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EXECUTIVE SUMMARY

The Association of American Railroads (AAR), Transportation Test Center (TTC),
* Pueblo, Colorado, was contracted by the Federal Railroad Administration (FRA) to per-
form vehicle performance tests on the Peacekeeper Rail Garrison (PKRG) rail cars
according to specifipations in Chapter XI, of the AAR’s, M-1001, Manual of Standards and
Recommended Practices (Appendix A). Chapter XI represents a realistic but severe envi-
ronment for freight cars.

These tests include rail car service worthiness, rail car track worthiness, static and
qua51 -static truck characterization, and vehicle dynamic characterization.

The second of the PKRG cars to be tested at TTC was the Launch Control Car
(LCC). The LCC will carry launch control equipment and personnel. It is an eight axle rail
car with a design weight not to exceed 400,000 pounds. The car uses two standard Buckeye
100-ton design span bolsters. The actual car tested was an EMS-2 (Engineering Mass Sim-
ulator). This car utilized steel containers that held sand bags to simulate the weight and
center of gravity of the LCC.

Obj ective

The objective of this test.program was to provide a data base of vehicle performance for
the LCC as operated over a severe but realistic freight railroad environment. The data
base will assist the Air Force in determining the suitability of the LCC design for PKRG.
To achieve this objective the following tests were performed to examine the vehicle
dynamic performance (track worthiness) of the LCC, EMS-2.

High Speed Stability (Hunting)
Constant Curving

Curve Entry and Curve Exit -
Pitch and Bounce

Twist and Roll

Dynamic Curving

Turnouts and Crossovers

Yaw and Sway



A set of tests was also performed to evaluate the service worthiness or structural
adequacy of the LCC, EMS-2. These tests mcluded
Single Car Impact ,
Compressive End Load
Jacking Stability Test
Curve Stabﬂity Test .

Tests to measure the static and quasi-static suspension characterisfies of four 100-ton
conventional three piece trucks that will be used under the LCC, EMS-2 were performed.
These parameters are required as input for the AAR developed mathematical model New
and Untried Car Analytical Reglrne Simulator (NUCARS) used to predlct ra11 car per-

formance.

Another series of tests were performed to measure ‘the modal parameters of the LCC,
EMS-2. These parameters are also used as a cemparison with-the.thathematical model
(NUCARS) used to predict rail car performance The modal parameters 1nc1uded |

Pitch -Vertical Bendmg
Bounce Lateral Bending
‘Roll - Longitudinal Torsion (Tw1st)

Yaw -Sway -
Test Procedure

Detaﬂed test procedures were written for each test. Procedural outlines are presented in
this report. ' :

Vehicle characterization was performed on the LCC as stated in Appendix A of
Chapter XI. These tests are designed to document suspension and car body characteristics.

The LCC service worthiness tésting consisted of four separate tests includiﬁg The
Single Car Impact Test, The Compresswe End Load Test, The Jacking Test and The Curve
Stability Test. . .

The LCC track worthiness testing consisted of the elght separate tests stated above in
the objective. All of the tests were conducted on TTC track with the car in'the loaded con-
figuration under which it will operate in actual service. Tests were conducted at various
speeds on track shimmed to excite vehicle 1nstab111ty ‘modes observed durmg typical but
severe railroad operatlon. Other track tests were conducted onunperturbed track to
observe the vehicle operation on nominal track *configuratiorié. S



Results

The results of the LCC testing are prese'r;tedrir"l this report in four sections. Vehicle charac-
terization, track worthiness and the static brake test are .summari'zed here.

The following table summarizes all of the vehicle characterization results provided
for NUCARS vehicle dynamics modeling SUppOTt.

- ]

'PARAMETER

VALUE
' Vertical Spring Stiffaess with snubbers 26.08 kips/in
Vertical Spring Damping with snubbers 11.61 kips
Vertical Spring Stiffness without sni.lbber§ 26.32 kips/in
Vertical Spring Dampiﬁg,withoui snubbers e 8.83 kips

56,519 in-kips/radian L

Trubk RoH‘Spfing Rate '

Lateral Truck Sliffnéss 24:48 kips/in
Lateral Truck Damping " 34,40 kips
Span Bolster Yaw Moment 350,000 in-lbs
Single Truck Yaw Moment '112,500 in-1bs

Truck No. 1._;“2.49,6 mrad .

Axle Alignm.ent -
Truck No. 2 - 0.636 mrad
 Longitudinal Stiffoess © 98.5 kips/inch

‘Axfc Yaw and Infer Axle Bending Stiffness

11,200,000 in-kips/mrad

Inter Axle Shear-"Stiffness Not Used for NUCARS
"Bounce Frequency 4.0 Hz

Pitch Frequency 7.0 Hz

Roll Frequéncyi o 4 05 Hz

Upper Center Roll F.;eqqency - - _' 7.0 Hz -
Yaw Frequency 6.0 Hz

First Vertical Bénding Frequency .+ 13.25Hz

First Torsional frcqueﬁcy' JERE 200 Hz

First Lateral Béh"ding Freciuenlcjz_ e  170Hz

xii



Track Worthiness Testing

Track worthiness testing shows acceptable-freight car performance on tangent track
at speeds below 55 mph. High single wheel L/V’s were encountered in the Constant Curv-
ing Tests and Spiral Negotiation Tests. Dynamic curving, 12-degree curving and spiral
negotiation were identified as potential problem areas. The following table summarizes
the track worthiness results. ' | '

" xiii



Static Brake Test

The LCC, EMS-2, only obtained an equalization pressure of 46 psi with a 20 pound
reduction from a 70 psi brake pipe pressure. The equalization pressure should be between
48 and 52 psi. : . .

~ The net braking ratio for the LCC was calculated to be 12% with a full service brake .
application from a 90 psi brake pipe pressure. Using a 70 psi brake pipe pressure, a full
service brake application resulted in a 9.2% net braking ratio. This net braking ratio is
within the AAR 6.5% minimum and 10% maximum allowable range.

The handbrake net braking ratio that could be obtained with a 125 pound application
to the handbrake wheel was 10.79%. This value is lower than the AAR 11% minimum.

Recommendations

Curving: ‘

1. Curving tests should be completed. Curving tests were not performed at :
balance and above balance speeds at Air Force direction. Poor perform-
ance in the 12-degree curve may indicate potential problems in other curv-
ing situations and should not just be addressed as an upper limit for
normal operations. | |

2. Post test modeling should be performed to examine car performance in
dynamic curving. Possible design changes may be considered and modeled
for improvements in performance.

Ride Quality:
1. High speed stability performance needs closer examination for personal
comfort and ride quality reasons.

Braking:
1. The handbrake should be redesigned to give a higher net braking ratio.

2. The air brake system needs closer examination. Equalization pressure of
48 to 52 psi in the brake cylinder was not obtained.

xiv






1.0 INTRODUCTION

The Association of American Railroads (AAR), Transportation Test Center (TTC)
Pueblo, Colorado, has been contracted by the Federal Railroad Administration (FRA) to
perform vehicle performance tests on the Peacekeeper Rail Garrison (PKRG) rail cars
according to specifications in Chapter XI, of the AAR’s, M-1001, Manual of Standards and
Recommended Practices (Appendix A). Chapter XI represents a realistic but severe. env1-
ronment for freight cars. These tests include rail car service worthiness, rail car track
worthiness, static and quasi-static truck characterization, and vehicle dynamic
characterization. ‘

The track worthiness tests determine the track safety performance over normal track
and over track specially configured to excite various vehicle dynamic modes.

The service worthiness tests determine the structural adequacy of the vehicle body.

The characterization tests provide engineering values necessary for computer model-
ling of the vehicle dynamic performance.

The second of the PKRG cars to be tested at TTC was the Launch Control Car
(LCC). .The LCC will carry launch control equipment and personnel. It is an eight axle rail
car with a design weight not to exceed 400,000 pounds. The car uses two standard Buckeye
100-ton design span bolsters. The actual car tested was an EMS-2 (Engineering Mass Sim-
ulator). This car utilized steel containers that held sand bags to simulate the weight and
center of gravity of the LCC.



2.0 OBJECTIVE

The objective of this test program was to provide a data base of vehicle performance for
the LCC as operated over a severe but realistic freight railroad environment. The data’
base will assist the Air Force in determining the suitability of the LCC design for PKRG.,
To achieve this objective many tests were performed. '
The following tests were performed to examine the vehicle dynamic performance
(track worthiness) of the LCC, EMS-2.
High Speed Stability (Hunting)
Constant Curving
Curve Entry and Curve Exit
Pitch and Bounce
Twist and Roll
Dynamic Curving
Turnouts and Crossovers
Yaw and Sway
A set of tests were also performed to evaluate the service worthiness or structural
adequacy of the LCC, EMS-2. These tests included:
Single Car Impact
Compressive End Load
Jacking Stability Test
Curve Stability Test
Tests to measure the static and quasi-static suspension characteristics of four 100-ton
conventional three piece trucks that will be used under the LCC, EMS-2 were performed.
These parameters are required as input for the AAR developed mathematical model New
and Untried Car Analytical Regime Simulator (NUCARS) used to predict rail car per-
formance.
Another series of tests were performed to measure the modal parameters of the LCC,
EMS-2. These parameters are also used as a comparison with the mathematical model
(NUCARS) used to predict rail car performance. The modal parameters included:

Pitch , Vertical Bending
Bounce Lateral Bending
Roll Longitudinal Torsion (Twist)

Yaw Sway



3.0 TEST DESCRIPTION

Chapter XI of the AAR’s, M-101, Manual of Standards and Recommended Practices pres-
ents guidelines for testing and analysis to ascertain the interchange service worthiness of
freight cars. The regimes of vehicle performance examined are divided into two sections in
Chapter XI. Service worthiness covers structural, static, and impact requirements. Track
worthiness covers vehicle dynamic performance. _ »

Vehicle characterization, as described in Appendix A of Chapter XI, is used to define
the car body and suspension parameters for the test vehicle. After the characteristics of the
suspension and the car body system are found, the results can be used to build a model to
predict Chapter XI performance.

3.1 VEHICLE CHARACTERIZATION
3.1.1 Truck Characterizhtion

Truck characterization tests are conducted to determine the dynamic suspension
characteristics of the 100-ton trucks used to support the LCC. Tests are conducted on the
Mini-Shaker Unit (MSU) to measure the vertical and lateral displacement values for given
force inputs at various truck component interfaces. Tests are also conducted on low fric-
tion tables to determine rotational stiffnesses in the truck. These results will allow compar-
ison between measured and design values and are used as part of the NUCARS model
input parameters, » '

3.1.2 Modal Characterization

Modal characterization tests are conducted to determine the dynamic characteristics
of the suspension and the car body as a system. The results of these tests can be compared
to the NUCARS model predictions to validate its vehicle representation. There results will
also be required as input data for the Train Dynamics Model (TDM) which will make inte-
grated train performance predictions.



32 SERVICE WORTHINESS
Service Worthiness Tests address the structural integrity of the vehicle.

3.2.1 Single Car Impact Test

The Single Car Impact Test is conducted to determine if any permanént damage
oceurs to the LCC upon impact into three loaded 70-ton hopper cars with the handbrake
on thé non-struck hopper tightly set. Impacts for the LCC are conducted up to 1.25 million
pounds coupler force or 6 mph, which ever comes first. This test is done to simulate possi-
ble impacts that a rail car is subject to while in service.

3.2.2 Compressive End Load Test

The Compressive End Load Test is conducted to document ability to withstand an
axially applied load of 1-million pounds for 1 minute without permanent deformation. The
loading simulates an axially loaded beam with rotation-free translation fixed ends.

3.2.3; Jacking Test

The Jacking Test is conducted to test the jacking pads and car structure. As the car is
lifted at the jacking pads, it is monitored for perrﬁanent deformation around the pads.
Since the LCC is designed with two trucks and a span bolster at each end, it is not neces-
sary to conduct the coupler vertical load test that is done for standard car design.

The jacking pads are used for any repéirs that are needed on the trucks or span bol-
ster which would require the weight of the car to be removed from the suspension. The
J ackihg Tes_t is conducted while configuring the LCC for other tests.

324 Cun’?e Stability Test

The Curve Stability Test is done to document any car body suspension separation and
wheel lift while the car is subjected to a buff and draft (compression and tension) force.
The test is conducted on a section of curved track with a limited amount of superelevation.
Extremely short and long cars are connected adjacent to the car being tested to simulate
the worst case situation.



3.3 TRACK WORTHINESS

Track Worthiness Tests are-conducted to assess the dynamic performance of the car in typ-
ical railroad operation. These tests utilize instrumented wheel sets to measure lateral and
vertical forces (I/V) between the wheel and rail. These wheel sets have modified

~ Heumann profiles which simulate worn wheel profiles.

" Results are compared to criteria as stated in ChapterXI. The primary criteria are
the tendency to wheel climb derailment, as defined by the ratio of L/V, and the tendency
to cause rail rollover, as defined by the ratio of truck side lateral to vertical forces.

* The test regimes described in the Track Worthiness section of Chapter XI address
the dynamic vehicle modes historically associated with poor performing vehicles. The track
is intentionally adjusted (perturbed) to excite these modes for most tests. '

The wavelength for these repetitive perturbations is based upon historical rail length
of 39 feet. No attempt h_éts been made to adjust this wavelength to a particular vehicle’s
dimensions. The amplitude of the perturbations is less than the theoretical amplitude pos-
sible under FRA track class specifications..

3.3.1 High Speed Stability Test

High speed stability tests are conducted to confirm that hunting (lateral oscillating
instability in the trucks) does not occur within normal operating speeds of the car. Chapter
X1 states that the maximum lateral car body acceleration (g) is 1.0 g peak-td-peak sustained
for 20 seconds or a maximum axle sum L/ V of 1.3. The maximum individual peak-to-peak
acceleration (g) is 1.3 g. Hunting is inherent in some truck designs and is also seen in nor-
mally sti'able truck designs when components are allowed to wear beyond normal limits. A
truck m;,ay be unstable but still be below the Chapter XI allowable limits; however, the ride
. quality while a truck is hunting, even below the Chapter XI limits, is very poor. If hunting
oceurs, the resonant speed is identified for operational considerations.

31.3.2 Cp_nstant Curviné Test

The Constant Curving Test is designed to detcrnﬂne the car’s ability to negotiate nor-
mal track curves. The test car is operatéd through many.standard curves at typical operat-
ing speeds. The maximum wheel L/V is 0.8 or the mfa,ximum axle sum L./V is 1.3 (Chapter
X1, Table 11.1). This test verifies that the car will not have wheel climb or impart large
lateral forces to the rails during curving, '



3.3.3 Curve Entry and Curve Exit Test

The Curve Entry and Curve Ex1t Test is performed in conjunctmn with the Constant
Curvmg Test. A spiral is the transmon from a curve to a tangent track. This transition
includes changes in crosslevel and curvature. The purpose of the exaggerated bunched spi-
ral described in Chapter XI is to twist the trucks and the car body. Chapter XI states that
the minimum acceptable vertical load of a wheel is 10 percent of the static wheel load and
that the maximum acceptable wheel L/ V is 0.8.

3.3.4 Pitch and Bounce Test

The Pltch and Bounce Test is de51gned to determine the dynamic pitch and bounce
response of the car as it is excited by vertical inputs from the track. Track with this type of
input to the vehicle may be found at bridges, road crossings, and where there is a change in
the underlying vertical support structure to the track. The Chapter XI criterion is a mini-
mum vertical wheel load of 10 percent of the static vertical wheel load.

