stress with from Total Stress Stress as
Name PP test load caron Applied Stress (ksi) (56% of percent of
(ksi) Jacks (ksi) | Load(ksi) Yield, ksi) | Allowable
Rear of bottom flange of
SGBF12 | 74 cross bearer, RHside | 4q 3.8 13 9.2 33.6 27%
between center sill and
side sill, near center sill
Rear of bottom flange of
SGBF13 | 74 cross bearer, LHside | ; 55 0.21 12 12 33.6 36%

between center sill and
side sill, near center sill
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Figure 61 shows the locations of the highest stress locations for Part 2 of the Twist Test.
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Figure 61. Stress Location with Highest Measured Strain during Carbody Twist Test

8.4.7 Impact

Impact tests were conducted on October 16, 2019. Adam Klopp, TTCI Principal Investigator I,
witnessed the impact tests as the AAR Observer, per Standard S-2043 requirements.

The test was conducted by pulling the car up a constant grade a specified distance and
allowing it to roll into a standing string of three loaded hopper cars equipped with M-901E draft
gear. No brakes except for the handbrake on the last car were applied on the anvil string. There
was no free slack between anvil cars, but the draft gears were not compressed. Figure 62 shows a
partial view of the setup.

Figure 62. Atlas Car Impact Test Setup
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The lead hopper had an instrumented coupler installed to measure the force during coupling.
The speed was measured with a tachometer on one axle of the Atlas car. Nominal test speeds
were 2 mph, 4 mph, and 6 mph. All strain gauges were monitored and recorded during the tests.
The data from all strain gauges are provided in Appendix J. Table 46 shows the measured speed
and coupler load for the Atlas Car Maximum Test Load Impact Test. The criteria were met and
there was no permanent deformation of the car. The coupling forces did not exceed 1.25 million
pounds at speeds of 6 mph or less.

Table 46. Atlas Car Impact Test Results

Run Speed (mph) Coupler Load (kips)
1 3.1 175
2 3.9 207
3 5.7 735

Figure 63 and Figure 64 present the results summary for the impact test at 6 mph. Table 47
shows the highest total tensile and compression stresses from the 6-mph impact test. The highest
total tensile stress was 20 ksi (28 percent of allowable) at SGBF26. Table 48 presents the highest
stresses from the 6-mph impact test. No evidence of zero-shift (plastic deformation) was noted.

Standard S-2043 paragraph 4.1.5.9 Allowable Stresses states “All conditions resulting from
live and dead loads in combination with impact loads shall follow the guidelines in MSRP
Section C Part II, Specification M-1001, paragraph 4.2.2.6.” Paragraph 4.2.2.6 states that “such
loading may develop the ultimate load carrying capacity of the member being investigated.”
Because of this TTCI used the ultimate stress as the allowable stress for impact tests.
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Figure 63. Stress from Impact Test, 6 mph run (1 of 2)
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Figure 64. Stress from Impact Test, 6 mph run (2 of 2)
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Table 47. Highest Total Tensile and Compression Stresses from 6-mph Impact Test

Stress from Stress Measured
Channel Approximate Location Maximum from Total Allowable Stress as
Name PP test load Applied | Stress (ksi) | Stress (ksi) | percent of
(ksi) Load(ksi) Allowable
SGBF26 (A- Center of LH side sill
end. RH bott_om flange, approx. 74 27 7 20 90 200,
Sidé) 1/8 inches from B end body
bolster toward center of car.
Top of deck plate, above
LH side sill web, 66 3/8
EnGdDPR4I-? (A- inches from line across 21 6 15 75 20%
Si dé) centermost edges of pin
blocks toward center of car
(directly above SBGF 26)
Table 48. Highest Stresses from Applied Load during 6-mph Impact Test
Stress from Stress Total Measured
Channel Approximate Location Maximum from Stress Allowable Stress as
Name PP test load Applied ksi Stress (ksi) | percent of
(ksi) Load(ksi) | SV Allowable
SGDP52 (A- Top of deck_plate, above
End. LH RH center sill web, approx. A7 7 10 75 13%
Sidé) 2 inches forward of #3
cross bearer
LH side of bottom flange of
SGBF36 (B- | center sill - forward of rear
End, LH body bolster - aligns with 4 -17 -13 75 17%
Side) center sill web and end stop

mount block pin hole
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8.4.8 Securement System Analysis

Standard S-2043, Paragraph 5.4.7 requires verification of securement system strength. This
verification was done by inspection and analysis. For the purpose of these results, the securement
system is defined as the cradle attachment fittings (including shear blocks), pins, and welds to
the deck of the railcar, as shown in Figure 65. Cradles, end stops, or the deck structure itself are
not included within the securement system analysis.

Center
Attachment

Attachment
Blocks

Figure 65. Securement System Layout

8.4.8.1 Dimensional Inspection

The cradle attachment fitting dimensions are of critical importance for the proper mounting of
the and function of cask securement. The railcar securement system mounts were measured to
determine any variation from the design drawings that could impact the function of the mounting
system. The cradle attachment points are fabricated from steel plate and welded to the deck in
various locations to allow for the loading of different families of casks, such as what is depicted in
Figure 66.
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Figure 66. Cask installation in securement mounts

Kasgro supplied TTCI with drawings for the securement system, including the weldments
and their overall layout relative to the car deck. TTCI personal performed dimensional checks of
the various mounts with standard tape measures, steel rulers, various squares, calipers, etc. These
measurements were checked against the manufacturer’s drawing dimensions and related
tolerances. In many cases, performing the exact measurements listed in the drawings was not
possible (such as when the carbody centerline was the reference dimension, and where it was not
practicably measured), and several relative measurements had to be combined to make a relevant
comparison to the drawing.

TTCI personnel found the dimensions of the Atlas railcar to be more accurate than the
construction tolerances of a typical railcar. At no time during the testing of the Atlas railcar did
TTCI personnel have difficulty mounting or removing the simulated cask loads due to
securement system dimensional accuracy. With few exceptions, the dimensions of the
securement system were found to be within the dimensions listed in the drawing, most
commonly +/-0.125 inch. The space between the Outer Attachment Block pair faces did fall
outside of the expected value (e.g., the design was 3.0 inches and the as-build was 3.25 inches).
This change did increase the realized stresses in the retainment pin by increasing the bending
moment, and this information is presented in Section 8.4.8.5, Component Stress Analysis.
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Overall, however, dimensional relations between the simulated cask (test loads) and the
securement system allowed for the proper function, as illustrated in Figure 67.

Figure 67. Typical alignment of cask and securement mounts, shown with and without retainment
pin.

8.4.8.2 Force Calculations

Load calculations for the securement system were performed for the heaviest cask-cradle in
Family 1 (HI-STAR 190 XL), and the heaviest cask-cradle in Families 2, 3, and 4
(MAGNATRAN). The main difference between Family 1 and Families 2, 3, and 4 was the
handling of the longitudinal load. Family 1 used end stops to restrain the longitudinal load while
Families 2 through 4 used a shear key in the middle of the car.

The securement system is required to support the following dynamic factors per Rule 88:
e Vertical load: 2g
e Lateral load: 2g
e Longitudinal load: 7.5g

Each load is to be applied separately. An additional factor of 1.1 was applied to the result of
the force calculations to match Kasgro’s and Orano’s assumptions. The resulting factored loads
were then used for the stress analysis.

Figure 68 shows the pin locations for reference.
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Figure 68. Pin Designations

The following assumptions were made throughout the force calculations:

e For both families, the vertical load is reacted at pins 1 to 4.

e For both families, the lateral load is supported at pins 2 and 3 only.

e For Family 1, the longitudinal load is reacted at the inboard pins of the end stop (pins

9 to 12).

e For Family 2, the longitudinal load is reacted at the shear block S1.

e Because of the offset between the CG location and the reaction forces, both lateral
and longitudinal loads create moments that are reacted with vertical forces at the pin

blocks.

Table 49 and Table 50 show the results for the load calculations for Families 1 and 2.

Table 49. Family 1 (HI-STAR 190 XL) Force Calculation Results, Including 1.1 Load Factor

Direction Rea_c tion Location Ac¢_:ompanyir_|g L_ocation Of.
(Kips) Vertical Reaction Vertical Reaction
Vertical 174.15 34 None n/a
305.2 1,2 None n/a
Lateral 348.24 3 207.69 3,4
610.4 2 364.37 1,2
Longitudinal | 944.15 9-12 1052.14 5-12

Family 2 required additional calculations due to a minimum and maximum axial distance of

the combined cask-cradle CG from rear pins 3 and 4.
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Table 50. Family 2 (MAGNATRAN) Force Calculation Results

Cask Axial Reaction Vertical Location of
fes Direction . Location Reaction Vertical
Position (kips) - -
(kips) Reaction
.. . 177.57 1,2 None n/a
":)'(’I‘;“é'g Vertical 11753 3.4 None n/a
\ 355.13 2 191.92 1,2
location Lateral 175357 3 228.96 3.4
. . 202.49 1,2 None n/a
'2:‘;‘&’31 Vertical 186.91 3,4 None n/a
. 404.98 2 218.87 1,2
location Lateral 573757 3 202 3.4
Unaffected 2920.5 Shear block | 685.62 1-4
by Axial Longitudinal
position

An analysis of Table 49 and Table 50 dictates the bounding loads to be used during the stress
analysis. Table 51 shows the bounding loads to be used for the stress analysis as well as the
values presented by Orano (CALC-3015276, rev 4, page 10). The differences in bounding loads
calculated by Orano and TTCI are largely due to rounding differences.

Table 51. Bounding Loads

Component ngi?'gcct:i?asne TTCI Calculation (kips) Orano(ﬁ;)l:;x lation Dli:‘f?;:::;e
Highest Vertical 686 vertical 730 vertical 6%
Loaded (2gx1.1)
Center Block Lateral 610 lateral on block only | 611 lateral on block only | 16% on
Pin (2gx1.1) 364 vertical 312 vertical vertical
Shear Block Longitudinal | 2921 longitudinal 2921 longitudinal 0
(7.5gx1.1)
Highest Longitudinal 944 longitudinal 944 longitudinal 2% on
Loaded Outer 1052 vertical 1077 vertical vertical
Block Pin | (/29*11)

8.4.8.3 Stress Analysis

The stress analysis considers the following materials and their corresponding properties. The pin
blocks are made from ASTM A572, grade 50 steel. The pins are made from ASTM A564, type
630, condition H1025 stainless steel. Table 52 shows the minimum material properties as well as
the actual material properties for the materials used on the prototype car from document DW-19-
007 Mill Test Reports. The stress analysis uses the minimum material properties as a
conservative approach.
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Table 52. Material Properties

Material Yield Strength (ksi) | Ultimate Strength (ksi)
Minimum | Mill Test | Minimum | Mill Test
ASTM A572, Grade 50 50 57 65 86
ASTM A564, Type 630, Condition H1025 | 145 158 155 169

8.4.8.4 Allowable Stresses, Acceptance Criteria, and Margin of Safety

This analysis considers the allowable stress in agreement with MSRP C-II, M-1001, 4.2.2.4 “the
allowable design stress shall be the yield or 80% of ultimate, whichever is lower.” The allowable
stresses considered in this report are as follows:

e ASTM A572, Grade 50
o Allowable Tensile Stress: 50 Ksi
o Allowable Shear Stress: 29 Ksi
e ASTM A564, Type 630, Condition H1025
o Allowable Tensile Stress: 124 Ksi (80% of 155 ksi ultimate stress)
o Allowable Shear Stress: 83 Ksi (57% of 145 ksi yield stress)

The selected failure theory is the Equivalent von Mises Stress Theory. This theory is used
whenever stress components acting simultaneously need to be combined and is preferred over
the Tresca failure theory as the von Mises theory has been shown to have a better correlation
with experimental data in ductile materials such as steel.” Then, the equivalent von Mises Stress
is compared against the Yield Strength of the material. The following equation is used to

calculate the von Mises Stress:
Oym = /a,? + 313,

ox is the normal component of stress

Where:

Txy 1S the shear component of stress, at a single location on the pin
Finally, the Margin of Safety (MS) is calculated as

Allowable Stress
MS = —-1=0
Actual Stress
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When a stress combination is performed, the Margin of Safety is calculated for the resultant
combined stress only.

8.4.8.5 Component Stress Analysis
The stress analysis is performed for the following components under the bounding vertical,
lateral, and longitudinal loads shown previously in Table 51.

e (Center Attachment Blocks for Pins 1-4
e Shear Blocks, S1 and S2

e Outer Attachment Blocks for Pins 5-20
e Pins

The following tables show the results of the stress analysis for the different components
under the different loads they are exposed to. The central, shear, and outer blocks all have a
margin of safety greater than zero.

Table 53. Central Block Under Vertical Load

Stress Component Value (Ksi) MS
Tensile 14.28 +2.5
Shear Tear-out 12.41 +1.42

Table 54. Central Block Under Lateral Load

Stress Component Value (Ksi) MS
Direct Shear 13.2 n/a*
Tensile Stress 3.93 n/a*
Bending Stress 26.3 n/a*
Total Normal Stress 30.23 n/a*
Von Mises Stress 37.9 +0.32

Table 55. Shear Block Under Longitudinal Load

Stress Component Value (Ksi) MS
Direct Shear 1.55 +18.34

Table 56. Outer Block Under Longitudinal Load

Stress Component Value (Ksi) MS
Normal Vertical Stress 15.99 n/a*
Normal Longitudinal Stress 17.27 n/a*
Total Normal Stress 23.54 +1.13
Shear Tear-out 17.82 +0.63

*Margin of Safety is calculated for the resultant combined stress only.

90



TTCI performed hand calculations to determine the stress in the Central Block pins and
Outer Block pins. These were carried out by assuming the pin is a beam member with a uniform
load along the center portion and reaction loads at the end of the pin that are linearly variable
distributed loads. Contact stresses were neglected. These assumptions are depicted in Figure 69.
The analyzed configurations for both the central and outer pins are shown in Figure 70 and
Figure 71.

Table 57 shows the results of the stress calculations for both pin types (Outer Block and
Central Block). These analytical calculations showed that the maximum stress in both pin types
was well above the allowable amount, where the magnitudes the of maximum bending stress and
von Mises stress are equal because they occur within the area of uniform distributed load where
the shear load is a minimum. Loading and stress calculations were also performed by Orano, and
Table 58 shows the result comparison between the TTCI and Orano calculations.

bl

Figure 69. General Pin Loading Assumption
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686 kip/11.3 in

-~ «—>

3.75in 3.75in

Figure 70. Central Pin (Pins 1-4) Loading Schematic

1413 kips/2.5 in

—_—

Figure 71. Outer Pin (Pins 5-20) Loading Schematic. Note that 3" dimension shown here was
updated to 3.25" for subsequent analysis, based on as-built dimensions of the tested car, IDOX
010001.
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Table 57. Pins Stress Analysis Results (Hand Calculations)

Pin Location Mean Shea_r Bending _Stress von Mises. AIIowabIe.
Stress (Ksi) (Ksi) Stress (Ksi) | Stress (Ksi)

Central Block 28.14 248.25 248.25 124

Outer Block 59.24 247 247* 124

* The magnitudes the of maximum bending stress and von Mises stress are equal
because they occur within the area of uniform distributed load where the shear load is a
minimum. The highest shear stress occurs at a different location.

Table 58. Pin Stress Results Comparison

Shear Shear Bending Bending von von Allowable
Pin Stress Stress Stress Stress Mises Mises Stress
Location | (Ksi) (Ksi) (Ksi) (Ksi) (Ksi) (Ksi) (Ksi)
(TTCl) | (ORANO) | (TTCl) | (ORANO) | (TTCI) | (ORANO)
Central | 2814 | 301 248.25 41 24825 |  66.3 124
Block
Quter 59.24 70.1 247 66.4 247 138.4 124
Block

The difference in results is a consequence of the loading assumptions. Orano’s loading

assumption used point loads at the edges of the blocks. TTCI assumed the loads were distributed

as described above. Because of concerns that the distributed load assumption was too

conservative, TTCI decided to create an FEA model where the loading and reaction assumptions

shown above do not play a role in the numerical analysis. The model included actual material
properties of both pin and the block components obtained from a series of tensile tests. Figures

72 and 73 show the results from such a test on each material. A bi-linear model was selected for

both the pin and the block components leading to a non-linear FEA.
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Pin Stress-Strain Plot (Round Coupon 2)
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Figure 72: Tensile Test Results for Pin Material

Block Stress-Strain Plot (Flat Coupon 2)
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Figure 73. Tensile Test Results for Block Material

Table 60 shows the material properties included in the model
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Table 59. Material Properties

Property Pin Block
Modulus of Elasticity (psi) 31.8e6 30e6
Yield Stress (ksi) 171.8 54.5
Tangent Modulus (ksi) 61.4 177.2
Ultimate Stress (ksi) 174.56 75.23
Ultimate Strain (%) 2 23

The numerical analysis was carried out for the outer and central positions. Figure 74 through
Figure 77 show the model representation for each one of these positions. The model of the outer
blocks includes only a short length of the block, long enough to distribute the pin loads to a low
stress field where the block is restrained.

"I'_éading
Plate

Outer Pin

Figure 74. Outer Location Model
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Figure 75. Outer Location Cross Section

Figure 76. Central Location Model
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Figure 77. Central Location Cross Section

Figures 78 and 79 show the loading condition for each location

ANSYS

2019R1

Figure 78. Loading Condition (Outer Pin)
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Total Load =
683,400 Ib

0
L

X
Figure 79. Loading Condition (Center Pin)

The evaluation of the FEA results will be performed in terms of strains which give a better
indication of the condition of the part beyond the yield stress. The ultimate strain values are
shown on table 58 and are 2% for the pin material and 20% for the block material. Figures 80
through 84 show the results of the analysis for the outer location.

T
Total Strain = 1% .
4,000 (in)
] T

Figure 80. Outer Pin Total Strain (in/in)

3.000
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Figure 81. Outer Pin Plastic Strain (in/in)

Figure 82 shows the depth of the plastic strain below the surface. It can be seen that most of the

pin cross sectional area remains in the elastic region.

B: Copy of Static Structural
Equivalent Plastic Strain 11

Type: Equivalent Plastic Strain
Unit: infin
Time: 100

0.0042762 Max
0.0038011
0.003326
0.0028508
0.0023757
0.0019005
0.0014254

L] 0.00095027

N 0.00047514
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0.000 2,000 4.000(in)
[ SEaaa— [ SS—
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Figure 82. Outer Pin Plastic Strain Depth

The outer block results are shown in Figure 83 and Figure 84
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Figure 83. Outer Block Total Strain (in/in)
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Figure 84. Outer Block Plastic Strain (in/in)

Figures 85 through 89 show the results for the central location
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Figure 85. Central Pin Total Strain (in/in)
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Figure 86. Central Pin Plastic Strain (in/in)
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Figure 87. Central Blocks Total Strain (in/in)
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Figure 88. Central Blocks Plastic Strain (in/in)

Table 60 summarizes the FEA structural analysis for the outer and central pins and blocks
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Table 60. Securement System Results Summary

Component Total Strain (%) Plastic Strain (%) Ultimate Strain (%)
Outer Pin 1 0.42 2
Outer Block 4.2 4 20
Central Pin 0.59 0.003 2
Central Block 13.9 13.6 20

These results indicate that under the imposed loading conditions, neither pin or block
develops its ultimate load carrying capacity.

8.4.8.6 Weld Analysis
The weld analysis was performed for the following elements:

e Center Attachment Block
e Shear Key Block
e Quter Attachment Block

Each weld was analyzed under the requirements of both /0 CFR 71.45 and Field Manual of
the AAR Interchange Rules, Rule 88 A.16.c(3). These requirements are the bounding criteria for
the weld sizing calculations. Table 61 shows the differences in loading factors between these
regulations.

Table 61. Loading Factors for Weld Calculations

Loading Factor Rule 88 A.16.¢(3) 10 CFR 71.45
Vertical 2g 2g
Lateral 29 59
Longitudinal 7.59 10g

By using the appropriate load factors, the nominal throat dimension of each of the welds at
the central, shear, and outer block may be calculated. For each block type the individual block
with the most severe load case was considered. The welds and load cases were analyzed
separately as follows:

e Central Block Weld
e Lateral load of 610 kips (including 364 kip vertical reaction)
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e Vertical load of 686 kips
e Shear Key Block Weld
e Longitudinal load of 2921 kips
e Outer Block Weld
e Longitudinal load of 944 kips (including 1052 kip vertical reaction)

The shear resistance of the weld is 33ksi per AAR Section CII, Table 4.3.4.1.3 and AWS
D15.1 Table 8.1. Table 62 shows the results summary for the weld calculations. Complete weld
design calculations can be found in A#las 12 Axle Flat Car Attachment to Deck Weldment
(January 2020), Appendix K.

Table 62. Weld Analysis Results Summary

Met/Not Met

Weld Location Required throat size, t (in)
100% penetration weld required, Met
Center Attachment Block | ¢, 3775 inch wide block
Shear Key Block 041<t<055 Met
Met

Outer Attachment Block 091=<t=<0.97

Welds were inspected visually and with magnetic particle inspection (see TUV NDE
inspection reports for details, Appendix K). Measurements were made at various locations to
verify that the throat sizes met the requirements, and example photos of an Outer Attachment
Block and its measurements are shown in Figure 89. Various shims were required during the fit-
up of the deck attachment blocks due to the straightness of the deck attachments and camber of
the car. Per AWS D15.1, Railroad Welding Specification for Cars and Locomotives, the use of
shims necessitates increasing the welding fillet size by the shim thickness. For this reason, some
portions of the Outer Block weld dimensions are larger than the design fillet when no shims are
present.
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Figure 89. Example securement system welds and measurements

8.5 Dynamic Tests
The dynamic test regimes required by Standard S-2043 include:

Hunting

Twist and roll

Yaw and sway

Dynamic curving

Pitch and bounce (Chapter 11)
Special pitch and bounce

Single bump test

Limiting spiral negotiation

Normal spiral negotiation

Curving with single rail perturbation
Standard Chapter 11 constant curving
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e Special trackwork
¢ Ride Quality (not required since not a passenger-carrying car)

Appendix L lists the dates for the test zone compliance for each of the regimes described in
this dynamic test section. This appendix also includes the test zone, the date when demonstrated
compliance was measured, and date the Atlas railcar test was performed. TTCI’s policy
established that test zone measurements should be considered valid for 6 months from the last
measurement showing compliance.

The dynamic tests were conducted to measure compliance with criteria listed in Table 5.1 of
Standard S-2043. That table is reproduced here as Table 63.

Standard S-2043 specifies that non-curving tests be performed up to 75 mph where deemed
safe by the test engineer. However, the Standard S-2043 limiting criteria do not apply to test runs
at speeds over 70 mph. These tests are done only to further quantify performance and establish
trends. The results from tests performed at speeds over 70 mph may be included in worst-case
performance statistics depending on the following results:

o If the results of tests executed at speeds over 70 mph meet the test criteria, the results are
considered when compiling performance statistics.

e When tests over 70 mph do not meet the criteria, the runs are excluded from
consideration for performance statistics, and suitable comments are made in the body of
that section.

The Atlas car was pulled from the B-end during most dynamic tests. Instrumented wheelsets
(IWS) were placed in Axles 1 through 6 to measure wheel/rail forces (Figure 90). Also, Standard
S-2043 requires that curving tests and special track-work tests also be performed with the
instrumented span bolster in the trailing position; therefore, these tests were repeated with the A-
end leading.
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Table 63. Standard S$-2043 Dynamic Testing Performance Criteria

Criterion L{;n iting Notes
alue
Maximum carbody roll angle (degree) 4 Peak-to-peak
Not to exceed indicated value for a period greater
Maximum wheel L/V 0.8 than 50 ms and for a distance greater than 3 feet
per instance
95th percentile single wheel L/V 0.6 Not to exceed indicated value. Applies only for
(constant curving tests only) constant curving tests.
Maximum truck side L/V 05 Not _to exceed indicated value fqr a duration
equivalent to 6 feet of track per instance
Not to fall below indicated value for a period
Minimum vertical wheel load (%) 25 greater than 50 ms and for a distance greater
than 3 feet per instance
Peak to peak carbody lateral 1.3 For non-passenger-carrying railcars
acceleration (G) 0.60 For passenger-carrying railcars
Maximum carbody lateral acceleration 0.75 For non-passenger-carrying railcars
(G) 0.35 For passenger-carrying railcars
Carbody lateral acceleration standard Calculated over a 2,000-foot sliding window
vody 0.13 every 10 feet over a tangent track section that is
deviation (G) 7
a minimum of 4,000 feet long
Maximum carbody vertical 0.90 For non-passenger-carrying railcars
acceleration (G) 0.60 For passenger-carrying railcars
Suspension bottoming not allowed. Maximum
Maximum vertical suspension 95 compressive spring travel shall not exceed 95%
deflection (%) of the spring travel from the empty car height of
the outer load coils to solid spring height
. : . Suspension bottoming not allowed. Vertical
Maximum vertical dynamic augment . .
. 0.9 dynamic augment accelerations of a loaded car
acceleration (G)
shall not exceed 0.9 G.

According to Sections 5.5.7 through 5.5.16 of Standard S-2043 the above criteria must be
met for all tests performed. Some exceptions are:

e The notes for the carbody lateral acceleration standard deviation require it be
computed over a 2,000-foot sliding window in a 4,000-foot tangent track section
so that value will only be reported for high-speed stability tests.

e L/V and vertical wheel load data is not available for high-speed stability tests with
KR wheels (shown as “not measured” on the results tables).

The following sections contain a summary of the data.
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Figure 90. Location of IWS during Dynamic Tests

Figure 90 shows the locomotive coupled directly to the Atlas car for A-end Leading runs.
This was the case for special trackwork tests. Constant curving and dynamic curving tests used a
buffer car in between the Altas car and the locomotive. The curving buffer car is a loaded 100-
ton open top hopper car which is 53 feet over pulling faces with 40 feet 6 inch truck centers. In-
train buff and draft forces are generally low during these tests, less than 20,000 pounds based on
grade and resistance calculations. This level of force is unlikely to change curving performance
regardless of the train makeup.

8.5.1 Primary Suspension Pad Confiquration Changes

During the initial tests the Atlas car showed some hunting instability at speeds above 65 mph.
Stiffer primary pads (prototype CSM 70 pads) improved the hunting performance. All dynamic
testing was completed with the CSM 70 pads. The car performance did not meet the Standard S-
2043 criteria in dynamic curving or curve with single rail perturbation regimes with the CSM 70
pads.

On October 15, 2020, TTCI reviewed the results with the AAR EEC. The EEC directed
TTCI to re-test the car with softer primary pads with a minimum test load in the dynamic curving
regime. The EEC felt that curving performance was more important than high speed stability
performance because the car would be limited to less than 50 mph by AAR circular OT-55 when
in HLRM service.
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During the testing program, TTCI tested the car with a total of four models of primary pad in
an attempt to achieve superior performance. The pads are made from chlorosulfonated
polyethylene or CSM and are categorized by the Shore D durometer hardness value. The
production pads the car arrived with were type CSM 58. TTCI also tested the car with prototype
pad types CSM 70, CSM 68, and CSM 65. Figure 91 shows the hunting performance with
minimum test load for the four pads tested. Figure 92 shows the dynamic curving performance
with minimum test load for the four pads tested. The production CSM 58 pads were chosen
based on the balance of curving and high-speed stability performance.

With the CSM 58 pads, the Atlas car meets most of the hunting and dynamic curving
requirements of Standard S-2043. The car does not meet the hunting requirements with the
minimum test load at speeds over 65 mph, beyond the 50 mph limit recommended in AAR
circular OT-55 for cars in high-level radioactive material (HLRM) service. Therefore, on behalf
of the DOE, TTCI is requesting an exception from the AAR EEC.
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Figure 91. Hunting Results with Different Primary Suspension Pads (Minimum Test Load
Condition), Worst Case of A or B-end Standard Deviation of Lateral Carbody Acceleration over
2000-feet, CSM 58 pads Selected
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Figure 92. Dynamic Curving Test Results with Different Primary Suspension Pads (Minimum Test
Load) , CSM 58 pads Selected

The hunting regime was tested with CSM 58 pads in minimum and maximum test load
conditions. The dynamic curving regime was tested with CSM 58 pads in the minimum test load
condition. All other dynamic tests were completed with CSM 70 pads. The effect of the pad
change on other regimes will be evaluated using modeling and then documented in the post-test

analysis report.

8.5.2 Minimum Load Hunting

Standard S-2043 requires that hunting tests be performed with IWS and with wheelsets having
KR profiles. If IWS with KR profiles are not available two separate tests may be performed. The
minimum load hunting tests were performed with KR wheels using CSM 58 pads, with KR
wheels using CSM 70 pads, and with IWS having a new AAR1B narrow flange profiles using
CSM 70 pads. Table 64 shows the date each test was conducted and the rail friction measured
during each test. The official AAR observers were Xinggao Shu, TTCI Principal Investigator, on
November 15, 2019, Adam Klopp, TTCI Principal Investigator, on June 15, 2000, and Ulrich
Spangenberg, TTCI Principal Investigator, on October 7, 2020.

Table 64. Minimum Load Hunting Test Dates and Rail Friction Data

Test Condition Date .ngaﬁiﬁrl‘;'ﬁ"t O(EE:;?;I: Rl
CSM 58 Pads with KR Profile | 11/15/2019 | 0.54 0.54
CSM 70 Pads with KR Profile | 06/15/2020 | 0.55 0.55
CSM 70 Pads with IWS 10/07/2020 | 0.53 0.54

The Atlas car did not meet criterion for standard deviation of lateral acceleration over 2000-
feet above 65 mph when using CSM 58 primary pads and KR wheel profiles. All other criteria
were met. The Atlas car was stable to 75 mph when using CSM 70 primary pads with both KR
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wheel profiles and IWS. Note that the AAR circular OT-55 “Recommended Railroad Operating
Practices for Transportation of Hazardous Material” restricts trains carrying spent nuclear fuel or
HLRM to a maximum speed of 50 mph. Table 65 shows a summary of hunting test results, with
the exception shown in red text. Figure 93 shows a plot of the 2,000-foot standard deviation of
lateral acceleration versus speed for the minimum load hunting tests and Figure 94 shows a
distance plot of the data where criteria was not met.

Table 65. Minimum Load Hunting Test Results

IWS with
Minimum Load Minimum AAR 1B
Criterion Limiting KB Wheel Load KR_ Narrow
Value Profile CSM 58 | Wheel Profile | Flange Wheel
Pad CSM 70 Pad Profile CSM
70 Pad
Roll angle (degree) 4 0.7 0.6 0.6
Maximum wheel L/V 0.8 Not Measured Not Measured 0.13
Maximum truck side L/V 0.5 Not Measured Not Measured 0.09
Minimum vertical wheel load §t5:,1t(|zo) of | Not Measured Not Measured 67%
I(_a)teral peak-to-peak acceleration 13 0.80 0.30 0.14
g
Maximum lateral acceleration (g) 0.75 0.43 0.16 0.07
Lateral acceleration standard 013 0.22 0.06 0.02
deviation 13(9)
Maximum vertical acceleration (g) 0.90 0.28 0.30 0.35
Maximum vertical suspension 95 o 10% 7% 7%
deflection °
Critical Speed 70 mph | >65 mph >75 mph > 75 mph

* L/V and vertical wheel load data is not available for high-speed stability tests with KR wheels (IWS required).
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Figure 93. 2000-foot Standard Deviation of Lateral Acceleration for
Minimum Load Hunting Tests
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Figure 94. Minimum Load Hunting Standard Deviation of Lateral Carbody Acceleration,
B-End (Lead End), KR Wheel Profiles, 68 mph

8.5.3 Maximum Load Hunting

Maximum load hunting tests were performed with KR wheels using CSM 58 pads, with KR
wheels using CSM 70 pads, and with IWS having a new AAR1B narrow flange profiles using
CSM 70 pads. Table 66 shows the date each test was conducted and the measured rail friction.
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The test using CSM 58 pads and KR wheel profiles on December 11, 2019, was originally
intended as a troubleshooting test and no AAR official observer was onboard. This test was
conducted by Brent Whitsitt, TTCI Senior Engineer. Adam Klopp, TTCI Principal Investigator I
witnessed the tests performed on June 18, 2020, and Ulrich Spangenberg, TTCI Principal
Investigator I, witnessed the tests on July 6, 2020, as the AAR Observers per Standard S-2043
requirements.

Table 66. Maximum Load Hunting Test Dates and Rail Friction Data

. Coefficient of Friction
Test Condition Date inside Rail | Outside Rail
CSM 58 Pads with KR Profile 12/11/2019 | 0.48 0.46
CSM 70 Pads with KR Profile 06/18/2020 | 0.54 0.55
CSM 70 Pads with IWS 07/06/2020 | 0.54 0.54

The car was stable with IWS and KR wheel profiles with both CSM 58 and CSM 70 pads.
The car met all criteria with both wheel profiles in the maximum load conditions. Table 67
shows a summary of the maximum load hunting test results, and Figure 95 shows a plot of
2,000-foot standard deviation of lateral acceleration versus speed for the configurations tested.

Table 67. Maximum Load Hunting Test Results

IWS with
Maximum Maximum AAR1B
Lo Load KR Narrow
o Limiting Load KR
Criterion . Wheel Flange
Value Wheel Profile .
CSM 58 Pads Profile CSM V\{heel
70 Pads Profile CDM
70 Pads
Roll angle (degree) 4 0.6 0.6 0.6
Maximum wheel L/V 0.8 Not Measured Not 0.10
Measured
Maximum truck side L/V 0.5 Not Measured M Not 0.06
easured
- . Not Measured Not 81%
o 0,
Minimum vertical wheel load (%) 25 % Measured
Lateral peak-to-peak acceleration (g) 1.3 0.49 0.31 0.11
Maximum lateral acceleration (g) 0.75 0.30 0.16 0.07
Lateral acceleration standard deviation 013 0.1 0.06 0.02
(9) '
Maximum vertical acceleration (g) 0.90 0.25 0.20 0.16
Maximum vertical suspension deflection 95 % 63% 48% 50%
Critical Speed 70 mph >75mph >75mph >75mph

* L/V and vertical wheel load data is not available for high-speed stability tests with KR wheels (IWS required).
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Figure 95. 2,000-foot Standard Deviation of Lateral Acceleration for
Maximum Load Hunting Tests

8.5.4 Minimum Test Load Twist and Roll

The twist and roll test in the minimum test load configuration was performed on September 14,
2020. The coefficient of friction was 0.50 on the east rail and 0.50 on the west rail. Adam Klopp,
TTCI Principal Investigator I, witnessed the twist and roll test as the AAR Observer, per
Standard S-2043 requirements. The car met the criteria for minimum test load over the twist and
roll zone. Table 68 contains a summary of the data from the twist and roll tests, and Figure 96
shows a plot of peak-to-peak carbody roll versus speed. The tests presented in this section were
done with the prototype CSM 70 suspension pads. The effect of changing pad type from CSM 70
to CSM 58 on performance in this regime will be investigated using modeling and presented in

the post test analysis report.