3.3.5 Twist and Roll Test

- The Twist and Roll Test is conducted to determine the car’s ability to negotiate
through cross-level perturbations. These perturbations will excite the natural twist and roll
motions of the car. This type of track condition may be found in locations where rail joints
are staggered or low spots on the track occur. Three criteria are given for this test: the
maximum roll angle is 6 degrees peak -to-peak, the maximum axle sum L/V is 1.3, and the
minimum vertical wheel load is 10 percent of the static vertical wheel load (Chapter XI).

3.3.6 Dynamic Curving Test

The Dynamic Curving Test is designed to determine the ability of the car to negotiate
track with simultaneous cross-level (vertical) and gage (lateral) misalignments. Four differ-
ent criteria are given in Chapter XI: the maximum wheel L/V is 0.8, the maximum axle
sum L/V is 1.3, the maximum roll angle is 6 degrees peak-to-peak, and the minimum
vertical wheel load is 10 percent of the static vertical wheel load.

3.3.7 Turnout and Crossover Test

The Turnout and Crossover Test is conducted to determine performance in negotiat-
ing typical turnouts and crossovers. A turnout is an arrangement of a switch and a frog with



closure rails, by which cars may be diverted from one track to another. A crossover is an
arrangement of two turnouts with the track between the frogs arranged to allow passage
between two nearby and generally parallel tracks. The ‘whe'el-/ rail forces determine if there
is a tendency for wheel climb or to induce lateral forces into the track. This test is not
described in Chapter XI. T

3.3.8 Yaw and Sway Test

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. Track with -
perturbations of this type may be found where the underlying ground is unstable and allows
the track to shift in the lateral direction. The maximum truck side L/V is 0.6 and the maxi-
mum axle sum L/V is 1.3 (Chapter XI). '

3.4 STATIC BRAKE TEST

The Static Brake Test is conducted to determine the static forces on the brake shoes when
various brake cylinder pressures are applied. This information is compared to accepted
standards and is used to correlate stop distance information to the designed braking ability
of the car. This test is also used to ensure the compatibility between all car brake systems
in the PKRG train (e.g. MLC, MC, etc.).

This test is normally performed at the car builders facility using a sample car of a pro-
duction run. Itis an AAR Mechanical Division requirement but is not a Chapter XI

requirement.



4,0 TEST PROCEDURES

Détailed test procedures were written for each test. Procedural outlings are presented in
this section. '
4.1 VEHICLE CHARACTERIZATION ~

Vehicle characterization was performed on the LCC as stated in Appendix A of Chapter
XI. These tests are‘designed'torirdécument suspension and car body characteristics. There
is no criteria for acceptable performance. |

4.1.1 Truck Characterization.f’rocgdureé -

Quasi-static truck characterization was perfdrmed on four 100-ton ride control trucks.
Each truck was equipped with eight D-7 outer springs, seven D-7 inner springs, and a
Stucki HS-7 hydraulic snubbet in each spring nest. Truck characterization tests were per-
formed on the Mini-Shaker Unit (MSU) in the Rail Dynamic Laboratory (RDL). A Union
Pacific (UP) gondola (UP31923) loaded to approximate the LCC axle loads (48,000 Ibs)
was used to weigh down the LCC:tl"ﬁéks fqr the following MSU tests: '

Vertical Stiffness and Damping
Roll Stiffness and Dampifﬁg -
Lateral Stiffness and Damping

These tests are described in more defail in Sections 4.1.1.1 to 4.1.1.3. Each of the four
100-ton trucks was individually tested under the B-end of the UP gondola.



The MSU utilized two 140 kip hydraulic actuators for vertical input excitation to the
vehicle and one 140 kip hydraulic actuator for lateral excitation. The actuators were
attached to a reaction mass that is bolted to the floor of the RDL and were connected
between the car body and the reaction mass with special brackets welded to the UP gon-
dola. Sinusoidal input signals were provided to the actuator control valves with a Hewlett-
Packard (HP) 360 desktop computer teamed with a programmable function generator.
The actuators were controlled with 0.1 Hz to 0.25 Hz signals, with either a constant
displacement or a constant force, during the quasi-static tests. Vertical and lateral rail
forces were also measured by instrumented rail at each wheel/rail interface. Figures 4.1
and 4.2 show the MSU in the vertical and lateral configuration; respectively.
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Figure 4.1 MSU in the Vertical Configuration
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Figure 4.2 MSU in the Lateral Configuration



Next, static truck characterization was performed on the two 100-ton trucks using air
bearing tables. The tables utilize six air bearings to float an object off the ground on a
cushion of air. This eliminates the friction between the wheels and the rail during rotation

testing. Figure '4.3 shows an air béaring table.

\ Figure 4.3 Air Bearing Table

The following tests were performed using the air bearing table:
Span Bolster Yaw Moment Test
Truck Yaw Moment Test
Axle Alignment Test
Truck Longitudinal Stiffness Test
Truck Inter-axle Yaw and Bending Test
Inter-axle Shear Test
These tests are described in more detail in Sections 4.1.1.4 to 4.1.1.9.



4,1.1.1 Vertical Stiffness and Damping Procedures

The Vertical Stiffness and Damping Test was conducted by cycling both vertical .
actuators in-phase with constant amplitude at frequencies; of 0.1 and 0.25 Hz. The actua-
tors were extended and retracted to the full extent of the LCC spring travel and to various
levels less than the maximum spring travel. It was determined, during the tests, that-
approximately 2 inches of stroke was sufficient to fully compress the springs.

4.1.1.2 Roll Stiffness and Dambing Procedures

The Roll Stiffness and Damping Test was similar to the vertical characterization tests,
except the vertical actuators were operated 180 degrees out-of-phase. Actuator displace-
ments up to = 2 inches were tested.

4.1.1.3 Lateral Stiffness and Damping Procedures

The Lateral Stiffness and Damping Test required reconfiguration of the MSU to a
single lateral actuator arrangement. The input force was cycled at 0.1 and 0.25 Hz in the
range from + 10 kips to =+ 209 of the vertical static load of the car (= 20 kips), which is
the AAR Chapter XI criterion.

4.1.1.4 Span Bolster Yaw Moment Procedures

The Span Bolster Yaw Moment Test was done to determine the torque necessary to
rotate the span bolster about the car body center plate. ‘This break away torque is related
to the static friction between the car body center plate and truck center bowl. When the
LCC enters a curve, the lateral wheel forces cause the span bolster to break away and
rotate. The breakaway torque will affect curving and high speed stability performance.
Figure 4.4 illustrates the basic test setup.

1
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Figure 4.4 Span Bolster Yaw Moment Tesf Setup

One air bearing table was placed under each truck in the A-end span bolster of the
LCC and the two tables were bolted together. Actuators were attached at opposite corners
of the table assembly. String pots were then placed at the two free corners to measure the
displacement at the two tables. Figure 4.5 shows the LCC positioned on the air tables.
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Figure 4.5 LCC on Air Tables

Force was applied equally and gradually with both actuators until the span bolster
began to rotate. The test was stopped when the span bolster had rotated approximately 2
inches, which equated to 18.5 milliradians (mrad). The Span bolster was rotated in clock-
wise and counterclockwise directions by reversing the location of the actuators and string
pots. :

4.1.1.5 Truck Yaw Moment ProCedurés

The setup for the individual Tfucl_( Yaw Moment Test was similar to the span bolster
test. The two A-end tables were unbolted and the actuators and string pots were
assembled on one table only (Figure 4._6).

13
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‘Figure 4.6 Truck Yaw Moment Test Setup

The truck tests were perfariiied in the same manner as the span bolster test; with one
exception,;thg: ti‘ucks Wére only rotated 1 inch, which equated to 27.8 mrad. Each of the
two trucks was tested in clockwise and counterclockwise dirﬁecticins by reversing the loca-
tions of the actuators and the string pots to the other corners.
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4.1.1.6 Axle Alignment Procedure

The Axle Alignment Test was performed to determine the lateral and radial misalign-
ment between the two axles in a truck. The two test trucks were placed under the UP gon-
dola (UP31923), loaded to simulated the LCC axle load (48,000 pounds).

To allow each axle in the truck to align itself independently, both air tables were
placed under one truck; one table under each axle. ‘ ,

In order to measure radial and lateral misalignments, an optical transit and precision
scales were used in the arrangement shown in Figure 4.7.
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Figure 4.7 Axle Alignment Test Setup

15



Each time the tables were floated and set back doWh, the axle spacing on each side of
the truck was measured: The scales were then put in place and the misalignments calcu-
lated (Figure 4.8). The test was performed three times on each of the two trucks.

16 o



4,1.1.7 Truck Longltudmal Stlffness Procedure

The air tables were, left in the same conﬁguratlon for. the Long1tud1na1 Stlffness Test -
as they were for the Axle Alignment Test. Actuators were connected between the ends of
the axles on both sides of each truck via axle spuds bolted on the bearing end caps (Figure.
4.9).
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Figure 4.9 Truck Longitudin'al Stiifness Test Setup

String pots were used to measure displacement between the two axles on each side of
the truck. The axles were pushed apart and pulled together to determine the Iongltudmal
stiffness. This test was repeated on the second truck.

4.1.1.8 Truck Inter-Axle Yaw and Bending Procedure

The Inter-Axle Yaw and Bending Test was performed in conjunction with the Longi-
tudinal Stiffness Test. The axles were yawed by pushing them apart on one side of the
truck while pulling them together on the opposite side of the truck. The same test setup
was used for this test as for the Longitudinal Stiffness Test (Figure 4.9).

1



" 4.1.1.9 Inter-Axle Shear Procedure

~ The tables were left in the same configuration for the Inter-Axle Shear Test as they
were in the Longitudinal Stiffness Test. The axle spuds were removed and a lateral actua-
tor was installed between the two tables via connector plates (Figure 4.10).
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Figure 4.10 Inter-Axle Shear Test
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By applying a force at the connector plates, the axles were sheared apart. The dis-
placement was measured with two string pots; one for shear displacement and one for lon-
gifudinal displacement. The axles were sheared in both directions on each truck. Figure
4.11 shows the Inter-Axle Shear Test Setup. '

Figure 4.11 Inter-Axle Shear Test Setup
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412 Modal Response Prbced_ures

The Modal Response Test was performed using the MSU to determine the resonant
frequencies for the following modes: '

Pitch Vertical Bending
Bounce . Lateral Bending

" Raoll Torsion (Twist) |
Yaw Sway

The MSU utilized two 55 kip hydraulic actuatorsfor vertical car body excitation and
one 55 kip hydraulic actuator for lateral car body excitation. One of the vertical actuators
was disconnected for a few tests for a computer model that requires data obtained with
only one excitation point. |

The actuators were attached to the car via fixtures welded to the car body (Figure
4.12). T '

Figure 4,12 LCC Modal Attachment Fixture
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| The actuators were attached to a reaction mass bolted to the floor of the RDL. Sinu-"
soidal iﬁput signals were provided to the actuator control valves with a HP 360 desktop
compiit'b'l"teamcd with-a programmable function generator. Figure 4.13 shows the LCC
being p}'aced on the MSU. o o o

1
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4.1.2.1 Rigid Body Vertical Procedure

The MSU was set up in the vertical test configuration for the Rigid Body Vertical
Test. The actuators were cycled in-phase with 5, 10, and 15 kip siﬁusoidal inputs. The fre--
quency increased from 0.2 Hz to 10 Hz in 0.1 Hz steps at 10 cycles per step. Pitch and
bounce modes were determined by the phase relationship between the A- and B:end
displacements and acceleratlons of the car body.

4122 Rigid Body Rell Procedure

The MSU setup remained in the Vertlcal conflguratlon for the Rigid Body Roll Test.
The same procedure was used for this test as was used for the Rigid Body Vertical Test
except the actnators were cycled 180 degrees out-of-phase. A roll frequency was deter-
mined by the phase relationship between dlsplacements and accelerations at different loca-
tions a]ong the car body. ‘

4.1.2.3 Flexible Body Vertical Procedure

The MSU remained in the vertical test configuration for the Flexible Body Vertical ‘
Test. The actuators were cycled in-phase but théy were in displacément control rather than
force control. Displacement control was used to get a constant acceleration (g) input. The
actuators were controlled with frequency sweeps from.3 Hz to 30 Hz in 0.1 Hz steps at con-
stant g of 0.1, 0.2, and 0.3. Additional sweeps of 0.4 g at 10 Hz to 30 Hz and 0.5 gat 15 Hz
to 30 Hz were also performed.

4.1.2.4 Flexible Body Twist Procedure

The Flexible Body Twist Test was performed in the vertical configuration. The inputs
were identical to the Flexible Body Vertical Test except the actuators were cycled 180
degrees out-of-phase.

4,1.2.5 Rigid Body Lateral Procedure

The MSU was reconfigured to the lateral test position for the Rigid Body Lateral
Test. Sinusoidaf’ inputs of 5, 10, and 15 kips from 0.2 Hz to 10 Hz in 0.1 Hz steps at 10
cyclés per step were provided to the actuator control values for input into the LCC. Yaw
and sway frequencies were detérmined by the relationships between displacements and
accelerations of the car body at various locations.
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4, 1 2. 6 :Flexible Body Lateral Procedure

Thc Flexible Body Lateral Test was performed with constant g inputs of 0.1, 0.2, and
0.3, from 3 Hz to 30 Hz in 0.1 Hz steps An additienal sweep of 0.4 g from 10 Hz to 30 Hz
was also used.

42 SERVICE WORTHINESS

The LCC service worthiness testing consisted of four separate tests described in Sections
42.1t04.2.4;
Single Car Impact Test
Compressive End Load Test
Jacking Test
- Curve Stability Test.

4.2.1 Single Car Impact Procedure

The Single Car Impact Test was conducted with the loaded LCC on the Precision
Test Track (PTT).. The PTT has a known slope; therefore, the LCC was positioned on
- track at points that result in proper speeds at impact when released from a locomotive.- -
The LCC impacted three loaded 70-ton design hopper cars (225,000 pounds each) with the
handbrake on the non-struck car set tightly. ' The LCC was impacted in 1 mph increments
until either 6 mph was reached or a coupler force of 1.25 million pounds was reached. The
6 mph speed limit was set by the Air Force: The LCC was then inspected for any damage
that would cause the car to be brought in for repairs. Figure 4.14 shows the Single Car
Impact Test Setup. C

Anvil Hoppers.

I_ocorr;otive Launch Control Car l ]

:* Sloped Track / ’ Tlrlws’t.rumemted Coupler

Figure 4.14 Single Car Impact Test Setup
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42,2 Compressive End Load Procedure

The ‘Compressive End Load Test'was performed on the LCC. The couplers-are
removed from the LCC and replaced with shanks. The LCC is then placed in the:squeeze
fixture and an axial load applied incrementally to a maximum of 1 million-pounds. The.
load must be held at 1 million pounds for a period of 1 minute. The LCC was then
inspected for damage. Figure 4.15 shows the test setup.

Adapter Hydrautic
Actuator

Side Beam

- End
End :
Restroint TEST CAR it Restraint

Side Beam ' ‘ .
' Hydraulic Power

Supply

Figure 4.15 Compressive End Load Test Setup

4.2.3 Jacking Procedure

The Jacking Test was performed with the LCC in the loaded condition while the car
was being configured for other testé_i -Hydraulic jacks applied a load to the jacking pads,
largé enough to raise the car body and allow the trucks and span bolster to be rolled out
from under the body. The LCC was moritored for permanent deformation.



4.2.4 Curve Stability Procedure

The Curve Stability Test was conducted with the LCC in the loaded condition. The
LCC has no true unloaded condition. The south wye of the Urban Rail Bu11d1ng (URB) at
TTC was used for the test. The wye is a 10-degree curve with less than 0.5 inches of super-
elevation. The LCC was subjected to static buff and draft loads of 200,000 pounds for 20
seconds. The LCC was monitored for wheel lift or any separation of the trucks, span
bolster, and car body. Figure 4.16 shows the Curve Stability Test setup. '

| LAUNCH CONTROL CAR R
4 100—Ton Hoppers » » .1t L

""W P EI
o . Extra ‘Hopper's and
| Locomotive with “ Locomotive for restrain
| Extra Hoppers and Instrumented Coupler ‘

Locomotive for restraint

Figure 4.16 Curve Stability Test Setup

4.3 TRACK WORTHINESS

The LCC track worthiness testing con51sted of e1ght separate tests All of the tests were
conducted on TTC track with the car in the loaded conflguratlon under which it will oper-
ate in actual service. Figure 4.17 is a track locatlon dlagram for all track tests, the spec1flc
maps are found in each of the test description Sections. '
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Figure 4.17 Track Location Diagram

26



The track worthiness testing required specific buffer cars adjacent to the LCC. The
front buffer car was the T-5 Instrumentation Car and the rear buffer car changed, depend-
- ing on the particular test. A

Instrumented wheel sets were installed under the LCC lead axle of each truck (Figure
4.18). The A-end of the LCC was always leading for the track worthiness testing.

GECHGEC) CECNGES)
36" BB e Wheel Diameter s 36t Be
WS22 WSZ1 Transcucer Number s WS20 WSHQ

Figure 4.18 Instrumented Wheel Set Locations
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4.3.1 High Speed Stability Procedure

The LCC was behind the T-5 Instrumentation Car. No buffer car is required! in the
Hunting Test. The consist was operated at speeds up to 60 mph on 5,000 feet of tangent
track with 39-foot jointed rail, class 5 or better. Axle sum L/V’s and car body lateral accel-
erations were monitored. Chapter XI testing requires speeds up to 70 mph. The 60 mph
speed limit was set by the Air Force. ' ' o

HIGH—-SPEED
'STABILITY

(HUNTING)

- 5000—FT.~TANGENT
39—FT.—JOINTED RAIL

" FRA CLASS 5 TRACK
OR BETTER

Figure 4.19 Hunting Test Track Description



432 Cdnstant CﬁrvingProcedure

The: Constant Curving Test was conducted on the Wheel/Rail Mechanism (WRM)
track (Figure 4.20). The LCC was operated on several degrees of curvature and superele-
vation. ‘The test was run at below balance, above balance, and at balance speeds in both
clockwise and counterclockwise directions. Wheel I./V’s and car body accelerations were
monitored in real time to ensure safe operation.

WHEEL/RAM
MECHAN]ISM[ TRACK

CURVING TEST SECTIONS

- ol
"+ 3~DEGREE *

3-DEGREF
SPIRALS " CURVE
.- DYNAMIC ’
- CURVING
TEST
SECTION 10-DEGREE 5-DEGREE

« CURVE

BUNCHED SPIRAL
TEST SECTION T

*

4—-DEGREE
7.5~ DEGRE;, CU@/E

CURVE

DYNAMIC CURVING 10-DEGREE CURVE

"‘BUNCHED SPIRAL 12-DEGREE CURVE
CONSTANT CURVING 3-, 4—, 5—, 7.5-DEGREE CURVE

DEGREE T suPer. . BALANCE

ELEVATION SPEED
3 2 31.4
4 3 33.3
5 4 34.4
75 3 24.3
10 4 243
12 5 24.8

Figure 4.20 Constant Curving Test Facility
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4,3.3 Curve Exit and Curve Entry Procedure

The Curve Exit and Curve Entry Testing was conducted on the WRM track in con-
junction with the Constant Curving Test on the bunched spiral section found at one end of
the 12-degree curve and on the standard spirals found at the ends of the remaining curves.

A standard spiral is the section of track which makes the transition from tangent to !
curve with constant changes in curvature and super¢levation with distance. The bunched -
spiral makes a change in curvature throughout the spiral but the change in superelevation
is bunched in the middle 100 feet of the spiral. Tests were done at the same speeds as the
Constant Curving Test and in both the clockwise and counter clockwise directions. Single
wheel L/V’s and axle L/V’s were monitored for any unsafe condition.

4.3.4 Pitch and Bounce Procedure

The Pitch and Bounce Test was conducted on the PTT. The LCC was tested at
speeds up to 60 mph on track shimmed to represent parallel low spots with 0.75 inch ampli-
tude at 39-foot intervals (Figure 4.21). Minimum vertical wheel load were monitored in the
Pitch and Bounce Test. Chapter XI testing requires speeds up to 70 mph. The 60 mph
speed limit was set by the Air Force. |

PITCH AND
~ BOUNCE
075 IN.

T >

39 FT.

400-FT.—TANGENT
TRACK

Figure 4.21 Pitch and Bounce Facility



4.3.5- Twist and Roll Procedure

The Twist and Roll Test was also conducted on the PTT. The LCC was tested again
up to 60 mph on tracks shimmed to represent rail with cross level deviations of 0.75 inch at
39-foot intervals (Figure 4.22). Thrée criteria were monitored Eluringlthis test: maximum
axle sum L/V’s, minimum vertical wheel load, and maximum roll angle. Chapter XI testing
requires speeds up to 70 mph. ‘The 60 mph speed limit was set by the Air Force.

TWIST AND ROLL

0.75 IN.
)

| >

59 FT.

400—FT.—-TANGENT
TRACK

Figure 4.22 Twist and Roll Test Facility
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4.3.6 Dynamic Curving Procedure

The Dynamic Curve Test was conducted on the 10-degree curve of the WRM track.
The 10-degree curve is shimmed to provide a cross level of 0.5 inch combined with lateral -
perturbations giving a maximum gage of 57.5 inches and a minimum gage of 56.5 inches
(Figure 4.23). Four areas of concern were monitored to ensure safe conduct of the test: -
maximum wheel L/V, maximum axle sum L/V, maximum roll angle , and minimum verti-
cal wheel load. ‘

IDYNAMIC CURVING
| 10-DEGREE CURVE "

CROSS LEVEL DEVIATIONS 1/2—INCH
39—FO0T WAVELENGTH
‘ L NN AR AR A S

COMBINED WITH M‘
GAGE DEVIATIONS

| 56.5 INCHES to.57.5. INCHES
39-FOOT WAVELENGTH

~—~—~~~. HIGH RAIL
............. LOW RAIL

Figure 4.23 Dynamic Curving Test Facility
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4.3.7 Turnout and Crossover Procedure ‘

-The Turnout and Crossover Tests were cOn_dué.ted omna No. 8 turnout and a No. 10
crossover. The LCC was tested at the maximum speeds allowed on these switches (15 mph
and 20 mph respectively). This test is not addressedin Chapter XI. Flgure 4.24 shows a
typical turnout O CrOSSOVer. -

TURNOUTS AND CROSSOVERS

SWITCH POINTS . “  ozs

Transit Test Railroad Test
F R O G \ H Track Track

TRAILING\POINT

'4@[\«3 POIN

€02A

Figure 4.24 Turnout and Crossover Test Facilities
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4.3.8 Yaw and Sway Procedure

The last track worthiness test performed on the LCC was the Yaw and Sway Test.
The instrumented wheel sets were relocated to the lead truck of both span bolsters (Figure
4.25). The car was tested with the A-end leading. This is done to allow calculations for the
Chapter XI criteria of truck side L/V. Chapter XI testing requires speéds‘ up to 70 mph.
The 60 mph speed limit was set by the Air Force.

LC C A—END
GECEGEC) 0w OV
36" 36" R e Wheel Diameter e 36 36"

WS22  WS21 i Transducer NUmber . WS20 WS19

Figure 4.25 Instrumented Wheel Set Locations



The LCC was tested at speeds up to 60 mph in the yaw and sway section of the PTT.
This section has sinusoidal track alignment deviations of 39-foot wavelength and an ampli-
tude of 1.25 inches peak-to-peak on both rails at a constant wide gage of 57.5 inches, as
shown in Figure 4.26, Truck side L/V sums and axle sum L./V’s were monitared.

! A 5T 4 : ; LT 2
X 7’ A‘:T\ T"""K\“ f ’A\:‘t‘ % I J\ \‘.“\J'K\""‘} "{:v'\
A ) /% ! U Y
Iy L A /; ¥y Y
jl AV A YV O

-

N

g FT.

250—FT.—TANGENT
TRACK

Figure 4.26 Yaw and Sway Test Facility
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4.4 STATIC BRAKE TEST PROCEDURE

The Static Brake Test was performed by Blaine Consulting Setvices .wi'th‘ some assistance
by the AAR. The brake test was‘performed to ensure compliance with existing AAR and
FRA rules and regulations.. Appendrx B contains the test plan used for this test. This test-
ing procedure included a single car brake test following the AAR Single Car Test Code
Booklet, IP No. 5039-4 Sup. 1, Wthh is the AAR Standard S-486." This test was performed
on both ends of the LCC because there is an Automatic Brake Diaphragm -- Westinghouse
(ABDW).valve located on each end Next, a net shoe force test was performed.. Instrum-
ented brake shoe load cells were mstalled at each wheel/brake interface on the A-end of
the LCC. Brake shoe forces were read from a d1g1tal readout for a series of drfferent brake
pipe pressure reductions. The’ test was then repeated on the B-end of the LCC. Finally, a
handbrake net shoe force test was performed whrle the instrumented brake shoes were in
the B-end trucks. The handbrake was applied in mcrements and brake shoe forces were
measured and recorded Figure 4.28 shows a partlal Stat1c Brake Test setup

R SN

100=Ton Truck

Instrumented
Brake Shoe
hY

Figure 4.28 Static Brake Test with Instrumented Brake Shoe Assembly
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5.0 MATERIALS AND INSTRUMENTATION

1

"

5.1 TEST VEHICLES .-

511 Launch Contro] Car Descriptidnl

The Launch Control Car, EMS-2 was supplied by Rockwell. The car was designed by
,Rockwe‘ll and Chamberlin Gard and built by the St. Louis Refrigerator Company. Figure
5.1 shows the LCC, which is 90 feet long over the strikers.




The loaded weight of the LCC was 392,400 pounds.. The interior was loaded with
steel and sand bags to SImulate the operat10nal LCC weight and center of gravity. The car
rides on two Buckeye span bolsters. Each span bolster rides on two conventional three -
piece trucks with standard non- contactlng side bearings. Figure 5.2 shows one of the span

bolsters with two trucks.

Figure 5.2 LCC Span Bolster and Truck



Each of the three piece trucks was an American Steel Foundries (ASF) ride control
100-ton design, equipped with eight D-7 outer springs, seven D-7 inner springs, a Stucki
HS-7 hydraulic snubber in each spring group, and two 36-inch wheel sets with AAR-1B
wheel profiles. Figure 5.3 shows one of the LCC three piece trucks.

Figure 5.3 Standard LCC Truck
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5.1.2 Instrumentation Car Déscription _

The instrumentation car used for the track worthiness testing of the LCC was the
DOTX205 (T-5) Instrumentation Car. The car was equipped with instrumentation and
computer equipment required for testing the LCC and other PKRG cars.

5.1.3 Locomotive Description .

Dedicated locomotives were used for conducting all LCC track worthiness testing.
The locomotives were GP40-2, four axle models, similar to the locomotive being purchased
for the PKRG trains. Other TTC locomotives were used for logistic moves, as required.

514 Buffef Cars

- As required for Chapter XI, a ‘loadcd 100-ton buffer car was used for all track worthi-
ness testing except for the Pitch and Bounce Test and the High Speed Stability Test. An
empty flatcar was used for the PltCh and Bounce Test and no buffer car was used for the
ngh Speed Stablhty Test. - | ‘ '

5.1, 5 Test ’I‘ram Conﬁggratlon

‘Figure 5.4 shows the standard test train configuration for the LCC track worthiness
testing. Occasionally the trailing buffer car was different, but the LCC always followed the’
instrumentation car and ran with the A-end leading.

-5 LCC EMS-2 BUFFER CAR

il

C=CN

Figure 5.4 Standard Test Train Configuration
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5.2 VEHICLE CHARACTERIZATION INSTRUMENTATION | ‘

Three séparate lab tests were done to characterize the LCC:car and suspension:

Quasi-Static Truck Characterization

Static Truck Characterization

Modal Response

5.2.1 Quasi-Static Truck Characterization Instrumentation

This test was performed on the MSU. Nineteen data channels were recorded during
these tests including actuator forces, rail forces, and suspension displacements. Table 5.1
summarizes these channels. All of the measurements were collected on an HP 360 desktop

computer and recorded onto an optical disk.

Table 5.1 Truck Characterization Measurements

LOCATION TRANSDUCER ' SERIAL ) SYSTEM
NAME & TYPE NUMBER SENSITIVITY EU's/VOLT
DESCRIPTION © -
VAF1 | Left Vertical Actuator Force Interface load cel] 26630 | 0.4054 mV/Kips |10 Kips/V ..
VAF2 | Right Vertical Actuator Force Interface load cell 26538 0.4097 mV/Kips ' | 10 Kips/V
LAF1 Lateral Actuator Force Interface load cell 26630 0.4054 mV/Kips | 10 Kips/V
VRF1 | Lead Left Vertical Rail Force TTC instrumented rail 4 70.508 mV/Kips_ 14.617; Kips/V-
VAF2 | Lead Right Vertical Rail Force TTC instrumented rail 3 73.661 mV/Kips 13.974 Kips/V'-
VRF3 | Trail Left Vertical Rail Force TTG instrumented rail 2 69.836 mV/Kips | 13.951 Kips/V " -
VRF4 | Trail Right Vertical Rail Force TTC instrumented rail 1 73.324 mV/Kips | 13.555-Kips/V
LRF1 | Lead Lett Lateral Rail Force TTC instrumented rail 4 165.574 mV/Kips | 6.04 Kips/V
LRF2 | Lead Right Lateral Rail Foree TTG instrumented rail 3 183.637 mV/Kips | 5.446 Kips/V-
LRF3 | Trail Left Lateral Rail Force TTC instrumented rail 2 167.321 mV/Kips | 5.977 Kips/V
LRF4 | Trail Right Lateral Rail Force TTC instrumented rail 1 171.257 mV/Kips [ 5.84 Kips/V
DZ1 Left Vertical Actuator disp. Celesco string pot. 00934 1,1008 mV/in 0.6667 in/V .
Dz2 Right Vertical Actuater disp. Celesco string pot. 08933 1.0863 mV/in 0.6667 in/V
DZ5 Lett Vertical Spring disp. Celesco string pot. 14230 0.94524 V/in a4in/V
DZ6 Right Vertical Spring disp. Celesco string pot. 10372 0.93638 V/in 0.4in/V
DY1 Lateral Actuator disp. Celesco string pot. 09933 1.0963 mV/im 0.8667 In/V
Dyz Lateral Body to Truck Bolster disp. | Celesco string pot. 14235 1.9075 V/in* 0.2in/V
DY3 Left Lateral Spring disp. Celesco string pot. 14238- 4.762 V/iﬁ 0.1in/V
DY4 Right Lateral Spring disp. Celesco string pot. 14240 4799 V/in 0.1in/V
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Figure 5.5 shows the transducer location for the right vertical spring displacemeﬁt

when characterizing the LCC trucks. This configuration was used for both sides of each
truck.
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Figure 5.5 Spring Nest Vertical Displacement Transducer
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Instrumented rails were used to record wheel/rail forces. Figure 5.6 shows the typical
setup of a truck positioned on the instrumented rail. Each rail has a vertical and lateral
signal at each wheel.

ok

Figure 5.6 Instrumented Rails
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) o _
5.2.2 Static Truck Characterization Instrumentation

Seven pieces of instrumentation were used dufing the six djfferent‘ air bearing tests.
Three load cells and four string pots were used according to the test requirements, Table
5.2 lists the transducers and where they were used during the testing. All of the Air Bear-
ing Test measurements were recorded with a Compaq 286 desktop computer equipped
with a Metrabyte analog to digital converter and Lotus Measure software. The data was

stored on floppy disks in Lotus 1-2-3 format.