Table 68. Minimum Test Load Twist and Roll Test Results

Criterion Limiting Value 'IMeI:tITg;ili

Roll angle (degree) 4 14

Maximum wheel L/V 0.8 0.27
Maximum truck side L/V 0.5 0.19
Minimum vertical wheel load 25 (% of static) | 54%
Lateral peak-to-peak acceleration (g) 1.3 0.50
Maximum lateral acceleration (g) 0.75 0.26
Maximum vertical acceleration (g) 0.90 0.36
Maximum vertical suspension deflection 95 % 16%
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Figure 96. Minimum Test Load Twist and Roll Test, Maximum Carbody Roll versus Speed

8.5.5 Maximum Test Load Twist and Roll

The twist and roll tests were performed in the maximum test load configuration on June 30,
2020, and July 1, 2020. The coefficient of friction was 0.58 on the east rail and 0.59 on the west
rail. Abe Meddah, TTCI Principal Investigator I, witnessed the twist and roll test as the AAR
Observer, per Standard S-2043 requirements. The car met the criteria for maximum test load
twist and roll. Table 69 contains a summary of the data from the twist and roll tests, and Figure
97 shows a plot of peak-to-peak carbody roll versus speed. The tests presented in this section
were done with the prototype CSM 70 suspension pads. The effect of changing pad type from
CSM 70 to CSM 58 on performance in this regime will be investigated using modeling and
presented in the post test analysis report.

Table 69. Maximum Test Load Twist and Roll Test Results

Criterion Limiting Value 'II\'neas);lrl?:an;
Roll angle (degree) 4 1.3
Maximum wheel L/V 0.8 0.23
Maximum truck side L/V 0.5 0.15
Minimum vertical wheel load 25 (% of static) 64%
Lateral peak-to-peak acceleration (g) 1.3 0.31
Maximum lateral acceleration (g) 0.75 0.17
Maximum vertical acceleration (g) 0.90 0.20
Maximum vertical suspension deflection 95 % 59%
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Figure 97. Maximum Test Load Twist and Roll Test, Maximum Carbody Roll versus Speed

8.5.6 Yaw and Sway

Yaw and sway tests were performed in the maximum test load configuration on September 02,
2020, and on September 03, 2020. The coefficient of friction was 0.55 on the east rail and 0.54
on the west rail. Adam Klopp, TTCI Principal Investigator I, witnessed the yaw and sway test as
the AAR Observer, per Standard S-2043 requirements. Table 70 shows the results of the tests up
to 70 mph and Figure 98 shows plots of the peak-to-peak lateral acceleration versus speed. The
car met the criteria for maximum test load yaw and sway. The tests presented in this section were
done with the prototype CSM 70 suspension pads. The effect of changing pad type from CSM 70
to CSM 58 on performance in this regime will be investigated using modeling and presented in
the post test analysis report.

Table 70. Yaw and Sway Test Results to 70 mph

Criterion Limiting Value nggﬁd
Roll angle (degree) 4 0.7
Maximum wheel L/V 0.8 0.52
Maximum truck side L/V 0.5 0.28
Minimum vertical wheel load 25 (% of static) 71%
Lateral peak-to-peak acceleration (g) 1.3 0.62
Maximum lateral acceleration (g) 0.75 0.36
Maximum vertical acceleration (g) 0.90 0.14
Maximum vertical suspension deflection 95 % 7%
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Figure 98. Maximum Test Load Yaw and Sway Test, Peak-to-Peak Lateral Acceleration
versus Speed

8.5.7 Minimum Load Dynamic Curving

Dynamic curve testing was conducted, clockwise (CW) and counterclockwise (CCW), with both
the A-end leading and B-end leading. The testing dates were June 25, 2021, and June 28, 2021.

Table 71 shows the rail friction data for the different test configurations. When two or more test
configurations were done on the same day, the rail friction was only measured once. Ulrich
Spangenberg and Adam Klopp, both TTCI Principal Investigator I’s, witnessed the minimum
load dynamic curving test as the AAR Observer, per Standard S-2043 requirements. The tests
presented in this section were done with the CSM 58 production primary suspension pads.

Table 71. Minimum Load Dynamic Curving Test Dates and Rail Friction Data

. Coefficient of Friction
Test Condition Date Inside Rail | Outside Rail
Minimum Load, A-end Leading, CW 06/28/2021 0.51 0.55
Minimum Load, A-end Leading, CCW 06/25/2021 0.49 0.50
Minimum Load, B-end Leading, CW 06/25/2021 0.49 0.50
Minimum Load, B-end Leading, CCW 06/28/2021 0.51 0.55

The car met the criteria for the minimum load dynamic curving tests. Table 72 represents the
worst-case scenario test results for each car orientation. Figure 99 shows a plot of single wheel
L/V ratios versus speed for each test condition.
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Table 72. Minimum Load Dynamic Curving Test Results

Criterion Limiting A-End | A-End B-End B-End
Value cw CCw cw CCw
Roll angle (degree) 4 0.80 0.80 0.80 0.80
Maximum wheel L/V 0.8 0.72 0.75 0.69 0.74
Maximum truck side L/V 0.5 0.38 0.35 0.39 0.38
Minimum vertical wheel load 25 (0/.° of 53% 51% 51% 45%
static)
Lateral peak-to-peak acceleration (g) 1.3 0.17 0.20 0.17 0.22
Maximum lateral acceleration (g) 0.75 0.16 0.20 0.15 0.20
Maximum vertical acceleration (g) 0.90 0.12 0.17 0.10 0.16
Maximum vertical suspension deflection 95 % 13% 17% 12% 14%
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Figure 99. Minimum Load Dynamic Curving L/V Results versus Speed

8.5.8

Maximum Load Dynamic Curving

The maximum load dynamic curve testing was conducted CW and CCW, with both the A-end
leading and B-end leading. Table 73 lists the test dates and the rail friction data. When two or
more test configurations were done on the same day, friction was only measured once. Abe

Meddah, TTCI Principal Investigator I, witnessed the maximum load dynamic curving test as the

AAR Opbserver, per Standard S-2043 requirements.
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Table 73. Maximum Load Dynamic Curving Test Dates and Rail Friction Data

. Coefficient of Friction
Test Condition Date Inside Rail | Outside Rail
Maximum Load, A-end Leading, CW 06/30/2020 0.49 0.50
Maximum Load, A-end Leading, CCW 06/25/2020 0.53 0.51
Maximum Load, B-end Leading, CW 06/25/2020 0.53 0.51
Maximum Load, B-end Leading, CCW 06/29/2020 .050 0.50

Tests presented in this section were done with the prototype CSM 70 suspension pads. Table
74 contains a summary of the maximum load dynamic curving test results. Figure 100 shows a
plot of maximum wheel L/V versus speed.

Table 74. Maximum Load Dynamic Curving Test Results

o . A-End | B-End B-End

Criterion Limiting Value A-End CW cCcwW cw ccw
Roll angle (degree) 4 0.70 0.70 0.70 0.80
Maximum wheel L/V 0.8 0.76 0.81 0.72 0.75
Maximum truck side L/V 0.5 0.40 0.39 0.39 0.36
Minimum vertical wheel load 25 (% of static) 50% 45% 47% 51%
Lateral peak-to-peak 13 0.14 025 | 017 0.22
acceleration (g)
Maximum lateral 0.75 0.14 018 | 0.16 0.19
acceleration (g)
Maximum vertical 0.90 0.10 0.08 | 0.08 0.11
acceleration (g)
Maximum vertical 95 % 33% 4% | 39% 43%
suspension deflection
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Maximum Load Dynamic Curving
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Figure 100. Maximum Load Dynamic Curve Wheel L/V Results versus Speed

In the maximum load condition and with CSM 70 pads, the car did not meet the single wheel
L/V criterion at 14 mph when traveling CCW on the dynamic curve zone with the A-end leading.
Therefore, on behalf of the DOE, TTCI is requesting an exception from the AAR EEC. Figure
101 shows a plot of the worst-case single wheel L/V that occurs on the right wheel on Axle 6
during a 14-mph run CCW with the A-end leading. The maximum load dynamic curving test
runs CCW with the B-end leading, CW with the B-end leading, and CW with the A-end leading

all met the criteria.

The effect of changing pad type from CSM 70 to CSM 58 on performance in this regime will
be investigated using modeling and presented in the post test analysis report, complete with
simulations of the other cask loads.
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Figure 101. Axle 6 Right Wheel L/V Ratio during A-end Leading
Maximum Load CCW Dynamic Curving at 14 mph

8.5.9 Pitch and Bounce (Chapter 11)

Pitch and bounce testing was performed in the maximum load condition only per Standard S-
2043. The test was performed on June 30, 2020, and July 1, 2020. The coefficient of friction was
0.53 on the east rail and 0.50 on the west rail. Abe Meddah, TTCI Principal Investigator I,
witnessed the pitch and bounce test as the AAR Observer, per Standard S-2043 requirements.
The car met criteria for pitch and bounce. Table 75 shows a summary of pitch and bounce test
results, and Figure 102 shows a plot of maximum vertical acceleration versus speed. The tests
presented in this section were done with the prototype CSM 70 suspension pads. The effect of
changing pad type from CSM 70 to CSM 58 on performance in this regime will be investigated
using modeling and presented in the post test analysis report.

Table 75. Summary of Pitch and Bounce (Chapter 11) Results

Criterion Limiting Value Test Result
Roll angle (degree) 4 0.2
Maximum wheel L/V 0.8 0.09
Maximum truck side L/V 0.5 0.07
Minimum vertical wheel load 25 (% of static) 71%
Lateral peak-to-peak acceleration (g) 1.3 0.09
Maximum lateral acceleration (g) 0.75 0.06
Maximum vertical acceleration (g) 0.90 0.25
Maximum vertical suspension deflection 95 % 56%
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Figure 102. Maximum Test Load Pitch and Bounce, Maximum Vertical Acceleration versus Speed

8.5.10 Pitch and Bounce (Special)

The pitch and bounce (Special) test regime was not tested based on the span bolster center
spacing. As described in the test plan (Appendix B) the Atlas car’s span bolster center spacing
(38.5 feet) is very close to the wavelength of the standard pitch and bounce test section (39 feet).

8.5.11 Minimum Load Single Bump Test

The minimum load single bump test was performed on October 5, 2020. This test is intended to
represent a grade crossing and was installed at T15 on the Transit Test Track (TTT) at the TTC.
The single bump was a flat-topped ramp with the initial elevation change over 7 feet, a steady
elevation over 20 feet, ramping back down over 7 feet. The coefficient of friction on the
southeast rail was 0.56 and the coefficient of friction on the northwest rail was 0.54. Adam
Klopp, TTCI Principal Investigator I, witnessed the minimum load single bump test as the AAR
Observer, per Standard S-2043 requirements. The tests presented in this section were done with
the prototype CSM 70 suspension pads. The effect of changing pad type from CSM 70 to CSM
58 on performance in this regime will be investigated using modeling and presented in the post
test analysis report.

The car met minimum load single bump criteria. Table 76 shows a summary of test
results. Figure 103 shows a plot of maximum vertical acceleration versus speed for the minimum
load single bump test.
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Table 76. Summary of Test Results for the Minimum Load Single Bump Test

Criterion Limiting Value Test Result
Roll angle (degree) 4 04
Maximum wheel L/V 0.8 0.13
Maximum truck side L/V 0.5 0.10
Minimum vertical wheel load 25 (% of static) 70%
Lateral peak-to-peak acceleration (g) 1.3 0.17
Maximum lateral acceleration (g) 0.75 0.09
Maximum vertical acceleration (g) 0.90 0.37
Maximum vertical suspension deflection 95 % 15%
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Figure 103. Maximum Vertical Acceleration versus Speed for Minimum Load Single Bump Test

8.5.12 Maximum Load Single Bump Test

The maximum load single bump test was performed on July 6, 2020. The coefficient of friction
on the southeast rail was 0.54 and the coefficient of friction on the northwest rail was 0.54.
Ulrich Spangenberg, TTCI Principal Investigator I, witnessed the maximum load single bump
test as the AAR Observer, per Standard S-2043 requirements. Tests presented in this section
were done with the prototype CSM 70 suspension pads. The effect of changing pad type from
CSM 70 to CSM 58 on performance in this regime will be investigated using modeling and
presented in the post test analysis report.

The car met the maximum load single bump criteria. Table 77 shows a summary of test
results. Figure 104 shows a plot of maximum vertical acceleration versus speed for the maximum
load single bump test.
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Table 77. Summary of Test Results for the Maximum Load Single Bump Test

Criterion Limiting Value Test Result
Roll angle (degree) 4 0.3
Maximum wheel L/V 0.8 0.12
Maximum truck side L/V 0.5 0.08
Minimum vertical wheel load 25 (% of static) 74%
Lateral peak-to-peak acceleration (g) 1.3 0.16
Maximum lateral acceleration (g) 0.75 0.08
Maximum vertical acceleration (g) 0.90 0.34
Maximum vertical suspension deflection 95 % 58%
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Figure 104. Maximum Vertical Acceleration versus Speed for Maximum Load Single Bump Test

8.5.13 Minimum Test Load Curve Entry/Exit

Spiral negotiation is tested in the limiting spiral test zone. This test zone has a steady change in
curvature from 0 to 10 degrees and a steady change in superelevation from 0 to 4 3/8 inches in
89 feet. The limiting spiral test section is located on the same curve as the dynamic curving test
section, so those tests were performed at the same time. The data from the normal spirals
adjacent to the constant curve sections is also presented in this section. The tests presented in this
section were completed with the prototype CSM 70 pads. The effect of changing pad type from
CSM 70 to CSM 58 on performance in this regime will be investigated using modeling and
presented in the post test analysis report.

8.5.13.1 Minimum Load Limiting Spiral Negotiation

The minimum load limiting spiral negotiation tests were conducted with the minimum load
dynamic curving tests on June 25, 2021, and June 28, 2021. Minimum load limiting spiral testing
was conducted, CW and CCW, with both the A-end leading and the B-end leading. The CW tests
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correspond to the spiral entry and CCW tests correspond to the spiral exit. Table 78 lists the rail
friction data for the different test configurations. When two or more test configurations were
done on the same day, rail friction was only measured once. Ulrich Spangenberg and Adam
Klopp, both TTCI Principal Investigator I’s, witnessed the minimum load limiting spiral
negotiation test as the AAR Observer, per Standard S-2043 requirements

Table 78. Minimum Load Limiting Spiral Test Date and Rail Friction Data

. Coefficient of Friction
Test Condition Date Inside Rail | Outside Rail
Minimum Load, A-end Leading, CW 06/28/2021 0.55 0.54
Minimum Load, A-end Leading, CCW 06/25/2021 0.50 0.50
Minimum Load, B-end Leading, CW 06/25/2021 0.50 0.50
Minimum Load, B-end Leading, CCW 06/28/2021 0.55 0.54

The car met the criteria for the minimum load limiting spiral tests. Table 79 represents the
worst-case test results for each car orientation. Figure 105 is the wheel L/V ratio version speed
for each of the maximum test load configurations.

Table 79. Minimum Load Limiting Spiral Summary Test Results

Criterion "{,":Itl;';g A-End CW A-End CCW | B-End CW | B-End CCW

Roll angle (degree) 4 0.70 1.60 0.70 1.30
Maximum wheel L/V 0.8 0.62 0.69 0.67 0.61
m;cl/xmum truck side 0.5 0.38 0.40 0.42 0.39

. . . o)
Minimum vertical 25 (% of 54% 56% 57% 57%
wheel load static)
Lateral peak-to-peak 13 017 0.14 0.18 0.17
acceleration (g)
Maxmum lateral 0.75 0.15 0.14 0.14 0.16
acceleration (g)
Maxmum vertical 0.90 0.11 0.15 0.16 0.12
acceleration (g)
Maxmum vertical . 95 % 17% 20% 17% 20%
suspension deflection

125




Minimum Load Limiting Spiral Results
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Figure 105. Minimum Load Limiting Spiral Results

8.5.13.2 Minimum Load Normal Spiral Negotiation

Minimum load normal spiral negotiation tests were conducted during minimum load constant
curving tests. Minimum load normal spiral testing was conducted, CW and CCW, with both the
A-end leading and the B-end leading. Data were summarized from the spirals at each end of each
test curves except for the 12-degree north spiral. The 12-degree north spiral is not a normal
spiral, because, although the curvature changes steadily over 200 feet, the superelevation change
takes place in the middle 100 feet. The AAR does not require tests over this non-typical spiral
geometry. Table 80 lists the test dates and the rail friction data for the different test
configurations. When two or more test configurations were done on the same day, rail friction
was only measured once. Abe Meddah and Adam Klopp, both TTCI Principal Investigator Is,
witnessed the minimum load constant curve testing as AAR Observers per Standard S-2043
requirements.

Table 80. Minimum Load Normal Spiral Negotiation Test Dates and
Rail Friction Data

Coefficient of Friction
Test Condition Date 7.5-degree 10-degree 12-degree
Inside | Outside | Inside | Outside | Inside | Outside
A-end Leading, CW 09/16/2020 0.52 0.53 0.54 0.55 0.53 0.54
A-end Leading, CCW 09/15/2020 0.54 0.55 0.54 0.54 0.55 0.55
B-end Leading, CW 09/15/2020 0.54 0.55 0.54 0.54 0.55 0.55
B-end Leading, CCW 10/01/2020 0.50 0.53 0.53 0.55 0.52 0.54
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The car met the criteria for the minimum load normal spiral tests. Table 81 shows a summary
of the test results. Figure 106 represents the CW B-end leading for the minimum load normal
spiral.

Table 81. Minimum Load Normal Spiral Summary of Test Results

Criterion Limiting A-End A-End B-End B-End
Value cw cCcw cw ccw
Roll angle (degree) 4 0.20 0.30 0.30 0.20
Maximum wheel L/V 0.8 0.62 0.62 0.53 0.56
Maximum truck side L/V 0.5 0.33 0.30 0.34 0.34
0, 0, 0, 0,
Minimum vertical wheel load 25 (% of 55% 59% 59% 60%
static)
Lateral peak-to-peak acceleration 13 0.14 0.11 0.12 0.12
(9) ' '
Maximum lateral acceleration (g) 0.75 0.13 0.10 0.11 0.10
Maximum vertical acceleration (g) 0.90 0.16 0.17 0.14 0.14
Maximum vertical suspension 17% 13% 14%
deflection Sk 17%

Minimum Load Normal Spiral
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Figure 106. Minimum Load Normal Spiral B-End CW Summary

8.5.14 _Maximum Load Curve Entry/Exit

Spiral negotiation is tested in the limiting spiral test zone. This test zone has a steady change in
curvature from 0 to 10 degrees and a steady change in superelevation from 0 to 4 3/8 inches in
88 feet. The limiting spiral test section is located on the same curve as dynamic curving, so those
tests were performed at the same time. The data from the normal spirals adjacent to the constant
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curve sections are also presented in this section. The tests presented in this section were
completed with the prototype CSM 70 pads. The effect of changing pad type from CSM 70 to
CSM 58 on performance in this regime will be investigated using modeling and presented in the
post test analysis report.

8.5.14.1 Maximum Load Limiting Spiral Negotiation

Maximum load limiting spiral testing was conducted CW and CCW, with both the A-end leading
and the B-end leading at the same time as the dynamic curving tests (see Section 4.5.8). The CW
tests corresponded to spiral entry, and the CCW tests corresponded to spiral exit. Table 82 lists
the test dates and the rail friction data. When two or more test configurations were done on the
same day, friction was only measured once. Abe Meddah, TTCI Principal Investigator I,
witnessed the maximum load limiting spiral negotiation test as the AAR Observer, per Standard
S-2043 requirements.

Table 82. Maximum Load Limiting Spiral Test Dates and Rail Friction Data

. Coefficient of Friction
Test Condition Date Inside Rail | Outside Rail
Loaded Cask, A-end Leading, CW 06/30/2020 0.50 0.50
Loaded Cask, A-end Leading, CCW 06/25/2020 0.55 0.55
Loaded Cask, B-end Leading, CW 06/25/2020 0.55 0.55
Loaded Cask, B-end Leading, CCW 06/29/2020 0.50 0.50

The car met the criteria for the maximum load limiting spiral tests. Table 83 represents the
worst-case test results for each orientation. Figure 107 shows a plot of the wheel L/V ratios for
each car orientation versus the speed.

Table 83. Maximum Load Limiting Spiral Summary Test Results

Criterion Limiting A-End A-End B-End B-End
Value Cw cCw cw ccw
Roll angle (degree) 4 1.00 1.40 0.60 1.30
Maximum wheel L/V 0.8 0.74 0.60 0.71 0.65
Maximum truck side L/V 0.5 0.39 0.36 0.37 0.35
0, 0, 0, 0,
Minimum vertical wheel load 25 (/.° of 30% 29% 45% 52%
static)
Lateral peak-to-peak acceleration 13 017 0.14 0.1 0.12
(9) ' '
Maximum lateral acceleration (g) 0.75 .015 0.14 0.12 0.12
Maximum vertical acceleration (g) 0.90 0.17 0.07 0.06 0.08
Maximum vertical suspension o o 64% 64% 66%
deflection 95 % 56%
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Maximum Load Limiting Spiral Results
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Figure 107. Maximum Load Limiting Spiral Results

8.5.14.2 Maximum Load Normal Spiral Negotiation

Maximum load normal spiral negotiation tests were conducted with the maximum loaded
constant curving tests. Maximum load normal spiral testing was conducted CW and CCW, with
both the A-end leading and the B-end leading. The data were summarized from the spirals at
each end of each test curve except the 12-degree north spiral. The 12-degree north spiral is not a
normal spiral, because, although the curvature changes steadily over 200 feet, the superelevation
change takes place in the middle 100 feet. The AAR does not require tests over this non-typical
spiral geometry. Table 84 shows the test dates and the rail friction data for the different test
configurations. When two or more test configurations were done on the same day, the rail
friction was only measured once. Abe Meddah, TTCI Principal Investigator I, witnessed the
maximum load constant curve testing as the AAR Observer, per Standard S-2043 requirements.

Table 84. Maximum Load Normal Spiral Negotiation Test Dates and Rail Friction Data

Coefficient of Friction
Test Condition Date 7.5-degree 10-degree 12-degree
Inside | Outside | Inside | Outside | Inside | Outside
A-end Leading, CW 06/26/2020 0.54 0.55 0.52 0.53 0.53 0.52
A-end Leading, CCW 06/25/2020 0.53 0.54 0.52 0.53 0.54 0.55
B-end Leading, CW 06/25/2020 0.53 0.54 0.52 0.53 0.54 0.55
B-end Leading, CCW 06/29/2020 0.50 0.50 0.50 0.50 0.50 0.50

The car met the criteria for maximum load normal spiral tests. Table 83 shows a summary of
the test results. Figure 108 shows the maximum wheel L/V ratios for the CW B-end leading

normal spiral runs.
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Table 85. Maximum Load Normal Spiral Negotiation Summary of Test Results Without 12-Degree

North Spiral
Criterion Limiting A-End A-End B-End B-End
Value CwW ccw cw ccw
Roll angle (degree) 4 0.20 0.20 0.20 0.20
Maximum wheel L/V 0.8 0.54 0.44 0.49 0.56
Maximum truck side L/V 0.5 0.29 0.24 0.30 0.30
0, 0, 0, 0,
Minimum vertical wheel load 25 (/.° of 59% 58% 56% 62%
static)
Lateral peak-to-peak acceleration 13 012 0.08 0.1 0.10
(9) ' '
Maximum lateral acceleration (g) 0.75 0.12 0.13 0.14 0.1
Maximum vertical acceleration (g) 0.90 0.08 0.11 0.09 0.09
Maximum vertical suspension 38% 36% 35%
deflection 95 % 31%
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Figure 108. Maximum Load Normal Spiral B-End CW Summary

8.5.15 Minimum Load Curving with Single Rail Perturbation

Minimum load curving with single rail perturbation tests were conducted with the inside rail
bump and the outside rail dip about 250 feet apart on the same 12-degree curve. The inside rail
bump was a flat-topped ramp with an increase in elevation over 6 feet, a steady elevation over 12
feet, and a decrease in elevation over 6 feet. The outside rail dip was the reverse. The testing was
conducted with the A-end leading and the B-end leading in the CW and CCW directions. Adam
Klopp, TTCI Principal Investigator I, witnessed the minimum load curving with single rail
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perturbation testing, as the AAR Observer, per Standard S-2043 requirements. This set of tests
was performed twice, once with CSM 70 pads and then with CSM 65 pads.

Table 86 shows the test dates and the rail friction data for the different test configurations and
primary pads. The test presented in this section were completed with the prototype CSM 70 pads
and CSM 65 pads. The results show improved performance with the CSM 65 pads, presumably
because they are softer. After these tests, a set of even softer pads, CSM 58 production pads,
were installed on the Atlas car, but these tests were not repeated. The effect of changing pad type
from CSM 70 to CSM 58 on performance in this regime will be investigated using modeling and
presented in the post test analysis report.

Table 86. Minimum Load Curving with Single Rail Perturbation Test Dates and Rail Friction Data

Test Zone/Pads Date Inside Rail Friction | Qutside Rail Friction
CSM 70 Bump 10/05/2020 0.52 0.56
CSM 65 Bump 12/09/2020 0.50 0.50
CSM 70 Dip 10/05/2020 0.51 0.53
CSM 65 Dip 12/09/2020 0.50 0.50

The car did not meet the criteria for minimum load curving with a single rail perturbation.
Table 87 shows a summary of the test results for both the CSM 70 and CSM 65 primary pads.

Table 87. Minimum Load Curving with Single Rail Perturbation Summary of Test Results

Criterion Limiting CSM 70 CSM 65 CSM 70 CSM 65
Value Pads Bump | Pads Bump Pads Dip Pads Dip
Roll angle (degree) 4 1.30 1.08 0.77 0.61
Maximum wheel L/V 0.8 0.77 0.68 0.88 0.84
Maximum truck side 0.45 0.36 0.50 0.44
0.5

LV
Minimum vertical 25 (% of 43% 46% 39% 46%
wheel load static)
Lateral peak-to-peak 13 0.24 0.20 0.16 0.18
acceleration (g) )
Maximum lateral 0.20 0.16 0.12 0.15

. 0.75
acceleration (g)
Maximum vertical 0.15 0.14 0.28 0.28

. 0.90
acceleration (g)
Maximum vertical 34% 34% 20% 17%
suspension 95 %
deflection

With the CSM 70 primary pads the car did not meet the Standard S-2043 criteria for the
maximum wheel L/V ratio in the CCW direction with both the A and B ends leading through the
dip. Also, the CCW A-end leading’s maximum truck side L/V was equal to the Standard S-2043

131



limit. Figure 109 shows the minimum load single rail dip wheel L/V ratio results for the CSM 70
primary pads. Figure 110 shows the CSM 70 primary pad single rail dip worst-case results that
did not meet the Standard S-2043 limit. The top plot in Figure 110 shows the 50 ms maximum
L/V ratio for axle 6’s right (high rail) wheel. The bottom plot shows the 5ft maximum L/V for D-
truck right side (high rail).

11 CSM70 Pads Minimum Test Load Single Rail Dip
Q 0.9
E = V4
O 0.7

0.5 ‘

0 10 20
Speed (mph)

——A-End CCW A-End CW —#—B-End CCW
—e—B-End CW —S-2043 Limit ——Chapter 11 Limit

Figure 109. Wheel L/V vs Speed for CSM 70 Primary pads Through the Single Rail Dip
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DOE Atlas Car - Single PB A-end trailing 14mph
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Figure 110. Right Side Axle 6 Single Wheel L/V Ratio and Right Side D Truck Side L/V Ratio with
CSM 70 Primary Pads, Minimum Load, Single Rail Dip at 14 mph.

The results of tests conducted with CSM 65 primary pads showed improved performance, but
still did not meet the Standard S-2043 limit for maximum wheel L/V in the CCW direction with
A-end leading through the dip. Therefore, on behalf of the DOE, TTCI is requesting an exception
from the AAR EEC. Figure 111 shows the minimum load single rail dip wheel L/V ratio results
for the CSM 65 primary pads. Figure 112 shows the minimum load single rail dip 50 ms max
L/V on Axle 6 right (high rail) wheel.
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Figure 111. Wheel L/V vs Speed for CSM 65 Primary pads Through the Single Rail Dip
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Figure 112. CSM 65 Primary pads Minimum Load Single Rail Dip 50ms Max L/V Axle 6 Right Wheel

8.5.16 Maximum Load Curving with Single Rail Perturbation

Maximum load curving with single rail perturbation tests were conducted with the inside rail
bump and the outside rail dip about 250 feet apart on the same 12-degree curve. The inside rail
bump was a flat-topped ramp with an increase in elevation over 6 feet, a steady elevation over 12
feet, and a decrease in elevation over 6 feet. The outside rail dip was the reverse. The testing was
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conducted with the A-end leading and with the B-end leading in the CW and CCW directions.
Adam Klopp, TTCI Principal Investigator I, witnessed the maximum load curving with single
rail perturbation testing as the AAR Observer, per Standard S-2043 requirements.

Table 88 shows the test dates and the rail friction data for the different test configurations.
The tests presented in this section were completed with the prototype CSM 70 pads. The effect
of changing pad type from CSM 70 to CSM 58 on performance in this regime will be
investigated using modeling and presented in the post test analysis report.

Table 88. Maximum Load Curving with Single Rail Perturbation Test Dates and Rail Friction Data

Test Zone/Pads Date Inside Rail Friction | Qutside Rail Friction
CSM 70 Bump 08/26/2020 0.48 0.48
CSM 70 Dip 08/26/2020 0.47 0.47

The car met the criteria for the maximum load curving with a single rail perturbation. Table
89 shows a summary of test results, and Figure 113 and Figure 114 show plots of the vertical
wheel load versus speed for the single rail bump and dip perturbations.

Table 89. Maximum Load Curving with Single Rail Perturbation Summary of Test Results

Criterion Limiting Value Bump Dip
Roll angle (degree) 4 2.24 1.59
Maximum wheel L/V 0.8 0.65 0.79
Maximum truck side L/V 0.5 0.38 0.44
Minimum vertical wheel load 25 (% of static) 48% 45%
Lateral peak-to-peak acceleration (g) 1.3 0.20 0.16
Maximum lateral acceleration (g) 0.75 0.14 0.14
Maximum vertical acceleration (g) 0.90 0.10 0.15
Maximum vertical suspension deflection 95 % 59% 59%
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Curve with Single Bump Perturbation
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Figure 113. Maximum Load Curving with Single Rail Bump Perturbation Plot of
Vertical Wheel Load versus Speed
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Figure 114. Maximum Load Curving with Single Rail Dip Perturbation Plot of
Vertical Wheel Load versus Speed
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8.5.17 Minimum Load Standard Chapter 11 Constant Curving

The minimum load constant curving tests were conducted with normal spiral negotiation tests
(see Section 4.5.13.2). The minimum load constant curve testing was conducted both CW and
CCW, with both the A-end leading and the B-end leading. The data are summarized from the
7.5-, 12-, and 10-degree curves on the Wheel Rail Mechanism (WRM) loop. Table 90 shows the
test dates and the rail friction data for the different test configurations. When two or more test
configurations were done on the same day, the rail friction was only measured once. Abe
Meddah and Adam Klopp, both TTCI Principal Investigator Is, witnessed the minimum load
constant curve testing as the AAR Observers, per Standard S-2043 requirements. The tests
presented in this section were completed with the prototype CSM 70 pads. The effect of
changing pad type from CSM 70 to CSM 58 on performance in this regime will be investigated
using modeling and presented in the post test analysis report.

Table 90. Minimum Load Constant Curving Test Dates and Rail Friction Data

Coefficient of Friction
Test Condition Date 7.5-degree 10-degree 12-degree
Inside | Outside | Inside | Outside | Inside | Outside
A-end Leading, CW 09/16/2020 0.52 0.53 0.54 0.55 0.53 0.54
A-end Leading, CCW 09/15/2020 0.54 0.55 0.54 0.54 0.55 0.55
B-end Leading, CW 09/15/2020 0.54 0.55 0.54 0.54 0.55 0.55
B-end Leading, CCW 10/01/2020 0.50 0.53 0.53 0.55 0.52 0.54

The car did not meet the maximum single wheel L/V ratio criterion or the 95th percentile
single wheel L/V ratio criterion in the 12-degree curve. Therefore, on behalf of the DOE, TTCI
is requesting an exception from the AAR EEC. All other criteria were met. Table 91 shows a
summary of the test results. The 50 millisecond maximum and 95 percent-wheel L/V ratio results
did not meet the criteria in the CCW direction with both the A-end and the B-end leading. The
95 percent-wheel L/V ratio results did not meet the criteria in the CW direction with the B-end
leading. Figure 115 shows a plot of the 95th percentile wheel L/V versus speed for the minimum
load constant curving tests.

Figure 116 shows the worst-case condition where the data did not meet the maximum wheel
L/V criterion. The data in Figure 116 is from the leading axle of the trailing span bolster, high
rail side. The L/V ratio was above the 0.8 limit for a distance of 8.3 feet. The maximum contact
angle on this wheel (B wheel of IWS 103) was about 72 degrees and the measured friction was
0.55. The NADAL limit is calculated as 0.94.

137



Table 91. Minimum Load Constant Curving Summary of Test Results

Criterion Limiting Value | A-End CW | A-End CCW | B-End CW | B-End CCW
Roll angle (degree) 4 0.30 0.30 0.30 0.30
Maximum wheel L/V 0.8 0.63 0.86 0.68 0.82
95% Wheel LIV 0.6 0.55 0.66 0.63 0.62
Maximum truck side L/V 0.5 0.33 0.47 0.38 0.43
Minimum vertical wheel load | 25 (% of static) 56% 55% 54% 54%
Lateral peak-to-peak 13 0.14 0.19 012 0.16
acceleration (g)
Maximum lateral 0.75 0.14 0.17 0.13 0.13
acceleration (g)
Maximum vertical 0.90 0.10 0.1 0.09 0.12
acceleration (g)
Maximum vertical | 95 % 17% 18% 14% 14%
suspension deflection
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Figure 115. Minimum Load Constant Curving 95 Percent Wheel L/V versus Speed
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Figure 116. Minimum Load Constant Curving 12-degree curve CCW A-End Leading Axle 6 Left
Wheel at 15 MPH Wheel L/V

8.5.18 Maximum Load Standard Chapter 11 Constant Curving

The maximum load constant curving tests were conducted with normal spiral negotiation tests
(see section 4.5.14.2). The maximum load constant curve testing was conducted CW and CCW,
with both the A-end leading and the B-end leading. Data are summarized from the 7.5-, 12-, and
10-degree curves on the WRM loop. Table 92 shows the test dates and the rail friction data for
the different test configurations. When two or more test configurations were done on the same
day, the rail friction was only measured once. Abe Meddah, TTCI Principal Investigator I,
witnessed the maximum load constant curve testing as the AAR Observer, per Standard S-2043
requirements. The tests presented in this section were completed with the prototype CSM 70
pads. The effect of changing pad type from CSM 70 to CSM 58 on performance in this regime
will be investigated using modeling and presented in the post test analysis report.