Table 5.2 Air Table Measurements

LOCATION, -

NAME DESCRIPTION, ’ TRANSDUCER SERIAL SENSITMTY SYSTEM
& c - TYPE NUMBER EU's/VOLT
TEST
LCH Left Side Actuator Force‘ Interface load cell 10356 | 38.773 mV/10Kips | 2 Kips/V
LC2 Right Side Actuator Force [nterface load cell 10737 | 40.735 mV/10Kips | 2 Kips/V
LC1 Actuator Force {Inter-Axle Shear Test) Interface load cell | 22713 | 43.76 mv/ 10Kips‘ 5 Kips/V
SP1 Left Side disp. Celesco string pot. 22529 | 2.1126in/V 2.0in/V
SP2 Hig}it Side disp, Celesco string pot. 22526 (2.1099in/V 20in/V
8P1 | Shear disp. Rl string pot. 3680 | 0.2085in/V 0.2infV
SP2 Distance Betwgen Tables: (Long. Stiffness Test) | Ri string pot. 3684 | 0.2075in/V 0.2in/V




An interface load cell was connected to each Enerpac, hydraulic actuator.to record
the actuator force (Figure 5.7). The same actuator and load cell remained together
throughout the air bearing tests. '

Figure 5.7 ’Air Table Force Transducer
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The other transducers used during the air bearing tests were stfing pots. These trans-
ducers were located appropriately to measure the displacements of the air tables. Figure
5.8 shows the most typical setup during a truck rotation test.

~+  Figure 5.8':’Ai‘r Table Displacement Transducer
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5.2.3 M:od'al Response instrumentation. '

" The Modal Response Test was performed on the MSU in the RDL. The MSU uti-
lized two 55 kip hydraulic actuators for vertical car body excitation. Figure 5.9 shows the
MSU configured for lateral excitation testing.




The relationship between car body to ground displacements measured along the car
bbdy were used to determine rigid body modes. String pots were used to obtain these mea-
surements. Figure 5.10 shows the installation of one of the car body to ground transducers.

Figure 5.10 Car Body to Ground Displacement Transducer
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Eight car body to ground displacemeni measurements were recorded. Figure 5.11

shows the location of all the displacement transducers.

B-EXND

LEFT

CENTER PLANE

DY4-

DZ7 - ' DZ8

Figure 5.11 Car Body Displacement Locations
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The primary source of data for the Flexible Body (Bendmg and Twist) Test. ‘was car
body accelerometers. Thirty-two accelerometers were mounted on the LCC at spec1flc
locations with an a aluminum block and F88 adhesive (dental cement). Figure 5.12 shows a
pair of accelerometers mounted on the side of the LCC. One accelerometer measures ver-
tical movement and the other accelerometer measures lateral movement.

T

Figure 5.12 Two Car Body Accelerometers
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The accelerometers were evenly spaced on the side of the LCC and at other critical
locations so that various modes may be determined. Figure 5.13 shows the locations of the

" accelerometers.

AZ3

AY3

(+)  SOUTH
LEFT

CENTER PLANE
AY12

AY16

Figure 5.13 Car Body Accelerometer Locations
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 Vertical and lateral wheel forces were. measured at each wheel on the A-end of the

LCC with strain gaged rails. The setup was very similar to that presented in Section 5.2.1,

except that eight rails were used instead of four. Actuator forces and displacement were

also measured with load cells and LVDT’s. Accelerometers and string pots were installed.

on the A-end trucks and span bblster to help determine if the span bolster bending mode
influenced the car body resonant modes of vibration. Table 5.3 is a complete list of the

modal response measurements.

Table 5.3 .Modal Responsé Measurements

NAME DESCRIPTION TRANSDUCER TYPE || SERIAL SENSITIVITY 8YSTEM

. I NUMBER EU's/VOLT
VAF1 | Left Side Actuator Force 10 Kips/V
VAF2 | Right Side Actuator Force 10 Kips/V
LAF1 | Lateral Actuator Farce 10 Kips/V
VRF1 | Lead Left Vertical Force | TTC instrumented rail R 73.774 mV/Kips 13.555 Kips/V
VRF2 | Lead Right Vertical Force TTC instrumented rail 2 71.681 mV/Kips 13.951 Kips/V
VRF3 | Trail Left Vertical Force TTC instrumented rail 3 68.413 mV/Kips 14.617 Kips/V
VRF4 | Trail Right Vertical Force TTC instrumented rail 4 71.559 mV/Kips 13.974 Kips/V
LRF1 | Lead Left Lateral Force TTC instrumented rail 1 171.257 mV/Kips 5.839 Kips/V
LRF2 | Lead Right Lateral Force TTC instrumented rail 2, 167.321 mV/Kips | 5.977 Kips/V
LRF3 | Trail Léft Lateral Force TTC instrumented rail 3 183.637 mV/Kips 5.446 Kips/V
LRF4 | Trail Right Lateral Force TTC instrumented rail 4 165.574 mV/Kips | 6.040 Kips/V
VAFS | Lead Left Vertical Force TTC instrumented rail 5 76.577 mV/Kips 13.059 Kips/V
VRF& | Lead Right Vertical Force TTC instrumented rail 6 78.416 mV/Kips | 12752 Kips/V
VRF7 | Trail Left Vertical Force TTC instrumented rail 7 79.012 mV/Kips 12.656 Kips/V
VRF8 | Trail Right Vertical Force TTC instrumented rail 8 73.127 mV/Kips 13.695 Kips/V
LRF5 | Lead Lett Lateral Force TTC instrumented rail 5 173.419 mV/Kips 5.766 Kips/V
LRFEé | Lead Right Lateral Force TTC instrumented rail 6 145.765 m\//Kips 6.860 Kips/V
LRF7 | Trail Lett Lateral Force TTC instrumented rail 7 156.992 mV/Kips 6.370 Kips/V
LRF8 | Trail Right Lateral Force TTC instrumented rail r 8 173.419 mV/Kips 5.766 Kips/V
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Table 5.3 Modal Response Measurements (continued)

NAME

DZ1

D¥Y1
DZ3
DZ4
DZ5
DZ6
DY3
DY2
Dz7
Dz8
‘DZ9
DZ10
DZ11
DYS
DYs
Dz12
DZ13
DZ14
DZ15
DZ16
DZ17
DY4

DESCRIPTION TRANSDUCER TYPE SERIAL SENSITIVITY SYSTEM
. NUMBER EU's/VOLT-
Vertical Left Actuator Disp. 0.5in/V
Vertical Right Actuator Disp. 0.5in/V
Lateral Actuator Disp. ' . 05in/V
Vertical Bolster to Side Frame Disp. | Celesco String pot. 10062 0.84305 V/in 0.5in/V
Vertical Bolster to Side Frame Disp. | Celesco String pot. 10063 0.8383 V/in 0.5in/V
Vertical Bolster to Side Frame Disp. | Celesco String pot. 10065 0.94334 V/in 05in/V
Vertical Bolster to Side Frame Disp. | Celesco String pot. 10067 0.94187 V/in 05in/V
Lateral Bolster to Side Frame Disp. | Celesco String pot. ’ 14238 4.7537 V/fin 0.1in/V
Lateral Bolster to Side Frame Disp. | Celesco String pot. 14240 4.7746V/in 0.1in/V
Vertical Car Body Disp. Celesco String pot. 10071 0.94418 V/in 0.5in/V
Vertical Car Body Disp. Celesco String pot. 10075 0.94263 V/in 0.5in/V
Vertical Car Body Disp. Celesco String pot. 10076 0.93878 V/in 0.5in/V
Vertical Car Body Disp. Celesco String pot. 10080 0.94412 V/in 05in/V
Vertical Car Body Disp. Celesco String pot. 10364 0.93074 V/in 0.5in/V
Lateral Car Body Disp. Celesco String pot. 10367 0.94576 V/in 05in/NV
Lateral Car Body Disp. | Celesco String pot. 10368 0.94383 V/in 05in/V
Vertical Car Body Disp. .Celesco String pot. 14230 0.94686 V/in 0.5in/V
Vertical Car Body Disp. Celesco String pat. 14231 0.94757 V/in 0.5in/V
Vertical Span Bolster Disp. Celesco String pot. 13232 0.94768 V/in 05in/V
Vertical Span Bolster Disp. Celesco String pot. 10371 0.94838 V/in 0.5in/V
Vertical Span Bolster Disp. Celesco String pot. 10430 0.94334 V/in 05in/V
Vertical Span Bolster Disp. Celesco String paot. 10372 0.93639 V/in 0.5in/V
Lateral Car Body Disp. Celesco String pot. 10074 0.94331 V/in 0.5in/V
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“Table 5.3 Modal Response Measurements (continued)

NAME DESCRIPTION TRANSDUCER TYPE SERIAL SENSITMITY SYSTEM
L NUMBER EU's/VOLT
AZ1 Vertical Car Body Accel. Endevco Accelerometer PA1621026 | 11.14mV/G 05G/V
AY1 Lateral Car Bbdy Accel. Endevco Accelerometer KR88 21025 | 12.90 mv/G 0.5G/V
AZ2 Vertical Car Body Accel. | Endeveo Accelerometer . MY28 21024 | 11.67 mV/G 0.5 G/V
AY2 Lateral Gar Body Accel, Endevco Accelerometer PF45 21527 | 10.15 mV/G 0.5G/NV
AZ3 Vertical Car Body Accel. Endevco Accelerometer ML36 21027 | 1223 mV/G 0.5 GV
AY3 Lateral Car Body Accel. Endevco Accelerometer TG91 21812 | 1231 mV/G 05G/NY
AZ4 | Verticat Car Body Accel. Endevco Accelerometer RwW3g9 21525 | 9.282 mV/G 05 GV
AY4 Lateral Car Body Accel. Endeveo Accelerometer .NZ07 13738 | 8.613 mV/G 05G/NV
AZS Vertical Car Body Accel. Endevco Accelerometer NN23 12642 | 11.95 mV/G 0.5 GV
AY5 Lateral Car Body Accel. Endevco Accelerometer MG10 12625 | 9.43 mV/G 05G/V
AZ& | Vertical Car Body Accel. Endevca Accelerometer KY1020941 |12.22 mV/G 0.5 G/N
AYB Lateral Car Body Accsl. Endevco Accelerometer RWBS 21524 | 9.564 mV/G 0s5G/NV
AZ7 Vertical Car Body Accel. Endevco Accelerometer MR84 12630 | 9.31 mV/G 0.5 G/V
AY7 Lateral Car Body Accel. - Endevco Accelerometer NF15 12639 | 1285 mV/G 05G/NV
AZ8 Vertical Car Body Accel. Endevce Accelerometer LD24 20936 | 12.08 mV/G 05G/NV
AY8 Lateral Car Body Accel. Endevco Accelerometer MR28 12627 | 8.95 mV/G 0.5 G/V
AZS Vertical Car Body Accel. Endevco Accelerometer EY98 13580 |22.91mV/G 05 GV
AYS Lateral Car Body Accel. Endevco Accelerometer EY97 8834 | 25.05 mV/G 05GNV
AZ10 | Vertical Car Bady Accel. Endevco Accelerometer GT42 13577 | 28.680 rhV/ G 0.5 GV
AY10 | Lateral Gar Body Accel. Endevco Accelerometer RH83 21510 | 20.82 mV/G 05G/WV
AZ11 | Vertical Car Body Accel. Endeveo Accelerometer JQ789581 | 24.17 mV/G 05G/NV
AY11 | Lateral Car Body Accel. Endevco Accelerometer JQ66 9990 | 19.38 mV/G 05 GV
AZ12 | Vertical Car Body Accel. Endevco Accelerometer FM798816 | 21.03 mV/G 05 G/NV
AY12 | Lateral Car Body Accel. Endevco Accelerometer JQ54 9888 | 24.68 mV/G 0.5 G/V
AZ13 | Vertical Car Bady Accel. Endevco Accelerometer HF67 13575 |23.82 mV/G- 0.5 GV
AY13 | Lateral Car Body Accel. 'Endeveo Accelerometer RG47 21511 | 16.04 mV/G 05GN
AZ14 | Vertical Car Body Accel. Endevco Accelerometer RHE8 21509 | 20.08 mV/G 05G/NV
AY14 | Lateral Car Body Accel. Endevco Accelerometer CXg6 7091 10.91 mV/G 05G/NV
AZ1S | Vertical Car Body Accel, Endevco Acceleromster EH18 7084 |9.3mV/G 05 GV
AY15 | Lateral Car Body Accel. Endevco Accelerometer EZ36 13573 | 18.07 mV/G 05 G/NV
AZ16 | Vertical Car Body Accel. Endevco Accelerometer FP90 13582 | 17.24 mV/G 0.5 G/NV
AY16 | Lateral Car Body Accel. Endevea Accelerometer KES2 20942 | 12.44 mV/G 05G/NV
AZ17 | Vertical Span Balster Accel. Endevco Accelerometer EH16 7083 | 11.78 mV/G 0.5 G/
AZ18 | Vertical Span Bolster Accel. Endevco Accelerometer KR29 20937 | 12.80 mV/G 0.5 GV
AZ19 | Vertical Span Bolster Accel. ™ Endevco Accelerometer RW22 21519 | 9.322 mV/G 0.5 GV




5.3 SERVICE WORTHINESS INSTRUMENTATION

Service worthiness testing consisted of four separate tests. Instrumentation for each test is

described in the next four sections.

5.3.1 Single Car Impact Instrumentation

Two transducers were used for the impact tests: (1) a tachometer, and (2) an instrum-
ented coupler. The tachometer measured speed and the instrumented coupler measured
the coupling force at impact. Figure 5.14 shows the instrumented coupler located on the
struck end of the a loaded hopper car.

Figure 5.14 Instrumented Coupler
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An Airpax tachometer was used to measure the speed of the LCC at impact. Figure
5.15 shows the tachometer mounted onto.one of the axles of the LCC.

. ‘,Figurre 5.15 Impact Tachometer

Table 5.4 lists each meaSﬁré‘mént for the Impact Test.