Table 92. Maximum Load Constant Curving Test Dates and Rail Friction Data

Coefficient of Friction
Test Condition Date 7.5-degree 10-degree 12-degree
Inside | Outside | Inside | Outside | Inside | Outside
A-end Leading, CW 06/26/2020 0.54 0.55 0.52 0.53 0.53 0.52
A-end Leading, CCW 06/25/2020 0.53 0.54 0.52 0.53 0.54 0.55
B-end Leading, CW 06/25/2020 0.53 0.54 0.52 0.53 0.54 0.55
B-end Leading, CCW 06/29/2020 0.50 0.50 0.50 0.50 0.50 0.50

The car exceeded the required criteria on the 95 percent-wheel L/V in the CW B-end leading
orientation. Therefore, on behalf of the DOE, TTCI is requesting an exception from the AAR
EEC. Table 93 shows a summary of the test results. Figure 117 shows a plot of the summary for
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the maximum load constant curving 95 percent-wheel L/V results. The loads were consistently
over the criteria at 15 mph on the left wheel of Axles 3 and 5 throughout the 12-degree constant

curving.

Figure 118 shows the exceeded criteria for the 95 percent wheel L/V for the 12-degree
constant curving on the left wheel (high rail) of Axles 3 and 5. Axles 3 and 5 are the leading
axles of the middle and trailing truck of the leading span bolster. Of these wheels, the lowest
maximum contact angle was about 72 degrees (IWS 102 B wheel) and the measured friction was
0.55 so the NADAL limit is calculated as 0.94.

Table 93. Maximum Load Constant Curving Summary of Test Results

Criterion Limiting Value | A-End CW | A-End CCW | B-End CW | B-End CCW
Roll angle (degree) 4 0.40 0.50 0.40 0.50
Maximum wheel L/V 0.8 0.64 0.73 0.72 0.70
95% Wheel LIV 0.6 0.55 0.55 0.63 0.53
Maximum truck side L/V 0.5 0.34 0.37 0.38 0.37
Minimum vertical wheel load 25 (% of static) 49% 50% 50% 45%
Lateral p(_aak-to-peak 13 012 0.11 0.17 0.11
acceleration (g)
z\g?xmum lateral acceleration 0.75 0.15 0.15 0.17 0.14
?S/I;';mmum vertical acceleration 0.90 0.08 0.08 0.08 0.09
Maximum vertical suspension 42% 42% 40%
deflection 95 % 50%
Maximum Load Constant Curving
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Figure 117. Maximum Load Constant Curving 95 Percent Wheel L/V versus Speed
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Figure 118. 95 Percent Wheel L/V Maximum Load Left Axles 3 and 5, 12-degree Constant Curving

8.5.19 Minimum Test Load Special Trackwork

Standard S-2043 requires a car be tested through an AREMA straight point turnout with a
number 8 or tighter frog angle and also through a crossover with number 10 or tighter turnouts
on 15-foot or narrower centers. The turnout test was performed at TTC on the 704 switch
between the TTT and the north Urban Rail Building (URB) wye. The crossover test was
performed at TTC on the 212 crossover between the Impact Track and the FAST wye.

Standard S-2043 includes specific requirements for track geometry for the special trackwork
tests. However, because of the inherent difficulty in defining the turnout alignment
specifications, it is acceptable to measure the turnout alignment prior to the commencement of
the tests as a baseline and ensure that for subsequent tests on that site alignment is maintained
within 1/4 inch of the baseline alignment measurement. The EEC determined that this was not
meant to maintain the same geometry in the long run (the last set of tests at the TTC was run
approximately 10 years prior).

Standard S-2043 also requires that the alignment measurement be included with the test
results. Figure 119 and Figure 120 show the X and Y measurements of the track centerline for
the turnout and crossover test zones taken prior to the Atlas railcar tests. These measurements
will be used as a baseline for the 1/4-inch alignment tolerance for subsequent tests through these
test zones.
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Figure 120. Pre-test Survey Alignment Measurements for Crossover Test Zone

Table 94 shows the description of the track work components contained in the special track
work test zones to further document the test conditions.
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Table 94. Special Track Work Components

Location Switch Point Stock Rail Fro
Left Right Left Right 9
_ | 119 pound, 16- | 119 pound, 119 pound,
1]0109t golﬁgﬁ 16- | foot 6-inch 39-foot length | 39-foot length | #8 Rail
SW 704 length, standard standard bent | Bound
length, standard :
4 standard straight Manganese
straight :
straight
136 pound, 16- | 136 pound, 16- | 136 pound, 136 pound, #10 Rail
foot 6-inch foot 6-inch 39-foot length, | 39-foot length, | Bound
SW 212 A
length, samson | length, samson samson Manganese
(Impact) 4 .
straight samson curved straight
straight
136 pound, 16- | 136 pound, 16- | 136 pound, 136 pound, #10 Rail
SW 212 B | foot 6-inch foot 6-inch 39-foot length, | 39-foot length, | Bound
(Fast length, standard | length, standard standard bent | Manganese
Wye) straight standard straight
straight

Table 95 shows the test date and the rail friction data for the minimum load special trackwork

tests. Adam Klopp, TTCI Principal Investigator I, witnessed the minimum load special
trackwork testing as the AAR Observer, per Standard S-2043 requirements. The tests were
performed with both the A-end leading and the B-end leading, passing over the trackwork in
both directions. The tests presented in this section were completed with the prototype CSM 70
pads. The effect of changing pad type from CSM 70 to CSM 58 on performance in this regime
will be investigated using modeling and presented in the post test analysis report.

Table 95. Minimum Load Special Trackwork Test Dates and Rail Friction Data

Test Location —Insi_d £ Rail —Outs_id_e Rail Date
— I Friction Friction —
SW212 A 0.53 0.54 10/08/2020
Crossover Test Crossover 0.54 0.55 10/08/2020
SW 212 B 0.50 0.51 10/08/2020
Turnout Test SW 704 0.48 0.51 10/05/2020
SW 704 0.48 0.51 10/05/2020

The car met the criteria for the minimum load special trackwork turnout tests. Table 96
shows a summary of the test results for the turnout, and Figure 121 shows a plot of the wheel
L/V ratios for the special trackwork turnout results.
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Table 96. Minimum Load Turnout Summary of Test Results

B-End B-End A-End A-End
Criterion Limiting Value Lead Lead Lead Lead
Facing Trailing Facing Trailing
Point Point Point Point
Roll angle (degree) 4 0.57 1.01 0.69 0.54
Maximum wheel L/V 0.8 0.69 0.63 0.62 0.63
Maximum truck side L/V 0.5 0.41 0.35 0.35 0.39
:\(’)';”(;m“m vertical wheel 25 (% of static) 62% 57% 63% 62%
Lateral peak-to-peak 13 0.20 0.20 0.21 0.14
acceleration (g)
Maximum lateral 0.75 0.14 0.11 0.13 0.09
acceleration (g)
Maximum vertical 0.90 0.16 0.15 0.16 0.17
acceleration (g)
Maximum vertical 95 % 13% 14% 14% 17%
suspension deflection

11 Minimum Load Turnout Special Trackwork
2 1.0
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e 0.9
>
> 0.8
¥ 0.7
L
= 0.6 - — S ==

0.5 I I I
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—e—B-End CW —S-2043 Limit ——~Chapter 11 Limit

Figure 121. Minimum Load Turnout Special Trackwork Wheel L/V Ratio versus Speed

The car met the criteria for the minimum load special trackwork crossover tests. Table 97
shows a summary of the test results for the crossover, and Figure 122 shows a plot of the wheel
L/V ratios for the special trackwork crossover results.
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Table 97. Minimum Load Crossover Summary of Test Results

Criterion Limiting Value B-End Lead | B-End Lead | A-End Lead | A-End Lead
9 South North South North
Roll angle 4 0.59 0.80 0.61 0.57
(degree)
m"'m“m wheel 0.8 0.54 0.59 0.56 0.53
Maximum truck
side LV 0.5 0.31 0.35 0.35 0.34
Minimum vertical 25 (% of static) 59% 59% 60% 56%
wheel load
Lateral peak-to-
peak acceleration 1.3 0.19 0.21 0.22 0.22
(9)
Maximum lateral 0.75 0.13 0.12 0.17 0.16
acceleration (g)
Maximum vertical 0.90 0.21 0.21 0.22 0.17
acceleration (g)
Maximum vertical
suspension 95 % 10% 11% 11% 10%
deflection
Minimum Load Crossover Special Trackwork
1.1
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Figure 122. Minimum Load Crossover Special Trackwork Wheel L/V Ratio versus Speed

8.5.20 Maximum Test Load Special Trackwork

The maximum load special trackwork tests were performed in a No. 8 switch and a No. 10
crossover just as the minimum load special trackwork tests were performed. The minimum load
special trackwork section (8.5.19) presents the track geometry data and specifications. Table 98
shows the test date and the rail friction data for the different test configurations. Adam Klopp,
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TTCI Principal Investigator I, witnessed the maximum load special trackwork testing as the
AAR Observer, per Standard S-2043 requirements. The tests were performed with both the A-
end leading and the B-end leading and traveling in both directions across the special trackwork.
The tests presented in this section were completed with the prototype CSM 70 pads. The effect
of changing pad type from CSM 70 to CSM 58 on performance in this regime will be

investigated using modeling and presented in the post test analysis report. The car met criteria for

maximum test load special trackwork turnout tests. Table 99 shows a summary of the test results
for the turnout, and Figure 122 shows a plot of the wheel L/V ratios for the special trackwork

turnout results.

Table 98. Maximum Load Special Trackwork Test Dates and Rail Friction Data

Test Location Inside Rail Friction | Outside Rail Friction Date
SW212 A 0.52 0.53 08/30/2020
Crossover Test Crossover 0.50 0.51 08/30/2020
SW 212 B 0.54 0.54 08/30/2020
Turnout Test SW 704 0.47 0.48 08/27/2020
SW 704 0.47 0.48 08/27/2020
Table 99. Maximum Load Turnout Summary of Test Results
B-End B-End A-End A-End
Criterion Limiting Value Lead Lead Lead Lead
Facing Trailing Facing Trailing
Point Point Point Point
Roll angle (degree) 4 0.24 0.31 0.28 0.23
Maximum wheel L/V 0.8 0.68 0.60 0.68 0.57
Maximum truck side L/V 0.5 0.40 0.32 0.33 0.35
:\(’)';”(;m”m vertical wheel 25 (% of static) 62% 69% 73% 68%
Lateral peak-to-peak 13 0.19 0.11 0.18 0.12
acceleration (g)
Maximum lateral 0.75 0.12 0.08 0.12 0.10
acceleration (g)
Maximum vertical 0.90 0.13 0.09 0.11 0.10
acceleration (g)
Maximum vertical o o o o o
suspension deflection 95 % 59% 59% 59% 59%
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Figure 123. Maximum Load Turnout Special Trackwork Wheel L/V Ratio versus Speed

The car met the criteria for the maximum test load special trackwork crossover tests. Table
100 shows a summary of the test results for the crossover, and Figure 124 shows a plot of the
wheel L/V ratios for the special trackwork crossover results.

Table 100. Maximum Load Crossover Summary of Test Results

B-End B-End A-End A-End
Criterion Limiting Value Lead Lead Lead Lead
South North South North
Roll angle (degree) 4 0.21 0.21 0.23 0.25
Maximum wheel L/V 0.8 0.59 0.63 0.58 0.61
Maximum truck side L/V 0.5 0.32 0.33 0.36 0.37
:\(’)';”ém”m vertical wheel 25 (% of static) 69% 67% 65% 66%
Lateral peak-to-peak 13 0.18 0.16 0.22 0.15
acceleration (g)
Maximum lateral 075 013 0.12 0.16 0.12
acceleration (g)
Maximum vertical 0.90 0.14 0.11 0.11 0.11
acceleration (g)
Maximum vertical o o o o o
suspension deflection 95% 56% 52% 55% 54%
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Figure 124. Maximum Load Crossover Special Trackwork Wheel L/V Ratio versus Speed

8.6 Ride Quality
Ride quality testing is not applicable for the Atlas railcar because AAR Standard S-2043 requires
ride quality testing only for passenger-carrying railcars.

9. ADDITIONAL TESTS

Paragraph 5.6 of AAR Standard S-2043 includes a provision for the EEC to require additional
testing under special conditions. The EEC has specified no additional tests under special
conditions for the Atlas railcar. The EEC did request additional dynamic curving tests with softer
pads. The additional dynamic curving tests are reported in section 8.5.7.

10. CONCLUSIONS

On behalf of the Department of Energy, TTCI is requesting exceptions from the AAR EEC
because the Atlas car has not met some of the criteria for dynamic curving, curving with single
rail perturbation, and constant curving test regimes with the CSM 70 primary pads. The car did
not meet the criteria for truck twist equalization and high-speed stability with the production
CSM 58 pads. The performance in the dynamic curving, curving with single rail perturbation,
and constant curving test regimes is expected to improve with the softer, production CSM 58
primary suspension pads. This expectation is based on improved performance measured in
minimum load dynamic curving with CSM 58 pads compared to the performance measured with
CSM 70 pads. The effect of changing pad type from CSM 70 to CSM 58 on performance in all
dynamic testing regimes will be investigated using modeling and presented in the post test
analysis report. Criteria for all other test regimes were met. Table 101 contains a summary of the
test results.
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Analysis was also performed on the securement system, and welds were fabricated and
inspected as required in AWS D15.1. Detailed analysis shows that pin stresses do not exceed the
ultimate stress. Maximum strains are below the ultimate strain levels.
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Table 101. Summary of Test Results

Standard S-2043 Section Pad Type | Met/ Not Test Measurement (if S-2043 Performance
Met Criteria was Not Met) requirement
5.2 Nonstructural Static Tests
5.2.1 Truck Twist Equalization CSM 58 Not Met Minimum Test Load:
Wheel load at 50% during 2” 60% minimum wheel
drop condition. load at 2” drop.
Wheel load at 24% during 3” 40% minimum wheel
drop condition. load at 3” drop.
Maximum Test Load:
Wheel load at 43% during 2” 60% minimum wheel
drop condition. load at 2” drop.
Wheel load at 29% during 3” 40% minimum wheel
drop condition. load at 3” drop.
5.2.2 Car Body Twist Equalization CSM 58 Met
5.2.3 Static Curve Stability CSM 58 Met
5.2.4 Horizontal Curve Negotiation CSM 58 Met
| 5.4 Structural Tests
5.4.2 Squeeze (Compressive End) Load CSM 58 Met
5.4.3 Coupler Vertical Loads CSM 58 Met
5.4.4 Jacking CSM 58 Met
5.4.5 Twist CSM 58 Met
5.4.6 Impact CSM 58 Met
5.4.7 Securement System Test CSM 58 Met
5.5 Dynamic Tests
5.5.7 Hunting CSM 58 Not Met Minimum Test Load: Truck hunting may not
Car unstable at speeds greater | be observed at speeds
than 65 mph with KR wheel of 70mph or less.
profiles
CSM 70 Met
5.5.8 Twist and Roll CSM 70 Met
5.5.9 Yaw and Sway CSM 70 Met
5.5.10 Dynamic Curving CSM 58 Met
CSM 70 Not Met Maximum Test Load: 0.80 maximum wheel
Wheel L/V ratio = 0.81 L/V ratio.
5.5.11 Pitch and Bounce (Chapter XI) CSM 70 Met
5.5.12 Pitch and Bounce (Special) CSM 70 Met
5.5.13 Single Bump Test CSM 70 Met
5.5.14 Curve Entry/Exit CSM 70 Met
5.5.15 Curving with Single Rail CSM 65 Not Met | Minimum Test Load:
Perturbation Wheel L/V ratio = 0.84 0.80 max wheel L/V
CSM 70 Not Met Minimum Test Load:
Wheel L/V ratio = 0.88 0.80 max wheel L/V
Truck L/V ratio = 0.50 0.50 max truck L/V
5.5.16 Standard Chapter XI Constant CSM 70 Not Met | Minimum Test Load:
Curving Wheel L/V ratio = 0.86 0.80 max wheel L/V
95% Wheel L/V ratio = 0.66 0.60 max wheel L/V
Maximum Test Load:
95% Wheel L/V ratio = 0.63 0.60 max wheel L/V
5.5.17 Special Trackwork CSM 70 Met
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Appendix A. EEC Letter — Empty Atlas Railcar
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Ron Hynes Nichole Fimple
Assistant Vice President Executive Director
Technical Services Rules and Standards

ASSOCIATION OF AMERICAN
RAILROADS
Transmitted via email

March 19, 2019
File 209.240
Subject: Approval processes [or:
1. Empty Atlas Railcar
2. Lightest Atlas Railcar to Operate in IILRM Trains

Patrick Schwab

Nuclear Engineer

U.S. Department of Energy, Office of Nuclear Energy
19901 Germantown Road

Germantown., MD 20874
Dear Mr. Schwab:

The AAR Equipment Engineering Committee (CEC) has considered the requests made in the
October 23", 2018 letter from Richard Joy of TTCL The letter included the following requests
for the EEC:

1. To consider revising $-2043 to change the requirement that empty cask cars meet §-2043,
to instead require the lightest loaded cask car to be operated in IILRM train meet S-2043.

2. To confirm that the lightest Atlas Railcar to operate in HLRM trains, which will be
loaded with an empty cask, be approved under S-2043 rather than an empty car as
described in S-2043.

3. To confirm that the empty Atlas Railcar not be required to be approved under S-2043, but
mstead allow approval under M-1001, since the empty car will never operate in HLRM
trains.

4. To classify the empty Atlas Railcar as a Category D car as defined in M-1001, paragraph
1.3.2, based on its similarities with the Navy M-290 car.

Respective actions of the EEC follow:

1. The EEC prefers that the specification remain as printed regarding the requirement to test
empty cask cars.

2. The EEC confirms that the lightest Atlas Railcar to operate in HLRM trains, loaded with
an empty cask, be approved under 8-2043 rather than an empty car as described in S-
2043,

3. The EEC conlirms that approving the empty Allas Railcar under M-1001 is the proper
approach. Note that approval can only be made under Chapter 12 for Controlled
Interchange.

4. The request to classify the Atlas Railcar as category 1D was approved, and Chapter 11
testing need not be conducted.

Association of American Railroads
425 Third Street, SW, Suite 1000, Washington D. C. 20024, (202) 63%-2139 FAX No. (202) 639-2179
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If you have any questions or need additional information, please contact Mr. Jon Hannafious of
our Transportation Technology Center, Inc., subsidiary at jon hannafious{@aar.com or (719)

584-0682.

Sincerely,
Thelels Finpte
Nichole Fimple
NF/jsh
oe: David Cackovic, TTCI
Richard Joy, TTCI

Liquipment Iingineering Committee

Association of Americen Railrcads
425 Third Street, SW, Suite 1000, Washington D. C. 20024, (202) 638-2139 FAX No. (202) 638-2179
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Appendix B. Atlas Car Test Plan

TEST IMPLEMENTATION PLAN

SINGLE CAR TEST OF THE
ATLAS RAILCAR
IN ACCORDANCE WITH

ASSOCIATION OF AMERICAN RAILROADS STANDARD S-2043
For the U.S. Department of Energy (DOE)

Prepared by
Transportation Technology Center, Inc.
A subsidiary of the Association of American Railroads
Pueblo, Colorado USA
January 3, 2019
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EXECUTIVE SUMMARY

The intent of this Test Implementation Plan (TIP) is to detail the test procedures that will be used to
complete single car testing of the U.S. Department of Energy (DOE) Atlas Railcar as required by
the Association of American Railroads (AAR) S-2043 standard titled “Performance Specification
for Trains used to Carry High-level Radioactive Material,” Section 5.0 — Single Car Tests. A
separate test plan will be provided for the associated buffer cars.

This test plan addresses all of the requirements of S-2043 Paragraph 5. However, there are three
areas where the test plan differs slightly from S-2043.

The S-2043 specification covers all railcars used in High Level Radioactive Material
(HLRM) trains. DOE does not intend to operate empty cars in HLRM consists. TTCI has
requested a change to S-2043 on DOE’s behalf to clarify requirements for testing of empty
cars. This TIP assumes that where testing empty cars is specified, the lightest load intended
to be operated in HLRM service will be used.

S-2043 requires that Dynamic Curving tests be performed for any likely intermediate load
condition. Dynamic modeling predictions show that the different cask loads have very
consistent dynamic curve performance. The exception is that the HI-STAR 190XL
(Maximum Condition Test Load) performs significantly worse than the other cases. Because
of this, TTCI plans to test only the Maximum Condition Test Load to represent the worst-
case performance and the Minimum condition test load to represent the typical performance.

In paragraph 5.5.12 Pitch and Bounce (Special) S-2043 requires that a special section of
track with 3/4-inch bumps at a wavelength equal to the span bolster center spacing be built
for the car being tested. This distance is 38 feet for the Atlas Cask car. TTCI proposes to
only test on the existing standard pitch and bounce section built with 39-foot wavelength
bumps and not build the special section of track because it would be very similar to the
existing test zone. Dynamic analysis shows that the predicted performance of the car on 38-
foot wavelength inputs is very similar to performance of the car on 39-foot wavelength
inputs.
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1.  INTRODUCTION

1.1. Purpose

The intent of this Test Implementation Plan (TIP) is to detail the test procedures that will be used to
complete single car testing of the U.S. Department of Energy (DOE) Atlas railcar as required by the
Association of American Railroads (AAR) Manual of Standards and Recommended Practices
(MSRP) standard S-2043 titled “Performance Specification for Trains used to Carry High-level
Radioactive Material,” Section 5.0 — Single Car Tests.! S-2043 refers to MSRP Section C-Part II,
M-1001, Chapters 2 and 11 for descriptions of several of the tests.>® A separate test plan will be
provided for the associated buffer cars.

1.2. Car Description

The car to be tested is a 12-axle span bolster car with fittings to accommodate various cradles and
end stops designed so the car can carry various casks used for transportation of spent nuclear fuel
and/or high-level waste. Some basic car dimensions, used in preparing the test plan are shown in
Table 1. The design uses three two axle trucks under a single span bolster to support each end of the
car. Figure 1 shows a conceptual design.

Figure 1. Conceptual Atlas Railcar Design

Table 1. Car Dimensions

Dimension Value
Length over pulling faces 78'1-1/4"
Length over strikers 73' 5-1/4"
Spacing of Center Trucks 38' 6”
Span Bolster Center Plate Spacing 38’
Axle Spacing on trucks 72"
Distance between adjacent trucks 10’ 6”

1.3. Empty Car Tests

The S-2043 specification covers all railcars used in High Level Radioactive Material (HLRM)
trains. DOE does not intend to operate empty cars in HLRM consists. TTCI is in the process of
requesting a change to S-2043 on DOE’s behalf to clarify requirements for testing of empty cars,
but this request is still pending. This TIP assumes that where testing empty cars is specified, the
lightest load intended to be operated in HLRM service will be used.



1.4. Test Tracks

Testing is planned on various test tracks at the Transportation Technology Center including the
Railroad Test Track (RTT), the Wheel Rail Mechanisms (WRM) Loop, the Precision Test Track
(PTT), the URB Wye, the Tight Turn Loop (TTL or Screech Loop), and a crossover between the
Impact Track and FAST Wye. These tracks are described in Appendix A.

2. SAFETY

Work is to be conducted in accordance with the most current versions of TTCI’s Safety Rulebook?
and Operating Rulebook,’ which are maintained on TTCI’s intranet site.

S-2043 requires that maximum test speeds for all non-curving tests be increased to 75 mph from
the standard Chapter 11 maximum of 70 mph where deemed safe by the TTCI test team (see
Paragraph 8 of this document). Each applicable test procedures’ maximum test speed is listed as 75
mph; however, it is the responsibility of the TTCI test team to determine the maximum safe test
speed.

3. TEST LOADS

Based on dynamic modeling results, three potential test load configurations were identified. Orano
Federal Services designed the test loads along with associated cradles and end stops for DOE and is
currently fabricating them as part of the proposed test program.

A single modular test load design was developed that can meet both the Minimum Condition
and Maximum Condition test payloads. An Empty Car Ballast Load was also developed, to be used
if testing of the empty car is required. The test loads are described below:

¢ Minimum Condition Test Load (Figure 2)— simulates empty MP-197 Cask (192,000 pounds
including cradle)”

e Maximum Condition Test Load (Figure 3)— simulates loaded HI-STAR 190XL Cask
(484,000 pounds including cradle and end stops)

e Empty Atlas railcar Ballast Load (Figure 4) — would likely be required if the empty car was
intended to travel in an S-2043 train (200,000 pounds)

* The HI-Star 60 is the lightest cask load, but with the cradle and required end stops, its total weight on the rail car is
more than the MP197.
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Figure 2. Depiction of MP-197 Minimum Condition Test Load on Atlas Railcar

Figure 3. Depiction of HI-Star 190 XL Maximum Condition Test Load on Atlas Railcar

2 units at ~20,000 Ibs each

4 units at 40,000 Ibs each

Figure 4. Depiction of Empty Atlas Railcar with Ballast Load
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Table 2 provides a summary of the design load conditions. Ranges of weights are given based
on Orano’s design estimates. The loads will be weighed after fabrication. Based on the ranges
given, it is possible that the minimum test load will be lighter than the empty Atlas car ballast load.

Table 2. Summary of Design Load Conditions

Combined . .
Condition Description Reference - CG Height HLE s e [RET]
(pounds) (in) (pounds)
Empty Atlas Kasgro
Empty Atlas without Drawing
Car attachement 1155 dated 200,000
hardware 8/16
Orano
Aitachment CALC- e 225,498 - 231,165
3015276-002 ’
415,498 - 441,165
Empty Atlas QOrano 190,000- (includes
Car with Ballast load Drawing 210.000 64 attacment
Ballast Load 3020457 ’
harware)
Orano 409,298 - 430,775
Minimum Test Drawing 183,800~ (includes
Load Empty MP-197 1 3000458 & | 199610 | 7° attacment
3020459 harware)
Orano 699,908 - 725,495
Maximum Test | Loaded HI-Star | Drawing 474,410- 95 (includes
Load 190 XL 3020460 & 494,330 attacment
3020461 harware)

*CG Heights estimated not including deck or spring deflection

The requirements for single car tests are described in Section 5.0 of the AAR S-2043
specification. The AAR specification requires that all single car tests and subsequent data analysis
be witnessed by a qualified AAR observer. TTCI will provide the qualified AAR observer to meet
this requirement of the specification.

4. VEHICLE CHARACTERIZATION

Vehicle characterization will be performed to verify that the components and vehicle as a whole
were built as designed. Tests will be performed to characterize the properties of the carbody and its
suspension in the Rail Dynamics Laboratory (RDL) at TTC. Results of these tests will be used to
verify the component and vehicle characteristics used to perform the multi-body dynamic analysis
of the vehicle as described in Section 4.3 of the AAR S-2043 specification.

The Mini-Shaker Unit (MSU), a specialized test facility housed in the RDL, will be used
extensively to measure vehicle truck suspension system characteristics (see Figure 5). The MSU is
comprised of reaction masses and computer controlled hydraulic actuators capable of applying
vertical, lateral, or roll input dynamic forces to the vehicle undergoing tests. This unit is especially
useful in modal characterization of railcar components and partial rail car systems. The MSU can be
configured to perform the rigid and flexible body modal studies of strategic components of the
vehicle structure.
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The MSU is also used for quantifying the suspension characteristics of assembled suspensions
for use in multi-body dynamic models. Measured suspension deflections, reaction forces and
wheel/rail forces will be used to determine engineering values for the suspension characteristics.

The MSU is equipped with special instrumented rail sections to measure wheel/rail forces. The
use of air bearing tables under the wheels of a vehicle or independently rotating wheels allows for
inter-axle shear and yaw stiffness measurements.

Several tests will require trucks to be individually tested in the MSU underneath TTCI’s
standard truck characterization test flatcar (DOTX 304).

RN

Actuator

Figure 5. Truck Characterization Test Set-Up in MSU, showing TTCI Standard Test Car and Vertical
Actuators attached to Reaction Masses

Characterization tests are summarized in Table 3. A description of each test is provided in the
following subsections. The design of each of these tests is based on the vehicle and suspension
arrangement described in the comprehensive report on the multi-body dynamic analyses which
TTCI compiled for Kasgro.?
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Table 3. Vehicle Characterization

Test Name

Load Condition

Comments

5.1.3 Component

2 samples of each type of
spring used will be tested. 2

Stiffness and Damping

Characterization NA constant contact side bearings
will be tested

. . Tests will be performed under

248 Vertieal Suspension | DOTX 304. One end truck and

pIng one middle truck will be tested

. Tests will be performed under

5.14.4 Lateral Suspension |\ DOTX 304. One end truck and

one middle truck will be tested

5.1.4.5 Truck Rotation
Stiffness and Break Away
Moment

Equivalent to Minimum
Condition Test Load
Equivalent to Maximum
Condition Test Load

Test three trucks under one
span bolster
Test one span bolster

5.1.4.6 Inter-Axle Longitudinal
Stiffness

Equivalent to Minimum
Condition Test Load
Equivalent to Maximum
Condition Test Load

Tests will be performed under
DOTX 304. One end truck and
one middle truck will be tested

5.1.4.7 Modal
Characterization

Equivalent to Minimum
Condition Test Load
Equivalent to Maximum
Condition Test Load

Actuators will be attached to
the Atlas Cask Carbody.
Actuators will be operated in
force control at lower
frequencies (0.2-10 Hz) and in
displacement control for
constant acceleration input at
higher frequencies (3-30 Hz).

4.1. Component Characterization (S-2043, Paragraph 5.1.3)

Tests will be performed to measure the stiffness and damping characteristics of the following
individual suspension components, to meet the requirements of S-2043 Section 5.1.3:
e Secondary suspension coil springs

e Constant contact side bearings (between trucks and span bolsters)

41.1. Secondary Suspension Coil Spring

The Atlas railcar uses different spring group arrangements for middle and end trucks as shown in
Figure 6. Table 4 shows description for all springs.
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Inner

@@ 1-92 @ 1-92
1-91 1-97
1-88 1-89 1-95 1-94
Middle Truck End Truck Spring
Spring Group Group
Figure 6. Spring Group General Arrangement
Table 4. Secondary Suspension Spring Types
Quantity Bar Free Solid .
Spring Group | Type Description per Diameter HT HT Sl el
Truck (inch) (inch) | (inch) [ (pound/inch)
1-88 Control Coil Outer | 2 0.781 11.72 | 6.69 1161
1-89 Control Coil Inner | 2 0.500 11.72 | 6.69 500
1-90 Empty Coil Outer | 2 0.844 13 6.69 1074
. 1-91 Empty Coil Inner | 4 0.500 13 6.69 348
Middle Truck | 4 o5 | Load Coil Outer | 4 1063 |925 |6.69 |4183
1-93 Load Coil Inner 2 0.688 9.25 |6.69 2219
1-gg | poadColllmner 4 0375 |75 |538 |450
1-94 Control Coil Outer | 2 0.813 11.09 | 6.69 1328
1-95 Control Coil Inner | 2 0.531 11.09 | 6.69 656
1-96 Empty Coil Outer | 2 0.969 11 6.69 2409
End Truck 1-97 Empty Coil Inner | 4 0.594 11 6.69 934
1-92 Load Coil 4 1.063 9.25 |6.69 4183
1-gg | LoadCoillnner | , 0375 |75 |538 |450

Two of each spring type will be selected from the car and tested in a load frame to characterize the

stiffness of the springs. The force-displacement characteristics will be measured. The following

measurements will also be recorded:
e Unloaded free height

e Solid height
e Wire diameter
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41.2. Constant Contact Side Bearings

The car is equipped with Miner TCC-III 60LT constant contact side bearings (CCSB) between each
truck and the span bolsters. The set-up height of each CCSB will be measured and recorded. Two
sample CCSB will be installed in a load frame to measure the force—displacement characteristics.

Output results will include a graph of the force - displacement characteristic, including:
Unloaded Free Height, Stiffness, and Fully Compressed Height.

4.2. Vertical Suspension Stiffness and Damping (S-2043, Paragraph 5.1.4.3)

Twist and roll and pitch and bounce performance of a railcar are primarily determined by the
characteristics of the vertical suspension. The vertical stiffness and damping characteristics will be
measured for the secondary coil spring suspension using the MSU.

For this test, equal measured vertical loads will be applied across the spring groups ranging
from zero to 1.5 times the static load if possible, but at least to the static load of the fully loaded car.
These tests will be conducted on one middle truck and one end truck. The trucks will be
individually tested in the MSU underneath the DOTX 304 flatcar. The flatcar will be ballasted to a
load equivalent to the load on the particular truck for the Minimum Condition Test Load. Vertical
hydraulic actuators will be attached to each side of the carbody and the MSU reaction masses as
shown Figure 5. Vertical deflections across the primary and secondary suspensions of each truck
will be measured using displacement transducers and force versus displacement plots will be
generated based upon the measured data.

Tests of both trucks will be conducted with the friction wedge control coils installed, and then
repeated with the friction wedges and wedge control coils removed. Tests will be conducted for
input frequencies of 0.1 Hz, 0.5 Hz and 2.5 Hz. The 0.1 Hz tests will be conducted to move the
suspension through its full vertical stroke. The 0.5 and 2.5 Hz tests will be limited in travel due to
the limitation of the hydraulic flow rate of the actuators, and to avoid damaging the wear surfaces of
the friction wedges.

The test runs required are summarized in Table 5. The data channels to be recorded are listed in
Table 6.