Table 5.4 Impact Test Measurement

LOCATION
NAME & TRANSDUCER SERIAL SENSITIVITY SYSTEM
DESCRIPTION TYPE NUMBER EU's/VOLT
LOtN | Coupler Farce Miner Instrumented coupler 25 1.5128 /V 264.4 Kips/V
SO1W | LCC Speed h Airpax Tachometer : : 60 P/rev 2 mph/V
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532 Cofnpressive End Load Instrumentation

The Compressive End Load Test was performed in the squeeze flxture at TTC. Fig-
ure 5. 16 is a photograph looking into the squeeze fixture. ;
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. The LCC was placed in the squeeze fixture and a load was applied to the shanked
couplers with the acteator shown in Figure 5.17.
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Figure 5.17 Squeeze Fixture Actuator



The force was measured with a’load cell that was placed between the actuator and -
the LCC. Figure 5.18 shows the load cell and the digital display that was used for the out-
put of the load cell.

g ok Wik misy KK PP B en ) oo -

Figure 5.18 Squeeze Fixture Force Transducer
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Twenty strain gages were also installed on the LCC by the AAR as part of Rockwell
instrumentation requirements. Figure 5.19 shows two gages installed near a weld on two
separate surfaces. The strain gages were mounted in critical locations defined by Rockwell.
Table 5.5 is a complete list of the transducer locations for the Compressive End Load Test.

Figure 5.19 Two Rockwell Specified Strain Gages Used During
The Compressive End Load Test
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Table 5.5 Compressive End Load Test Measurements

. LOCATION
NAME & TRANSDUCER SERIAL SENSITMITY SYSTEM
' DESCRIPTION TYPE NUMBER EU's/VOLT
LO1N | Raw Forece HSl 1oad cell 6877-001 | 1.9984 mV/V 400.0 Kips/V
SGX1R| Long.. A-end below access door HITEC HBWF strain gage GF = 4.1 2004V
SGX2R| Long., A-end bottom corne-r of radome room| HITEC HBWF strain gage GF = 4.1 200 /V
SGX3R| Long., B-end betow access door HITEC HBWF strain gage GF = 4.1 200 /V
SGX4R( Long., A-end bottom center of underframe | HITEC HBWF stréin gage GF = 41 200, /V
SGXSR| Long., A-end bottom center of underframe | HITEC HBWF strain gage GF = 4.1 200, )V
SGXsR| Long., A-end center of outside web | HITEC HBWF strain gage GF = 41 200 /V
SGX7R| Long., B-end bottom center of underframe | HITEC HBWF strain gage GF = 41 200u /V
SGXBR| Long., B-end side of long. Web HITEC HBWF strain gage GF = 4.1 éoou/v
SGX9R | Lang., B-end bottormn center of underframe | HITEC HBWF strain‘gagé . GF = 4.1 200 /V
SGXi0 | Long:, B-end bottom center of underframe HITEC HBWF strain gage| GF = 4.1 200 NV
'SGX11 | Long., B-end side of long. Web HITEC HBWF strain gage GF = 4.1 200u /V
$GX12.| Long., B-end dratt gear housing right HITEC HBWF strain gage|. GF = 4.1 200, /V
8GX13 | Long., B-end bottom center of underframe | HITEC HBWF strain gage » GF = 4.1 200, /V
SGY1R| Lateral, B-end bottom of underframe HITEC HBWF strain gage GF = 4.1 200, /V
SGY2R| Lateral, B-end bottom of undertrame HITEC HBWF strain gage GF = 41 200y /V
SGY3R| Lateral, truck 1 bottam center of bolster HITEC HBWF strain gage GF = 41 200 /V
S5GX14 | Longitudinal, B-end lower lsft underframing | HITEC HBWF strain gage GF = 441 200y /V
S8GX15 | Long., B-end lower left underframing HITEC HBWF strain gage GF = 4.1 200V
SGZ1R| Vertical, B-end center left underframing HITEC HBWF strain gage GF = 4.1 - 200u/V
SGZ2R| Vertical, B-end center left underframing | HITEC HBWF strain gagé . GF = 41 200p /V
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5.3.3 Jacking Instrumentation

No instrumentation was required for the Jacking Test. The LCC was jacked and
inspected for any permanent damage.

5.3.4 Curve Stability Instrumentation

The only instrumentation required in' the Curve Stability Test was a load cell and a
feeler gage. The load cell was assembled on a coupler that was installed in a locomotive
(Figure 5.20). This coupler measured the compressive or tensile force in the consist.

-

Figure 5.20 Curve Stability Instrumented Coupler
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‘The feeler gage was a 1/8-inch steel bar that was placed under a wheel to measure
wheel lift. If the feeler gage went completely under the wheel, the car was determined to
have wheel lift. Figure 5.21 shows an LCC wheel being checked during a test.

Figure 5.21 Curve Stability Wheel Lift Gage
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Table 5.6 is the curve stability transducer information.

Table 5.6 Curve Stability Instrumentation

: LOCATION R
NAME & TRANSDUCER SERIAL "SENSITIVITY: SYSTEM
DESCRIPTION TYPE NUMBER ' EU's/VOLT
LO2N Loco. Coupler Force BLH load cell  TTC 20099 . 2.9854 mV/V 66.99 Kips/V

54 TRACK WORTHINESS INSTRUMENTATION

The LCC, EMS-2 was equipped with instrumented wheel sets, accelerometers, roll gyros,
and various Rockwell described instrumentation. The following sections describe the
instrumentation, | '

5.4.1 Instrumented Wheel Sefs |

Four instrumented wheel sets were provided to TTC for the LCC track worthiness
testing as Government Furnished‘Equipmcnt (GFE). The wheel sets were manufactured
by the Illinois Institute of Technology Research Institute (ITTRI). The instrumented wheel
sets were standard 36-inch wheel sets cut to a modified Huemann profile and that were
machined smooth on the plate surfaces. Each wheel had six strain gage bridges. Three
were used to measure vertical force, two measured lateral forée, and one indicated lateral
wheel tread position on the rail. The wheel sets also had instrumented axles to measure
torque. The raw strain signals were acquired with a 386 based computer system and an
analog to digital (AD) converter. The signals were processed to provide digital output in
the form of left and right side vertical wheel force, lateral wheel force, laterill over vertical
wheel force, and axle torque. The digital signals were converted back to analog, and the
analog signals were displéyed on strip charts and acquired on the HP data acquisition sys-
tem (DAS) with outputs from the rest of the transducers on the LCC. Figure 5.22 shows
the cable connections to an IITRI instrumented wheel set installed under the LCC.






5.4.2 Lateral Accelerometers

Endevco 25 g lateral accelerometers were installed on the A- and B-ends of the LCC.
They were utilized for the Hunting Test criteria; 1.0 g peak-to-peak lateral car body accel-
eration sustained for 20 seconds. Figure 5.23 shows a lateral accelerometer mounted to an
aluminum box on the A-end of the LCC.

Figure 5,23 Lateral Accelerometer and Roll Gyro on A-end of LCC
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5.4.3 Roll Gyros

Chapter XI requires the measurement of roll angle for certain tests. This was accom-
plished with two roll rate gyros. The gyros were installed on each end of the LCC at floor
level as shown in Figure 5.23 (gyro located on the brake step). The output signal was roll
rate. This was electrically integrated and output to the DAS as an analog roll angle.

5.4.4 Additional Measurements

A number of accelerometers were installed in vertical, lateral, and longitudinal orien-
tations on the LCC car body and running gear for TTC. Truck spring nest displacements
were also measured. These measurements were to assist the TTC analysis of ride quality
and vehicle dynamics.

Twenty-three accelerometers were also installed on the LCC car body and running
gear for Rockwell. These measurements were provided to Rockwell for their own analysis
and to aid in the design of future cars.

The 43 measurements were recorded on the DAS along with the 111 other measure-
ments including raw instrumented wheel set signals. Table 5.7 contains a list of the AAR
Chapter XI measurements for the LCC track worthiness testing,
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Table 5.7 AAR Chapter XI Measurements

LOCATION )
NAME ‘ & TRANSDUCER SERIAL SENSITIVITY SYSTEM

DESCRIPTION TYPE NUMBER ‘ EU's/VOLT
ALD Automatic Location Device Warner 20 ms/Pulse [ 1event/10V
TSPD | Speed AlrPax Tachometer 64 P/Rev 10 mph/V
FVIL | IWS truck 4 lead axle vertical left ITRI Whee Set 19 Processed | 10.246 Kips/V .
FViR IWS truck 4 lead axle vertical right IITRI Wheel Set 19 Processed 10.246 Kips/V
FLIL IWS truck 4 lead axle lateral left IITRI Wheel Set 19 - Processed, 10.246 Kips/V
FL1R IWS truck 4 lead axle lateral right ITRI Wheel Set 19 Processed 10.246 Kips/V
LviL IWS truck 4 lead axle L/V left ‘II,TRI Wheel Set 19 Processed 05 L/V perV
LVIR | WS truck 4 lead axle L/V right IITRI Wheel Set 19 Processed [0.5L/VperV
FT1 IWS truck 4 lead axle torque - HITRI Wheel Set 19 Processed 3.4 Kips/V
FvaL IWS truck 3 lead axle vertical left [ITRI Wheel Set 20 Processed 10.246 Kips/V
FV3R [ IWS truck 3 lead axle vertical right IITRI Wheel Set 20 Processed 10.246 Kips/V -
FL3L IWS truck 3 lead axle lateral left IITRI Wheel Set 20 Processed 10.246 Kips/V
FL3R IWS truck 3 lead axle lateral rig‘ht IITRl Wheel Set 20 Processed 10.246 Kips/V
Lvar IWS fruck 3 lead axle L/V left IITRI Wheel Set 20 Processed 0.5L/VperV
LV3R | IWS truck 3 lead axle L/V right IITRI Wheel Set 20 Processed 05L/VperV
FT3 WS truck 3 lead axle torque IITRI Whee! Set 20 Processed | 3.4 Kips/V
FVsSL IWS truck 2 lead axle vertical left IITRI Wheel Set 21 Processed 10.246 Kips/V |
FVSR IWS truck 2 lead axle vertical right ITRI Wheel Set 21 Processed 10.245 Kips/V
FLsL IWS truck 2 lead axle lateral left IITR! Wheel Set 21 Processed | 10.246 Kips/V
FLSR IWS truck 2 lead axle lateral right IiTRI Wheel Set 21 Processed 10.246 Kips/V
LV5L WS truck 2 lead axle L/V left IITRI Whee! Set 21 Processed 05L/VperV
LV5R IWS truck 2 lead axle L/V right IITRI Wheel Set 21 Processed 05L/VperV
FT5 IWS truck 2 lead axle torque ITRI Wheel Set 21 Processed | 3.4 Kips/V
Fv7L IWS truck 1 lead axle vertical left IITRI Wheel Set 22 Processed 10.246 Kips/V
FV7R IWS truck 1 lead axle vertical right [ITRI Whee! Sst 22 Processed 10.246 Kips/V
FL7L I\;VS truck 1 lead axle lateral left IITRI Wheel Set 22 Processed 10.246 Kips/V
FL7R IWS truck 1 lead axle lateral right IITRI Whee! Set 22 Processed 10.246 Kips/V
LV7L | IWS truck 1lead axle L/V left IITRI Wheel Set 2 Processed | 0.5L/V perV
LV7R | WS truck 1 lead axle L/V right TRl Wheel Set 22 Processed :|0.5L/VperV.
FT7 WS truck 1 lead axle torque IITRI Wheel Set 22 Processed - - | 3.4 Kips/V
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Table 5.7 AAR Chapter XI Measurements (continued)

IRIG

KN , LOCATION ‘
- NAME|| - ’ & TRANSDUCER SERIAL SENSITMITY SYSTEM
| A - - DESCRIPTION TYPE - NUMBER EU's/VOLT
‘_‘ ABXf " | Lat. acce!. above B-end center plate  Columbia accelerometer 1511 1574.9mV/G | 0.635 G/V
| ABX2 Lat. acce!. above A-end floor plate Columbia accelerometer 1512 1676.5 mV/G | 0.635 G/V
L ABW1 Lat. accel. B-end truck 4 axle 8 Endevco accelerometer BF79. 1.0mV/G |0455G/NV
| ABW2.. | Lat. accel. B-end truck 4 axle 7 Endevco acceleromster | BJ19 9.90 mV/G | 0.505 G/V
_ABW3: | Lat. accel. B-end truck 3 axls 6 Endevco accelerometer | BK45 11.0mV/G | 0455 G/NV
-AW10. | Lat: accel. B-end truck 3 axle 5° Endevco acceleromster BMSS - 10,32 mV/G | 0.484 G/V
-JBX1 Roll Angle B-end Humphrey roll gyro 107 ' 4052 V/deg | 1.008 deg/V
JEX2 » Roll Angle A-end _ Humphrey roil ayro 106 4,087 V/deg | 1.018 deg/V
DBX1 [ Spring nest disp. truck 1 [eft side Celesco sting pot. A45607, 6226 mV/G | 0.803in/V
DBX2 . Sbring nest disp. truck 2 [eft side Celesco sting pot. A45608 623.0mV/G | 0.803in/V
.DBX3- Sbring nest disp. truck 3 [eft side Celesco sting pot. A45609 6224 mV/G | 0.803in/V
DBX4 | Spring nest disp. truék 4 left side Celesco sting pot. A45610 622.4mV/G |0.803in/V
DBXs Sf_!ring nest disp. truck 1 right side Celesco sting pot. A45611 623.4mV/G [0.803in/V
DBXs | Spring nest disp. truck 2 right side Celesco sting pot. A45612 622.6 mV/G | 0.803in/V
DBX7 Sbring nest disp. truck 3 right side Celesco sting pot. A45613 6226 mv/G | 0.803in/V
DBX8 | Spring nest disp. truck 4 right side Celesco sting pot. ‘A45614 623.4mV/G |0.803in/V
- ABF1 Vert. accel. car center floor ‘Endevco accelerometer BN70 9.74 mV/G | 0513 GNV
| ABF2 Lét. acesl. car center floor ‘Endevco accelerometer BN42 5.90 mV/G | 0.505 G/V
ABF3 | Long. accel car center floor Endevco accelerometer BL1G 11.16 mV/G -1 0.448 G/V
| ABY1 Lo‘ng.‘ accel. car floor B-end Endevca accelerometer BK79 8.38mV/G | 0.533G/V
"ABY2 | Lat. accel. span bolster 1 truck 1 Endevco accelerometer BM91 11.03mV/G | 0.453 G/V
_ABY3 [ Lat. accel. span balster 1 truck 2 Endevco accelerometer BKg2 11.4mV/G [ 0439 G/
ABY4 | Lat. accel. span balster 2 truck 3 Endevco acceleromeier BM52 1013 mV/G 0.494 G/V
: J AB97 . th accel. A-end Endevco accelerometer ADB3 196.4 mV/G 2546 G/V
| AB98 | Lat. accel. B-end Endevco accelerometer. AE36 198.6 mV/G 2.519 GV
IRIG time

69




Table 5.8 is a list of the measurgments requested by Rockwell.

R Table 5.8 Rockwell Measurements

‘ " LOCATION ‘ .
NAME & ‘ TRANSDUCER SERIAL || SENSITIMITY SYSTEM
DESCRIPTION - TYPE NUMBER ‘ EU's/VOLT
AY1R | Lat. accel. truck 1 axde 1 Endevoo 7290 accel. AE38 | 199.5mV/G 2.539 G/V
AZ1R | Vert. accel. Truck 1 axie 1 Endevco 7290 accel. AE42 | 198.2mV/G 2523 G/NV
AYZ2R | Lat. accel. truck 1 bolster Endevco 7290 accel. AE51 | 198.8 mV/G 2515 GV
AZ2R | Vert. accel. truck 1 bolster Endevco 7280 accel. AE35 . 203.8 mV/G 2453 GV
AY3R | Lat. accel. truck 1 side frame Endevco 7290 accel. AES4 198.2mvV/G 2523 G/V
AZ3R | Vert. accel. truck 1 side frame Endeveco 7290 accel. AEB1 198.6 mV/G 25318 G/V
AX1R | Long. accel. draft gear housing Endevco 7290 aceel. AESC | 196.9 mV/G 2.833 GV
‘AY4R | Lat. accel. B-end draft gear housing Endeveo 7290 accel. AE74 | 196.4 mV/G 2.546 GV
AZ4R | Vert. accel. B-end draft gear housing | | Endeveco 7290 accel. AE49 189.6 mV/G 2505 G/V
AYSR | Lat accel. span bolster 1 right Endevco 7290 accel. AES8 | 198.4 mV/G 2520 GV
AZSR | Vert. accel. span bolster 1 right Endevco 7290 accel. AE48 | 209.8 mV/G 2.393 GV
AZE6R | Vert. accel. B-end center of roaf Endeveo 7290 accel. AE37 [198.3 mV/G 2521 GV
AZ7R | Vert. accel. center of radome‘ Endevco 7280 accel. AE66 | 200.2 mV/G 2.498 G/V
AYBR | Lat. accel. B-end right side wall Endevco 7250 accel. -AE70 | 201.7 mV/G 2,479 G/V
AZBR | Vert. accel, B-end floor ' Endevco 7290 accel. AE71 | 203.9mV/G 2452 GV
AX2R | Long. accel. A-end center of floor Endeveo 7290 accel. - AC55 | 199.0 mV/G 2573 GV
AY7R | Lat. accel. center of side wall Endeveo 7290 accel. ACs8 |201.9mV/G 2476 G/V
AZ9R | Vert. accel. center of floor Endeveco 7290 accel. ACS7 | 188.2mV/G 2510 G/V
AYBR | Lat. accel. A-end side wall - | Endeveo 7290 accel. AE27 |199.2mV/G 2510 GV
AZI0R | Vert. accel. A-end center of floor Endevco 7290 accel. AC37 | 201.8 mV/G 2478 GV
AYSR | Lat. accel. B-end center of floor Endevco 7290 accel. ACss |198.0 mV/G 2.626 G/V
AY10R | Lat. accel. B-end center of floor Endevco 7290 accel. ADES2 | 200.1 mV/GA 2.487 GV
AY11R | Lat. aceel. A-end center of floor Endeveo 7290 accel. ADS6 | 205.1 mV/G 2.438 G/V
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Table 5.8 Rockwell Measurements (continued)

LOCATION
NAME & TRANSDUCER SENSITMTY SYSTEM -
DESCRIPTION TYPE EU's/VOLT
SGX1R | Long. A-end below access door HITEC HBWF strain gage GF = 4.1 20Qu/V
8GX2R | Long. A-end bot. corner of radome room HITEC HBWF strain gage GF = 4.1 200u /V
SGX3R | Long. B-end bslow access door HITEC HBWF strain gage GF = 41 200u /V
SGX4R | Leng. A-end bot. center of underframe HITEC HBWF strain gage GF = 4.1 200u /V
SGX5R | Long. A-end bot. center of underframe HITEC HBWF strain gage GF = 4.4 200u /v
SGX6R | Long. A-end cent. of cutside web HITEC HBWF strain gage GF = 4.1 200-u/V
SGX7R | Long. B-end bot. center of underframe HITEC HBWF strain gage GF = 4.1 200, /V
SGX8R | Long. B-end side of longitudinal web HITEC HBWF strain gage GF = 4.1 2000 /V
SGX9R | Long. B-end bot. center of underframe HITEC HBWF strain gage GF = 4.1 2000 /V
SGX10 | Long. B-end bot. center of underframe HITEC BHBWF strain gage GF = 4.1 200 /V
SGX11 | Long. B-end side of longitudinal web HITEC HBWF strain gage GF = 4.1 200p./V
8GX12 | Long. B-end draft gear housing right HITEC HBWF strain gage GF = 4.1 200, /V
SGX13 | Lang. B-end bot. center of underframe HITEC HBWF strain gage GF =41 200#/V
SGY1R | Lat. B-end bet. of underframe HITEC HBWF strain gage GF = 41 200;1/\'/ '
SGY2R | Lat. B-end bot. of underframe HITEC HBWF strain gage GF = 4.1 200, /V
SGY3R | Lat. truck 1 bot. center of bolster HITEC HBWF strain gage GF = 4.1 200, /V
8GX14 |Long. B-end lower left underframing HITEC HBWF strain gage GF = 4.1 12000V
SGX15 | Long. B-end lower left underframing HITEC HBWF strain gage - GF = 4.1 200L /V
SGZ1R | Vert. B-end cent. left underframing HITEC HBWF strain gage GF = 4.1 200 /V -
5Gz2 Vert. B-end cent. left underframing HITEC HBWF strain gage GF = 4.1 200 /V-
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Strain gage signals (preprocessed) were collected from the instrumented wheel sets. These
signals are required for post test processing, Table 5.9 lists the raw measurements.

Table 5.9 Wheel Set Preprocessed Measurements

o * LOCATION S .
NAME ' & TRANSDUCER SERIAL SYSTEM EU's/VOLT
§ DESCRIPTION . TYPE NUMBER

V19A IWS raw vertical bridge [ITRI wheel set 19 1
vVieB IWS raw vertical bridge UTRI wheél set 19 1
V19C | IWS raw vertical bridge ITRI wheel set 19 1
L19A IWS raw lateral bridge IITRI wheel set 19 1
L19B - | IWS raw lateral bridge TRl wheel set 19 1
VA1S WS raw vertical bridge IITRI wheel set 19 1
'VB19 | IWS raw vertical bridge ITRI wheel set 19 1
VC19 | IWS raw vertical bridge ITRI wheel set 19 1

' LA1S WS raw latera! bridge II'TRI wheel set 18 1
LB19 WS raw lateral bridge I[fRI whee! set 19 1
T19A WS raw torque IITRI wheel set 19 I1 )
P19A IWS raw position IITRI wheel set 19 i
V20A | IWS raw vertical bridge ITRI wheel set 20 1
V20B WS raw vertical bridge IITAI whee! set 20 1
V20C | WS raw vertical bridge IITRI wheel set 20 1

| L20A IWS raw lateral bridge ]ITVHI wheel set 20 1

[ 1208 IWS raw lateral bridge IITRl wheel set 20 1
VA20 IWS raw vertical bridge ITRI wheel set 20 1
VB20 WS raw vertical bridge . I]Thl wheel set 20 1
VC20 | IWS raw vertical bridge ITRI whesl set 207 1

i LA20 IWS raw iateral bridge I]‘fRI wheel set 20 1
LB20 | IWS raw lateral bridge ITRI wheel set 20 1
T20A IWS raw torque IITRI wheel set 20 1
P20A IWS raw position IITRI whee! set 20 1
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Table 5.9 Wheel Set Preprocessed Measurements (continued)

LOCATION :
NAME & TRANSDUCER SERIAL SYSTEM EU's/VOLT
DESCRIPTION TYPE NUMBER -
V21A IWS raw vertical bridge IITR! wheel set 21 1
V21B IWS raw vertical bridge ITRI wheel set 21 1
v21C IWS raw vertical bridge IITAI wheel set 21 1
L21A IWS raw lateral bridge NITRI wheel set 21 1
L21B IWS raw lateral bridge ITRI whee! set 21 1
VA21 |WS raw vertical bridge ITRI wheel set 21 1
vB21 IWS raw vertical bridge ITRI wheel set 21 1
vC21 IWS raw vertical bridge IITRI wheel set 21 R
LA21 IWS raw lateral bridge ITRI wheel set 21 1
LB21 IWS raw lateral bridge ITRI wheel set 21 1
T21A IWS raw torque IITAI wheel set 21 1
P21A WS raw position lITRI wheel set 21 1
Vz2z2A IWS raw vertical bridge IITRI wheel set 22 1
vazp IWS raw vertical bridge IITRl wheel set 22 1
va2zC IWS raw vertical bridge IITRI wheel set 22 1
L22A IWS raw lateral bridge IITRI wheel set 22 1
L22B | IWS raw lateral bridge IITRI whee! set 22 1
VA22 IWS raw vertical bridge IITRI wheel set 22 1
vB22 IWS raw vertical bridge IITRI wheel set 22 1
vCa2 IWS raw vertical bridge IITRI wheel set - 22 1
LA22 IWS raw lateral bridge IITRI wheel set 22 1
LB22 IWS raw lateral bridge ITRI wheel set 22 1
T22A IWS raw torque IITRI wheel set 22 1
P22A IWS raw position ITRI wheel set .22 1
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5.4.5 Data Acquisition System (DAS)

Analog signals from 154 signal conditioners were multiplexed and digitized with a
HP6944 Multiprogrammer. Digital signals were acquired with a HP360 desktop computer
located on the T-5 Instrumentation Car. AD counts were stored with their proper engi-
neering unit conversions on 650 megabyte optlcal disk.

5.4.6 Chart Recorders

Six Western Graphtec MK-10 chart recorders were-located on the T-5 Instrumenta-

tion Car. Four chart recorders recorded processed data from the instrumented wheel sets
in real time. One recorder was used for each wheel set. Roll angle, lateral acceleration,
and other pertinent measurements were displayed real time on the other two chart record-
ers.

5.4.7 Video System

Four video cameras were mounted under the LCC to record the leading wheel of

" each span bolster. The video signals were split to two monitors and then recorded on VHS
video recorders. On-screen annotation and audio were recorded on each test run. The
v1deo signals were stored on a VHS format video tape.

5.5 STATIC BRAKE TEST IN STRUMENTATION '

The Statlc Brake Test was performed in the Storage Maintenance Building (SMB) at the
TTC. A locomotive was'used to supply air to the LCC. A single car test device was con-
nected between the locomotive and the LCC to control the brakes on the LCC. An air
gage was installed in the brake line of the LCC to measure brake pipe pressure. Next, the
brake shoes on the A-end of the LCC were removed and eight instrumented shoes were
used to measure the brake shoe force. The same test was performed on the B-end of the
LCC. While at the B-end, an instrumented shear pin was installed into the handbrake
chain to measure the handbrake force that was applied during the test. All measurements
were displayed with a digital readout. In summary, 10 transducers were used, 8 instrum-
ented brake shoes, 1 air gage, and 1 instrumented shear pin. : '
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6.0 RESULTS

The resulis of the LCC testing will be presented in four sections:
Vehicle Characterization -
Service Worthiness
Track Worthiness
Static Brake Test

6.1 VEHICLE CHARACTERIZATION RESULTS

The LCC vehicle characterization consisted of these tests:
Quasi-Static Truck Characterization
Static Truck Characterization
Modal Characterization

The values obtained are used to characterize the vehicle system. There is no written
- success criteria.

6.1.1 Quasi-Static Truck Characterization Results

Plots were made to display the spring stiffness and damping rate in the particular sus-
pension components. The x-axis corresponds to the displacement measurements; the y-axis
corresponds to the rail force measurements (the rail force, not the actuator load cell, was
used for plots). The upper and lower slopes of the curv_e corresponds to the spring rate in
kips/inch for the vertical and lateral tests, and inch-kips/radian for the roll tests. The
damping corresponds to the vertical gap (hysteresis) between the ilpper and lower sloped -
lines. The value is measured at various locations of the hysteresis loop and averaged. -Fig-
ure 6.1 is a typical hysteresis plot; in this case, the left vertical spring displacement versus
the sum of the left vertical rail forces. Table 6.1 is a list of test runs that were analyzed for
the results. '
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Table 6.1 Test Runs Chosen for Data Analysis

RUN NA.ME DESCRIPTION FREQUENCY TII{\T%CK TEST
RI01_RN003 | Stroke Controls= CP™ 0.1Hz 1 Vertical
RIOl_RNOOG Stroke Control+ C.P* 025Hz 1 Vertical
RI0} RNO010 | Stroke Control 2.0"  01Hz 1 . Roll
RIJL_RNO14 | Stroke Control= 20" 025Hz 1 Roll
RI0O1_RNO17 | Force Control = SL* kip north 0.1Hz 1 Lateral
RI01_RNO20 | Force Control = SL kip north 0.25 Hz 1 Lateral
RI0O1_RN023 | Force Control + SL kip south 0.1Hz 1  Lateral
RI01 RNO026 | Force Control = SL kip south 0.25Hz 1 Lateral -
RI02 RNQO3 . [ Stroke Control+ C.P" 0.1Hz 2 Vertical
RIOZ_RNOOﬁ  Stroke Control+ C.P" 0.25Hz 2 Vertical
RI02 RNO10 | Stroke Control+ 2.0” 0.1 Hz 2 Roll
RI02 RNO14 | Stroke Control= 20" 025Hz 2 Roll
RI02 RNQ17 | Force Control + SL kip north 0.1 Hz 2 Lateral
RI02 RN020 | Force Control + SL kip iorth 025 Hz 2 Lateral
RIOZ_RNOB Force Control + SL kip south » 01Hz 2 . Lateral
RI02 RN026 | Force Control = SL kip south 025Hz 2 Lateral
RI03 RNO03 | Stroke Control+ C.P 0.1 Hz 3 Vertical |
RI03 RN006 | Stroke Control+ C.P" 0.25Hz - 3 Vertical
RI0O3_RNOIO | Stroke Control+ 2.0" 0.1 Hz 3 Roll
RI03 RNO14 | Stroke Control= 2.0" 0.25 Hz 3 Roll
RI0O3 'RNO17 | Force Control = SL kip north 0.1 Hz 3 Lateral
RI03_RNO20 | Force Control + SL kip north 025Hz 3 Lateral
RI03 RN023 | Force Control = SL kip south. 0.1 Hz 3 Lateral
RIO3_RN026 | Force Control + SL kip south 0.25Hz 3 Lateral
RI04:RN003 | Stroke Control= C.P" 0.1Hz 4 ~ Vertical
RI04 RNGO6 | Stroke Controls CP" 025 Hz 4 Vertical
RIO4.RNO10 | Stroke Control+ 2.0 0.1Hz 4 Roll
RIO4 RNO14 | Stroke Controlx 2.0" 025 Hz 4- Roll
RI0O4 RN017 | Force Control = SL kip north - 01Hz 4 Lateral
RI04 RN0O20 | Force Control = SL kip north 0.25Hz 4 Lateral
RI0O4 RN023 | Force Control = SL kip south 0.1 Hz 4 Lateral
RID4 RN026 | Force Control = SL kip south 0.25 Hz 4 Lateral

* C.P = Full Compressed Spring Distance
*SL = 1/5 Vertical Static Load
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The LCC does not have a primary suspension. The secondary suspension rates for
the chosen vertlcal roll, and lateral tests were determined. The damping was calculated
for the vertical and lateral test runs. The spring rates and damping values were averaged
for each truck in the vertical, roll, and lateral configurations. Tests were conducted with
and without the Stucki shubbers for information. Characteristics without snubbers were
needed for NUCARS modeélling. ' '

Nomiinal values for the same type of truck that is under the LCC would be 23.1
kips/in. spring rate and 19 kips dampi;n:g' without hydraulic snubbers. Damping values with
the Stucki HS-7 snubbers installed w111 be dependant on the speed that the truck bolster is
travelling. '

Table 6.2 gives the secondary suspensmn average spring rates and dampmg for the
vertical test runs without snubbers.