Table 5. Run Matrix for Vertical Characterization

End Truck End Truck Middle Truck Middle Truck
Empty Cask Loaded Cask Empty Cask Loaded Cask
Vertical 0.1 Hz (full Stroke) X X X X
Vertical 0.5 Hz (partial X X X X
stroke)
Vertical 2.0 Hz (partial X X X X
stroke)
Vertical 0.1 Hz (full Stroke) X
no wedges
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Table 6. Measurements for Vertical and Lateral Suspension Characterization

C:llannel Description Units SR
ame Range
VinpActN Input signal North actuator V +10
VinpActS Input signal South actuator V 10
FZActN North actuator force 1000-lb -50to 77
FZActS South actuator force 1000-lb -50 to 77
DZActN North actuator displacement in. 10
DZActS South actuator displacement in. 10
FZRailNE North East rail vertical force 1,000-Ib 0 to 100
FZRailNW | North West rail vertical force 1,000-Ib 0 to 100
FZRailSE South East rail vertical force 1,000-Ib 0to 100
FZRailSW | South West rail vertical force 1,000-lb | 0to 100
FYRailNE North East rail lateral Force 1,000-Ib -20 to 50
FYRaiINW | North West rail lateral force 1,000-Ib -20 to 50
FYRailSE South East rail lateral force 1,000-Ib -20 to 50
FYRailSW | South West rail lateral force 1,000-lb | -20 to 50
FYRailNE North East rail lateral Force 1,000-lb | -20 to 50
FYRaiINW | North West rail lateral force 1,000-Ib -20 to 50
FYRailSE South East rail lateral force 1,000-Ib -20 to 50
FYRailSW | South West rail lateral force 1,000-Ib -20 to 50
DZSprN North vert bolster to sideframe displacement in. 10
DZSprS South vert bolster to sideframe displacement in. 10
DYSprST Lateral bolster to sideframe displacement — top South in. 10
DYSprSB Lateral bolster to sideframe displacement — bot. South in. 10
DYSprST Lateral bolster to sideframe displacement — top North in. 10
DYSprSB Lateral bolster to sideframe displacement — bot. North in. 10
DXPadNE1 | Longitudinal displacement, NE pad, outside in. 2
DXPadNE2 | Longitudinal displacement, NE pad, inside in. 2
DYPadNE1 | Lateral displacement, NE pad, outside in. 2
DYPadNE2 | Lateral displacement, NE pad, inside in. 2
DZPadNE1 | Vertical displacement, NE pad, outside in. 2
DZPadNE?2 | Vertical displacement, NE pad, inside in. 2
DXPadSE1 | Longitudinal displacement, SE pad, outside in. 2
DXPadSE2 | Longitudinal displacement, SE pad, inside in. 2
DYPadSE1 | Lateral displacement, SE pad, outside in. 2
DYPadSE?2 | Lateral displacement, SE pad, inside in. 2
DZPadSE1 | Vertical displacement, SE pad, outside in. 2
DZPadSE?2 | Vertical displacement, SE pad, inside in. 2

4.3. Lateral Suspension Stiffness and Damping (S-2043, Paragraph 5.1.4.4)

Twist and roll, yaw and sway, and hunting performance of a railcar are governed by the stiffness
and damping characteristics of the lateral suspension. The lateral suspension test will be performed
for static vertical loads representing both the Minimum Condition Test Load and the Maximum
Condition Test Load. The testing method will ensure that static friction does not limit lateral motion
during this test.

These tests will be conducted on one middle truck and one end truck. The trucks will be
individually tested in the MSU underneath the DOTX 304 flatcar. The flatcar will be ballasted to a
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load equivalent to the load on the particular truck for the Minimum Condition Test Load, and then
repeated for the Maximum Condition Test Load. Tests of both trucks will be conducted with the
friction wedge control coils installed, and then repeated with the friction wedges and wedge control
coils removed.

Lateral deflections across the primary and secondary suspensions of each truck will be measured
using displacement transducers and force versus displacement plots will be generated based upon
the measured data. A lateral hydraulic actuator will be mounted between the carbody and the MSU
reaction mass. Tests will be conducted for lateral input frequencies of 0.1 Hz, 0.5 Hz and 2.5 Hz.
The 0.1 Hz tests will be conducted to move the suspension through its full lateral stroke, as
determined by the lateral stops between the transoms and the bolsters. The 0.5 and 2.5 Hz tests will
probably be limited in travel due to the limitation of the hydraulic flow rate of the actuators, and to
avoid damaging the wear surfaces of the friction wedges.

The force will be input at a level above the truck suspension. To minimize carbody roll it may
be necessary to use a solid connection (oak blocking or steel shims) between the truck bolster and
carbody at the side bearing location.

Lateral deflections across the primary and secondary suspensions of each truck will be measured
using displacement transducers. Sufficient displacement transducers will be applied to measure both
the lateral and rocking motions of the sideframe and the primary and secondary suspensions.

The test runs required are summarized in Table 7. The channels to be measured are the same as
those to be measured during the vertical suspension characterizations as listed in Table 6. Force
versus displacement plots will be generated based upon the measured data.

Table 7. Run Matrix Lateral Characterization

End Truck Middle Truck Middle
- End Truck o -
Test Run M|n|rr_u_1m Loaded M|n|rr_|l_1m QDK
Condition Cask Condition Loaded
Test Load Test Load Cask
Lateral 0.1Hz (full Stroke) X X X X
Lateral 0.5Hz (partial stroke) X X X X
Lateral 2.0Hz (partial stroke) X X X X
Lateral 0.1Hz (full Stroke) no wedges X
Latergl 0.1Hz (full Stroke) attempt to X X X X
restrain transom
Lateral 0.1Hz (full Stroke) no wedges X
attempt to restrain transom
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4.4. Truck and Span Bolster Rotation Stiffness and Break Away Moment (S-2043,
Paragraph 5.1.4.5)

Truck and span bolster rotation stiffnesses and/or break-away moments will also be measured.

For these tests air bearing tables will be used to float the three trucks at one end of the car to
ensure the wheels are unrestrained during the test (Figure 7). The opposite end of the car will be
raised up to ensure that the car is level when the air tables are inflated. Hydraulic actuators will be
used to rotate the tables. To ensure that equal loads are applied on each side of the truck, and to
minimize lateral motion and skewing of the air tables the actuators will face in opposite directions
during these tests.

Air bearing tables will be connected for span bolster rotation tests

Figure 7. Air Bearing Table Configuration for Span Bolster Rotation Tests

Tests will be performed to measure the rotation of the three trucks under one span bolster truck
relative to the span bolster. Actuator force and truck bolster rotation relative to the span bolster will
be measured. This test will be performed at a very low rotational frequency and is considered a
static test. Both minimum condition test load and maximum condition test load will be tested. Table
8 shows the measurements to be made during truck rotation characterization.
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Table 8. Measurements for Truck Rotation Characterization

Channel Name Description Units E)I;pected
ange

FYACctN North actuator force 1000-Ib | 210
FYActS South actuator force 1000-Ib | £10
DXTBR Longltud_lnal displacement span bolster to truck In +5

bolster right
DXTBL Longitudinal displacement span bolster to truck In 45

bolster left
DYTBI :;]astizlzl displacement span bolster to truck bolster In +5
DYTBO Late_ral displacement span bolster to truck bolster In +5

outside

Tests will also be performed to measure the rotation of one span bolster relative to the carbody.
All the air tables will be fastened together to prevent them from moving relative to each other.
Actuator force and span bolster rotation relative to the carbody will be measured. This test will be
performed at a very low rotational frequency and is considered a static test. Table 9 shows the
measurements to be made during span bolster rotation measurements.

Table 9. Measurements for Span Bolster Rotation Characterization

Channel Name Description Units E)épected
ange
FYACctN North actuator force 1,000-Ib 10
FYActS South actuator force 1,000-Ib +10
DXSBR Longitudinal displacement carbody to span bolster right in. 5
DXSBL Longitudinal displacement carbody to span bolster left in. 5
DYSBI Lateral displacement carbody to span bolster inside in. 15
DYSBO Lateral displacement carbody to span bolster outside in. 5

Figure 8 shows a sketch of how the string pots might be placed to measure truck rotation and
span bolster rotation. The selection and placement of the string pots must be established so that they
are relatively sensitive to translation as well as rotation. The translations of the center plate in the
center bowl help the analyst determine if edge contact is occurring, thereby enabling better
interpretation of the data. The position of the string pots and load cells relative to the center of
rotation must be recorded.

B-18



Figure 8. Possible Layout of String Pots for Truck and Span Bolster Rotation Tests

4.5. Inter-Axle Longitudinal and Yaw Stiffness (S-2043, Paragraph 5.1.4.6)

The longitudinal stiffness of the primary suspension system will be determined through two tests.
These tests will be conducted in the MSU at the same time as the vertical and lateral truck
characterization tests (Sections 4.2 and 4.3) with wheelsets with independently rotating wheels
(IRWs) installed to eliminate any effects of wheel rolling resistance and slip resistance. Tests will
be conducted for the car ballasted to loads equivalent to the Minimum Condition Test Load and the
Maximum Condition Test Load.

The test method uses longitudinal actuators attached between two axles within a truck at each
roller bearing end cap, as shown in Figure 9. The actuators will first be operated in phase in both
directions. Longitudinal stiffness will be determined by plotting force versus displacement. The
actuators will then be operated out of phase to determine axle yaw stiffness. These tests will be
performed at a very low frequency and are considered static tests.

During these tests, sufficient displacement transducers will be applied to measure both the
longitudinal motions of the axles (bearing adaptors) relative to the sideframe, and the pitching
motion of the bearing adaptors relative to the sideframes, as shown in Figure 10. The measurements
to be recorded are listed in Table 10.
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Figure 10. Inter-Axle Stiffness Test Setup Showing LVDTs for Measuring Pitching and Yawing of
Bearing Adaptor
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Table 10. Measurements for Interaxle Yaw Stiffness Measurements

Channel Name Description Units Expected Range
FXActN North hydraulic cylinder force 1,000-1b -10 to 20
FXActS South hydraulic cylinder force 1,000-Ib -10to 20
DXActN North hydraulic cylinder displacement in. 10
DXActS South hydraulic cylinder displacement in. 10
DXPadNE1 Longitudinal displacement, NE pad, inside in. 2
DXPadNE2 Longitudinal displacement, NE pad, outside in. 2
DYPadNE1 Lateral displacement, NE pad, bottom in. 2
DYPadNE2 Lateral displacement, NE pad, top in. 2
DZPadNE1 Vertical displacement, NE pad, outside in. 2
DZPadNE2 Vertical displacement, NE pad, inside in. 2
DXPadSE1 Longitudinal displacement, SE pad, inside in. 2
DXPadSE2 Longitudinal displacement, SE pad, outside in. 2
DYPadSE1 Lateral displacement, SE pad, bottom in. 2
DYPadSE2 Lateral displacement, SE pad, top in. 2
DZPadSE1 Vertical displacement, SE pad, outside in. 2
DZPadSE2 Vertical displacement, SE pad, inside in. 2

4.6. Modal Characterization (S-2043, Paragraph 5.1.4.7)

The entire railcar will be characterized to identify critical rigid and flexible body modes. The
objective of the test is to identify frequencies for the following modes

Rigid Body
e Bounce
e Pitch
e Yaw

e Lower Center Roll

e Upper Center Roll

Flexible Body

e First mode vertical bending

e First mode twist (torsion)

e First mode lateral bending

The modal tests will be performed on the Atlas cask railcar in the MSU. Brackets will be
welded to the carbody at the carbody bolster on the B-end of the car so the actuators can be attached
to the car (Figure 11). TTCI will work with Kasgro to develop a bracket arrangement that does not
interfere with the trucks or span bolster, and to identify allowable areas for welding the brackets to
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the carbody structure. TTCI will remove the bracket at the conclusion of modal characterization
testing.

Figure 11. Example of Actuator Attachment Bracket to be Welded to Car

The carbody will be fitted with enough accelerometers to identify bounce, pitch, roll, yaw,
sway, vertical bending, lateral bending, and torsion modes of vibration. The railcar will be excited
vertically to induce bounce, pitch, and bending modes. Similarly, the railcar will be excited laterally
to identify sway, yaw, and bending, and torsionally to identify lower center roll, upper center roll,
and torsion modes. In addition to identifying mode shapes with accelerometers, input force and
displacement will be measured to help determine damping rates. The data channels to be recorded
during modal tests are listed in Table 11. The approximate measurement locations are shown in
Figure 12.
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Table 11. Measurements for Modal Characterization

Channel Name Description Units Expected Range
VinpActN Input signal North actuator \% 10
VinpActS Input signal South actuator \Y% +10

FZActN North actuator force 1,000-Ib -50to 77
FZActS South actuator force 1,000-1b -50 to 77
DZActN North actuator displacement in. 10
DZActS South actuator displacement in. 10
AZ1R Vertical accelerometer, B-end, right side g +2
AY1R Lateral accelerometer, B-end, right side +2
AZ1L Vertical accelerometer, B-end, left side +2
AZ2R Vertical accel, 1/4 from B-End, right side +2
AY2R Lateral accel, 1/4 from B-End, right side g +2
AZ2L Vertical accel, 1/4 from B-End, left side g +2
AZ3R Vertical accelerometer, center, right side g +2
AY3R Lateral accelerometer, center, right side g 12
AZ3L Vertical accelerometer, center, left side g 12
AZ4R Vertical accel, 1/4 from A-End, right side g +2
AY4R Lateral accel, 1/4 from A-End, right side g 12
AZ4L Vertical accel, 1/4 from A-End, left side g +2
AZ5R Vertical accelerometer, A-end, right side g +2
AY5R Lateral accelerometer, A-end, right side g +2
AZ5L Vertical accelerometer, A-end, left side g +2
AY6R Lateral accel on B-end of B span bolster g 12
AZ6R Vertical accel on B-end of B span bolster g 12
AY7R Lateral accel center of B span bolster g 12
AZT7R Vertical accel center of B span bolster g 2
AY8R Lateral accel A-end of B span bolster g 12
AZ8R Vertical accel A-end of B span bolster g 12

AZIL D AZZL AZL AZAL AZ5L
| | || =] |

AZTR
AZSR|_ _AYTR AZBR
AY6R [ @ ¥ avar
E—— I_Q ] [ ] ® [ |
AZIR ATZZR AZIR AZAR AZ5R
AY1R AY2R AY3R AY4R AYSR

Figure 12. Locations of Modal Accelerometers
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Table 12 shows a list of the runs to be performed during modal testing. Rigid body runs will be
done using the actuators in force control. Flexible body runs will be done with the actuators in
displacement control for constant g runs. The frequency and amplitude values given for each run
were based on tests performed of the Kasgro M-290 12-Axle Flat Car.7 Some changes may be made
to frequency and amplitudes used for these runs based on test results.

Table 12. Run List for Modal Testing

Run | Description | Actuator Configuration | Control | Frequency (Hz) | Amplitude
Lateral Rigid Body
1 Lateral Rigid Body Lateral Force 0.2t0 10 5 kips
2 Lateral Rigid Body Lateral Force 0.2t0 10 10 kips
3 Lateral Rigid Body Lateral Force 0.2t0 10 15 kips
Lateral Flexible Body
4 Lateral Flexible Body Lateral Disp. 3to0 30 01g
5 Optional Lat Flex Body Lateral Disp. 3to0 30 0.2¢
6 Optional Lat Flex Body Lateral Disp. 3to 30 03g
Vertical Rigid Body
7 Vertical Rigid Body Vertical (in phase) Force 0.2to 10 5 kips
8 Vertical Rigid Body Vertical (in phase) Force 0.2t0 10 10 kips
9 Vertical Rigid Body Vertical (in phase) Force 0.2t0 10 15 kips
Vertical Flexible Body
10 | Vertical Flexible Body Vertical (in phase) Disp. 31030 01g
11 Optional Lat Flex Body Vertical (in phase) Disp. 3to 30 0.2g
12 | Optional Lat Flex Body Vertical (in phase) Disp. 31to0 30 03g
Roll Rigid Body
13 | Roll Rigid Body Vertical (out of phase) | Force 0.2t0 10 5 kips
14 | Roll Rigid Body Vertical (out of phase) | Force 0.2to 10 10 kips
15 | Roll Rigid Body Vertical (out of phase) | Force 0.2to 10 15 kips
Twist Flexible Body
16 | Twist Flexible Body Vertical (out of phase) | Disp. 3to 30 01g
17 | Optional Twist Flex Body | Vertical (out of phase) | Disp. 31030 0.2g
18 | Optional Twist Flex Body | Vertical (out of phase) | Disp. 3to 30 03g
4.6.1. Rigid Body Vertical Procedure

The actuators will be cycled in phase. Input frequencies will be increased from 0.2 Hz to 10 Hz. The
actuators will be operated in force control with 5, 10, and 15 kip sinusoidal inputs. Pitch and
Bounce modes will be determined by the phase relationship between the A and B end
accelerometers.

4.6.2. Rigid Body Roll Procedure

The actuators will be cycled 180 degrees out of phase. Input frequencies will be increased from 0.2
Hz to 10 Hz. The actuators will be operated in force control with 5, 10, and 15 kip sinusoidal inputs.
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Roll modes will be determined by the phase relationship between the accelerometers mounted at
different positions on the car.

4.6.3. Flexible Body Vertical Procedure

The actuators will be cycled in phase. Input frequencies will be increased from 3 Hz to 30 Hz. The
actuators will be operated in displacement control and operated to achieve a constant g input.

4.6.4. Flexible Body Twist Procedure

The actuators will be cycled out of phase. Input frequencies will be increased from 3 Hz to 30 Hz.
The actuators will be operated in displacement control and operated to achieve a constant g input.

4.6.5. Rigid Body Lateral Procedure

The actuators will be reconfigured so that one actuator is mounted to excite the car laterally. Input
frequencies will be increased from 0.2 Hz to 10 Hz. The actuators will be operated in force control
with 5, 10, and 15 kip sinusoidal inputs. The Yaw mode will be determined by the phase
relationship between the A and B end accelerometers.

4.6.6. Flexible Body Lateral Procedure

This test will be performed while the actuators are in the lateral configuration. Input frequencies
will be increased from 3Hz to 30Hz. The actuators will be operated in displacement control and
operated to achieve a constant g input.

5. NON-STRUCTURAL STATIC TESTING

Several static tests will be performed to demonstrate the ability of the railcar to maintain
adequate vertical wheel loads in extreme load conditions and poor track geometry environments.
Tests are required for minimum condition test load and maximum condition test load, depending on
the specific test. A summary of the non-structural static tests is presented in Table 13. The data
channels to be recorded are presented in Table 14.
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Table 13. Nonstructural Static Testing

Test Name

Load Condition Instrumentation Comments

5.2.1 Truck Twist
Equalization

This test will be
done using up to 24
load measuring rails.
(load bars)

Minimum Condition Test Load
Maximum Condition Test Load

5.2.2 Carbody
Twist
Equalization

This test will be
done using up to 24
load measuring rails
(load bars)

Minimum Condition Test Load
Maximum Condition Test Load

5.2.4 Static Curve
Stability

Currently planning
to use the AAR
base car and long
car (see paragraph
5.4)

Minimum Condition Test Load | Feeler gages

5.2.5 Horizontal
Curve
Negotiation

Tight Turn Loop

Maximum Condition Test Load
(Screech loop)

Visual inspection

5.1. Instrumentation

Figure 13 shows load bar installation locations and Table 14 provides additional details of
measurements for the Non-Structural Static Tests.

B-End A-End

LB1R LB2R LB3R LB4R LB5R LB6R LB7R LESR LB9R LB10R LB11R LB12R
| 1 |
| I 1
I 1 I
| I 1
iy — e s — i Il e = e e & e |

LB1L LB2L LB3L LB4L LBSL LB6L LB7L LBSL LBIL LB10L LB11L LB12L

Depending on availability, it may be necessary to
install load bars in the positions of interestfor the
particular test, and install steel stock and/or rail
sections where load bars are not installed to keep all
wheels at the required level.

Figure 13. Load Bar Installation Locations
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Table 14. Measurements for Non-Structural Static Tests

Channel Name Description Units Expected Range
LB1R Load bar, axle 1, right wheel kips 0-70
LB1L Load bar, axle 1, left wheel kips 0-70
LB2R Load bar, axle 2, right wheel kips 0-70
LB2L Load bar, axle 2, left wheel kips 0-70
LB3R Load bar, axle 3, right wheel kips 0-70
LB3L Load bar, axle 3, left wheel kips 0-70
LB4R Load bar, axle 4, right wheel kips 0-70
LB4L Load bar, axle 4, left wheel kips 0-70
LB5R Load bar, axle 5, right wheel kips 0-70
LB5L Load bar, axle 5, left wheel kips 0-70
LB6R Load bar, axle 6, right wheel kips 0-70
LB6L Load bar, axle 6, left wheel kips 0-70
LB7R Load bar, axle 7, right wheel kips 0-70
LB7L Load bar, axle 7, left wheel kips 0-70
LB8R Load bar, axle 8, right wheel kips 0-70
LB8L Load bar, axle 8, left wheel kips 0-70
LBO9R Load bar, axle 9, right wheel kips 0-70
LBOL Load bar, axle 9, left wheel kips 0-70
LB10R Load bar, axle 10, right wheel kips 0-70
LB10L Load bar, axle 10, left wheel kips 0-70
LB11R Load bar, axle 11, right wheel kips 0-70
LB11L Load bar, axle 11, left wheel kips 0-70
LB12R Load bar, axle 12, right wheel kips 0-70
LB12L Load bar, axle 12, left wheel kips 0-70
IC Instrumented Coupler kips +200

5.2. Truck Twist Equalization (S-2043, Paragraph 5.2.1)

This requirement is to ensure adequate truck load equalization. Load bars will be used to measure
wheel loads as shown in Figure 13.

e With the car on level track shim each wheel three inches in height. This is the zero
condition.

e For one wheel in each truck, measure vertical wheel loads while raising one wheel from 0.0
inch to 3.0 inches, then lowering to -3 inches, then raising back to 0 inches in increments of
0.5 in.

e At 2.0 inches of deflection, vertical load at any wheel may not fall below 60% of the
nominal static load.

e At 3.0 inches of deflection, vertical load at any wheel may not fall below 40% of the
nominal static load.
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Figures 11 and 12 of the dynamic analysis report’ show that the trucks used in this vehicle are
symmetrical front to back and left to right so this test will be performed by raising and lowering just
one wheel in every truck.

The test will be performed for a Minimum Condition Test Load and a Maximum Condition Test
Load.

5.3. Carbody Twist Equalization (S-2043, Paragraph 5.2.2)

This test will be performed in conjunction with the truck twist test. This requirement is to document
wheel unloading under carbody twist, such as during a spiral negotiation. Load bars will be used to
measure wheel loads as shown in Figure 13. The railcar shall be jacked by 3.0 in. in 0.5-in.
increments from underneath the wheels on one side of all trucks at one end of the car. At 2.0 in. of
lift, vertical load at any wheel may not fall below 60% of the nominal static load. At 3.0 in., no
permanent damage shall be produced and no static wheel load may fall below 40% of the nominal
static wheel load.

This test must be performed by raising and lowering each of the four corners of the railcar
individually.

5.4. Static Curve Stability (S-2043, Paragraph 5.2.3)

The curve stability test shall follow the requirements of M-1001 paragraph 11.3.3.3. The test consist
will undergo a squeeze and draft load of 200,000 pounds without carbody suspension separation or
wheel lift. Load application shall simulate a static load condition and shall be of minimum 20
seconds sustained duration.

For the purpose of this test, wheel lift is defined as a separation of wheel and rail exceeding 1/8-
in. when measured 2 5/8-in. from the rim face with a feeler gauge.

The car with the Minimum Test Load will be subjected to squeeze and draft load on a 10-degree
curve located at the Urban Rail Building at TTC. The test car will be coupled to a base car as
defined in paragraph 2.1.4.2.3 of the AAR M-1001 specification, and a long car having 90-ft over
strikers, 66-ft truck centers, 60-in. couplers, and conventional draft gear.

Coupler forces will be measured during the test.

5.5. Horizontal Curve Negotiation (S-2043, Paragraph 5.2.4)

A horizontal curve negotiation test must be performed per M-1001, paragraph 2.1.4. The
specification required that this car be able to negotiate a curve of 150-foot radius uncoupled. The
test will be performed on the screech loop at TTC which has a radius of 150 feet. The test car will
be coupled to three short hopper cars so that the test car can be pushed into the curve without the
locomotive entering the curve. The car will be pushed into the curve in stages. At each stage
personnel will inspect the car paying special attention to:

e C(Clearance between wheels and carbody
e C(learance between wheels and span bolster
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e C(learance between wheels and brake rigging (including brake cylinder)

® (learance between truck bolster and brake rigging

6. STATIC BRAKE TESTS

Static brake shoe force tests are to be conducted by Kasgro at their facility. Kasgro has arranged for
the assistance of New York Air Brake and an AAR observer. A TTCI engineer will also be present
for testing. The TTCI engineer will confirm that the tests are conducted as described below.

6.1. Static Brake Force Measurements

Static brake force measurements will be conducted per MSRP Section E, Standard

S-401 to demonstrate compliance with S-2043 paragraph 4.4. Braking ratios for freight operation
must be verified. Brake shoe force variations must also be within the limits provided in Standard S-
401.

6.2. Single-Car Air Brake Test

In addition, a single-car air brake test must be performed per the AAR Manual of Standards and
Recommended Practices, Section E, Standard S-486, or other applicable standard.
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7. STRUCTURAL TESTS

Structural tests will be conducted to demonstrate the railcar's ability to withstand the rigorous
railroad load environment and to verify the accuracy of the structural analysis. The Chapter XI
requirement of “no permanent deformation” is interpreted as no stress exceeding material yield for
the tests described in the following sections. The structural tests are summarized in Table 15.
Measurements for the structural tests are listed in Table 16.

Table 15. Structural Tests

Test Name Load Condition I;Ee:: Instrumentation Comments
Minimum Condition Test Load
542 (mos_t _adverse stability 50-Strain gages,
Squeeze condition) million pound load
(Compressive | Maximum Condition Test Load cell P
End) Load (most adverse stress '
condition)
- . Apply 50K pounds
5.4.3 Coupler 'V"“'"?‘!m or Maximum . 50-Strain gages, up and down at
) Condition Test Load (either ;
vertical loads o , 50K load cell. pulling face of
one is fine, don’t need both)
coupler.
5.4.4 Jacking | Maximum Condition Test Load 50-Strain gages
5.4.5.1 performed
50-Strain qages in conjunction with
54.5 Twist | Maximum Condition Test Load 989€S, 15225452
12 load bars
performed
separately.
50-Strain gages,
5.4.6 Impact Maximum Condition Test Load B Instrumented
coupler

7.1. Special Measurements (S-2043, Paragraph 5.4.1)

A survey of the car will be performed before and after all the structural tests have been conducted.
The purpose of this survey is to verify the shape and integrity of the car. In addition, a visual
inspection of the car will be made after each structural test. The survey will include:

e Measure the length over strikers

e Measure the length over pulling faces

e Using a theodolite, measure a level loop around the car deck to check for a change in
camber or twisting of the carbody

7.2. Instrumentation

Strain measurements are to be taken from gauges installed on the railcar under frame and deck
surface for each of the tests described in sections 7.3 - 7.7. Strains will be used for post-test
comparison to finite-element analysis (FEA) predictions. The car designer has determined the
location for the gauges as required by S-2043 paragraph 5.4.1.2, based on design FEA results. In
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addition, thermocouples will be installed in 3 locations for temperature compensation of strain
measurements.

Table 16 lists the measurements for the structural tests. Strain gauge and thermocouple
locations, descriptions, material properties at measurement locations, channel names, measurement
units, and expected range are included in Appendix B.

Table 16. Measurements for Structural Tests*

Channel Name Description Units Expected Range
LC1 Load cell for compressive end load kips 0-1,000

LC2 Load cell for coupler test kips 0-50

IC Instrumented Coupler for impact test | kips 0-1250

SPD Speed Tachometer for impact test mph 0-15

*See Appendix B for details of strain gauge and thermocouple locations on carbody

Most structural tests are static or quasi-static so filter and sample rates are not critical. Data
should be filtered at >10-Hz and sampled at a minimum of twice the chosen filter frequency. The
exception is the impact test regime, where data will be filtered at a rate >100-Hz and < (sample
rate/2). The minimum sample rate for impact tests is 1000-Hz. Impact test data will be digitally
filtered at 100-Hz during data analysis.

7.3. Squeeze Load (Compressive End) Load (S-2043, Paragraph 5.4.2)

The squeeze test shall follow the requirements of M-1001 paragraph 11.3.3.1. A horizontal
compressive static load of 1,000,000 pounds will be applied at the centerline of draft to the draft
system of car interface areas using TTCI’s squeeze fixture (Figure 14) and sustained for a minimum
of 60 seconds. The car tested will simulate an axially loaded beam having rotation- free translation-
fixed end restraints. No other restraints, except those provided by the suspension system in its
normal running condition, will be permissible. The test will be performed with the car subjected to
the most adverse stress condition (Maximum Condition Test Load) and most adverse stability
condition (Minimum Condition Test Load).

Prior to testing the squeeze load should be cycled to 750,000 pounds three times to stress relieve the
railcar, providing a better correlation between FEA predictions and measured stresses.
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Figure 14. 2 1/2 Million Pound Squeeze Test Fixture with
Passenger Car Taken to Structural Failure

7.4. Coupler Vertical Loads (S-2043, Paragraph 5.4.3)

The coupler vertical load test shall follow the requirements of M-1001 paragraph 11.3.3.2. A load of
50,000 pounds shall be applied in both directions to the coupler head as near to the pulling face as
practicable and held for 60 seconds. This test will utilize a hydraulic cylinder positioned on cribbing
to apply the upward force. An A-frame fixture that attaches to the rail and a hydraulic cylinder will

be used to apply the downward force (Figure 15).

Figure 15. Applying Coupler Vertical Loads
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7.5. Jacking (S-2043, Paragraph 5.4.4)

The jacking test shall follow the requirements of M-1001 paragraph 11.3.3.4. Vertical load capable
of lifting a fully loaded car will be applied at designated jacking locations sufficient to lift the unit
and permit removal of the truck or suspension arrangement nearest to the load application points.
Chapter 11 requires that the car withstand the test without permanent deformation of car/unit
structure. Strain data will be recorded while the carbody is jacked high enough to permit removal of
the span bolster.

7.6. Twist (S-2043, Paragraph 5.4.5)

The twist test shall follow the requirements of M-1001 paragraph 11.3.3.5. The loaded car will be
jacked by 3 inches from underneath the wheels on one side of the three trucks at one end of the car.
M-1001, Chapter 11 requires that the car withstand the test without permanent deformation of the
car structure. This test will be performed in conjunction with the test described in Section 5.3.

In addition, the carbody will be supported at all four jacking pads and one corner will be
allowed to drop 3 in.

Strain data will be recorded during these tests.

7.7. Impact (S-2043, Paragraph 5.4.6)

The impact test shall follow the requirements of M-1001 paragraph 11.3.4.1. The loaded candidate
car is to be impacted into a string of three standing, fully loaded cars of at least 70-ton capacity. The
impact string will be equipped with M-901E draft gear on the struck end and the hand brake will be
fully set on the last car (opposite end).

Free slack between cars will be removed; however, draft gears will not be compressed. No
restraint other than the hand brake on the last car will be used.

A series of impacts will be made on tangent track section of the Precision Test Track (PTT) at
TTC. Successive impacts will be made in increments of 2 mph or less starting at 4 mph or less until
the design coupler force of the car (600,000 pounds) as specified in paragraph 4.1.10 or a speed of
14 mph has been reached, whichever occurs first. The coupler force shall not exceed 1,250,000
pounds during any impact with a speed of 6 mph or less.

Strain data, coupler load, and speed will be measured during these tests.

7.8. Securement System (S-2043, Paragraph 5.4.7)

Strength of the securement system will be verified by analysis and inspection. For the purpose of
this test, the securement system is defined to be the cradle attachment fittings (including shear
blocks), pins, and welds to the deck of the railcar. Cradles, end stops, or deck structure itself are not
included. Analysis will include the following:

e Independent calculation of worst-case loads based on 10 CFR 71.45 and Field Manual of the
AAR Interchange Rules, Rule 88 A.16.c(3)
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¢ Dimensional inspection of fittings and pins to confirm compliance with design

e Review of Kasgro quality records to confirm materials used and welds comply with design
¢ Independent calculation of stresses in attachment fittings and pins

¢ Independent calculation of stresses in welds

e Independent review of design factor of safety based on calculated loads and stresses

8. DYNAMIC TESTS

Dynamic tests include testing as described MSRP Section C Part II, Specification M-1001, Chapter
11, as well as additional requirements. Where Chapter 11 and HLRM criteria differ, the car shall
meet both requirements. Table 17 summarizes the required dynamic tests.

Chapter 11 specifies a maximum test speed of 70 mph for all non-curving tests. S-2043 requires
the maximum speed be increased to 75 mph where deemed safe by the TTCI test team. Tests at
speeds over 70 mph shall be used to quantify performance and limiting criteria will not apply. Table
18 summarizes S-2043 dynamic limiting criteria. Figure 16 illustrates the application of 50
millisecond and 3ft. distance limits for L/V ratio and minimum vertical wheel load.

For cask car tests, instrumented wheelsets (IWS) will be placed in all trucks of a single span
bolster. The span bolster with IWS can be placed in either leading or trailing position as required by
the particular test.

Table 17. Required Dynamic Tests

Test Name Load Condition Lead IWS Comments
End | Position

5.5.7 Hunting Minimum Condition Test Load B Axles | Tests performed with IWS
Maximum Condition Test Load 1-6 and separately with wheels
having the KR tread profile
(M-1001 Figure 11.3)

5.5.8 Twist and | Minimum Condition Test Load B Axles

Roll Maximum Condition Test Load 1-6

5.5.9 Yaw and Maximum Condition Test Load A Axles

Sway 1-6*

5.5.10 Dynamic | Minimum Condition Test Load B Axles

Curving Maximum Condition Test Load A 1-6*

5.5.11 Pitch Maximum Condition Test Load B Axles

and Bounce 1-6

(Ch. 11)

5.5.12 Pitch Maximum Condition Test Load B Axles Not required, see 8.8
and Bounce 1-6

Special

5.5.13 Single Minimum Condition Test Load B Axles

bump test Maximum Condition Test Load 1-6

5.5.14 Curve Minimum Condition Test Load B Axles | 5.5.13.1 Limiting Spiral

Entry/Exit 1-6* | tests will be done during
dynamic curving tests.

5.5.13.2 Spiral Negotiation

Maximum Condition Test Load A
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Test Name Load Condition I_Eead st Comments
nd | Position
tests will be done during
Constant Curving tests.
5.5.15 Curving | Minimum Condition Test Load B Axles | Perturbation will be
with Slnglle Rail Maximum Condition Test Load A 1-6* installed on URB North
Perturbation Wye.
(Two tests, inside bump
and outside bump.)
5.5.16 Standard | Minimum Condition Test Load B Axle*s These tests will be
Chapter Xl Maximum Condition Test Load | A 16" | performed on the WRM in
Constant the 7.5-, 10-, and 12-
Curving degree curves. Testing will
be done clockwise and
counterclockwise.
5.5.17 Special Minimum Condition Test Load B Axles | Turnout tests will be
Trackwork Maximum Condition Test Load A 1-6* carried out on the l_JRB_
north Y track, possibly in
conjunction with 5.5.15
tests.
The crossover tests will be
conducted on the Impact
Track to Fast Wye
crossover.

*This means IWS don’t move; for B-end leading tests they are in the leading end, for A-end leading tests

they are in the trailing end.

Table 18. Dynamic Limiting Criteria

Criterion Cipitine Notes
Value

Maximum carbody roll angle 4 Peak-to-peak.

(degree)
Not to exceed indicated value for a period greater
than 50 ms. and for a distance greater than 3 ft. per
instance®.

Maximum wheel L/V 0.8
*Figure 16 illustrates the application of 50 millisecond
and 3 ft. distance limits for L/V ratio and minimum
vertical wheel load

?fg:sﬁggﬁiztyveinsmgle wheel LIV 06 Not to exceed indicated value. Applies only for

9 ' constant curving tests.

tests only)

Maximurm truck side L/V 05 Not.to exceed indicated value.for a duration
equivalent to 6 ft. of track per instance.
Not to fall below indicated value for a period

Minimum vertical wheel load (%) 25 greater than 50 ms. and for a distance greater than

3 ft. per instance™.
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Limiting

Criterion Notes
Value
Peak-to-peak carbody lateral 1.3 For non-passenger-carrying railcars
acceleration (G) 0.60 For passenger-carrying railcars
Maximum carbody lateral 0.75 For non-passenger-carrying railcars
acceleration (G) 0.35 For passenger-carrying railcars
. Calculated over a 2000-ft sliding window every 10
Carbody lateral acceleration ) . s
L 0.13 | ft. over a tangent track section that is a minimum of
standard deviation (G)
4,000 ft. long.
Maximum carbody vertical 0.90 For non-passenger-carrying railcars
acceleration (G) 0.60 For passenger-carrying railcars
Suspension bottoming not allowed. Maximum
Maximum vertical suspension 95 compressive spring travel shall not exceed 95% of
deflection (%) the spring travel from the empty car height of the
outer load coils to solid spring height.
. . . Suspension bottoming not allowed. Vertical
Maximum vertical dynamic . )
augment acceleration (g) 0.9 dynamic augment accelerations of a loaded car
shall not exceed 0.9 G.
| /
5 ez
cCvHrceEnoe P 5
EAVELCL/O P >
4 / el
g s vt
e
B 25
a, >
/ / MEETS
1 . ’&
0 10 20 30 4 50 70
Speed (mph)
- - 50 msec limit - — 3foot Limit

Figure 16. Time and Distance to Climb Limits

8.1. Track geometry (S-2043, Paragraph 5.5.6)

Unless otherwise specified, the track geometry in each test regime must conform to the
requirements of MSRP Section C Part II, Specification M-1001, paragraph 11.7.2.5, Table 11.2.



8.2. Instrumentation

« The instrumentation / data collection package for these tests will be provided by TTCI and
will include all of the necessary transducers for comparison with S-2043 performance
measures. Measurements for the dynamic tests are listed in

« Table 19.

To provide precise measurements of wheel/rail forces, six IWST will be installed in all the axles
of the one span bolster, which can be placed in either the leading or trailing position as required by
the particular test (see Figure 17). The IWS are being fabricated for DOE as part of this project.

Carbody lateral acceleration, carbody roll angle measurements, and spring group vertical
displacement will be taken on each end of the vehicle.

Normal Test Configuration

B-End A-End
oog Ins.t.Carl:ll:”:”:I T
oo OO0 O OO0 OO0 O
£ 58 g8 3 Ne e 2 o
I I T = R ®R L 48 o
22z22z:z <<<3ZZ3
A buffer car will be added —I rl\l cvl> wlr L,'., u!_,
as appropriate for the test g i; gz gj o
regime. < € < < z %

IWS channel names will
include the axle number.

IWS Trailing Test Configuration

B-End A-End
ooo \nst.CarEDDDL
“-Qh@:@ﬂ
o0 00 000000 000000
o = -
858 833 93T
W Um Dy = =% 222
222 22 = T << 2 a <
[ (T
R
L o o 045 g
2353 2% 3

Figure 17. IWS Configuration

Data channels will include:

« 2 each — Roll Gyroscopes

« 2 each — Vertical Accelerometers

« 6 cach — Lateral Accelerometers

« 12 each — 10in String Potentiometers
« 6¢cach—IWS

« 1 each — Speed Tachometer

« 1 each — Automatic Location Device

T Instrumented wheelsets must meet requirements of M-1001, Appendix C
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Table 19. Measurement List for IWS Testing (1 of 2)

Measurement

Digital

Channel Measurement Expected Estimated
2, Name Description Range I;{:g::::z SaRr:tpele Accuracy
1 Speed Speed 0-80mph 0-1Hz 2300Hz | better than 1%
2 ALD Automatic 0-5V 215Hz 2300Hz | better than 2%
Location Device
3 VLX IWS in Axle 1 >15Hz 2300Hz | better than 5%
VRX
LVLX
LVRX
TSLVLY
TSLVRY
X=Axle
Num.
Y=Truck
Num.
4 IWS in Axle 2 >15Hz 2300Hz | better than 5%
5 IWS in Axle 3 >15Hz 2300Hz | better than 5%
6 IWS in Axle 4 >15Hz 2300Hz | better than 5%
7 IWS in Axle 5 215Hz 2300Hz | better than 5%
8 IWS in Axle 6 >15Hz 2300Hz | better than 5%
9 ZACBB Lead carbody between >15Hz 2300Hz | better than 1%
vertical +2g and
acceleration® +10g
10 | ZACBA Trail carbody between >15Hz 2300Hz | better than 1%
vertical +2g and
acceleration” +10g
11 YACBB Lead carbody* between 215Hz 2300Hz | better than 1%
lateral 1+2g and
acceleration +10g
12 | YACBA Trail carbody between =15Hz 2300Hz | better than 1%
lateral +2g and
acceleration* +10g
13 | YASBA1 Lead span between >15Hz 2300Hz | better than 1%
bolster lead +2g and
lateral +10g
acceleration
14 | YASBA2 | Lead span between =15Hz 2300Hz | better than 1%
bolster trail +2g and
lateral +10g
acceleration
15 | YASBB1 | Trail span between =15Hz 2300Hz | better than 1%
bolster lead +2g and
lateral +10g
acceleration
16 | YASBB2 | Trail span between 215Hz 2300Hz | better than 1%
bolster trail 1+2g and
lateral +10g

acceleration

*Carbody accelerometers to be placed as closely as possible to the span bolster centers
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Table 19. Measurement List for IWS Testing (2 of 2)

Measurement

Digital

Channel Measurement Expected Estimated
2 Name Description Range lg:g::::g Sa?tzle Accuracy
17 | ZDSNBL | Vertical Displacement B | >5 inch 215Hz 2300Hz | better
truck Left Side than 1%
>5inch
18 | ZDSNBR | Vertical Displacement B | >5 inch >15Hz 2300Hz | better
truck Right Side than 1%
19 | ZDSNCL | Vertical Displacement C | >5 inch 215Hz 2300Hz | better
truck Left Side than 1%
20 | ZDSNCR | Vertical Displacement C | >5inch >15Hz 2300Hz | better
truck Right Side than 1%
21 ZDSNDL | Vertical Displacement D | >5 inch 215Hz 2300Hz | better
truck Left Side than 1%
22 | ZDSNDR | Vertical Displacement D | >5inch >15Hz 2300Hz | better
truck Right Side than 1%
23 | ZDSNEL | Vertical Displacement E | >5inch 215Hz 2300Hz | better
truck Left Side than 1%
24 | ZDSNER | Vertical Displacement E | >5inch >15Hz 2300Hz | better
truck Right Side than 1%
25 | ZDSNFL Vertical Displacement F | >5 inch 215Hz 2300Hz | better
truck Left Side than 1%
26 | ZDSNFR | Vertical Displacement F | >5inch >15Hz 2300Hz | better
truck Right Side than 1%
27 | ZDSNAL | Vertical Displacement A | >5inch 215Hz 2300Hz | better
truck Left Side than 1%
28 | ZDSNAR | Vertical Displacement A | >5inch >15Hz 2300Hz | better
truck Right Side than 1%
29 | RDCBB Carbody roll rotation, B- | +4deg 215Hz 2300Hz | better
end than 1%
30 | RDCBA Carbody roll rotation, A- | t4deg 215Hz 2300Hz | better
end than 1%
31 GPS GPS n/a 21Hz >1Hz better
than 1%
8.2.1. Data Acquisition

Data will be filtered at a rate > 15 Hz and < (sample rate/2). The minimum sample rate is 300 Hz.
Data will be post filtered as required (15 Hz) and analyzed in near-real time using the performance
criteria for dynamic testing provided in Table 18.

8.2.2.

Functional Checks

Functional checks of the instrumentation should be made to verify that all the measurements are
working correctly. These functional checks are not a calibration function but are done to verify the

setup.
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Common setup errors are faulty transducers, cabling errors, improper gain settings, etc. Perform
functional checks to verify that the cables go where they are supposed to and measure about the
right value. If a functional check of a transducer shows more than 10% error, look closely at the
setup to make sure there are no mistakes.

Record the functional checks in a data file so you can refer to them later if necessary.

Perform the functional checks in a specific order and verify that the order matches what you
observe in the data file.

Pay attention to the sign of the output.

The following are typical functional checks for some transducers.

Roll the accelerometers 90 degrees for a 1g input.

Pull string pots and verify that extension is positive and that they read 1-inch when pulled
one inch.

Use a block of known size to check LVDTs and bending beams.
Check speed measurements against GPS speed
Verify load cells with an Rcal resistor and a breakout box.

If possible, apply a known force to a loadcell. For example, use the car weight and the track
grade from your Operating Rule Book to estimate the average expected force on the
appropriate channel for a particular piece of track during resistance testing.

IWS are a special case. The following are suggested for functional tests of IWS. As IWS
technology changes the steps might change.

Verify the cable is connected where you think it is by disconnecting the cable at the
wheelset and verifying that the “Disconnected” light comes on at the decoder box where you
expect it to.

Jack all IWS and zero all torque channels through software

Push the Rcal button on the Decoder box and verify that you see the step change in the
correct IWS channels.

Record sync frequency from decoder boxes and record in the measurement information file
(MIF)

Record data on a portion of tangent track.
o Vertical loads should match the scale weight to within 5%

o Lateral loads should be small, resulting in L/V ratios of about 0.05. This may vary
depending on truck design and condition.

o Contact position output should be around zero. This may vary depending on truck
design and condition.

o If the wheelset is equipped with a torque bridge its average should be around zero.
This may vary depending on truck design and condition.

If a truck is fully instrumented with IWS, you can compare the net lateral load to a
calculated value for a curve.
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8.3. Hunting (S-2043, Paragraph 5.5.7)

The hunting test must conform to the requirements of M-1001 paragraph 11.7.2, with the exception
of limiting criteria. High-speed stability (Hunting) testing is conducted to confirm that hunting
(lateral oscillating instability in the trucks) does not occur within normal operating speeds of the
train. Hunting is inherent in typical railroad freight truck designs when components are allowed to
wear beyond normal limits.

The car will be equipped with wheel sets having KR wheel profiles (100,000-mile average worn
profile) and will be operated at speeds up to 75 mph on tangent track.

8.3.1. Hunting Test Procedure and Test Conditions

The high-speed stability tests shall be conducted under the following conditions:

e Car will be tested with Minimum Condition and Maximum Condition Test Loads

e The car will be placed at the end of a consist following a stable buffer car (can be the
instrumentation car)

e Maximum speed of 70 mph, 75 mph if deemed safe by the TTCI test team
e Track with FRA class 6 or better designation

e Rail profile is AREA 136 Ib. or equivalent

e 565/16 in. < Track Gauge < 57 in.

e  Wheels shall all have KR profile (100,000-mile average worn profile)

¢ Minimum coefficient of wheel/rail friction of 0.4

Data will be recorded in a short (about 1000-foot) section of the entry and exit spiral at each end
of the tangent hunting zone to confirm performance in shallow curves.

8.3.2. Hunting Test Instrumentation and Test Conduct

Because IWS are not available with the KR wheel profile, the hunting tests must be conducted in
two configurations:

e Using IWS with the AAR-1B narrow flange profile® that is required for all other dynamic
tests. During these tests, the wheel sets in positions that are not instrumented must also have
the AAR-1B narrow flange wheel profile.

e Using wheel sets (not instrumented) having the KR wheel profile in all positions.

o The test car will be instrumented as described in

. Table 19 with or without IWS as appropriate. Sustained truck hunting shall be determined
by measuring the lateral acceleration of the carbody in 2,000-ft windows sliding every 10-ft
over a tangent track section that is a minimum of 4,000-ft long. Time histories of the worst-
case results that exceed criteria shall be submitted with the report.

Hunting tests will be performed on the RTT between R39 and R33.5. At a minimum data will be
recorded from R40 to R33 to observe performance in the entry and exit spiral and curve. If hunting
is observed during the test, it must be reported, even if it occurs in the non-tangent test section.
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Table 20 shows the run list for each test load condition. Additional speeds may be added by the
TTCI test team depending on car performance.

Table 20. Hunting Run List

Filename

Speed (mph) Comments

30

Track Conditioning Run

40

50

55

60

65

70

75

If deemed safe by the TTCI test team

8.4. Twist and Roll (S-2043, Paragraph 5.5.8)

The twist and roll tests must conform to the requirements of M-1001 paragraph 11.8.2, with the
exception of limiting criteria. The twist and roll test is conducted to determine the car's ability to
negotiate oscillatory crosslevel perturbations. These perturbations are designed to excite the natural
twist and roll motions of the car. The twist and roll test will be conducted on the Precision Test
Track (PTT), station 1644+10 to 1651+70. Figure 18 provides a description of the Twist and Roll

test zone.

TWIST AND ROLL
Staggered Jointed Rail
FTT Track

Fainch

400 Feet Tangent Track

Figure 18. Twist and Roll Test Zone

8.4.1. Twist and Roll Test Procedure and Test Conditions

Twist and roll tests shall be conducted given the following conditions:
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e Test car has a stable buffer car at each end (one can be the instrumentation car)
e AAR 1B wheel profiles

¢ Rail must not have more than 0.25 in. of gauge wear nor have plastic flow on the gauge side
greater than 0.25 in.

e Starting test speed is well below predicted resonance and increases in 2 mph increments (or
less) until resonance is passed. It is acceptable to approach a resonant condition from a
higher speed.

e Minimum coefficient of friction is 0.4

e Tangent track

e Ten staggered perturbations of 39-ft wavelength and 0.75-in. cross-level (see Figure 18)
e Otherwise class 5 or better track

8.4.2. Twist and Roll Instrumentation and Test Conduct

Axles 1-6 will be equipped with IWSs as shown in Figure 17. The test shall be conducted with the
B end leading (IWS-equipped span bolster leading). The test car will be instrumented as described
in Table 19.

The individual wheel forces and the roll angles at each end of the carbody shall be measured
continuously through the test zone. Time histories of the worst-case results that exceed criteria, and
the number of exceedances over the various run speeds (as applicable) shall be submitted with the
report.

Table 21 shows suggested runs for the twist and roll tests. Runs are performed starting at 10
mph and increasing in 2-mph increments until the lower center roll resonance is passed. Once lower
center roll resonance is passed speeds are increased in 5 mph increments until 70 mph is reached. If
performance is close to the limits smaller speed increments should be used to assure safety and
closely identify the critical speed. If deemed safe by the TTCI test team, a 75-mph run will be
performed.

Table 21. Empty Twist and Roll Test Runs

Filename Speed Comments
10 mph
12 mph
14 mph
16 mph
18 mph
20 mph
22 mph
24 mph

Transition from 2-mph increments to 5-mph increments at the
26 mph | discretion of TTCI test team

30 mph
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Filename Speed Comments
35 mph
40 mph
45 mph
50 mph
55 mph
60 mph
65 mph
70 mph

75 mph

If deemed safe by the TTCI test team

8.5. Yaw and Sway (S-2043, Paragraph 5.5.9)

The yaw and sway tests must conform to the requirements of M-1001 paragraph 11.8.4, with the
exception of limiting criteria. The yaw and sway test is conducted to determine the ability of the car
to negotiate laterally misaligned track, which will excite the car in a yaw and sway motion. The
speeds at which the resonant dynamic reactions occur will be found if they occur before 75 mph is
reached. Station 1921 to 1927 of the PTT is the test site for the Yaw and Sway Test. Figure 19
provides a description of the Yaw and Sway test zone.

YAW AND SWAY

Farallel Jointed Rail
PTT Track

1 14-inch

39-feet

250 Feet Tangent
(Top View)

Figure 19. Yaw and Sway Test Zone

8.5.1. Yaw and Sway Test Procedure and Test Conditions

Yaw and sway tests shall be conducted given the following conditions:
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e Maximum Test Load Condition only

e Test car has a leading stable buffer with a minimum truck center of 45 ft. (can be the
instrumentation car)

e No Trailing buffer car
e Minimum coefficient of friction is 0.4
e AAR 1B wheel profiles

¢ Rail must not have more than 0.25 in. of gauge wear nor have plastic flow on the gauge side
greater than 0.25 in.

e Starting test speed is well below predicted resonance and increases in 5 mph increments (or
less) until resonance, an unsafe condition, or 75 mph is reached.

e Tangent track
e Constant wide gauge of 57.5 inch

e Five parallel perturbations of 39-ft wavelength and maximum 1.25-in. lateral amplitude (see
Figure 19).

e Track is otherwise class 5 or better

8.5.2. Yaw and Sway Instrumentation and Test Conduct

Axles 1-6 will be equipped with IWSs as shown in Figure 17. Dynamic modeling predictions show
that the last truck in the car has truck side L/V ratios that are slightly higher than other locations.
Because of this the test shall be conducted with the A end leading (IWS-equipped span bolster
trailing). The wheel forces shall be measured continuously through the test zone. Time histories of
the worst-case results that exceed criteria shall be submitted with the report.

Table 22 shows suggested runs for the yaw and sway test. Runs are performed starting at 30
mph and increasing in 5 mph increments until 70 mph is reached. If performance is close to the
limits smaller speed increments may be used to assure safety and closely identify the critical speed.
If deemed safe by the TTCI test team, a 75-mph run will be performed.

Table 22. Loaded Yaw and Sway Test Runs
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Filename Speed Comments
30
35
40
45
50
55
60
65

70
75 If deemed safe by the TTCI test team

8.6. Dynamic Curving (S-2043, Paragraph 5.5.10)

The dynamic curving tests must follow the requirements of M-1001 paragraph 11.8.5, with the
exception of limiting criteria. The dynamic curving test is designed to determine the ability of the
car to negotiate curved track with simultaneous cross level and gage (vertical and lateral)
misalignments. The dynamic curving test is conducted on the 10-degree bypass curve of the WRM
track. Figure 20 provides a description of the Dynamic Curve Test location.

< 195' >
High Rail Laterals MM

High Rail Verticals

P < 234' >

Low Rail Verticals |

—_— 39! o—

< 195' >

Figure 20. Dynamic Curving Test Zone
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S-2043 requires that dynamic curving tests be performed for any likely intermediate load
condition. The dynamic modeling prediction report® shows in Tables 6, 7, and 8 that the different
cask loads have very consistent dynamic curve performance. The exception is that the HI-STAR
190XL (Maximum Condition Test Load) performs significantly worse than the other cases. Because
of this, TTCI plans to test only the Maximum condition test load to represent the worst-case
performance and the Minimum condition test load to represent the typical performance.

8.6.1. Dynamic Curving Test Procedure and Test Conditions

Dynamic curve tests shall be conducted given the following conditions:

¢ Minimum Condition and Maximum Condition Test Loads

e Test car between two stable buffers (one can be the instrumentation car)
e Minimum coefficient of friction is 0.4

e AAR 1B wheel profiles

e Rail must not have more than 0.25 in. of gauge wear nor have plastic flow on the gauge side
greater than 0.25 in.

e Curvature is between 10° and 15° with a balance speed between 15 and 25 mph.

e Starting test speed is —3 in. under-balance with (but not limited to) 2 mph increments and a
maximum of +3 in. over-balance. The resonance point may be approached from a higher
speed.

e Five staggered perturbations of 39-ft wavelength and 0.5-in. cross-level (see Figure 20)

¢ Five alignment cusps having the maximum gauge of 57.5 in. coincident with low points of
the outside rail and the 56.5 in. gauge points associated with the inner rail low points (see
Figure 20)

e [tis recommended that a guard rail be used to prevent unpredicted derailment; however, it
must not be in contact with the wheel during normal test running.

8.6.2. Dynamic Curving Instrumentation and Test Conduct

Axles 1-6 will be equipped with IWS as shown in Figure 17. Testing is required with both B and A
ends leading (IWS-equipped span bolster leading and trailing). The carbody roll angle shall also be
measured at one end of the lead unit. The lateral and vertical wheel forces and the roll angle shall be
measured continuously through the test zone. Time histories of the worst-case results that exceed
criteria, along with a count of the number of occurrences (as applicable) shall be submitted with the
report.

Table 23 shows required runs for the dynamic curving test for each load and leading end
condition. Tests are done CW and CCW.
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Table 23. Dynamic Curving Test Runs

Filename Speed Direction Comments
10 Cw
12 CW
14 CW
16 Ccw
18 Cw
20 Cw
22 CW
24 CW
26 Cw
28 Cw
30 CW
32 CW
10 CCw
12 CCw
14 CCw
16 CCwW
18 CCw
20 CCw
22 CCw
24 CCwW
26 CCwW
28 CCw
30 CCw
32 CCw

8.7. Pitch and Bounce (S-2043, Paragraph 5.5.11)

The pitch and bounce tests must follow the requirements of M-1001 paragraph 11.8.3, with the
exception of limiting criteria. The pitch and bounce test is designed to determine the dynamic pitch
and bounce response of the car as it is excited by inputs from the track. The pitch and bounce test is
conducted on the PTT track, stations 1710 and 1715. Figure 21 provides a description of the Pitch
and Bounce test zone.
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PITCH AND BOUNCE
Parallel Jointed Track
PTT Track

Fa-inch

,I\ —
38-feet

400 feet Tangent Track

Figure 21. Pitch and Bounce Test Zone

8.7.1. Pitch and Bounce Test Procedure and Test Conditions

Pitch and bounce tests shall be conducted given the following conditions:

e Maximum Condition Test Load

e Test car has a stable buffer car at each end with a minimum 45-ft truck center (one can be
the instrumentation car)

e AAR 1B wheel profiles

¢ Rail must not have more than 0.25 in. of gauge wear nor have plastic flow on the gauge side
greater than 0.25 in.

e Starting test speed is well below predicted resonance and increases in 5 mph increments (or
less) until resonance, an unsafe condition, or 75 mph is reached. It is acceptable to approach
a resonant condition from a higher speed.

e Tangent track

e Ten parallel perturbations of 39-ft wavelength and maximum 0.75-in. vertical amplitude (see
Figure 21Figure 21)

e Otherwise class 5 or better track

8.7.2. Pitch and Bounce Instrumentation and Test Conduct

Axles 1-6 will be equipped with IWSs as shown in Figure 17. The test shall be conducted with the
B end leading (IWS-equipped span bolster leading). The vertical wheel forces shall be measured
continuously through the test zone. Time histories of the worst-case results that exceed criteria shall
be submitted with the report.
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Table 24 shows suggested runs for the pitch and bounce test. Runs are performed starting at 30
mph and increasing in 5 mph increments until 70 mph is reached. A 75-mph run will be performed
if deemed safe by the TTCI test team. If performance is close to the limits smaller speed increments
should be used to assure safety and closely identify the critical speed.

Table 24. Pitch and Bounce Test Runs

Filename Speed Comments
30
35
40
45
50
55
60
65

70
75 If deemed safe by the TTCI test team

8.8. Pitch and Bounce Special (S-2043, Paragraph 5.5.12)

S-2043 requires that a special section of track with % inch bumps at a wavelength equal to the truck
center spacing be built for the car being tested. For railcars with span bolster suspensions the truck
center spacing wavelength should be taken as the spacing of the span bolster center pivots on the
railcar body. This distance is 38-feet for the Atlas Cask car.

TTCI proposes to not build a special section of track because it would be very similar to the
standard pitch and bounce section built with 39-foot wavelength.

The dynamic analysis report® shows in Tables 11 and 12 and Figures 18 and 19 that the
predicted performance of the car on 38-foot wavelength inputs is very similar to performance of the
car on 39-foot wavelength inputs.

8.9. Single Bump Test (S-2043, Paragraph 5.5.13)

This test is intended to represent a grade crossing. Tests will be performed over a 1.0-in. bump on
tangent track. The single bump will be a flat-topped ramp with the initial elevation change over 7
ft., a steady elevation over 20 ft., ramping back down over 7 ft. Track geometry for the single bump
test must be maintained to the following tolerances:

e +1/8-inch amplitude for the bump
e +1/8-inch cross level

e =+1/4-inch gage

B-50



The test zone will be installed on the transit test track at T-15 using rail bent specifically for this
purpose.

Table 25 shows suggested runs for the single bump test. Runs are performed starting at 40 mph
and increasing in 5 mph increments until 70 mph is reached. A 75-mph run will be performed if
deemed safe by the TTCI test team. If performance is close to the limits smaller speed increments
should be used to assure safety and closely identify the critical speed. This test will be performed
for both Minimum and Maximum Test Load conditions.

Table 25. Single Bump Test Runs

Filename Speed Comments
40
45
50
55
60
65

70
75 If deemed safe by the TTCI test team

8.10. Curve Entry/Exit (S-2043, Paragraph 5.5.14)
8.10.1. Limiting Spiral Negotiation

The spiral negotiation tests must conform to the requirements of M-1001 paragraph 11.7.4, with the
exception of limiting criteria. Spiral negotiation, or curve entry and curve exit, tests will be
performed in conjunction with the dynamic curving tests. A spiral is the transition from a tangent
track to a curve that includes constant rates of change in cross level and curvature with distance.
The limiting spiral consists of a steady curvature change from 0 degree to 10 degrees and a steady
super elevation change of 4 3/8 inches in 89 feet. The purpose of the exaggerated limiting spiral is
to twist the trucks and the carbody.

The limiting spiral test zone is located at the beginning of the 10-degree bypass curve of the
Wheel/Rail Mechanisms (WRM) track (see Figure 22) during clockwise operation. Tests are done
at the same time as the dynamic curving test and in both the clockwise and counter-clockwise
directions, with both B and A ends leading (IWS-equipped span bolster leading and trailing). Curve
entry and exit performance will also be examined for the 7.5-, 12-, and 10-degree curves (see Figure
22).

8.10.2. Spiral Negotiation Test Procedure and Test Conditions

This test will be carried out concurrently with the curving tests conducted on the WRM track.
Curving tests will be performed under the following conditions:
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Speed corresponding to 3 in. of cant (superelevation) deficiency, balance speed, and speed
corresponding to 3 in. of cant (superelevation) excess (-3 in., 0 in., and +3 in.)

Testing in both Minimum and Maximum Test Load conditions

Use of a leading and trailing buffer car (one of which can be the instrumentation car)
Test in both directions (turning consist)

Minimum coefficient of friction is 0.4

AAR 1B wheel profiles

Rail must not have more than 0.25 in. of gauge wear nor have plastic flow on the gauge side
greater than 0.25 in.

Minimum curvature is 7° with a balance speed of 20 to 30 mph
Class 5 track or better

Spiral geometry shall have a super elevation rate of 3 inches in 62 feet and a minimum
length of 89 ft.

8.10.3. Spiral Negotiation Instrumentation and Test Conduct

Axles 1-6 will be equipped with IWS as shown in Figure 17. Testing is required with both B and A
ends leading (IWS-equipped span bolster leading and trailing). The lateral and vertical forces and
their ratio, L/V, shall be measured continuously through qualified spirals in both directions, and
their maxima and minima computed. Time histories of the worst-case results that exceed criteria
shall be submitted with the report.

Table 26 shows required runs for the limiting spiral test. Test speeds correspond to 3-inches
under balance, balance, and 3-inches over balance. Tests are done in both the CW and CCW
directions. Two runs will be done at each speed.

Table 26. Limiting Spiral Test Runs

Filename Speed Direction Comments
12 Cw
12 CW
24 CW
24 Cw
32 Cw
32 CW
12 CCwW
12 CCw
24 CCw
24 CCw
32 CCw
32 CCw
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8.11. Curving with Single Rail Perturbation (S-2043, Paragraph 5.5.15)

This test is intended to represent a low or high joint in a yard or a poorly maintained lead track. Two
test scenarios will be run, one with a 2-inch outside rail dip and the other with a 2-inch inside rail
bump. Both tests will be conducted on the URB north wye track, a 12-degree curve with less than
1/2-inch nominal superelevation. The inside rail bump shall be a flat-topped ramp with an elevation
change over 6-ft, a steady elevation over 12 ft., ramping back down over 6 ft. The outside rail dip
shall be the reverse. Two rails have been bent for these perturbations. The two perturbations will be
installed in the URB north wye curve about 250 feet apart. Track geometry for the single bump test
must be maintained to the following tolerances:

e +1/8-inch amplitude for the bump

e +1/8-inch crosslevel

e +1/4-inch gage
Table 27 shows required runs for the curving with single rail perturbation test. Tests will be
performed in 2-mph increments for 4 mph to 14 mph in both the Minimum and Maximum Test

Load conditions. Test runs will be performed traveling south on the Transit test track through the
diverging route of the turnout onto the north wye track with B-end of the car leading.

Table 27. Curving with Single Rail Perturbation Test Runs

Filename Speed Comments

8.12. Standard Chapter 11 Constant Curving (S-2043, Paragraph 5.5.16)

The constant curving tests must follow the requirements of M-1001 paragraph 11.7.3, with the
exception of limiting criteria. Constant curving tests were designed to determine the car’s ability to
negotiate well-maintained track curves. This test is intended to verify that a car will not experience
wheel climb or impart large lateral forces to the rails during curving. Per Table 18, maximum wheel
L/V ratio shall not exceed 0.8 for more than 50 ms. and the 95" percentile wheel L/V shall not
exceed 0.6.

The train will be operated in the Minimum and Maximum Test Load condition on the 7.5-, 10-,
and 12-degree curves of WRM track at speeds corresponding to three inches under balance,
balance, and three inches over balance (12, 24, and 32 mph). Tests will be run in both clockwise
and counterclockwise directions. Wheel L/V ratios will be monitored to ensure safe test operation.
Figure 22 provides a description of the curving test zone.
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Figure 22. Curving Test Zone

8.12.1. Curving Test Procedure and Test Conditions

Curving tests will be performed under the following conditions:
e Speed corresponding to 3 in. of cant (superelevation) deficiency, balance speed, and speed
corresponding to 3 in. of cant (superelevation) excess (-3 in., 0 in., and +3 in.)
e Testing in both Minimum and Maximum Test Load conditions
e Use of a leading and trailing buffer car (one of which can be the instrumentation car)
e Test in both directions (turning consist)
¢ Minimum coefficient of friction is 0.4
¢ AAR 1B wheel profiles

¢ Rail must not have more than 0.25 in. of gauge wear nor have plastic flow on the gauge side
greater than 0.25 in.

e Minimum curvature is 7° with a balance speed of 20 to 30 mph
e C(lass 5 track or better
e Curve length must be a minimum of 500 ft.

8.12.2. Curving Instrumentation and Test Conduct

Axles 1-6 will be equipped with IWS as shown in Figure 17. Testing is required with both B and A
ends leading (IWS-equipped span bolster leading and trailing). The lateral and vertical forces and
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their ratio, L/V, shall be measured for the length of the body of the curve. A time history of the
worst-case results that exceed criteria must be submitted in the report.

Table 28 shows required runs for the steady state curving test for each load and leading end
condition. Test speeds correspond to 3-inches under balance, balance, and 3-inches over balance.
Tests are done CW and CCW. Repeat each run at least once.

Table 28. Standard Chapter 11 Constant Curving Test Runs

Filename Speed Direction Comments
(mph)

3 in. underbalance speeds for 7.5-, 12-, and 10-degree

12-15-12 | CW curves on WRM loop, respectively.
3 in. underbalance speeds for 7.5-, 12-, and 10-degree
12-15-12 | CW curves on WRM loop, respectively.
24 CcW Approximate balance speed
for all curves
o4 cW Approximate balance speed
for all curves
32 CcW Approximate 3 in. overbalance
speed for all curves
32 cW Approximate 3 in. overbalance

speed for all curves

3 in. underbalance speeds for 7.5-, 12-, and 10-degree

12-15-12 | CCW curves on WRM loop, respectively.

3 in. underbalance speeds for 7.5-, 12-, and 10-degree

12-15-12 | CCW curves on WRM loop, respectively.

Approximate balance speed

24 CcCw
for all curves

o4 CCW Approximate balance speed
for all curves

32 ccw Approximate 3 in. overbalance
speed for all curves

32 CCW Approximate 3 in. overbalance

speed for all curves
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8.13. Special Trackwork (S-2043, Paragraph 5.5.17)

The railcar will be run through various switches, turnouts, and crossovers while measuring
wheel/rail forces. The railcar must be run through an AREMA straight point turnout with a number
8 or tighter frog angle. The test will be performed in both directions, at speeds from walking speed
to the switch speed limit. Similar tests must be performed through a crossover with number 10 or
tighter turnouts on 15-ft or narrower track centers.

The railcar will be tested with the Minimum and Maximum Condition Test Load.

Switch number 704 between the Transit Test Track and the North URB Wye will be used for the
turnout tests. Crossover number 212 between the Impact Track and the FAST Wye will be used for
CTOSSOVEr tests.

During the walking speed tests, the railcar will be monitored visually to note any binding or
interference between the trucks and carbody.

Axles 1-6 will be equipped with IWS as shown in Figure 17. Testing is required with both B and
A ends leading (IWS-equipped span bolster leading and trailing). The lateral and vertical forces and
their ratio, L/V, shall be measured for the length of the body of the curve. A time history of the
worst-case results that exceed criteria must be submitted in the report.

Table 29 shows required runs for the special trackwork turnout test. Test speeds are from
walking speed to the turnout speed limit. Tests are done in both directions (switch point leading and
trailing) along the diverging route and with B- and A-end leading.

Table 29. Special Trackwork Turnout Test

Filename Speed Direction Comments
Walking | Facing Point Check Clearances
4 Facing Point
6 Facing Point
8 Facing Point
10 Facing Point
12 Facing Point
14 Facing Point
15 Facing Point
Walking | Trailing Point Check Clearances
4 Trailing Point
6 Trailing Point
8 Trailing Point
10 Trailing Point
12 Trailing Point
14 Trailing Point
15 Trailing Point
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Table 30 shows required runs for the special trackwork crossover test. Test speeds are from
walking speed to the crossover speed limit. Tests are done in both directions and with B- and A-end
leading.