Table 6.2 Average Vertical Suspension Spring Rate and
Damping Without Snubbers ‘
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TRUCK NO. LEFT SIDE AVERAGE VERTICAL RIGHT SIDE AVERAGE VERTICAL
DATA - DATA
Spring Rate Damping Spring Rate " Damping
1 . 29.65 kips/in. +9.3 kips 2‘8765‘kips /in. ~ 10.1kips
2. 2349 kips/in. | T 77kips 25.50 kips/in. . © 10.5 kips
3 24.34 kips/in. 105 kips 2522 kips/in. 7.5 kips
4 26.11 kips/in. - 6.0 kips 27.58 kips/in. 9.0 kips




Table 6.3 lists the secondary suspension average roll spring rate for each truck in the
roll test runs.

Table 6.3 Average Roll Spring Rates

TRUCK NO. AVERAGE TRUCK ROLL SPRING RATES
1 53,962 inch-kips/radian
2 46,119 'mch-kip_s /radian
3 52,542 inch-kips/radian
4 73,753 inch-kips/radian

Finally, Table 6.4 lists the secondary suspension average spring rates and damping for
each truck in the Lateral Test runs. These results are for the entire truck. Half of the

value would be used for one spring nest.

Table 6.4 Average Lateral Spring Rates and Damping

TRUCK NO. LEFT SIDE AVERAGE LATERAL RIGHT SIDE AVERAGE LATERAL
DATA DATA
Spring Rate . Damping Spring Rate Damping
1 23.75 kips/in. 33.61 kips 24.98 kips/in. 32.81 kips
2 22.71 kips/in. 36.85 kips 22.95 kips/in. 36.49 kips
3 23.32 kips/in. 33.37 kips 22.24 kips/in. 33.39 kips
4 26.53 kips/in. 34.36 kips 29.37 kips/in. 34.29 kips

The quasi-static truck suspension results are considered reasonable, based upon expe-

rience with other types of three piece trucks.
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6.1.2 Static Truck Characterization-Results :

Static Truck ChaIactenzatlon Tests were performed on truck 1and 2 w1th air bearmg
tables. The results are separated into 51x categorles L
Span Bolster Yaw Moment o
Truck Yaw Moment
Axle Aligmnent
Truck Longitudinal Stiffness
Truck Inter-Axle YaW’.aﬁ__d Bending
Inter-Axle Shear o -

6.1.2.1 Span Bolster Yaw Moment Results

Plots of displacement versus force were made to determine the span bolster yaw
moments. Figure 6.2 shows a typlcal force versus dlsplacement plot; in. th1s case left force
versus the left displacement.
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Figure 6.2 Force versus Displacement in Span Bolster Yaw Moment Test '



The force increased with relatively small displacement until the static friction was
overcome. At that point, the span bolster rotated with virtually no increase in force. This
was called the breakaway point. Sirice two actuators Were used, the actual breakaway
torque or yaw moment was calculated by summing the two breakaway torques.

Three tests were run in a clockwise direction, and three tests were run in a counter-
clockwise direction. The "sawtooth effect” in each plot was caused by pumping the actua-
tors by hand. _ |

The perpendicular distance from each actuator tdrthé span bolster center pin was 107
inches. The yaw moment or breakaway force was ther calculated by multiplying the sum of
the two forces by the distance of 107 inches. The average span bolster yaw moment for the
six runs was 350,000 in-1bs.

6.1.2.2 Truck Yaw Moment Results

The test setup for the individual three piece Truck Yaw Moment Test was identical to
that for the Span Bolster Yaw Moment Test; however, the distance from the actuators to
the truck center pin was 36 inches. The breakaway for the truck was less gradual than for
the span bolster (Figures 6.3 and 6.4). N

The force increased with almost no displacement until the truck broke away; thereaf-
ter, the displ'acement increased with little or no increase in force.
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Figure 6.3 Force versus Displacement for Actuator 1-Truck Yaw Moment Test
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Figure 6.4 Force versus Displacement for Actuator 2-Truck Yaw Moment Test

The span bolster had side bearing plates with an air gap between bolster and car

body, and the individual trucks had standard roller side bearings with air gaps between the
rollers and the span bolster. The center bowls of the span bolster and trucks were only
slightly lubricated after a center plate repair that was completed by Rockwell.

Three clockwise and three counterclockwise tests were done on both truck 1 and 2.
The average truck yaw moment was 112,500 in-Ibs.

The yaw moments would be lower with better center bowl lubrication, which was
done during the track worthiness testing in an attempt to improve curving results.

82



6.1.2.3 Axle Alignment Results

The radial misalignment, as well as the lateral misalignment, between the two axles in
trucks 1 and 2 were the subject of this investigation, Six measurements were made during.
each test (Figure 6.5).
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Figure 6.5 Axle Alignment Measurement

Axle radial misalignment was calculated with the axle spacing values AS1 and AS2 as
shown in the above equation in Figure 6.5. Axle lateral misalignment was calculated with
the leading axle and trailing axle measurements LA1, LA2 TA1 and TA2. Those numbers
were measured from scales with a Brunson Optical Transit. The transit was first rotated
until LA1 was equal to TA2, It was then translated so that LAl and TA2 were on a round
number. LA2 and TA1 were then measured; the change (delta) in LA and TA was then
calculated. It was assumed that the transit was parallel to the sideframe when LA1 and
TA2 were equal. The lateral misalignment could be implied from the deltas. Table 6.5isa
tabulation of alignment measurements from trucks 1 and 2.
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Table 6.5 Axle Alignment Results

LATERAL ||

RUN || TRUCK AS1 AS2 RADIAL DELTA DELTA
. NO. NO.. INCHES || INCHES MIS. . LA TA MIS:..

A - . MRAD INCH INCH INCH
1 1 60930 | 69663 | 2978 -0.083 -0.198 0:115
2 1 69.875 ‘69-.;7;00 : 1.953 -0.113 -0.127 0.014
3 1 69.330 69.651 - 2.556 -0.092 -0.133 0.041
Average: 2.496 -0.096 -0.153 0.057
32 2 69.866 £9.800 0.736 0.000 -0.041 0.041
33 2 69.631 69.545 0.959 0.000 -0.044 0.044
34 2 69.619 69.600 0.212 -0.050 -0.059 0.009
Average: 0.636 -0.017 -0.048 0.031

- The misalignments were small and fairly consistent for truck 2. They should have
little or no affect on the on-track performance of the LCC. Truck 1’s misalignments were
large and could affect curving results. No further analysis was performed, because the axle
to sideframe connection is frictional and alignment will change with operation on the track.




6.1.2.4 Longitudinal Stiffness Results

Longitudinal stiffness is a measure of the ability of the axles in a truck to move rela-
tive to each other in the longitudinal direction. In standard three piece trucks, the longitu-
dinal stiffness is very high once the bearing adapters run up against the sideframe stops. In
trucks with primary suspension components, there is some stiffness associated with the
shear of the suspension components before the bearing adapters run up against the stops.

The LCC trucks used no primary suspension. Stiffness results from friction between
the axle and sideframe.
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Figure 6.6 Longitudinal Stiffness Theory

NUCARS requires axle box stiffness rather than truck side stiffness. It was assumed
that the truck side was symmetric. Force versus displacement plots were produced for each
truck side on all test runs. Typical plots, for run 5 in this case, are shown in Figures 6.7 and
6.8.



There was one defined slope, and it was calculated with a linear regression, kips/inch.
Due to the fact there is no restoring force, the stiffness resembles a friction.
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Figure 6.7 Right Truck Side Longitudinal Stiffness Plot
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Table 6.6 1s a tabulation of the truck side stiffness measurements. The scatter plot for
all tests is shown in Figure 6.9.

Table 6.6 Truck Side Longitudinal Stiffness Measurements

RUN NO. TRUCK NO. DIRECTION' - RIGHT SIDE LEFT SIDE

SLOPE 1 SLOPE 1

(kips/in) (kips/in)
4 1 Pulling 94.293 84.328
5 1 Pulling 94.589 95.502
6 1 Pulling 97.939 98.789
8 1 Pushing 87.974 117.539
9 1 Pushing ~ 95.896 103.427
10 1 Pushing 103.307 113.432
Average: 95.606 102.118
Standard Deviation: 5016 ‘ 12.165
36 2 Pulling 83.867 78.056
37 2 Pulling 94.126 92.770
38 2 Pulling 96.403 98.438
44 2 Pushing 99.098 104,954
45 2 Pushing 88.488 109.366
46 2 Pushing 102.222 123.413
Average: 94.034 ~ 101166
Standard Deviation 6818 15.418

Note: Overall Average is 98 kips/in
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Figure 6.9 Longitudinal Stiffness Scatter

The truck side averagés were doubled to give axle box stiffnesses. A final stiffness of
approximately 10 6 kips/in has been used in NUCARS to represent the condition when the
axles are against the stops. Figure 6.10 displays the characteristic used in the model.
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From the stiffness profile, a NUCARS axle box stiffness look-up table was created
(Table 6.7).
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Figure 6.10 Axle Box LOngifudinal Stiffness Profile

Table 6.7 NUCARS Look-up Table for Axle Box Longitudinal Stiffness

1 Y 3
- 0 18.75 6,000
§ o 3/16" | 25"
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6.1.2.5 Axle Yaw and Inter-Axle Bending Stiffne'ss Results,

Infree curving, the axles would have a tendency to yaw with respect to each other
(Flgure 6. 11)

Figure 6.11 Axle Yaw Stiffness Theory

The first step in this test was to calculate the stiffnesses on each side of the truck
(Kland K2in Flgure 6.11) in the same manner as 10ng1tud1nal stiffness. Linear regressions
were performed on graphs similar to the longitudinal stiffness plots. Table 6.8 shows a
summation of measured values for.each test. It is noted that when the directions were
changed, the first test usually produced lower results than the followmg two tests.

An axle yaw stlffness scatter plot from the summary sheet is shown in Figure 6.12.
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Table 6.8 Axle Yaw Stiffness Summary Sheet

RUN TRUCK . DIRECTION LC1 (RIGHT) LC2 (LEFT)
NO. NO. LC1 = RIGHT SLOPE 1 SLOPE 1
LC2 = LEFT (kips/in) (kips/in)
11 , 1 LC2PULL/LC1PUSH 102.740 65.481*
12 1 LC2PULL/LC1PUSH 105.364 116.488*
13 - 1 LC2PULL/LC1PUSH 104.837 -123.862*
14 1 LC2PUSH/LC1PULL 1 69.441* 70.665*
15 1 LC2PUSH/LCIPULL 98.198 106.111
16 1 LC2PUSH/LC1PULL 94.180 106.300
47 2 LC1PULL/LC2PUSH 90.553 89.516
43 2 LC1PULL/LC2PUSH 96.417 101.504
49 2 LCIPULL/LC2PUSH | = -~ 87.017 99.967
50 2 LCIPUSH/LC2PULL 80.352* 96.735
51 2 LCIPUSH/LC2PULL 105.162 100.988
52 2 LCIPUSH/LC2PULL 94.036 97.587
AVERAGE PULL STIFFNESS: TRUCK 1 105.07 TRUCK 2 94.883
AVERAGE PUSH STIFFNESS: TRUCK 1 96.19 ‘TRUCK 2 98.04

* These values were not used in average calculations.

The average axle yaw stiffness, Fy, was calculated in the following way; |

Fy=2(K,+K,)BO

Where: K, is right side axle displacement and K, is left side axle displacement. .
. B is the width of the axle.
6 is the angle that the axle yaws.

Moment M=F _B=(K,+K,)B%0

’ M
Ka = AXLE YAW STIFFNESS=<—= (K,+K,)B?
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Truck 1 Axle Yaw Stiffness:
. Ky =(105.07+96.19)(79)°=1,256,064 INCH-KIPS/RAD

Truck 2 Axle Yaw Stlffness
K%, =(94.883+98.04)(79)*=1, 204,032 INCH- KIPS/RAD

To aide the vehicle dynarmcs modellmg effort, these values were compared to those
calculated by NUCARS from the longitudinal stiffness inputs.
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Figure 6.12 Axlé Yaw Stiffness Scatter Plot
6.1.2.6 Inter-Axle Shear Stiffness Results

Two test problems were encountered during inter-axle shear stiffness testing. The
first problem encountered was lateral slippage of the wheels on the wheel chocks, which
were made of lead. -This resulted in an unrealistic stlffness measurement. The wheels were
subsequently shimmed to prevent lateral slippage.

The next problem encountered was longitudinal slippage of the wheel chocks, which
enabled the tables to rotate slightly. That problem was solved by applying chocks on each -
wheel to prevent longitudinal slippage. Due to these problems only some of the test data is
representative of inter-axle shear stiffness.
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Three shear stiffness values were found from each plot. The force increased on a lin- -
ear scale until the frictional snubbers broke loose; then, the force increased slightly with
large displacements as the snubbers slid across the sideframe. The snubbers then ran up
against the stops yielding a high stiffness. Figure 6.13 shows typical test results after the
lateral slippage problem was corrected. ' -
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Figure 6.13 Shear Force versus Displacement for
Inter-Axle Shear Test Run

Once the force was released, the truck only partially restored itself, indicating that the
truck has little or no restoring force while the snubber is sliding.
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6.1.3 Modal Response Results

Table 6.9 is a list of runs in the Modal Response Test matrix including the modes
investigated in each run. Three of the vertical runs used only one actuator to facilitate use
of a computer model.