Table 30. Special Trackwork Crossover Test

Filename Speed Direction Comments
Walking | Impact-Fast Wye Check Clearances
5 Impact-Fast Wye
10 Impact-Fast Wye
15 Impact-Fast Wye
20 Impact-Fast Wye
Walking | Fast Wye-Impact Check Clearances
5 Fast Wye-Impact
10 Fast Wye-Impact
15 Fast Wye-Impact
20 Fast Wye-Impact

9. TEST SCHEDULE

Figure 23 provides a preliminary test schedule. Detailed scheduling will be based on resource and
facility availability. TTCI is evaluating the potential for accelerating the schedule based on
anticipated arrival of the railcar in February 2018.
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S| gl &
Single Car Testing Start | Finish | o | & | &Y
& & &

Buffer Car Tests

Instrumentation Preparation Apr-19 | Apr-19

Characterization Tests May-19 | Jul-19

Static Tests Jul-19 Jul-19

Structural Tests Aug-19 | Aug-19

Dynamic Tests Aug-19 | Sep-19

Contingency Oct-19 | Jan-20
Cask Car Tests

Instrumentation Preparation Apr-19 | Apr-19

Characterization Tests May-19 | Jul-19

Static Tests Aug-19 | Sep-19

Structural Tests Sep-19 | Sep-19

Dynamic Tests Oct-19 | Dec-19

Contingency Jan-20 | Feb-20
Reporting / Coordination with EEC

Data Analysis and Reporting Feb-20 | Aug-20

Coordination with EEC Apr-20 | Oct-20

Approval for Multi-Car Test Oct-20

Figure 23. Preliminary Test Schedule
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APPENDIX A — TEST TRACK DETAILS
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1. INTRODUCTION

Testing is planned on various test tracks at the Transportation Technology Center including the
Railroad Test Track (RTT), the Wheel Rail Mechanisms (WRM) Loop, the Precision Test Track
(PTT), the URB Wye, the Tight Turn Loop (TTL or Screech Loop), and a crossover between the
Impact Track and FAST Wye. Figure A1 shows locations of the various tracks. Sections A2.0 to
A6.0 describe the tracks planned to be used for the Atlas and Buffer car testing.
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Figure A1 - Test Tracks at TTC
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2. RAILROAD TEST TRACK (RTT)

The 13.5-mile Railroad Test Track (RTT) will be used for High Speed Stability (Hunting) testing of
the Atlas and buffer cars. The RTT alignment is designed to test passenger vehicles with tilt
technology at a maximum running speed of 165 mph. Maximum speed for non-tilting vehicles is
typically 124 mph. Freight vehicle testing is limited to 80 mph operating speed, unless qualified for
higher speeds.

3. WHEEL / RAIL MECHANISMS (WRM) LOOP

The Wheel / Rail Mechanisms (WRM) Loop incorporates curve variations constructed to meet the
curved track test requirements of AAR Specification M-1001, Chapter 11. These variations are also
applicable to S-2043 testing and will be used for several tests of the Atlas and buffer cars. The
WRM is maintained as a non-lubricated track for test purposes. Strain gages have been installed in
some of the curves for measuring Wheel/Rail interaction forces. Figure A2 shows details of track in
a siding on the inside of the 10-degree curve that is the location of dynamic curve track
perturbations.

.......

Vg SN BV

Figure A2. Adjustable Tie Plates and Perturbations on the WRM

4. PRECISION TEST TRACK (PTT)

The Precision Test Track (PTT) is a 7.4-mile track section that is used to test for vehicle dynamic
response under perturbed track conditions. Three perturbed track test sections have been installed:

e Twist and roll test section in the north tangent section (PTT Stations 1644+10 to 1651+70).
Due to the location of these perturbations, and the limited acceleration capability of TTC
locomotives, the maximum test speed through this test section is typically about 70 mph,
although preparations are being made to achieve 75 mph for this test program.

e Pitch and bounce test section in the south end of the same tangent section (PTT Stations
1710 to 1715).
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e Yaw and Sway test section on the south end of the PTT (PTT Approx. Stations 1921 to
1927)

The perturbation sections for twist and roll, and pitch and bounce have been re-built using new
ties and adjustable alignment plates with elastic fasteners, screw spikes, and steel shim plates. The
adjustable tie plate system is the same that is in place on the WRM Loop.

5. TIGHT TURN LOOP

The Tight Turn Loop (TTL), also called the screech loop, will be used for the Horizontal Curve
Negotiation test. It is located at the lower end of the south east tangent section of the Transit Test
Track. The TTL layout is as shown on Figure A3. It consists of a 150' radius loop (38.9-degree
curve) constructed as a ballasted track with 119-pound continuous welded rail on wood ties. The
loop is connected with a short spur track having a 17-% degree curve. The main purpose of the TTL
is to provide a facility for the detailed investigation of wheel noise, truck curving behavior, and rail
vehicle stability under extreme curvature conditions.
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Figure A3 - Tight Turn Loop Layout

6. OTHER LOCATIONS
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Testing is also planned on the North URB Wye, which connects the Urban Rail Building access
track to the TTT, and on the crossover between the Impact Track and the FAST Wye. See Figure
for these locations.
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APPENDIX B — STRAIN GAUGE LOCATIONS
FOR STRUCTURAL TESTS
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Figure B1 provides location details. Table B1 describes the strain gauge channels for structural
testing.
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Figure B1. Strain Gauge/Thermocouple Locations
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Table B1a. Strain Gauge and Thermocouple Channels (1 of 8)

Figure
B1 Ref

Channel
Name

Approximate Locations (confirm
based on latest version of Kasgro
Drawing 1155-45)°

Yield Strain
at gauge
location

(ustr)

Modulus of
Elasticity at
Gauge
Location
(106 ksi)

Units

Expected
Range

SGBF1

Front of bottom flange of front
body bolster near center sill --
RH side

2069

29

pstr

+2500

SGBF2

Front of bottom flange of front
body bolster near center sill --
LH side

2069

29

pstr

+2500

SGBF3

Rear of bottom flange of front
body bolster near center sill --
RH side

2069

29

pstr

+2500

SGBF4

Rear of bottom flange of front
body bolster near center sill --
LH side

2069

29

pstr

+2500

SGBF5

Front of bottom flange of #4
cross bearer, RH side between
center sill and side sill, near
side sill

2069

29

pstr

+2500

SGBF6

Front of bottom flange of #4
cross bearer, RH side between
center sill and side sill, near
center sill

2069

29

pstr

+2500

SGBF7

RH side of bottom flange of
center sill - aft of front body
bolster - aligns with center sill
web and end stop mount block
pin hole

2069

29

pstr

+2500

SGBF8

LH side of bottom flange of
center sill - aft of front body
bolster - aligns with center sill
web and end stop mount block
pin hole

2069

29

pstr

+2500
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Table B1b. Strain Gauge and Thermocouple Channels (2 of 8)

Figure
B1 Ref

Channel
Name

Approximate Locations (confirm
based on latest version of Kasgro
Drawing 1155-45)°

Yield
Strain at
gauge
location
(pstr)

Modulus
of
Elasticity
at Gauge
Location
(10°© ksi)

Units

Expected
Range

SGBF9

Front of bottom flange of #4
cross bearer, LH side between
center sill and side sill, near
center sill

2069

29

pstr

+2500

10

SGBF10

Front of bottom flange of #4
cross bearer, LH side between
center sill and side sill, near
side sill

2069

29

pstr

+2500

11

SGBF11

Rear of bottom flange of #4
cross bearer, RH side between
center sill and side sill, near
side sill

2069

29

pstr

+2500

12

SGBF12

Rear of bottom flange of #4
cross bearer, RH side between
center sill and side sill, near
center sill

2069

29

pstr

+2500

13

SGBF13

Rear of bottom flange of #4
cross bearer, LH side between
center sill and side sill, near
center sill

2069

29

pstr

+2500

14

SGBF14

Rear of bottom flange of #4
cross bearer, LH side between
center sill and side sill, near
side sill

2069

29

pstr

+2500

15

SGBF15

Center of RH side sill bottom
flange, approximately 2 in
forward of #3 cross bearer

2069

29

pstr

+2500

16

SGBF16

Center sill bottom flange,
aligned with RH center sill web,
approximately 2" forward of #3
Cross Bearer

2069

29

pstr

+2500
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Table B1c. Strain Gauge and Thermocouple Channels (3 of 8)

Modulus
Approximate Locations . . of
Figure Channel (cgr‘:firm based on latest VBl Stram_ i Elasticity . Expected
B1 Ref Name version of Kasgro Drawing ganesliceaien at Gauge <Lt Range
1155-45)° (str) Location
(106 ksi)
Center sill bottom flange,
aligned with LH center sill
17 SGBF17 | web, approximately 2" 2069 29 pstr 12500
forward of #3 Cross
Bearer
Center of LH side sill
18 sGBF1g | pottom flange, 2069 29 ustr | £2500

approximately 2 in forward
of #3 cross bearer

Center of RH side sill
19 SGBF19 | bottom flange, at 2069 29 pstr +2500
longitudinal center of car

Center sill bottom flange,
aligned with RH center sill
web, at longitudinal center
of car

20 SGBF20 2069 29 pstr +2500

Center sill bottom flange,
aligned with LH center sill
web, at longitudinal center
of car

21 SGBF21 2069 29 pstr +2500

Center of LH side sill
22 SGBF22 | bottom flange, at 2069 29 pstr +2500
longitudinal center of car

Center of RH side sill
bottom flange, approx. 2
inches aft of #2 cross
bearer

23 SGBF23 2069 29 pstr +2500

Center sill bottom flange,
aligned with RH center sill
web, approx. 2" aft of #2
Cross Bearer

24 SGBF24 2069 29 pstr +2500
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Table B1d. Strain Gauge and Thermocouple Channels (4 of 8)

Figure
B1 Ref

Channel
Name

Approximate Locations
(confirm based on latest
version of Kasgro Drawing
1155-45)°

Yield Strain at
gauge location

(ustr)

Modulus
of
Elasticity
at Gauge
Location
(10© ksi)

Units

Expected
Range

25

SGBF25

Center sill bottom flange,
aligned with LH center sill
web, approx. 2 inches aft
of #2 Cross Bearer

2069

29

pstr

+2500

26

SGBF26

Center of LH side sill
bottom flange, approx. 2
inches aft of #2 cross
bearer

2069

29

pstr

+2500

27

SGBF27

Front of bottom flange of
#1 cross bearer, RH side
between center sill and
side sill, near side sill

2069

29

pstr

+2500

28

SGBF28

Front of bottom flange of
#1 cross bearer, RH side
between center sill and
side sill, near center sill

2069

29

pstr

+2500

29

SGBF29

Front of bottom flange of
#1 cross bearer, LH side
between center sill and
side sill, near center sill

2069

29

pstr

+2500

30

SGBF30

Front of bottom flange of
#1 cross bearer, LH side
between center sill and
side sill, near side sill

2069

29

pstr

+2500

31

SGBF31

Rear of bottom flange of
#1 cross bearer, RH side
between center sill and
side sill, near side sill

2069

29

pstr

+2500

32

SGBF32

Rear of bottom flange of
#1 cross bearer, RH side
between center sill and
side sill, near center sill

2069

29

ustr

+2500
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Table B1e. Strain Gauge and Thermocouple Channels (5 of 8)

Modulus

Approximate Locations . . of

Figure Channel (confirm based on latest P Stram_ i Elasticity . Expected
. ) gauge location Units

B1 Ref Name version of Kasgro Drawing (Hstr) at Gauge Range

1155-45)° H Location

(10© ksi)

Rear of bottom flange of
#1 cross bearer, LH side
between center sill and
side sill, near center sill

33 SGBF33 2069 29 pstr +2500

Rear of bottom flange of
#1 cross bearer, LH side
between center sill and
side sill, near side sill

34 SGBF34 2069 29 pstr +2500

RH side of bottom flange
of center sill - forward of
rear body bolster - aligns
with center sill web and
end stop mount block pin
hole

35 SGBF35 2069 29 ustr +2500

LH side of bottom flange
of center sill - forward of
rear body bolster - aligns
with center sill web and
end stop mount block pin
hole

36 SGBF36 2069 29 pstr +2500

Front of bottom flange of
37 SGBF37 | front body bolster near 2069 29 pstr +2500
center sill -- RH side

Front of bottom flange of
38 SGBF38 | front body bolster near 2069 29 pstr 12500
center sill -- LH side

Rear of bottom flange of
39 SGBF39 | rear body bolster near 2069 29 Pstr 12500
center sill -- RH side

Rear of bottom flange of
40 SGBF40 | rear body bolster near 2069 29 ustr +2500
center sill -- LH side
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Table B1f. Strain Gauge and Thermocouple Channels (6 of 8)

Modulus
Approximate Locations . . of
Figure Channel (confirm based on latest il Sltram_ L Elasticity Uni Expected
B1 Ref Name version of Kasgro Drawing gauge location at Gauge all:5 Range
(ustr) -
1155-45)° Location
(10° ksi)
Top of deck plate, above
41 1SGDP4 LH side sill web, at 2069 29 ustr +2500
longitudinal center of car
Top of deck plate, above
42 gGDPA' LH center sill web, at 2069 29 pstr +2500
longitudinal center of car
Top of deck plate, above
43 gGDP“ RH center sill web, at 2069 29 ustr | £2500

longitudinal center of car

Top of deck plate, above
44 SPP4 | RH side sill web, at 2069 29 ustr | £2500
longitudinal center of car

Top of deck plate, above
SGDP4 | LH side sill web, approx. 2

45 5 inches aft of #2 cross 2069 29 bstr 2500
bearer
Top of deck plate, above
SGDP4 | LH center sill web,
46 6 approx. 2 inches aft of #2 2069 29 bstr 2500
cross bearer
Top of deck plate, above
SGDP4 | RH center sill web,
ar 7 approx. 2 inches aft of #2 2069 29 bstr 2500
cross bearer
Top of deck plate, above
SGDP4 | LH center sill web,
48 8 approx. 2 in aft of #2 2069 29 ustr +2500
cross bearer
Top of deck plate, above
49 SGDP4 | RH side sill web, approx. 2069 29 ustr +2500

9 2 inches forward of #3
cross bearer

B-73




Table B1g. Strain Gauge and Thermocouple Channels (7 of 8)

Figure
B1 Ref

Channel
Name

Approximate Locations
(confirm based on latest
version of Kasgro Drawing
1155-45)°

Yield Strain
at gauge
location

(ustr)

Modulus of
Elasticity at
Gauge
Location
(106 ksi)

Units

Expected
Range

50

SGDP50

Top of deck plate, above
LH center sill web, approx.
2 inches forward of #3
cross bearer

2069

29

ustr

+2500

51

SGDP51

Top of deck plate, above
RH center sill web, approx.
2 inches forward of #3
cross bearer

2069

29

ustr

+2500

52

SGDP52

Top of deck plate, above
LH center sill web, approx.
2 inches forward of #3
cross bearer

2069

29

ustr

+2500

53

SGBF53

Center of bottom flange of
cross bearer #3, centered
in open space between RH
side sill bottom flange and
center sill bottom flange

2069

29

ustr

+2500

54

SGBF54

Center of bottom flange of
cross bearer #3, centered

in open space between LH
side sill bottom flange and
center sill bottom flange

2069

29

ustr

+2500

55

SGBF55

Center of bottom flange of
cross bearer #2, centered

in open space between LH
side sill bottom flange and
center sill bottom flange

2069

29

ustr

+2500
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Table B1h. Strain Gauge and Thermocouple Channels (8 of 8)

Modulus
Approximate Locations . . of
Figure Channel (cng:firm based on latest il Stram_ L Elasticity . Expected
B1 Ref Name version of Kasgro Drawing ganesliceaien at Gauge (Dl Range
1155-45)° (= Location
(106 ksi)
Center of bottom flange of
cross bearer #2, centered
in open space between
56 SGBF56 RH side sill bottom flange 2069 29 ustr +2500
and center sill bottom
flange
Thermocouple on center
sill bottom flange,
centered in open space o -40 to
57 TC1 between front body n/a na F 150
bolster and cross bearer
#4
Thermocouple centered 40 to
58 TC2 laterally and longitudinally | n/a n/a °F 150
centered on top deck
Thermocouple on center
sill bottom flange, -40 to
59 TC3 centered in open space n/a n/a °F 150

between rear body bolster
and cross bearer #1
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Appendix C. Static Brake Force Testing Documentation

- Mo Prclanmga
Senior Enginor
TAEMSFOFTATION Prone: Ti0-584-0724

TECHMHOGY CENTER, INC. Emal: mall_degeomoilan.oom

August 20, 20120

Subjeci: Static Brake Force Test Observaiions Specificaion Testing
of TR0 020000, 020002, and 100X 010001 A-End and B-End

Mr. Jon Hannafiows

Senwor Manager - Equipment Engineering
Trarspostation Technology Cenber, Inc,
Puebla, OO B1001

Email : Jon_Hannafeousi@iaar. com

Drear Bir. Hanmaflous,

The static brake fores specafication teaiing of the buller cars {[D0X 020001 and D20002) and the
Atlas car ([DOX GL003 A-End and B-End) has been completed. Testing was perfiommeed at the
Kasgro Rail Corporatiaon facalily i Mew Castle, Pennsylvamia on December 4, 2018 (bufter cars)
amd February 12, 2019 {Atlas car) i comply with Specificaton 52043 ond 5-401,

| was present (kest wilness) tor the required Siatc Brake Foros Tests and can conclude that
applicable requirements of AAR Specification 3-401 have bom satisfectonly sddressed.

The details and results of this testing is documended in the sitached reponizs. Should you need any
sdditional information, please do nod hesitate to get in contact with me.

Rincerely,

Matt DeGeorge
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Atlas Cask Car Brake Testing Report for February 2019

Contract Number: 89243218CNE000004
Author: Matthew DeGeorge

Date: 02/27/2019

Document # RP-19-001

1. TEST OVERVIEW

1.1.  Single Car Air Brake Testing of the Buffer Cars
e Testing designed to comply with AAR Standard S-486 (08/2018 Revision)

e Testing repeated on buffer cars to include Cylinder Maintaining Leakage Test (3.5.1)

¢ Cylinder maintaining retainer test fixture created by Kasgro for testing

1.2. Single Car Air Brake Testing of the Cask Car
e Testing designed to comply with AAR Standard S-486 (08/2018 Revision)

e Cylinder maintaining retainer test fixture created by Kasgro for testing
e (ask car equipped with two braking systems that were tested separately

1.3. Brake Shoe Force Testing of the Cask Car
e Testing designed to comply with AAR Standard S-401 (01/2018 Revision)

e Cask car equipped with two braking systems that were tested separately
e Testing was performed on three trucks at a time using two force measurement systems
1.4. Test Observation and Documentation

e Observation of testing was documented on the attached checklists, which were developed by
the TTCI project team and reviewed by the TTCI Project Manager and Quality Specialist

1.5. Test Personnel
e Rick Ford (Kasgro Project Manager)
e Mark Zeigler (Kasgro)
e Mark Baker (Kasgro; performed single car air brake tests)
e Cory Wagner (Kasgro; performed brake shoe force test)
e Tom Sedarski (Amsted Rail; perform brake shoe force test)
e Keith McCabe (Amsted Rail; perform brake shoe force test)
e Mark Denton (Orano)
e Thong Le (Orano)
e Mike Yon (AAR observer)
e Matt DeGeorge (TTCI observer)
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1.6.

2.

Schedule
02/11/19

o 7:45am — 9:45am: single car air brake testing of buffer car IDOX 020002

o 10:30am — 11:45am: single car air brake testing of buffer car IDOX 020001

o 1:15pm — 3:15pm: single car air brake testing of cask car IDOX 010001 A-end
02/12/19

o 6:20 am — 9:00am: single car air brake testing of cask car IDOX 010001 B-end

o 10:00am — 12:00pm: brake shoe force testing of cask car IDOX 010001 A-end

o 1:00pm — 2:30pm: brake shoe force testing of cask car IDOX 010001 B-end
02/13/19

o Review of test results

o Pictures and measurements of buffer and cask cars

ISSUES / CONCERNS / COMMENTS

Daily test performed on Single Car Air Brake Test Device each day before testing

The piston travel on all cars was initially outside the acceptable range and was adjusted
during testing
o After the pistons were readjusted and several brake reductions were performed to
stabilize the system, piston travel in all cars met the criteria
The cask car has two braking systems and each test was performed on a single system with
the other system cut out
The hand brake portion of the brake shoe force testing was repeated on both sides of the
cask car due to an incorrect set force for the Group O hand brake and clearance issues with
the smart hook placement
o The smart hook was placed further back on the hand brake chain to avoid damaging
the device during the removal of slack in the chain when setting the hand brake to
the proper force
The brake cylinder leakage test was repeated on the cask car because the Single Car Air
Brake Test Device was providing over 90 psi to the brake pipe resulting in higher pressure
readings in the brake cylinder after reductions were performed
o After the device was adjusted the cask car met the criteria in 3.14 of S-486
An air restriction test was successfully completed on the entire cask car braking system

CONCLUSIONS

Cask car IDOX 010001, buffer car IDOX 020001 and buffer car IDOX 020002 met the
criteria put forth in the AAR Standard S-486

Cask car IDOX 010001 met the criteria put forth in the AAR Standard S-401
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4. DOCUMENTATION PHOTOGRAPHS

Pl =R

Figure C1. Atlas Cask Car Isometric View

" NO. 24 BRAKE BEAM 36" WHLS

Figure C2. Atlas Cask Car Side View
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====12 INCH CAUTION : CAR EGUIPPED WITH TWO HANDBRAKES .
APPLY / RELEASE AT BOTH ENDS |

REPLACE SHOEE
A1 WA

Figure C4. Cask Car B-End Brake System
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Figure C5. Cask Car Weight Information

s i

Figure C6. Cask Car Piston Setup Information
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Figure C7. Single Car Air Brake Test Device

CALIBRA
/]

Figure C8. Single Car Air Brake Test Device Calibration Information
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0AUT|0N CAR EQUIPPED WITH TWO HANDBRAKES '3

3/8 ADJ. B

Figure C10. Brake Cylinder Pressure Gauge Calibration Information
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Figure C11. Cylinder Maintaining Retainer Test Fixture

Figure C12. Example Brake Shoe Force Test Sensor Setup



Figure C14. Three Truck Brake Shoe Force Test Setup
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A-End
System 2:
Jim Shoe I
LD LMT 485000
LT WT 225700

System 2:
Jim Shoe I

E e

I .

@ B-End

Figure C15. Cask Car Instrumentation Setup Diagram (A-End performed first)
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S E" Y ¢ 3 = _— ¥. - : s

Figure C17. Jim Shoe Il Calibration Information
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Figure C18. Pro Shoe Brake Force Measurement System

I S Technalogy Solutions

5410 W. ROOSEVELT ROAD, #209
CHICAGO., IL 60644 USA
PHONE | FAX:(855) £20-5200

Figure C19. Pro Shoe Calibration Information



Figure C20. Smart Hook Force Measurement Device



Figure C21. Smart Hook Calibration Information

C-15



Figure C23. Air Restriction Test Device



e o |

Figure C24. Air Restriction Test Device Calibration Information
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5. COMPLETED TEST CHECKLIST

r\.?z{—BMﬂ Single Car Air Brake Test - Atlas Buffer Car [M@)g bo ireluke.
St CA fedure des}

Observer Name: MﬂH’ Df(){%ﬁf Inspection Dajff OZ// //4

Car and Component Identification

/
Car Number: ]@X QEJH;E Brake Pipe Length: 45

Service Portion Type: /D%) "} D Emergency Portion Type: ,,DP)‘ZD

Type of Single Car Testing Device: __Automated |  (Manual / |

Date of Calibration (within 92 days): [ I ./70//%

Empty/Load Device @ N (Al test procedures must be performed in loaded
condition)

Daily Test for Testing the Single Car Testing Device Ll{‘-Tlr\ ?lﬁl’f/ﬁ\ @ % 00 By

Test 2.3.1: Brake pipe pressure reads 90 PSI {black needle) [ Q’) [ N |
Test 2.3.2: Brake cylinder pressure gauge reads between 77 and 83 PSI L& [ N |
Test 2.3.3: Leakage is less than 1 PSl over a 1 minute timeframe I é’) | _N_]
Test 2.3.4: Up to a 1-inch bubble appears in no less than 5 seconds [ & | N |
Test 2.3.5: Flowrator ball rises & floats in zone b/t condemning line and @ I N ‘
top of tube

Test 2.3.6: Leakages do not exceed a 1-inch bubble in 5 seconds | (@_TT‘
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Single Car Air Brake Test
Initial Car Connection

Test 3.2.2.1: Continuous flow of air through pipe [ ((\a T
Brake Pipe Leakage Test
Test 3.3.1: Top of ball stabilizes below the condemning line [ (¥) |

Continuous Quick Service Valve (If Equipped) /UD

Test 3.4.1.1: Vent valve does not function and BPP does not reduce Y
to O PSI
Test 3.4.1.2: Intermittent exhaust at quick-service valve is observed Py NF

A-1 Reduction Relay Valve {If Equipped) A}O

B-1 quick service function is nullified Y

Separate Vent Valve Test (If Equipped) yt’f;

Test 3.4.3.1: Vent valve does not function and BPP does not reduce @ -
to 0O PSI
Test 3.4.3.2: Vent valve functions and immediately vents 8PP to O PSI [ & |

System Leakage Test

Test 3.5.1: No venting of air from retaining valve and BC piston in release @
position

Test 3.5.2: No leakage ] {'!)
Test 3.5.3: Top of the ball stabilizes below the condemning line | (]’) I




Cylinder Maintaining Leakage Test (If Equipped) %3{9 ‘fes‘-m% d&\ﬁﬂl Cffﬂjﬁ& b)/ kaggfo

Test 3.5.1.1: Brakes apply ’81 the kﬁ\' ? :’j | N |

Test 3.5.1.2: Brake cylinder pressure is above 17 PSt L& | N ]
Test 3.5.1.3: No leakage L ) | N |
Test 3.5.1.4: Brake cylinder pressure fluctuates by no more than 1 PSI in | N |

=g

BCP initial: >< Z‘/f)fi BCP final: X ?{ﬁ f‘*"-*”d;'%dé [,gmﬁff,,_}
Hand Brake Inspection (C’)WLL{) W, Ellean rVaHamﬂ %MD)

Test 3.6.1: Hand brake in released position; BC piston push rod returned @‘. N
into BC =

Test 3.6.2: Bell crank in normal working range (if equipped) | v [ w
Test 3.6.3: All brake shoes applied by hand brake are set firmly against ) N

wheels

=
z

Test 3.6.4: Drum chain unwound, bell crank dropped to lower limit,
minimal slack

Slack Adjuster Conditioning (with Blocks)

Conditioning performed | 0 | N

Service Stability Test

Test 3.8.2.1: Emergency application was not produced | #& | H |
Test 3.8.2.2: Brake pipe reduction and exhaust at emergency portion @ N
stopped -
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Piston Travel and Rigging and Brake Cylinder Pressure ?) A Z’J’Véb
WML

Test 3.9.1: Measure and note brake cylinder piston travel: ﬂm)\ 75/4‘

Test 3.9.2: Brake levers checked for angularity [ (;D | N |
Test 3.9.3: All shoes are applied and firmly set against wheels [ &) | ~ |
Test 3.9.4: Brake cylinder pressure is greater than 50 PSI N

Test 3.9.5: Note brake cylinder pressure after the BPP has stabilized: (péll)c_:(,
Emergency Test

Test 3.10.2.1: Control valve emergency application occurred (BBP to 0 PSI) [ ' '{?jm—lm N |

r -
Test 3.10.2.2: Brake cylinder pressure is at least 5 PSI greater than 3.9.5: TZ(QPE.JL

Release Test after Emergency

Test 3.11.1: No air exhausting occurred [ & | N |

Test 3.11.2: The brake pipe pressure continued to rise [ & [ ~N ]

Retaining Valve Test

Test 3.12.1: Brakes remained applied and BCPis >= 12 PSi: __ " gf‘:i‘)ﬁt

Test 3.12.2: Blow of air at retaining valve exhaust L ) [ N |

Minimum Application and Quick-Service Limiting Valve Test

Test 3.13.1: Brakes applied L v |

Test 3.13.2: Brake pipe reduction and exhaust at emergency portion (Y) N
stopped

Test 3.13.3; Brake pipe pressure must be >= 80 PS): P%4PSL
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Brake Cylinder Leakage Test

Wait 3 minutes after BPP stabilizes at 80 PSI ”
Test 3.14.1: Note the brake cylinder pressure (must be 12-30 PSI): __ " ﬂ:’?‘)t

Wait an additional 1 minute
Test 3.14.2: No more than a 1 PSI fluctuation in brake cylinder pressure | {2 | N ]

Test 3.14.3: Top of the flowrator ball is below the condemning line | E y | N
Slow-Release Test

Test 3.15.1: Brakes released within specified time: { q el

Slack Adjuster Conditioning {without Blocks)

Conditioning performed | d" | N

Accelerated Application Valve (AAV) Test

Test 3.17.1: Exhaust from emergency portion while brake pipereduces | ¥/ | N |
Test 3.17.2: No emergency application was produced r @ 1 N ]
Test 3.17.3: Brake pipe reduction stopped | _CY/\' ] N |

Recheck of Piston Travel (without Blocks, if Equipped with Automatic Slack Adjusters)

WAL

Test 3.18.1: Piston travel falls within +/- % inches of 3.9.1 and within nominal range: A s Zl’/ﬁ

Manual Release Valve Test

Test 3.19.1: Brake cylinder piston returned to release position and | Y/}_- N
remained there
Test 3.19.2: Brake cylinder piston remained in the release position during @ N
charging L

L“I
Test 3.19.3: Brakes applied Ly | N |
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IEmptw'l.oad Test

Test 3.20.1: Brakes applied [Ny [ Ju |

il it
4 u,n‘m,h;h Test 3.20.2: Brake cylinder pressure at least 17 PSI lower than 3.9.5:

(C*“P‘ﬁ Test 3.20.3: No leakage occurred [ /Y{ -l-\\—m__j

Disconnecting the Single-Car Test Device

Test 3.21.1: No leakage occurred LM | N |
St

Additional Comments: -
! Ul(: {‘Fﬂﬂ!& r)U Kﬁﬁﬂo P 5%%{9 Sl &'Dlﬁﬁ Lﬂhtt
. " hleqnte et Yest

~445um bl of Test
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e fDﬁOm Single Car Air Brake Test - Atlas Buffer Car (m’{’s% Jo m('uxe{v,
Start (M Jealvre Yoo}

DbserverName:_Mﬂ”’ /pe&mwe, inspection Date: OZ/’/M

sz.ei of :esz Personnﬁﬂwﬁi %ﬁz&&m;;&x Elf k fﬂf{ /HM L\ {t'.’ '%‘ﬂf}

Car and Component Identification

i s /
Car Number: TIOX 07000 Brake Pipe Length: QZ)
Service Portion Type: % "D Emergency Portion Type: fD PL'ZO
(-f—':L
Type of Single Car Testing Device: | Automated | Manuagl/ |

Date of Calibration (within 92 days): _1\/20//%

Empty/Load Device @ N | (All test procedures must be performed in loaded
| condition)

Daily Test for Testing the Single Car Testing Device ['mﬂ‘f ]‘E{l ﬂ" 6\'M+ zr(\ d ;\V in ?Mi% J»gs]'

Test 2.3.1: Brake pipe pressure reads 90 PSI (black needle) [ & | '~ ]

Test 2.3.2: Brake cylinder pressure gauge reads between 77 and 83 PSI [ ﬁh N ]

Test 2.3.3: Leakage is less than 1 PS5l over a 1 minute timeframe (:) N |

Test 2.3.4: Up to a 1-inch bubble appears in no less than 5 seconds L&) ] N |
Test 2.3.5: Flowrator ball rises & floats in zone b/t condemning line and @ N

top of tube

Test 2.3.6: Leakages do not exceed a 1-inch bubble in 5 seconds | ¥ | n
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Single Car Air Brake Test
Initial Car Connection

Test 3.2.2.1: Continuous flow of air through pipe [ /Y | N
Brake Pipe Leakage Test
Test 3.3.1: Top of ball stabilizes below the condemning line [ N

Continuous Quick Service Valve (If Equipped) /U 0

Test 3.4.1.1: Vent valve does not function and BPP does not reduce \
to O PSI

Test 3.4.1.2: Intermittent exhaust at quick-service valve is observed ] Y } ; N |
/
A-1 Reduction Relay Valve ({If Equipped) A]
Y

B-1 quick service function is nullified Y g J

=l

Separate Vent Valve Test {If Equipped) )/(‘)

Test 3.4.3.1: Vent valve does not function and BPP does not reduce @) N
to O PSI
Test 3.4.3.2: Vent valve functions and immediately vents BPP to O PSI [ (v N

System Leakage Test

Test 3.5.1: No venting of air from retaining valve and BC piston in release (V N
position ]

Test 3.5.2: No leakage [ & T ~ ]
Test 3.5.3: Top of the ball stabilizes below the condemning line LY/ N
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Cylinder Maintaining Leakage Test (If Equipped) )/65 l’ﬁr)’[’i}* di"'»b' e CLe4 l’f\: b}/ )</ ﬁﬂ 1)

Test 3.5.1.1: Brakes apply N

Test 3.5.1.2: Brake cylinder pressure is above 17 PSI | & | N ‘
Fa

Test 3.5.1.3: No leakage | & | N ]

Test 3.5.1.4: Brake cylinder pressure fluctuates by no more than 1 PSI [ & | N~ ]

BCP initial: < Zﬁ‘fi BCP final: 2< ?4?)’53: cemtined Consland
Hand Brake Inspection (,{17\?)._1_@ LL;E/}(‘M Afé‘ HM& 55’?‘?[))

Test 3.6.1: Hand brake in released position; BC piston push rod returned t @J ‘ N
into BC

Test 3.6.2: Bell crank in normal working range (if equipped) by N ]
Test 3.6.3: All brake shoes applied by hand brake are set firmly against {'\'f‘ N
wheels Y

Test 3.6.4: Drum chain unwound, bell crank dropped to lower limit, [ /‘F [ N ]
minimal slack | |

Slack Adjuster Conditioning {with Blocks)

Conditioning performed [ v | W

Service Stability Test

Test 3.8.2.1: Emergency application was not produced | @ | N

Test 3.8.2.2: Brake pipe reduction and exhaust at emergency partion I @} I N J
stopped L
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Piston Travel and Rigging and Brake Cylinder Pressure

e 274

Test 3.9.1: Measure and note brake cylinder piston travel: ,-"3 ;AA‘ Z’

Test 3.9.2: Brake levers checked for angularity | & N
Test 3.9.3: All shoes are applied and firmly set against wheels 1 ’f‘?) N ]
Test 3.9.4: Brake cylinder pressure is greater than 50 PSI [ C@'_ I_ N —I
Test 3.9.5: Note brake cylinder pressure after the BPP has stabilized: (03 ‘D“)L
Emergency Test
Test 3.10.2.1: Control valve emergency application occurred (BBP to 0 PSI) [ CY) N J
Test 3.10.2.2: Brake cylinder pressure is at feast 5 PSI| greater than 3.9.5: :iﬂ !}SL
Release Test after Emergency
Test 3.11.1: No air exhausting occurred L 2 N
Test 3.11.2: The brake pipe pressure continued to rise A N
Retaining Valve Test
Test 3,12.1: Brakes remained applied and BCP is >= 12 PSI; NZZPSL
Test 3.12.2: Blow of air at retaining valve exhaust ) N
Minimum Application and Quick-Service Limiting Valve Test
Test 3.13.1: Brakes applied ) N
Test 3.13.2: Brake pipe reduction and exhaust at emergency portion (Y) N
stopped

~ ao?pﬁt

Test 3.13.3: Brake pipe pressure must be >= 80 PSI:
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Brake Cylinder Leakage Test

Wait 3 minutes after BPP stabilizes at 80 PSI

Test 3.14.1: Note the brake cylinder pressure {(must be 12-30 PSl): ""Z(PPE'L

Wait an additional 1 minute
Test 3.14.2: No more than a 1 PSI fluctuation in brake cylinder pressure

Test 3.14.3: Top of the flowrator ball is below the condemning line
Slow-Release Test

Test 3.15.1: Brakes released within specified time: m ‘5tf1

Slack Adjuster Canditioning {without Blocks)
Conditioning performed

Accelerated Application Valve (AAV) Test
Test 3.17.1: Exhaust from emergency portion while brake pipe reduces
Test 3.17.2: No emergency application was produced

Test 3.17.3: Brake pipe reduction stopped

Recheck of Piston Travel (without Blocks, if Equipped with Automatic Slack Adjusters

2

Test 3.18.1: Piston travel falls within +/- ¥ inches of 3.9.1 and within nominal range:

Manual Release Valve Test

Test 3.19.1: Brake cylinder piston returned to release position and
remained there

Test 3.19.2: Brake cylinder piston remained in the release position during
charging

Test 3.19.3: Brakes applied
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W5
ol e
vy
lemq\\/\

Empty/Load Test
Test 3.20.1: Brakes applied

Test 3.20.2: Brake cylinder pressure at ieast 17 PSI lower than 3.9.5:

Test 3.20.3: No leakage occurred
Disconnecting the Single-Car Test Device

Test 3.21.1: No leakage occurred
Additional Cu_mments:

M penice AU —’\F
alaeVh and 5¢f

by g gor 5B sp |
- :

IR AT S,

g

VAT R
LN [ w
Al

o B bl of }ESJV
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/\,j EPM Single Car Air Brake Test - Atlas Cask Car

%’AJF
Observer Name: Ml‘l’“’ :Dr" [f Inspection Date: OZ/’ l//q

Names of Test Personnel Mkﬂ %)}ﬂ_ﬁ,ﬂﬁﬂ\\ k\l‘_}( [mb\\ f“fﬂ[}( 7*’:61'6{1

Car and Component Identification

Car Number: Mﬁﬂ_&n& Brake Pipe Length: 4‘%{1{’

Service Portion Type: /UP) = ’O Emergency Portion Type: /pﬁ)’ZC’
Type of Single Car Testing Device: | Automated | Manual/ |
e

Date of Calibration (within 92 days): H/Zo/ﬁ)

Empty/Load Device @ N | (All test procedures must be performed in foaded
condition)

Daily Test for Testing the Single Car Testing Device ?{161( rﬂtﬁﬂﬂf};@ bggmmﬁ? L:dJW Hﬁ

Test 2.3.1: Brake pipe pressure reads 90 PSI (black needle} ] (Y) N [

Test 2.3.2: Brake cylinder pressure gauge reads between 77and83PsI [ [ N |
£

Test 2.3.3: Leakage is less than 1 PSI over a 1 minute timeframe [ &M T N ]
-

Test 2.3.4: Up to a l-inch bubble appears in no less than 5 seconds ] v | N |
Vo

Test 2.3.5: Flowrator ball rises & floats in zone b/t condemning line and U;‘ N

top of tube
£

Test 2.3.6: Leakages do not exceed a 1-inch bubble in 5 seconds ['Iv T w~
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Single Car Air Brake Test
Initial Car Connection

Test 3.2.2.1: Continuous flow of air through pipe | [v) | wN
Brake Pipe Leakage Test

Test 3.3.1: Top of ball stabilizes below the condemning line [ (¥ | ~ |
Continuous Quick Service Valve (If Equipped) N 0 /

Test 3.4.1.1: Vent valve does not function and BPP does not reduce \Y y

to O PSI

Test 3.4.1.2: Intermittent exhaust at quick-service valve is observed ] Y\\ ]// N

A-1 Reduction Relay Valve (If Equipped) MO

B-1 quick service function is nullified [ /y [ \w ]
Separate Vent Valve Test (If Equipped) y{’. 5 ¢ .

Test 3.4.3.1: Vent valve does not function and BPP does not reduce T@\i ] N “

to 0 P3I

Test 3.4.3.2: Vent valve functions and immediately vents BPP to 0 PSI f N‘ ] N 1

System Leakage Test

Test 3.5.1: No venting of air from retaining valve and BC piston in release Cﬂ N
position '

Test 3.5.2: No leakage [N T N ]
Test 3.5.3: Top of the ball stabilizes below the condemning line | ( v/ |__ N ]
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Cylinder Maintaining Leakage Test (If Equipped) ’/5’6 }{ﬁh hj dEUICQ [’,{Tﬂuj\ }p)/ %%g“o

Test 3.5.1.1: Brakes apply [ @ I N J
ks, Y
Test 3.5.1.2: Brake cylinder pressure is above 17 PSI [ N
- .
Test 3.5.1.3: No leakage [ N N |
Test 3.5.1.4: Brake cylinder pressure fluctuates by no more than 1 PSI [ PY) ] N |
L
¢ 'J ry Y
BCP initial: ___ f?;y;-l BCP final: L-{P'SL
Hand Brake Inspection ( G)‘M 6}
Test 3.6.1: Hand brake in released position; BC piston push rod returned @ N ]
into BC |
Test 3.6.2: Bell crank in normal working range (if equipped) ) N
Test 3.6.3: All brake shoes applied by hand brake are set firmly against Q\ N
wheels -
Test 3.6.4: Drum chain unwound, bell crank dropped to lower limit, @ N
minimal slack
Slack Adjuster Conditioning (with Blocks)
Conditioning performed | (Y,} N
Service Stability Test
Test 3.8.2.1: Emergency application was not produced | f‘f} N |
Test 3.8.2.2: Brake pipe reduction and exhaust at emergency portion @}

stopped
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!’ M‘-A
b_al Ji_z2 [y X
Piston Travel and Rigging and Brake Cylinder Pressure B:D

q 7+ '
Test 3.9.1: Measure and note brake cylinder piston travel; y,lf ¥

Test 3.9.2: Brake levers checked for angularity
Test 3.9.3: All shoes are applied and firmly set against wheels

Test 3.9.4: Brake cylinder pressure is greater than 50 PSI

Test 3.9.5: Note brake cylinder pressure after the BPP has stabilized: fogﬂr‘ (q‘f( 5L

Emergency Test

Test 3.10.2.1: Control valve emergency application occurred (BBP to OPSI) | (v) |

=

Test 3.10.2.2: Brake cylinder pressure is at least 5 PSt greater than 3.9.5: -'7(9 QSL

Release Test after Emergency

Test 3.11.1: No air exhausting occurred

Test 3.11.2: The brake pipe pressure continued to rise
Retaining Valve Test

e
Test 3.12.1: Brakes remained applied and BCP is >= 12 PSI: Zz?’ﬂ—

[ [ ~ |

O T ~n |

Test 3.12.2: Blow of air at retaining valve exhaust
Minimum Application and Quick-Service Limiting Valve Test
Test 3.13.1: Brakes applied

Test 3.13.2: Brake pipe reduction and exhaust at emergency portion
stopped

Test 3.13.3: Brake pipe pressure must be >= 80 PSl: =X 00?/05(«
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B0 et shibilizd befire
Wy strt of dest (ceclone)

Wait 3 minutes after BPP stabilizes at 80 PSI - 7_{\ 1
Test 3.14.1: Note the brake cylinder pressure {must be 12-30 PSI}:/ % 'PSL

Wait an additional 1 minute

%;6} iuﬁ. w ‘C,W—I'LA b)f ‘}/‘d‘ym

Brake Cylinder Leakage Test

Test 3.14.2: No more than a 1 PSI fluctuation in brake cylinderpressure | (¥ | N |
Test 3.14.3: Top of the flowrator ball is below the condemning line [ N
Slow-Release Test 5' ! ( E 4 5}5 ’%ﬂﬁm u)f H*\

Wheabon ¢yele, Joveri
31 (!49& . Qd@ﬂ Hyab{ﬁ

Test 3.15.1: Brakes released within specified time: M/)PC,

Slack Adjuster Conditioning {without Blocks)

Conditioning performed CY [ n |

Accelerated Application Valve (AAV) Test

Test 3.17.1: Exhaust from emergency portion while brake pipe reduces [_ﬁj T N

Test 3.17.2: No emergency application was produced {¢; ] N —|
Test 3.17.3: Brake pipe reduction stopped r_m | N I

Recheck of Piston Travel (without Blocks, if Equipped with Automatic Slack Adjusters) Z’&'

z 174
Test 3.18.1: Piston travel falls within +/- % inches of 3.9.1 and within nominal range: _yy 7%

Manual Release Valve Test

Test 3.19.1: Brake cylinder piston returned to release position and @) N
remained there

AN
Test 3.19.2: Brake cylinder piston remained in the release position during (\9 N
charging
Test 3.19.3: Brakes applied [ A [ N |
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Empty/Load Test

Test 3.20.1: Brakes applied T | N

Test 3.20.2: Brake cylinder pressure at least 17 PSI lower than 3.9.5: Z% p6t

Test 3.20.3: No leakage occurred [ | W

Disconnecting the Single-Car Test Device

Test 3.21.1: No leakage occurred | ((;j [ N

Addition? Comments

) wlﬁm Wf/;w’ Jm 40 *"mt\?cjr N%LM
mpof' Mﬂﬁﬂiﬂﬂ Y

2:Bm fad of Tesh
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f\a(ﬂ—'ZOa/m Single Car Air Brake Test - Atlas Cask Car

Shart
Observer Name: /L,.ﬂ H Q”GMTH!@ nspectlon Date: OZ//Z//?

lefT

Names of Test Personnel:

ZE.

Car and Component Identification

Car Number:TW 0100[11 M Brake Pipe Length: jébm'
Service Portion Type: j)ﬁ —10 Emergency Portion Type: 7ﬁ2ﬂ

Type of Single Car Testing Device: | Automated { ( Manual ) |

Date of Calibration {(within 92 days}: H/?Jﬁ’g

Empty/Load Device | () N | (All test procedures must be performed in loaded
| condition)

Daily Test for Testing the Single Car Testing Device ?My Ir;,g { g‘ﬂﬂﬂa ﬂﬁ?}' (900 b o2 o

Test 2.3.1: Brake pipe pressure reads 90 PSI (black needle} L ﬁj | |

¥ ok
Test 2.3.2: Brake cylinder pressure gauge reads between77and83pPsl | ) [ N |
f"'\.
Test 2.3.3: Leakage is less than 1 PSI over a 1 minute timeframe [ T N ]
Test 2.3.4: Up to a 1-inch bubble appears in no less than 5 seconds | @ | N ]
Test 2.3.5: Flowrator ball rises & floats in zone b/t condemning line and @ N
top of tube
s
Test 2.3.6: Leakages do not exceed a 1-inch bubble in 5 seconds Py | N |

4
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Single Car Air Brake Test
Initial Car Connection

Test 3.2.2.1: Continuous flow of air through pipe [ (YQ’ [ N
Brake Pipe Leakage Test
Foain, Y
Test 3.3.1: Top of ball stabilizes below the condemning line L (v | N |

Continuous Quick Service Valve {If Equipped) UD

Test 3.4.1.1: Vent valve does not function and BPP does not reduce Y N
to O PSI
Test 3.4.1.2: Intermittent exhaust at quick-service valve is observed ] Y \|/ N ]

A-1 Reduction Relay Valve {If Equipped) /Ua

B-1 quick service function is nullified

Separate Vent Valve Test {If Equipped) %%‘5

Test 3.4.3.1: Vent valve does not function and BPP does not reduce ’@ N
to 0 PSI
Test 3.4.3.2: Vent valve functions and immediately vents BPP to 0 PSI | ﬂh/ | N
System Leakage Test
Test 3.5.1: No venting of air from retaining valve and BC piston in release (Y/\ N
position
s
Test 3.5.2: No leakage | (Y/ | N
¥, a1
Test 3.5.3: Top of the ball stabilizes below the condemning line | [Y} | N
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Cylinder Maintaining Leakage Test (If Equipped) %‘6 "[{lﬁ[m; ({CWCQ C{H [’}di by %fﬂ 0

Test 3.5.1.1: Brakes apply I ﬁ) | N |
Test 3.5.1.2: Brake cylinder pressure is above 17 PS) | {(7 [ N ]
Test 3.5.1.3: No leakage (f:_f‘ I N |
Test 3.5.1.4: Brake cylinder pressure fluctuates by nomore than 1PSI | @ [ N ]
BCP initial: ”){ﬂﬁt BCP final: ﬁ?)q
Hand Brake Inspection ( 6\NP 8)
Test 3.6.1; Hand brake in released position; BC piston push rod returned (? N

into BC

Test 3.6.2: Bell crank in normal working range (if equipped) [ @) L N _]
Test 3.6.3: All brake shoes applied by hand brake are set firmly against (Y} N
wheels
Test 3.6.4: Drum chain unwound, bell crank dropped to lower limit, @ N
minimal slack
Slack Adjuster Conditioning (with Blocks)
Conditioning performed [ m l N
Service Stability Test
M ¥
Test 3.8.2.1: Emergency application was not produced | (Y) [ N |
Test 3.8.2.2: Brake pipe reduction and exhaust at emergency portion @ N
stopped
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ZJ_.J__Q[ [ﬁ__ffl [’:ﬁl
Piston Travel and Rigging and Brake Cylinder Pressure 17 Z W

L%

Test 3.9.1: Measure and note brake cylinder piston travel: _5(, > 7 Yito

Test 3.9.2: Brake levers checked for angularity
Test 3.9.3: All shoes are applied and firmly set against wheels
Test 3.9.4: Brake cylinder pressure is greater than 50 PS|

Test 3.9.5: Note brake cylinder pressure after the BPP has stabilized:

G 1 N ]

Emergency Test

Test 3.10.2.1: Control valve emergency application occurred (BBP to O PSI} [ ﬁ) |

(oAt

=

Test 3.10.2.2: Brake cylinder pressure is at least 5 PSI greater than 3.9.5: Q[PPSL

Release Test after Emergency
Test 3.11.1: No air exhausting occurred
Test 3.11.2: The brake pipe pressure continued to rise

Retaining Valve Test

Test 3.12.1: Brakes remained applied and BCP is >= 12 PSI: i 55?5L
Test 3.12.2: Blow of air at retaining valve exhaust

Minimum Application and Quick-Service Limiting Valve Test
Test 3.13.1: Brakes applied

Test 3.13.2: Brake pipe reduction and exhaust at emergency portion
stopped

e fy
Test 3.13.3: Brake pipe pressure must be >= 80 PSI: % i_?'%é?%
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Brake Cylinder Leakage Test iis o bt o A wm”’;ﬁlﬁ? owr Dy sgply
i

Hcough &
Wait 3 minutes after BPP stabilizes at 80 PSI Cyr hh rm’
Test 3.14.1: Note the brake cylinder pressure (must be 12 30 PSI) )\’&JL ?%%L,

Wait an additional 1 minute
Test 3.14.2: No more than a 1 PSI fluctuation in brake cylinder pressure | (ﬂ I N |

Test 3.14.3: Top of the flowrator ball is below the condemning line [ ® | N |

Slow-Release Test

Test 3.15.1: Brakes released within specified time: 7/2566_

Slack Adjuster Conditioning {without Blocks)

Conditioning performed | @ﬂ1 [ N

Accelerated Application Valve (AAV) Test

Test 3.17.1: Exhaust from emergency portion while brake pipereduces | A [ N |
Test 3.17.2: No emergency application was produced | ﬂ') | N l
Test 3.17.3: Brake pipe reduction stopped | ﬁ) ] N ]

Recheck of Piston Travel (without Blocks, if Equipped with Automatic Slack Adjusters) 5%

7%
Test 3.18.1: Piston travel falls within +/- % inches of 3.9.1 and within nominal range: _9(, Z'I'{"lrp

Manual Release Valve Test

Test 3.19.1: Brake cylinder piston returned to release position and @ ' N
remained there

Test 3.19.2: Brake cylinder piston remained in the release position during (‘f} N
charging

Test 3.19.3: Brakes applied [ ¥ | N |
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Empty/Load Test

Test 3.20.1: Brakes applied | &) | N

Test 3.20.2: Brake cylinder pressure at least 17 PSI lower than 3.9.5: Z?‘ﬂﬁ‘_

Test 3.20.3: No leakage occurred L . ﬂl

Disconnecting the Single-Car Test Device

Test 3.21.1: No leakage occurred | @) ] N

-WUL nkﬂ l.‘ml‘t’i 7141
L e\ D (3 ( Deludes
: jl Lt bm APm! hi‘flk?
EATRAER . 1—1\ \nbfpfrmw hoak l@qL‘M A {'E‘xl'ﬂ 1op_lest
Zalase wlf bake ayolthm
n A‘-

A~ 00am  fad of Tesk
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Casl.
Static Brake Force Test - Atlas Biffér Car
A0 00am
‘-ﬁf”{\k Observer Name: Mﬁ\‘ I /Q"deﬂf Inspection Date: CL/ ///4

Names of Test F‘ersonnel MM( e {Dgamn) !”{ kr’t’% 1| mﬂ A!'»{,L /mﬂlek
14 8 fody r“\‘tu \J\JMN,( Keith ch.n})@ e Sedarsk

Amskel il

Car and Component Identification

Brake Pipe Length: 4% .fJL

Car Number:;
e porion ype:_ D10 onvoes_DbZL
Service Portion Type: | ) Emergency Portion Type: L
Brake Shoe For easurement Device complies with 5-4024: (:1 N |
(InSulem Spskm ( Pro Shee)

Date of Calibration: WM/@ 1% h/%ﬁr]%

Brake Shoe Force Test

3.2.3: All pins and pin holes free of lubrication EZII'

3.2.4: Reducing valve is used {if Y must perform Equalization Test)
Equltabioyt Teot perfonsed b cheel 9l buue

3.2.4: BC Pressure equalizes b/t 63.5 and 66.5 psi wrth min 30 psi reductlon m

3.2.5: Rapping done correctly on brake rigging and with acceptable hammer ! Ei} | N |

3.2.6: No rapping during hand brake force testing m

3.2.7: 6.0 to 7.0 psi BP reduction from 90.0 psi BPP resuits in all brake shoes forced
against wheels Pfs

Equalization (Piston Travel)

7%
Acceptable Range: 2 3/4 inch +/- 1/8 inch Truck ﬂ: Zﬁ in Truck ﬂL: ﬁ in  Truck KL: ﬁ in
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Min Service Reduction {6-7 psi, Loaded)

Sensor Wheel Location Force (Ibs)
1 RX (O

Z RY A3

3 LX 714

o LY %24

) LZ 797

lo 19 150

7 RZ 15¢

4 R4 779
a1 1 13 517
lgpaTls 2 &) 514
EATE) L% 557
F‘)lr ; 4 LY 515

Average brake shoe force >= 100 |b per wheel: 55142 ths

30 psi Reduction (Loaded)

BCP: 3.7 psi
Sensor Wheel Location Force initial (Ibs) Force after rapping (lbs)
1 fx %5(,7 2920
Z Ry 4000 40%
3 2X 4051 4720
{ LY 4193 4747
5 LE 4712 399\
{o L9 2414 4057
7 | &2 254% 2410
) L4 297 279
el 1 L% 3950 3ol
2] 7 G 25, 409,
sl % L% 4390 4%
‘9}’6 1.4 L7 413\ 4770
Total Force:%Dq 1 ths Average Force per wheel: _{Q(ﬂ_ lbs
+/-12.5% tolerance: 507 to J50A_Ibs o1 MMQ :BUT Ed«d’l %WM[E ON A CAS m
4.2: NBR on each wheel is within +/- 12.5% of Average NBR per wheel . ¥ | T ] e‘kf Fs
% Weight of Loaded Car: 5&&){1 Ibs NET Braking Ratio: Iﬁ, fﬁ % (between 11-14%) M_wjh;ﬂrlfl
oK (1w M\

Emergency Application (Loaded)

30 psi reduction BCP: fg ].E psi Emergency BCP: Zf'lz psi Percentage: “ﬁ,[l{" z % {15-20%)
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Jor b undpt, TP ST Pt vl

Hand Brake Test (Loaded) (QTUMP % ot st 1‘m\m|\y
Sensor Wheel Location Force (Ibs)
- X 23
Z RY hl4
) /X 4240
4 LY 5%4%
5 LZ 5447
lo L4 3741
2 pZ Ueh>
% 24 3,41
I 1 R% 1925
%E ¢ Z Rq‘ 7:{){0'?
Gell- % ) 23l
Gell: 4 K] 575
Total Force: ﬁéﬂﬁ lbs ¥% Weight of Loaded Car: ﬁ 290 Ibs
Net Braking Ratio: [7..7 % (>10%)
Min Service Reduction {6-7 psi, Empty)
Sensor Wheel Location Force (ibs)
4 KX 79
Z kY E7)
) LX 7i4
4 LY 20
ol LZ Zi0
o L4 74
7 RZ 5%
4 R4 734
Syl L4 3%
G172 L7 455
Sl % L% 475
ﬂs{,vizf-. 4 17 433

Average brake shoe force >= 100 |b per wheel: 2 (EE :-“2] Ugﬁ
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30 psi Reduction m

77
BCP:i97  psi
Sensar Wheel Location Force initial (Ibs) Force after rapping (lbs)
1 RX Vo, 03 215
Z KY K47 1540
3 (X 5 13721
4 ZF HelZ 1ol
5 LZ 12494 1474
o .4 13l 141F
3 Pz oY) 094
) 24 1245 1247
Wl 1 R4 115l 155
4]l 7 R 1544 145
b’)m{:‘ ‘2 L% 1945 1903
Sl L3 175 o4
Total Force: 12 25] Ibs Average Force per wheel: L’Ze Ibs

% Weight of Loaded Car; ]52&50 Ihbs NET Braking Ratio: 5. Z z % (between 15-32%)

Addjtional Comments: - N . |
Vard bake  l<t wf‘wrmy! hutte beense ineeteet hind hake
2T fore 005 enfl 5 V“Sk/m mnMﬁ 2 hueks 33,42, X1,

“bunk ek ul el e perlicn’ fanl lesag

o I D0pm I;A) '/}5+
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) - Static Brake Force Test - Atlas,&’ﬁﬂ#r Car

St
Observer Name: MﬂH @[Wﬂﬁ Inspection Date: @7/%//9

p | ! : ( 8 ij{:’,{% %% :iﬁ:afﬂ\ /‘[fd'u{//iaﬂ.
_{wmlc‘m_pu ﬁmw ! A \Kmﬁkd Pul ¥

Car and Component Identification

Car Number:jﬂ}\/ LILUj BEM Brake Pipe Length: ’f/{j ﬂ‘

Service Portion Type: %' 1) Emergency Portion Type: ?75 ’Z{' )

Brake Shoe Force Measurement Device complies with 5-4024: | fg) | N
ImGee Ll Pro Shee

Date of Calibration: (p/4/701% Mmg

Brake Shoe Force Test

3.2.3: All pins and pin holes free of lubrication M

3.2.4: Reducing valve is used (if Y must perf?rm Equalization Test}

Faadlizaton 1! forformal Jo choek prston Jpuued
3.2.4: BC Pressure equalizes b/t 63.5 and 66.5 psi with min 30 psi reduction N

3.2.5: Rapping done correctly on brake rigging and with acceptable hammer @E

3.2.6: No rapping during hand brake force testing IIEII

3.2.7: 6.0 to 7.0 psi BP reduction from 90.0 psi BPP results in all brake shoes forced
against wheels Mé

Equalization (Piston Travel)

Acceptable Range: 2 3/4 inch +/- 1/8 inch Truckj_z_:ﬁin Truckﬁ: Zﬁin Truck : % in

Blfeer)
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Min Service Reduction (6-7 psi, Loaded)

Sensor Wheel Location Force (Ibs)
1 L1 (70
i R\ 444
5 LZ 43
4 Ll Alh
4 L% 490
(o L4 4490
7 23 1140
9 24 ga0)
Ge L 1 Rl 175
ATl 7 K5 4%
2l % /5 440
Sys]l- 2 Lo 1o
3945 s

Average brake shoe force >= 100 Ib per wheek

30 psi Reduction (Loaded)

ger: (55 psi
Sensor Wheel Location Force initial (Ibs) Force after rapping (lbs)
1 7 4776 4057
£ KL 4450, 4794
) i A3 400
4 Ll e 205
5 L% 2481 3o
fD 1/{ %a 40&?5
7 K3 A%h4 Joeo
4 04 5444 #%5]
Sl 1 Rl 3750 4417
yall>z R4 4ol 4414
L% LA 25l 2924
*”%/‘;I 4 Ll 4000 4057
Total Force:m Ibs Average Force per wheel: ﬁ 2 2 Ibs
+/- 12.5% tolerance: 40 1o 4"‘4% Ibs One wl\ml? gﬁ &H_& %W\r\lﬂﬂs on 4 g
4.2: NBR on each wheel is within +/- 12.5% of Average NBR per m’ﬁe;}fuﬁﬁw}o [y | @ ]
’&u r S-dp| (i UK Mw.")

5
% Weight of Loaded Car:/’ﬁfii ﬂ?- Ibs NET Braking Ratio: !_7245 % (between 11-1%8%)

Emergency Application (Loaded)

30 psi reduction BCP: {gﬁﬁ psi Emergency BCP: 235 psi Percentage: HE”EE % (15-20%)
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Hand Brake Test (Loaded) (G‘m‘llp 6\

\"ﬂ]f@kﬂ bé fper,O :t‘"PC{ Wlie

low (limd by smant ool

Sensor Wheel Location Farce (ibs)
z X7 44 Ho
Z R4 4473
2 L. 5014
4 2] A7le
5 (5 7470
Le 24 264
& L3 2403
% R4 2504
sl 1 Rl 2%
%@5% 4 A IH
sl % L5 704
el 4 LG £
Total Force: 4{52 A Ibs % Weight of Loaded Car:m lbs
Net Braking Ratio: “ Q?‘ % (>10%)
Min Service Reduction (6-7 psi, Empty)}
Sensor Wheel Location Force (lbs)
1 59 244
2 1 59
3 i 205
4 Ll k)
9 {5 374
{y L4 (:6%
7 £3 7%
. 4 {0l
G5l 1 Rl 74
4]l % L5 B
2] 4 L 40

Average brake shoe force >= 100 Ib per wheel: 65(.0"? 45}
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i
30 psi Reduction

Bep: 7/, psi
Sensor Wheel Location Force initial (Ibs) Force after rapping {Ibs)
1 L7 1620 1%
4 R1 1770 WeHo
£ L1 \74(z M,
A L5 115% 12o
le L4 1515 1905
4 %) 1444 1249
4 24 Bl 14
7 Rl T 140
1A 25 14454 lia%
LY, L5 0 g 14z3,
Gysll4 L 194l 125
Total Force: Jqﬂ)% Ibs Average Force per wheel: I"ﬁ/i' lbs

% Weight of Loaded Car: !!E o iﬂ Ibs NET Braking Ratio: Hgﬂz‘ % {between 15-32%)

e FIM hale leeWL 4} &Lﬂw{} Jm,u" htww gl

b
gyl phrake ¢ puih Al D2 goh

b plclom Feal 217

“?7502,,1 Ef'j gp Tfe]l
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Fleid Inspector - MIDWA Audiion
T—Transpertation Cell 5145153303

Technology Center, fnc. Email: Mike_yongaar com

March 12, 2019
Filo: K AS-NEW CPA-MO0G-02156-MEY

Subject: Eingle Car Air Brake Test Obsarvations Specification testing
of IOX 010091, Heavy Dty Flat Car

Mir. Dawid L. Cackovic

Chief — Technical Standards & Inspections
Trmsportation Technology Ceanter, Inc.
PO Box 11130

Pastlo, CO E1001

E-mail: Diavid_CackoviciTiaar. com

Digar Mr. Cackowic,

Epecification tevting of IDOX 010001, Heavy Dty Flat Car, specifically the Smgle Car Az BErake Test and
restriction test bas been completed. Testing was dons at the Exgro Raidl Corporation facility in New Castle,
Paozmyylvania on Febrmry 12, 2019 to comply with Specification 5-2043 and 5-4EE.

I was predent (test witneas) for the required Simgle Car Afr Brake Test and can concluds that applicabls
reqaircments of AAR Specification 5-486 have besn satisfactorily addressed

Attached mformation was sepplisd by the Easgro Rail Corporaticn in suppoert of the approval process.
Ehould yom need any additional mformation, please do not besitate to call

Simcarsly,

Mike Yoo
oo Anna Fox, TTCI

Richard Jones, Kasgre
1. Hamnafous, TTCI
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Appendix D. Atlas Car Strain Gage Information

This appendix contains details on the location, installation, and shunt calibration of the strain gages
used to measure strain on the Atlas Car. All the strain gages used on the Atlas car are of the same
type: CEA-06-500UW-350 with the following characteristics:

o Encapsulated constantan alloy (bondable)
o Grid Length: 0.5 in

o Uniaxial type

J 350 ohm

o Gage Factor: 2.155

The gages were installed as %4 bridge active gages. Installation procedures are followed from the
Vishay standard protocols for bondable strain gages.

Figure D1 to Figure D4 show the locations of the strain gages. These drawing show detailed
locations for gages on one quadrant of the car. The gages in the other quadrants are symmetrical.

Figure D5 to Figure D60 show photos of the installed strain gages.
Figure D61 shows a photo of one of the installed thermocouples.

Figure D62 to Figure D69 show data recorded during a shunt calibration check just before
the one million pound squeeze test. The 175 kQ shunt resistor was placed across the active arm of
the bridge to perform the shunt calibration. Unfortunately, the output signals from these gages was
wired incorrectly into the data acquisition system, so these Rcal steps show a positive step rather
than a negative one. This error was addressed during data analysis.
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Figure D2. Detailed Strain Gage Locations, on Deck Plate
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Figure D4. Detailed Strain Gage Location, on Bottom Cross Bearer Flange
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Figure D6. SGBF2 Front of Bottom Flange of Front Body Bolster near Center Sill, LH Side
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Figure D8. SGBF4 Rear of Bottom Flange of Front Body Bolster near Center Sill, LH Side
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Figure D9.SGBF5 Front of Bottom Flange of #4 Cross Bearer, RH Side between Center
Sill, near Side Sill

Sill and Side

Figure D10. SGBF6 Front of Bottom Flange of #4 Cross Bearer, LH Side between Center Sill and Side

Sill, near Center Sill

D-6



. T -

Figure D11. SGBF7 RH Side of Bottom Flange of Center Sill, aft of Front Body Bolster, aligns with
Center Sill Web and End Stop Mount Block Pin Hole

Figure D12. SGBF8 LH side of Bottom Flange of Center Sill, aft of Front Body Bolster, aligns with
Center Sill Web and End Stop Mount Block Pin Hole



Figure D13. SGBF9 Front of Bottom Flange of #4 Cross Bearer, LH Side between Center Sill and Side
Sill, near Center Sill

Figure D14. SGBF10 Front of Bottom Flange of #4 Cross Bearer, LH Side between Center Sill and
Side Sill, near Side Sill

D-8
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Figure D15. SGBF11 Rear of Bottom Flange of #4 Cross Bearer, RH Side between Center Sill and Side
Sill, near Side Sill

Figure D16. SGBF12 Rear of Bottom Flange #4 Cross Bearer, RH side Between Center Sill and Side
Sill, near center Sill



Figure D17. SGBF13 Rear of Bottom Flange of #4 Cross Bearer, LH side between Center Sill and Side
Sill, near Center Sill




Figure D19. SGBF15 Center of RH Side Sill Bottom Flange, approximately 2” forward of #3 Cross
Bearer

Figure D20. SGBF16 Center Sill Bottom Flange, aligned with RH Center Sill Web, approximately 2”
forward of #3 Cross Bearer

D-11



Figure D21. SGBF17 Center Sill Bottom Flange, aligned with LH Center Sill Web, approximately 2”
forward of #3 Cross Bearer

Figure D22. SGBF18 Center of LH Side Sill Bottom Flange, approximately 2” forward of #3 Cross
Bearer
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Figure D24. SGBF20 Center Sill Bottom Flange, aligned with RH Center Sill Web, at Longitudinal
center of Car

D-13



Figure D26. SGBF22 Center of LH Side Sill Bottom Flange, at Longitudinal center of Car
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Figure D27. SGBF23 Center of RH Side Sill Bottom Flange, approximately 2” aft of #2 Cross Bearer

Figure D28. SGBF24 Center Sill Bottom Flange, aligned with RH Center Sill Web, approximately 2” aft
of #2 Cross Bearer
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Figure D29. SGBF25 Center Sill Bottom Flange, aligned with LH Center Sill Web, approximately 2” aft
of #2 Cross Bearer

Figure D30. SGBF26 Center of LH Side Sill Bottom Flange, approximately 2” aft of #2 Cross Bearer




Figure D31. SGBF27 Front of Bottom Flange of #1 Cross Bearer, RH Side between Center Sill and
Side Sill, near Side Sill

. )| S e o -
Figure D32. SGBF28 Front of Bottom Flange of #1 Cross Bearer, RH Side between Center Sill and
Side Sill, near Center Sill

D-17



Figure D33. SGBF29 Front of Bottom Flange of #1 Cross Bearer, LH Side between Center Sill and
Side Sill, near Center Sill

1A

Figure D34. SGBF30 Front of Bottom Flange of #1 Cross Bearer, LH Side between Center Sill and
Side Sill, near Side Sill
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Figure D35. SGBF31 Rear of Bottom Flange of #1 Cross Bearer, RH Side between Center Sill and Side
Sill, near Side Sill

Figure D36. SGBF32 Rear of Bottom Flange of #1 Cross Bearer, RH Side between Center Sill and Side
Sill, near Center Sill

D-19



Figure D37. SGBF33 Rear of Bottom Flange of #1 Cross Bearer, LH Side between Center Sill and Side
Sill, near Center Sill

o

Figure D38. SGBF34 Rear of Bottom Flange of #1 Cross Bearer, LH Side between Center Sill and Side
Sill, near Side Sill




Figure D39. SGBF35 RH Side of Bottom Flange of Center Sill, forward of Rear Body Bolster, aligns
with Center Sill Web and End Stop Mount Block Pin Hole

Figure D40. SGBF36 LH Side of Bottom Flange of Center Sill, forward of Rear Body Bolster, aligns
with Center Sill Web and End Stop Mount Block Pin Hole
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Figure D41. SGBF37 Front of Bottom Flange of Front Body Bolster near Center Sill, RH Side
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Figure D44. SGBF40 Rear of Bottom Flange of Rear Body Bolster near Center Sill, LH Side




Figure D46. SGBF42 Top Deck Plate, above LH Center Sill Web, at Longitudinal Center of Car
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Figure D48. SGBF44 Top of Deck Plate, above RH Side Sill Web, at Longitudinal Center of Car

Pl
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Figure D49. SGBF45 Top of Deck Plate, above LH Side Sill Web, approximately 2” aft of #2 Cross
Bearer

Figure D50. SGBF46 Top of Deck Plate, above LH center Sill Web, approximately 2’ aft of #2 Cross
Bearer
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Figure D51. SGBF47 Top of Deck Plate, above RH Center Sill Web, approximately 2” aft of #2 Cross
Bearer

Figure D52. SGBF48 Top of Deck Plate, above LH Center Sill Web, approximately 2” aft of #2 Cross
Bearer
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Figure D53. SGBF49 Top of Deck Plate, above RH Side Sill Web, approximately 2’ forward of #3 Cross
Bearer

.

Figure D54. SGBF50 Top of Deck Plate, above LH Center Sill Web, approximately 2’ forward of #3
Cross Bearer
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proximately 2” forward of #3

Figure D55. SGBF51 Top of Deck Plate, above RH Center sill Web, ap
Cross Bearer

Figure D56. SGBF52 Top of Deck Plate, above LH Center Sill Web, approximately 2” forward of #3
Cross Bearer
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Figure D57. SGBF53 Center of Bottom Flange of Cross Bearer #3, centered in open space between
RH Side Sill Bottom Flange and Center Sill Bottom Flange

Figure D58. SGBF54 Center of Bottom Flange of Cross Bearer #3, centered in open space between
LH Side Sill Bottom Flange and Center Sill Bottom Flange
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Figure D59. SGBF55 Center of Bottom Flange of Cross Bearer #2, centered in open space between
LH Side Sill Bottom Flange and Center Sill Bottom Flange

Figure D60. SGBF56 Center of Bottom Flange of Cross Bearer #2 centered in open space between RH
Side Sill Bottom Flange and Center Sill Bottom Flange
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SGBF1 (um/m)

Figure D61. TC57 Center Sill Bottom Flange, Centered in Open Space between Front Body Bolster
and Cross Bearer #4
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Figure D62. Shunt Calibration of Gages 1-8 with a High Precision 174.650 kQ Resistor
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Figure D63. Shunt Calibration of Gages 9-16 with a High Precision 174.650 kQ Resistor

SGBF17 (pm/m)

20

40 60 80 100

SGBF19 (pm/m)

o

20

40 60 80 100 120

SGBF21 (pm/m)

o)

e}

=]
TTTTTTTTT

o

20

40 60 80 100

SGBF23 (um/m)

o

20

40 60 80 100 120 140 160 180

D-33

‘ DOE_Atlas_SG_Rcals_2019_08_28_113157.d7d

SGBF18 (um/m)

o 20 40 60 80 100 120 140 160 180
SGBF20 (um/m)

o 20 40 60 80 100 120 140 160 180
SGBF22 (um/m)

o 20 40 60 80 100 120 140 160 180
SGBF24 (um/m)

L H ]

o 20 40 60 80 100 120 140 160 180

Figure D64. Shunt Calibration of Gages 17-24 with a High Precision 174.650 kQ Resistor
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Figure D65. Shunt Calibration of Gages 25-32 with a High Precision 174.650 kQ Resistor
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Figure D66. Shunt Calibration of Gages 33-40 with a High Precision 174.650 kQ Resistor
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Figure D67. Shunt Calibration of Gages 41-48
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Figure D68. Shunt Calibration of Gages 49-56 with a High Precision 174.650 kQ Resistor
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Appendix E. Critical Buckling Load

FCASGRO RAIL

52043 Critical Buckling Analbysis
Mlarch 2021

Prepared by: Kasgro Engineering

At the request of the TTCT rewiewer, Faszro was asked to Joeok for the critical buckling stress of
the stmachare. Although this is a requirement in the 5-2043 specification, when nalding railcars
to AAR specification M1001, Chapter 11, we have not had to consider crifical buckling stress
exrept in compression memvhers of Schnabe] cars and Schnabel carlead fixvtures that contaimed
long compression elemants. These compression members have a contimns cross section which
a theoretical buckling stress could be defined. Unlike the Schmabel compression members, the
Aflas car bodies do not have contimeons cross sections. Both cars have pmltple cross sections
and will net behave like a continnous cobumn with a constant cress section. The following
analysis is an approxmation.

The critical uckling conditions kave heen re-evahiated to apply a C vahe of 1.0 (M-1001
2.2.2.11) to represent simpls supports on both ends of the car. This is belisved to be the most
acourate way to represent the critical buckling condition. The linear buckling analysis now shows
an EIGW value of 2. 13E+7 before a member of the Buffer Car, Figure A4 were to buckle. The
Imear buckling analysis alzo pow shows an EIGV value of 1 .03E+7 before a member of the Cazk
Car, Fizure B, were to buckle. The EIGV values well exceed the desipned squesze load for bath
cars. In other words, it would take ETGV times a (1 Ibf) Squeers load for the first buckling
failure to aconr. Simce this would be the start of amy ackling, the mirdmom margin of safsty
agamst xckling is something greater than one The fimures below show the deformations of the
cars under the buckling load. Local buckling at the applied loads can ocour prier to a primary
strociural member.

Figure A {3ide view of Buffer Car):

Atlas Froject i
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Figure B (side view of Cask Car):

Atlas Froject 2



Appendix F. Compression Test

Data Acquisition System

A Dewesoft Data Acquisition unit capable of storing a maximum of 60 channels of data was used to

monitor and record data on the test car. All data was recorded at 200 samples per second to

maximize data storage space. Filtering of all data was accomplished with 30Hz low pass filters.
Test Setup

The following steps were followed before the beginning of the test:

e Compression fixture height and length adjustment
e (Cask Car put into the compression fixture
e Alignment of the Cask Car

Figure F1 and Figure F2 show part of the process

.'a; ‘: s
A
ey PR

Figure F1. Atlas Car set-up in Squeeze Frame




Pre-Test (applies to both maximum and minimum load conditions)

Before the beginning of the tests, the car structure was pre-tested up to 750 kips under loaded
condition. During the pre-test, the longitudinal load was applied in increments of 20, 40, 60, 80, and
100 percent of the pre-test load. The load was reduced to not more than two (2) percent of the load
after each step. The general procedure for the pre-test was as follows:
e With the car on the fixture, each one of the actuators was extended manually until they made
contact with the test car.

e The Enerpac hydraulic control system zeroed out the actuators displacements.
e The software parameter for the maximum total force was set to the load limit of 750 kips
e Load cells, strain gages, and displacement sensors were zeroed

The load application followed the sequence shown in Table F1.

Table F1. Pre-Test Loading Sequence

Step Horizontal Load (lb) Zero/Record Comments
1 0 YES/YES Inspect the car
2 20,000 NO/YES Hold for 30 sec
3 150,000 NO/YES Hold for 1 min
4 20,000 NO/YES Inspect the car
5 300,000 NO/YES Hold for 1 min
6 20,000 NO/YES Inspect the car
7 450,000 NO/YES Hold for 1 min
8 20,000 NO/YES Inspect the car
9 600,000 NO/YES Hold for 1 min
10 20,000 NO/YES Inspect the car
13 750,000 NO/YES Hold for 1 min
14 0 NO/YES Inspect the car

This procedure was repeated two more times according to Table F2.

Table F2. Pre-Test Loading Sequence 2 and 3

Step Horizontal Load (Ib) Zero/Record Comments
1 0 YES/YES Inspect the car
2 750,000 NO/YES Hold for 1 min
3 0 NO/YES Inspect the car

One-Million Pound Compression Load Test (Max and Min Load)

The longitudinal load was applied in increments of 20, 40, 60, 80, 90, and 100 percent of the full
load. The load was reduced to not more than two (2) percent of full load after each step. The general
procedure for the test was as follows:

e With the car on the fixture, each one of the actuators was extended manually until they made
contact with the test car.

e The Enerpac hydraulic control system zeroed out the actuator displacements.
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e The software parameter for the maximum total force was set to the load limit of 1 million
pounds

e Load cells, strain gages, and displacement sensors were zeroed

The load application followed the sequence shown in Table F3.

Table F3. One Million Pounds Compression Test

Step Horizontal Load (Ib) Zero/Record Comments
1 0 YES/YES Inspect the car
2 20,000 NO/YES Hold for 30 sec
3 200,000 NO/YES Hold for 1 min
4 20,000 NO/YES Inspect the car
5 400,000 NO/YES Hold for 1 min
6 20,000 NO/YES Inspect the car
7 600,000 NO/YES Hold for 1 min
8 20,000 NO/YES Inspect the car
9 800,000 NO/YES Hold for 1 min
10 20,000 NO/YES Inspect the car
13 900,000 NO/YES Hold for 1 min
14 20,000 NO/YES Inspect the car
15 1,000,000 NO/YES Hold for 1 min
16 0 NO/YES Inspect the car

All strain gage locations were monitored and recorded during both the pre-test and the test.
Test Results
The test results are presented as follows:

e With the car on the fixture, each one of the actuators was extended manually until they made
contact with the test car.

e Maximum Load Condition Results

o Initial strains and stresses due to the vertical load

o strains and stresses due solely to the compression load

o Resulting strains and stresses due to the combined effect of the vertical and
longitudinal compressive forces

o Maximum stresses versus compressive load for the most stressed locations

¢ Minimum Load Condition Results

o Initial strains and stresses due to the vertical load

o strains and stresses due solely to the compression load

o Resulting strains and stresses due to the combined effect of the vertical and
longitudinal compressive forces

o Maximum stresses versus compressive load for the most stressed locations
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Figure F3. Maximum Load Strain Results (1 of 2)
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Figure F5. Maximum Stress Values at the Most Stressed Locations (Maximum Load)

F-6



Stress (psi)

30,000
28,000
26,000
24,000
22,000
20,000
18,000
16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000

0
-2,000
-4,000
-6,000
-8,000
-10,000
-12,000
-14,000
-16,000
-18,000
20,000
22,000
24,000
26,000
-28,000
-30,000

<>
g
&

saanL ! bl L

& K «’°<\

H Min Test Load Only W Applied Load Only B Min Test Load + Applied Load

Figure F6. Stress from Squeeze Test with Minimum Test Load (1 of 2)

& PN NV NGPN ';\ @Q @?‘4\5"\' ’1:\413’
QD Q»%Q» % << << << ‘< ‘< ‘< ‘< << LV oK




Stress (psi)

30,000
28,000
26,000
24,000
22,000
20,000
18,000
16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000
0
-2,000
-4,000
-6,000
-8,000
-10,000
-12,000
-14,000
-16,000
-18,000
-20,000
22,000
-24,000
-26,000
-28,000
-30,000

ru e ""“ﬂﬂ|”1

@ <b 4” <» «2’ 4» <?> 4» <?> <»“’«°’«v PR R R g gt oy qfoég?’

52 P S
& PP LLLLL L L L«

H Min Test Load Only H Applied Load Only  ® Min Test Load + Applied Load

Figure F7. Stress from Squeeze Test with Minimum Test Load (2 of 2)

é,,v

g
£

é,;‘)

é,,%

g
£




Cask Car Maximum Stresses. Min Load
Condition + 1M Pounds Compression

30,000

20,000
10,602 9,120 7629 6068 4,376 /3,481

— : : : 2,577
2 10,000 1189 =
= 0 — 2,691 -4,640 6,659
o B T Rl , 72 g 786
& -10,000 -3,469 X

-20,000 5454 7461 g5 "

-30,000

0 200 400 600 800 1000 1200

Compression Load (kips)

——SGBF7 SGBF26 SGBF35

Figure F8. Maximum Stresses in the Minimum Load Condition

F-9



Appendix G. Vertical Coupler Force Test Results

The results will be presented as follows:

e Strains and stresses when pushing upwards
e Strains and stresses when pushing downwards
e Results summary

All the results are presented as a series of bar plots showing the maximum and minimum readings
for each strain gage.
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Figure G1. Stress from Downward Coupler Vertical Load Test (1 of 2)
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Figure G2. Stress from Downward Coupler Vertical Load Test (2 of 2)
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Figure G3. Stress from Upward Coupler Vertical Load Test (1 of 2)
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Appendix H. Jacking Results

The results for the jacking test will be presented as follows:
e Strains and stresses for all the strain gages
e Strain time history signal for gages SGBF37, SGBF38, SGBF39, and SGBF40
e Stress time history signal for gages SGBF37, SGBF38, SGBF39, and SGBF40

Figure H1 through Figure H6 show the results for this test.
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Figure H1. Jacking Test Stresses Maximum Test Load (1 of 2)
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Figure H2. Jacking Test Stresses Maximum Test Load (2 of 2)
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Figure H5. Jacking Test Stress Time History. SGBF39
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Appendix I. Twist Test

Results for the Suspension Twist Test in the maximum test load condition are presented below.
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Figure 1. Stress from Suspension Twist Test, A-End LH Side (1 of 2)
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Figure 12. Stress from Suspension Twist Test, A-End LH Side (2 of 2)
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Figure 13. Stress from Suspension Twist Test, A-End RH Side (1 of 2)
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Figure 14. Stress from Suspension Twist Test, A-End RH Side (2 of 2)
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Figure 16. Stress from Suspension Twist Test, B-End LH Side (2 of 2)
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Figure 17. Stress from Suspension Twist Test, B-End RH Side (1 of 2)
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Figure 18. Stress from Suspension Twist Test, B-End RH Side (2 of 2)
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Appendix J. Impact Test

The results for these tests are presented as follows:
For each tested speed:

e Strains and stresses

e Time signal of the highest stressed locations in both positive or negative stress
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Appendix K. ATLAS 12 AXLE FLAT CAR ATTACHMENT
TO DECK WELDMENT
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Figure 5-1: Center Pin Attachment Block
S-2043 (4.1.8.1) Loads provided from Areva.
Vertical Load Weld Calculations on Pin Attachments:
All attachments are to be welded to the deck plate.
Assuming 100 % Weld Lateral Load = 611kip Vertical Load = 312 kip

Stress from Doc. /Rev.: Calc-3015276-002 (Rule 88 A.15.c)
Tensile = 3.50 ksi

Shear = 13.2 ksi

Bending = 26.3 ksi

Combined = 37.6 ksi < 50 ksi

Stress from Doc. /Rev.: Calc-3015276-002 (10 CFR 71.45)
Tensile = 3.50 ksi

Shear = 13.2 (5/2) =33 ksi

Bending = 26.3 (5/2) = 65.75 ksi

Combined = 89.8 ksi > 65 ksi

From the stress results listed above, 100% penetration weld will be required on all attachments to the railcar deck plate.
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Figure 5-2: Shear Blocks

Shear Block Weld Calculations:

All attachments are to be welded to the deck plate.

Longitudinal Load 2,921 kips

Length of shear block = (21in + 90 in) 2 = 222 inches

q=P/L=12921kip /222 inches = 13.2 k/in (Rule 88 A.15.c)

q=P (10/7.5)/L = 2921 kip (10/7.5) / 222 inches = 17.5 k/in (10 CFR 71.45)
Throat size for bevel and fillet weld shown below:

Throat = ((5/16)> + (3/8)*)"? = 0.49

(0.49) (33.06) =16.2 k/in

16.2 k/in > 13.2 K/in (Rule 88 A.15.c)

16.2 k/in < 17.5 K/in (10 CFR 71.45)

,-“': 378N }\

74

p

/

7

7

l SHEAR BLOCK ’/

4

Kasgro Rail Corporation

Page 3



L I Rt
:
L
AW J
R +-bh——— ——1+
; F o s | J
S e o
@ n e “
\rs= = /B e T s ony -
(ax0h -x\- ) ey t [ ern ‘
7T i i i o
= _[_J_i,’___________——-- — g = T‘
t i/ ocwor [T
/‘_< [
=Ll ' :
; +
o | = | A
oD i) / ;
:‘[ L )
d z ! i BEN|
2l 1
[: i——
i ey |
—

Figure 5-9: Outer Pin Attachment Block

Outer Pin Block Attachment Weld Calculations: (10 CFR 71.45)
All attachments are to be welded to the deck plate.

Longitudinal Load 944 (10/7.5) =1258.7 kip

Vertical Loads 1077 kip

The moment was taken-about the CG- of the weld.

t = thickness of weld

Moment = 1258.7 kip (10 in) + 2 1077 kip (24 in) = 64,283 in-k
A=(128+22)t=150t

Lyy=1/12 (2) (64in)’*t +2 (11 in) t (32 in)*

I=43690t + 22528t = 66218t

S =(t) 66218/ 32 =2069.3t

F’ =1258.7/150t = 8.4/t

F” = M/S = 64,283/2069.3=31.07/t

F = ((8.4/1)*+ (31.07/t)*)"?=32.2/t

32.2/33.06 = t = 0.97 which is required

7/8" bevel with 3/8” fillet =t = ((7/8)*+ (3/8)* )%= 0.95 in < 0.97 required to fail. (10 CFR 71.45)
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Quter Pin Block Attachment Weld Calculations: (Rule 88 A.15.c)
All attachments are to be welded to the deck plate.
Longitudinal Load 944 kip

Vertical Loads 1077 kip

The moment was taken about the CG of the weld.

t = thickness of weld

Moment = 944 kip (10 in) + 2 (1077 kip) (24 in) = 61,136 in-k
A=(128+22)t=150t

Ly=1/12(2) (64in)*t + 2 (11 in) t (32 in)?

1=43690t + 22528t = 66218t

S = (1)66218/ 32 = 2069.3t

F* =944/150t = 6.3/t

F”=M/S = 61,136/2069.3t = 29.54/t

F = ((6.3/t) + (29.54/t)* )2 = 30.2/t

30.2/33.06 = t = 0.91 which is required

7/8” hevel with 3/8” fillet = t = ((7/8)2+ (3/8)?)? = 0.95 in > 0.91 which is required (Rule 88 A.15.c)

3/8 - DUTBOARD ATTACHMENT /

Y
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Kasgro Rail Corporation

Page 5



IMPLEMEN IED 11/2017

AAR Manual of Standards and Recommended Practices
Design, Fabrication, and Construction of Freight Cars

M-1001

CHAPTER 4

4.3.4.1.3 Allowable Design Stresses in Welds

Table 4.3 Allowable design stresses in welds

Metal and Filler

Kind of Stress Allowable Design Stress Requlrements
Tension and compression paralle! to the axis of any complete- Same as for base melal Per
penetration groove weld AWS D15.1,
Tension normal to the axis of complete-penetration groove weld Same as allowable tensile stress Table 8.1
for base metal
Compression normal to the axis of complele- or partial-penetration | Same as allowable compressive
groove weld siress for base metal
Shear on effective throat of complete-penelration groove weld and | Same as allowable shear stress
partial-penetration groove weld for base metal
Shear stress on effective? hroat of fillet weld regardless of direction |29.0 ksi Per
of application of load; tension normalt! to the axis on the effective AWS D15.1,
throat of a partial-penetration groove weld; and shear slress on the Table 8.1 Class |
effective area of a plug or slot weld. The given slresses shall also {3305 ksi AWS D151,
apply to such welds made with the specified electrode on steel having Table 8.1 Class Il
ayleld stress greater than that of the "malching” base metal. The 886 ks AWSDI5A
allowable stress, regardless of elactrode classification used, shallnot | ™ i
o i . i Table 8.1 Class Il
exceed that given in the table for the weaker “maiching” base metal 3
being joined. 50.46 ksi AWS D15.1,
Table 8.1 Class IV
56.84 ksi AWS D151,

Table 8.1 Class V

o For definition of effective throat of fillet welds and partial-penetration groove welds, see

paragraph 4,3.4.1,

W Fillet welds and partial-penctration groove welds joining the component elements of built-up
members, such as flange-to-web connections, may be designed without regard to the tension or

compression stress in these elements parallel to the

12/2015 C-IT [M-1001]

axis of these welds.

31



. Table 8.1 (Continued) 3

Prequalified Base Metal—Filler Metal Combinations for Matching Strength g

Stzel Specification Requirements Filler Metal Requirements H

“Minizmum Yield ) = g

PointStrength Teasile Range Electrode Blectrods E

Stzel Specification®®< s MFa ksi iF Process  Specification Classification”hk 2

AS.T7AS.IM

A SMAW
E1016
Grede E7018
Grades AH32, DH32, EHI2 E1028
Grades AFI36, DE36, EF36 B7015-%X
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Table 8.1 (Continued)
Prequalified Base Metal—Filler Metal Combinations for Matching Strength

Steel Specification Requirentents Filler Metal Requirements!
Minimum Yield AWS
PoinVSwength Teasile Range Elee Bl
Steel Specification™®® ksi MPa Xsi MPa Process  Specification Classificationt 5k

HSLAS Grde 50 Class 1
HSLAS Grade 55 Class 1

50

"HSLAS Grade 50 Class 1 30
SSGrdi 55 35
HSLAS Grade 35 Class 1 55
TISLAS Grade 55 Class 2 55
0

[
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Table 8.1 (Continued)

Prequalified Base Metal—Filler Metal G inati for M gth E

Stez] Specification Requizements Filler Metal Requirements! S

Minircom Yield WS s

. PointStrength Tensile Range Hlectrode Electrode é

Steel Specification™™* si MPa ksi MPa Proczss  Specification Classification® %X =
2 - T P

Grades AH32, DH32, EH32
Grades AH32, DH32, EH36(3)
3

FEE

SMAW

iL

HSLASGrade 60Class 1 -

HISLAS Grade 63 Class 1 65 443 80
HSLAS Grade 65 Class 2 65 448 5
HSLAS Grade 70 Class 2

FSLAST Grade 70
HSALS Grade 60 CItss 1
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(Continued)
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MAGNETIC PARTICLE INSPECTION REPORT

Mr. Mark Zeigler Report #: 23 Page 1 of 2
Kasgro Rail Corporation P.O.#: K180079
121 Rundle Road Work Order #: 473037
New Castle, PA 16102 Project: Atlas Cask Car
Date: March 4, 2019
Description:  Perform Magnelic Parlicle Inspections of Deck Attachments for Cask car #1
TRIS Procedure: WI-08-002 Rev. 5 Production Stage: Tor Welds:
X InProgress X RootPass
Surface Condition: As Welded Final Intermediate
___ Other _ Final
Test Method Standard: ASTM E709
Equipment Iden{ification:
Acceptance Standard:  AWS D151 Maodel #: _Packer DA400
Gage #/Serial #:
Type of Materlal: Carbon Steel Cal. Date Due: -
Product/ Weld @
Identifieation . 3 8 g Defect Location or Technique
g § E g% .E 8 Remarks
; FEEEER:
Car Body Assembly < [ = Technigue #: N/A
Item #7 (4) Outside Lups Method: Wet Dry X
Root See report #15 Fluorescent Visible __ X
Final See report #17
C ble Batch #f:  08A078
Ttem #8_(4) Inside Lugs Coil _N/A  FWDC _N/A
Root See report #15 Head Shot _ N/A Prods N/A
Final See report #17 Amperage: N/A
Item #11 to 3-10 Yoke Current: AC _X DC__
“A” End UV Meter #: NIA
Final / UV Intensity verified at prescribed intervals?
"B End Yes  No__ = NA_X
Final / Quantity Tested 100%: X
Rand NA %
Ttem #10 to 3-10
“A” End tz) B
Final !
“B” End (2)
Final
SIGNED: Kasgro Rail
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Mr, Mark Zeigler Report #: 23 Page 2 of 2
Kasgro Rail Corporation P.O. #: K180079
121 Rundle Road Work Order#: 473037
New Castle, PA 16102 Projeot: Atlas Cask Car
Date: March 4, 2019
Description: Perform Magnetic Particle Inspections of Deck Attachments for Cask car #1
TRIS Procedure: WI-08-002 Rev. 5 Production Stage: For Welds:
X InProgress X Root Pass
Surface Condition; As Welded Final Intermediate
Other ~ Finat
Test Method Standard: ASTM E709
Equipment Identification:
Acceptance Standard:  AWS DI5.1 Model #: Parker DA40D .
Gage #/Serial f: ~_P'135/17999
Type of Material: Carbon Steel Cal, Date Due: 6-18-19
Product/ Weld .
Identification g 3 g Defect Location or Technique
g % g E '% .g _g Remarks
Car Body Assembly g3 | O B e ‘Technique #: N/A
Ttem #12 to 3-10 Method: Wet Dy X
“A” End o Fluorescent Visible _ X
Final - 2
“B” End C ble Batch #:  08A078
Final / Coil N/A FWDC _N/A
) Head Shot _N/A  Prods _N/A
Item #9 to 3-10 i Amperage: N/A
“A” Side of Center !
“B” Side of Center ] Yoke Current: AC _X  DC___
UV Meter #: N/A
UVl Ity verified at prescribed Intervals?
Yes  No NA _X
. o Quantity Tested 100%: X
Rand NA %
SIGNED: o __ Kasgro Rail
Technician: | Danicl $. Gjurich WJ | Level: IT o o
Reviewed By: C‘ . Date: 3 / S/I 9

i
Tesling was perfornied in accordance with accepied indusiry praciice as well as the test metbods referenced TUY Rheintand Industrial Salutions, llé ‘has no dizest knowledge of the origin,
sampling procedure, nor condition of the samples, and makes no olaims a3 (o the sultability nor final use of the material. This test report applies only lo those jlems lested. This report shall ot
be reproduced oxcept in full witkout the written consent of TUV Rbwinland lodustrial Solutions, loe.

TOO IMDUSTTRIAL BOULEVARD o ALIQGUIPPA, PA 150G o TELEPHOME (724)-378-300¢
Magnct'e Pasticle Luspoction
RLK 571909

FAX (T24) 3383940
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VISUAL INSPECTION REPORT
Mr, Mark Zeigler Report #: 22 Page 1 of 3
Kasgro Rail Corporation P.O. #: K180079
121 Rundle Road Work Order #: 473037
New Castle, PA 16102 Project: Atlas
Date: March 4, 2019
Description: Perform Visual [nspecuons of Deck Aﬂachmems for Cask car #1
CTRIS Procedure: " Surface Condition:  Production § ge' T v Gauge Identification:
NDE-VT-1 As Welded X InProgress  Mfg. G.A.L.
Test Method Standard: Percent of Inspection: Final Weld Gauge 4" */g” and 4" Fillet
AWS D151 X 100% Other Model #269-465-5750
Acceptance Standard: % For Welds: Serial # _Cert #4858
AWS DI5.1 X Root Pass Qther Cam Type Gape |
Product Form: Intermediate
N/A X Final
Type of Material: Carbon Steel
Product / Weld " £ g E B
Identification " 5 . B P g é B -§ & g Defect Location, Length
o
BN E o-H © T

' BEERREEREL
Item #7 10 3-10 (4)
Root See Report #16
Final B o See Report #16
Ttem #8 103-10 (4) o
Root See Report #16 -
Final See Report #16
Ttem #11 to 3-10
“A" End R e e T e
Root See Report #16
Final See Report 116 _
“B” End
Root See Report #16
Final _ AN ”E‘,‘.‘.m',:?,.‘di‘i‘i'i See Report #16

e EXR. 41412020
7 AR

SIGNED: Kasgro Rail
Technician: Daniel 8, Gjunch /(/ M 4 % w««/{ Level CwWI #93041 171
Reviewed By: e Date: 3 .( (Ka)

Testing was petformed T ccortmea with secepted In UShy practic a3 well as the [¢st meihods referenced TUV Rhainfand Industrial Solutions, Tne. basfio dirckt knowledgo of (he origin,
sampling procedure, sor condition of (he samples, and makes no claims a5 to the suitability nor fival use of the material. This test report applies only (0 those items tested. This report shall not
ba reproduced except in full without the wrilten consent of TUV Rhaintand Industria) Solutions, Inc.
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March §9, 2004
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e Industrial Solutions

VISUAL INSPECTION REPORT

Mr. Mark Zeigler Report #: 22 Page 2 of 3
Kasgro Rail Corporation P.O. #: K180079
121 Rundle Road Work Order #: 473037
New Caslle, PA 16102 Praject: Atlas
Date: March 4, 2019
Description: Perform Visual Inspections of Deck Atiack for Cask car #1
TRIS Procedure: Surface Condition: Production Stage: VYT Gauge Identification:
NDE-VT-1 As Welded X  InProgress  Mifg. G.A.L. N
Test Method Standard: Percent of Inspectiont Final Weld Gauge 14", %" and /4" Fillet
AWS D15.1 X 100% Other Model _#269-465-5750
Acceptance Standard; % For Welds: Serial # Cert #4858
AWS DI5.1 X___ RootPass Other _Cam Type Gage
Product Form; Intermediate
N/A X Final
Type of Material: Carbon Steel -
Product / Weld g g
Identification ‘é . g E é g g & g Defect Location, Length

E BRI EH

& ¥ g 6 5 8 4 Baks s
Item #110 to 3-10
“A" End (2)
Root See Report #16
Final See Report #16
“B” End (2) o
Root See Report #16
Final See Report {16
Item#12t03-10 -
“A Bnd B
Root See Report #16
Final See Report #16
“BEnd S
Root 7\ _Daniol § Glurich Seo Report #16
Final ZIES oWl _saatin See Report #16

Ny#  QCT EXP. 4A72020

SIGNED: ~ Kasgio Rail

Technician: Da.:ueH (‘Junch // m/ M /
e )

Level: CWI #93041171

Reviewed By: g il

Date:

_7la / L (O
Tesling was performed in accordance with accepled industry practice ag well as the test methods referenced TUV Rheinland Industrial Sotutions, Ine. 148 no ¥l koowledge of the origin,

sampling procedure, nor condition of the samples, and makes vo claing as lo the suitability por final use of the material. This test repert applies only 10 thos items tested. This report shall not

be teproduced excepl in full witbout the writien consent of TUV Rlwinkand Industial Solutions, Jag.

NDTGOI00
March 19,2004
i
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NOE « MECHARICAL LAB » ENVIRONMENTAL vevewzAnvels.com Indus Solutl
VISUAL INSPECTION REPORT

Mr, Mark Zeigler Report #f: 22 Page 3 of 3
Kasgro Rail Corporation P.O.#: K180079
121 Rundle Road Work Order #: 473037
New Castle, PA 16102 Project: Atlas
Date: March 4, 2019
Description: Perform Visual Inspections of Deck Attact for Cask car #1
TRIS Procedure; - Suf’fﬁce Co}ndlliun: Production Stage: vT Ga-nge Idem!l‘imllnn
NDE-VT-1 As Welded InProgress Mg, GAL
Test Method Standard: Percent of Inspection: X Final Weld Gauge %", /¢" and 1" Fillet
AWS DI5.1 X 100% Other Model 1269-465-5750
Acceptance Standard: % For Welds: Serial # Cort #iF4858 ]
AWS DIS.1 Root Pass Other Cam Type Gage |
Produet Form: Intermediate
N/A X Final

Type of Materlal: Carbon Steel

Product / Weld g g
Identification s 8 3 )
5 § B g E 4 .g g . Defect Location, Length
]
Car Body Assemb] % é % g E E o
. § 5 8 5 8 3 8§ 254885
Ttem #5 to 3-10
“A” Side of Center See Report #18
“B" Side of Center | 8ecRepori#18
Item #6 to 3-10 (4)
“A” Side of Center (Lefty See Report #18
“A” 8ide of Center (Right) See Report #18
“B" Side of Center (Left) o See Report #18 -
“B" Side of Center (Right) . See Report #18
Mem#9tod-10
“A” Side of Center /
“B" Side of Center P
T A\ Danicrs RF}EJ[ISLI
R CWH 930474
S OE AP AFHAN0
SIGNED: Kasgro Rail
" Level: CWI #93041171

Technician: Daniel S. Gjurich

Reviewed By: () e \.,., Date: 3 / 5,’/, 4

Testing was perfornied in accordance with accepled indusiry praotice as well es tho fest methods referenced TUV Ricintard Todustrial Solutions, Tne. /s no direct knowledge of the origin,
campling procedure, cor cordition of the samples, apd makes bo claims &s to the suitability nor final use of the material. This test report applies ooly to those items tested. This report shall not
be reprodiced except In full wilboul the wrilten consenl of TUY Rheintand Lndustrial Solutions, Ioc.

NDTO-0100
March 19, 2004
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Appendix L. Test Zone Compliance for Dynamic Test
Regimes

TTCI performs measurement of Chapter 11 test zones at a minimum annually or at the discretion
of clients entering official testing. TTCI’s policy establishes test zone measurements be
considered valid for 6 months from the last measurement that meets specifications. Table K-1
details the Atlas car test dates for each Chapter 11 and S-2043 special test zones along with the
associated measurement date that the test zone was found to comply with the AAR specifications
for specified test zones.

Table K1. Atlas Car Test Dates and Test Zone Measurement Compliance Date

Atlas Load Measurement Date Demonstrating
Test Zone o Date Tested Compliance after Engineering
Condition Revi
eview
Hunting with KR 11/14/2019 9/10/2019
Profiles
Hunting with IWS 10/7/2020 6/20/2020
Twist and Roll 9/14/2020 6/10/2020
. . 6/25/2021,
Dynamic Curving 6/28/2021 3/31/2021
Single Bump Minimum Test 10/5/2020 9/16/2020
: Load 6/25/2021
Curve Entry/Exit 6/28/2021 4/19/2021
Curving with Single 10/5/2020,
Rail Perturbation 12/9/2020 8/20/2020
; 6/25/2021,
Constant Curving 6/28/2021 4/19/2021
Special Trackwork 10/8/2020 7/7/2020, 7/10/2020

L-1



Measurement Date Demonstrating

Test Zone Atlas I__9ad Date Tested Compliance after Engineering
Condition Revi
eview
Hunting with KR 12/11/2019 11/18/2019
Profiles
Hunting with IWS 7/6/2020 6/20/2020
. 6/30/2020,
Twist and Roll 2/1/2020 6/10/2020
Yaw and Sway 9/2/2020, 9/3/2020 6/8/2020
6/25/2020,
Dynamic Curving 6/29/2020, 3/26/2020
6/30/2020
Pitch and Bounce Maximum Test 6/30/2020,
(Chapter 11) Load 7/1/2020 4/15/2020
Single Bump 7/6/2020 5/18/2020
. 6/25/2020,
Curve Entry/Exit 6/30/2020 3/26/2020
Curving with Single
Rail Perturbation 8/26/2020 8/20/2020
. 6/25/2020,
Constant Curving 6/30/2020 3/26/2020
. 8/27/2020,
Special Trackwork 8/31/2020 7/7/2020, 7/10/2020
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