- Table 6.9 .LCC Modal Test Log

.~ RUN NAME RUN DESCRIPTION It~ - MODE
. . , INVESTIGATED
LCCM_RNG01 + /- kip Vertical, 2 -5 Hz ~ Bounce
LCCM_RNO002 + /- kip Vertical, .2 - 5Hz and
LCCM_RNO003 + /- kip Vertical, .2 - 5 Hz Pitch
LCCM_RN004 + /- kip Vertical, 2-5Hz )

LCCM_RNO05 + /- kip Vertical, .2 - 5 Hz, One Actuator - ,
LCCM_RNQ06  |.2 Constant G, 3 - 30 Hz, Run Aborted Vertical
LCCM_RN007? .2 Constant G, 3 - 30 Hz, Run Aborted - ' Bending

. LCCM _RN0O08 _|.2 Constant G, 3 - 30 Hz, Vertical, One Actuator
LCCM_RNO09 |2 Constant G, 3 - 30 Hz, Vertical, One Actuator _
LCCM_RN010 + /- 5 kip Vertical out-of-phase, .2 - 5 Hz Roll
LCCM_RNO11 +/- 10 kip Vertical out-of-phase, .2 - 10 Hz
LCCM_RNQ12 + /- 15 kip Vertical out-of-phase, .2 - 10 Hz
LCCM_RNO013 .1 Constant G, 3 - 30 Hz, Vertical Vertical
LCCM RNQO14 .15 Constant G, 3 - 30 Hz, Vertical Bending
LCCM_RNQ15 .2 Constant G, 3 - 30 Hz, Vertical
LCCM_RNO016 3 Constant G, 3 - 30 Hz, Vertical

LCCM_RN017 A4 Constant G, 5 - 30 Hz, Vertical
LCCM_RNO18 .5 Constant G, 10 - 30 Hz, Vertical
LCCM _RN019 .1 Constant G, 3 - 30 Hz, Vertical 6ut-of—phase Twist
LCCM_RNO20 .15 Constant G, 3 - 30 Hz, Vertical out-of-phase
LCCM_RNQ21 .2 Constant G, 3 - 30 Hz, Vertical out-of-phase
LCCM_RN022 3 Constant G, 3 - 30 Hz, Vertical out-of-phase
LCCM_RNQ23 .4 Constant G, 3 - 30 Hz, Vertical out-of-phase
LCCM_RN024 +/- 5kip Lateral, .2 - 5Hz Yaw
LCCM_RNO25 + /- 10 kip Lateral, .2 - 10 Hz And
LCCM_RN(26 +/- 15 kip Lateral, .2 - 10 Hz Sway
LCCM_RN027 + /- 15 kip Lateral, .2 - 5 Hz
LCCM _RN028  |.1 Constant G, 3 - 30 Hz, Lateral Lateral
LCCM _RN029 - |.15 Constant G, 3 - 30 Hz, Lateral Bending
LCCM_RN030 .2 Constant G, 3 - 30 Hz, Lateral
LCCM_RNO031 .3 Constant G, 10 - 30 Hz, Lateral
LCCM_RN032 4 Constant G, 15 - 30 Hz, Lateral




6.1.3.1 Rigid Body Vertical and Roll Results

Data from the Vertical and Roll Tests was used to obtain pitch, bounce, and roll reso-
nant frequencies. A transfer function between the actuator input force and the A-end
upper right corner vertical acceleration is shown in Figure 6.14. Roll was found at 0.5 Hz,
bounce at 4 Hz, and pitch at 7 Hz. The plot is from run LCCM_RNO0OS where a sine wave ,,
was applied to the actuator and swept from 2 Hz to 10 Hz.

Figure 6.15 shows the phase plots of the accelerometers located on either side of the
A-end of the LCC. It can be seen that they are 188 degrees out of phase which would
verify the roll frequency at 0.5 Hz. ‘ '

Figure 6.16 is the phase plots of accelerometers located at both the A- and B-ends of
the LCC. At 4 Hz the erids of the car are 14 degrees out of phase and at 7 Hz the ends of
the car are 148 degrees out of phase, indicating the spikes in the transfer function at 4 Hz
and 7 Hz (figure 6.14) correspond to bounce and pitch, respectively.

A Rockwell finite element analysis of the LCC predicted a roll frequency of 0.62 Hz,
a bounce frequency of 1.78 Hz, and a pitch frequency of 9.79 Hz. |
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Figure 6.14 Pitch and Bounce Transfer Function
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6.1.3.2 Flexible Body Vertical Results

Data from the six vertical runs was used to obtain the first vertical bending frequency
and mode shape. A constant g input was used in a sine sweep to 30 Hz. The displacement
was reduced as the frequency increased, keeping the acceleration level constant.

Figure 6.17 is a transfer function from a vertical accelerometer at the middle of the
car for run LCCM_RNO009. The peak near 13 Hz is the vertical car body bending fre-
quency. This peak was 149 degrees out-of-phase with the A-end of the car and 218 degrees
out-of-phase with the B-end of the car (Figure 6.18). The first and second peaks in the
transfer function are effects of the bounce and pitch modes.
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- Figure 6.17 Transfer Function of AZ08 versus VAF1
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Upon closer examination of the Power Spectrél Densities (PSD) and transfer func-
tions, the peak was found to be at 13.25 Hz. The transfer functions were curve fit with
Structural Measurement Systems (SMS) Modal 3.0SE software to prodﬁce synthetic bending
shapes. Figures 6.19 and 6.20 show the vertical bending in both directions. A simple struc-
ture was used and amplitudes were exaggerated to illustrate the bending shape.
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L,

Figure 6.19 Upward Vertical Bending Shape

L.

Figure 6.20 Downward Vertical Bending Shape
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6.1.3.3 Flexible Body Torsion Results

The Flexible Body Torsion Test was performed in the same manner as the Flexible
Body Vertical Test, with one exceptlon The two actuators were run 180 degrees out-of- * -
phase with constant g sine sweeps used as input. Figure 6.21 shows a transfer function
between actu_afor force and a corner vertical accelerometer. The spike at 20 Hz was the
. Same a'rnplitud,e but 131 degrees out-of-phase with an accelerdmeter ‘loca'.té\‘d on the same
side but opposite end of the car. The other corners were 139 degrees 6ﬁ‘t-df—phd§é‘With
- each other, which would' bea twisting motion. Figure 6.22 shows the phase relatlonshlps .
between all four corners of the LCC at 20 Hz.
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PIASE (deq)

Figure 6.23 shows the twisting motion near 20 Hz. The model is simplified to show

twist.
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6.1.3.4 Rigid Body Lateral Results

The rigid body lateral runs were used to determine yaw and sway resonant frequen-
cies. Figure 6.24 shows a transfer function between input force and the A-end lateral accel-
eration for run LCCM_RN030. '
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Figure 6.24 A-end Lateral Car Body Acceleration Transfer Functioh

The spike at 6 Hz was believed to'be yaw. The transfer function at the B-end of the
" car showed a spike at 6 Hz as well. Tt was 153 degrees out-of-phase with the A-end and
approximately the same amplitude (Flgure 6.25). This would indicate yaw.

The next splke seen in the transfer f'unctlon in Flgure 6.24 is approximately 7 Hz.
This spike is seen at the B-end of the LCC with the same amphtude as the A-end and only
69 degrees out-of-phase (Figure 6.25). This was beheved tol be sway; however, upon closer
examination, the spiké is found to correspond to the upber center roll frequency. A sway
mode was never found.

- A Rockwell finite element analysis of the LCC predicted a yaw frequency of 2.19 Hz,
and a sway frequency of 1.93 Hz.
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6.1.3.5 Flexible Body Lateral Results

_ A lateral input of 0.2 g from 3 Hz to 30 Hz was input to the car body during run
LCCM RNO030. This run was used to determine the first lateral bending mode. The first
spike (around 7 Hz) in the transfer function of a lateral accelerometer located in the
middle of the car, shown in figure 6.26, is the upper center roll mode. The second large
spike in the transfer function between the lateral accelerometer at the center of the car and
the driving force was betwéen_lS Hz and 18 Hz (Figure 6.26). Upon closer examination
with the SMS Modal 3.0SE sofhﬁvaﬁe, the Ilateral bending frequency was found to be at 17

Hz.
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Figure 6.26 Mid-Car Lateral Acceleration Transfer Function

Transfer functions at both ends of the LCC show the same spike at 17 Hz and are
approximately 176 degrees out-of-phase from the middle of the car (Figure 6.27). Figures
6.28 and 6.29 are the left and right bending shapes of the LCC.
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Figure 6.28 Left Bending Shape of the LCC
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Figure 6.29 Right Bending Shape of the LCC

The LCC is a very stiff car; therefore, 17 Hz is a reasonable lateral bending fre-
quency. No prediction was made for this mode. '
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6.1.4 Vehicle Characterization Results Summary .

Table 6.10 presents a summary of the vehicle characterization data, which was pro-

vided for NUCARS modeling support.

Table 6.10 Air Bearing and Modal Results Summary

PARAMETER VALUE
Vertical Spr'mg Stiffness with snubbers 26.08 kips/in
Vertical Spring Damping with snubbf;r’s . 11.61 kips
Vertical Spring Stiffness without snubbers - 26.32 kips/in
Vertical Spring Damping without snubbers 8.83 kips
Truck Roll Spring Rate | 56,519 in-kips,/radidn
Lateral Truck Stiffness 24.48 kips/in
Lateral Truck Damping 34.40 kips

Span Bolster Yaw Moment

350,000 in-lbs

Single Truck Yaw Moment 112,500 in-lbs
Axle Alignment Truck No. 1 - 2.496 mrad
Truck No. 2 - 0.636 mrad
Longitudinal Stiffness 98.5 kips/inch
Axle Yaw and Inter Axle Bending Stiffness 1,200,000 in-kips/mrad
Inter Axle Shear Stiffness Not Used for NUCARS
Bounce Frequency 4.0 Hz
Pitch Frequency 7.0Hz
Roll Frequency 0.5Hz
- Upper Center Roll Frequency 7Hz
Yaw Frequency | 6 Hz
First Vertical Bending Frequency 13.25 Hz
First Torsional Frequency 20.0 Hz
First Latcral Bending Frequency 17Hz
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6.2 SERVICE WORTHINESS RESULTS

The following tests were performed on the LCC during service worthiness testlng
- Single Car Impact Test
Compressive End Load Test
Curve Stability Test

6.2.1 Single Car Impact Results

The LCC was impacted into three 70-ton hopper cars with the non-struck car
handbrake tightly set. The purpose of this test is to observe that no permanent dam-
age to the car structure occurred due to impact. The LCC was impacted on the A-
and B-ends at speeds between 2 and 6 mph. The Air Force and Rockwell limited
the maximum speed to 6 mph. Coupler forces fdﬁged from 305 kips to 801 kips on
the A-end and 272 k1ps to 843 kips on the B-end. Table 6.11 lists the results of the
LCC Impact Test.
Chapter XI limits the coupler force to 1.25 million pounds and speed to 14 mph. Due
to test restrictions, these limits were not reached. The LCC was inspected and no damage

was found.
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Table 6.11 LCC Impact Speeds and Coupler Forces |

TRUCK END SPEED (MPH) || COUPLER FORCE (KIPS)
A-end | 2.9 305
A-end 3.6 . 388
A-end . 40 | 565
A-end 4.6 | 699
A-end 51 , 685
A-end 63 801
B-end ' 24 : 272
B-end - 30 312
B-end : .39 | 382
Bend | 4.9 |- 70
B-end 60 843
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6.2.2 Compressnve End Load Results

The LCC was tested with a 1-million pound compresswe force in the squeeze fixture
at TTC., The force was increased from 100 kips to 1000 kips in 50 kip intervals. Once at
1-million pouhds, the force was held for 60 seconds. After the test, the LCC was inspected
for any permanent damage. No damage was found. Twenty strain gage measurements
were coilected for Rockwell.

6.2.3 Curve Stability Resuits

The LCC was placed in a consist on a 10-dé'gi'ee curve with less than 1/2 inch super-
elevation. A 200,000 pound buff and draft (compress and extend) force was applied to the
LCCin the consist. The LCC wés monitored for wheel lift with the wheel lift gage (Figure
5.22) on the inside of the curve for buff and the ‘outside of the curve for draft No wheel lift
occurred on the LCC during the Curve Stability, Test.

The car was inspected after the test and no damage was noted.

6.3 TRACK WORTHINESS RESULTS

Pre-test predictions were made with the NUCARS model for all LCC track worthiness
tests. Appropriate predictions will be noted in each subsection. The predictions were
extracted from Peacekeeper Rail Garrison, Launch Control Car (EMS-2) Pre-test Track
Worthiness Predictions Report.1 Chapter XI criteria were used as a guideline to compare to
the measured performance of the LCC and to indicate safe conduct of each test. The tests
were not performed to certify the LCC. The criteria were not used as pass/fail.

i

1 PeteriKlauser, Association of American Railroads, Peacekeeper Rail Garrison, Launch
Control Car (EMS-2) Pre-Test Track Worthiness Predictions Report, October 1990.
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6.3.1 High Speed Stability Results

There were two limiting criteria for the High Speed Stability Test: maximum axle sum
L/V of 1.3, and maximum peak-to-peak lateral car body acceleration of 1.0 g sustained for
20 seconds.- The maximum test speed was 60 mph. Table 6.12 tabulates the high speed
stability results and predictions. - -

Table 6.12 LCC Hunting Results

SPEED MAXIMUM PEAK-TO-PEAK | MAXIMUM AXLE
(MPH) LATERAL ACCELERATION (g) ~ SUML/V
Actual 7 Prédictcd Actual - Predicted

30 0.20 | n/a 031 n/a

- 40 0.22 0.05 033 0.15
50 o050 | 029 045 029
55 120 n/a’ 085 "~ n/a
57 130, ~ nja 0.96 ~ nfa
60 10 028 | 103 - 031

'The maximum lateral car body acceleration given in Table 6.12 are instantarieous.
The worst speed seemed to be 57. mph. At 57 mph the LCC was unstable, but the accelera-
tion values were never sustained for 20 seconds at 1 g peak-to-peak. Figure 6.30 shows a
time history of the accelerations at the B-end of the LCC for a speed of 57 mph. The time
history shows clearly that the LCC was unstable at this speed. The LCC was tested in its
normal loaded condition because there is no empty condition. Should the LCC ever be
empty or wéigh considerably less (possibly for shipping reasons), hunting would be a prob-
lem above 50 mph. |
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6.3.2 Constant Curving Results - T

Tests were performed in the ciod]&\i:ise ‘ahd counterclockWise directions onthe 4-, 7.5-,
and 12-degree curves. A rrummum of three test speeds are required by Chapter XI. These
are at balance (for curve elevatlon) and below and above balance speed. The test speeds
for each curve are shown in table 6.13. Speeds of 20 mph on the 4- ‘degree curve, 16 and 24 .
mph on the 7.5-degree curve, and 14 mph on the 12- degree curve were the only speeds to
be tested w1th the LCC. :

Table 6. 13 LCC Constant Cumng Test Speeds

DEGREE SUPER . BALANCE | ABOVE BALANGE | BELOW BALANCE
. ELEVATION™ - SPEED SPEED SPEED
4 ‘ 3 -33 . N ¢ 20
7.5 3. 24 1 - 2 ] e
12 ‘ 5 -2 I 32 ' 16

A\

Speeds of 32 mph on the 7.5-degree curve @nd speeds of 24 and 32 mph on the 12-de-
gree curve were not tested. Single occurrences above the Chapter XI limits occurred and
testing was stopped by the Air Force. Since these tests, Chapter XI limits now only specify
a 95th percentile limit. Single occurrences above the limit can-occur as long as they occur
less than 5 percent of the time. o e ‘ S

Table 6.14 summarizes results for the 4-degree curve. -

Table 6.14 LCC 4-Degree Curving Results

SPEED (MPH) WHEELL/V 0  AXLESUML/V

AND 95th PERCENTILE - ... . Gsth PERCENTILE
DIRECTION (8 LIMIT) - L T aauMImy

Actual : Predicfed :‘ _‘ \‘ ::Actuall " Predicted r :

20 cw 0.48 nfa . | . 084 ‘n/a

20 cow 046 afa - |- . o085 | n/a

33 cw " not tested -~ nfa - . not tested I n/a

33 cew not tested | nfa not tested’ © n/a

40 cw not tested n/a |  nottested | n/a -

40 cew ' not tested n/a ot tested n/a
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The results reflect the 95th percentile values and are only for the steady state condi-
thIl The steady state condition was assumed to begm when the LCC was completely in the
curve and to end just. before the Ieadlng end of the LCC entered the exit spiral. Curve !
entry and exit.are covered in Sectron 6.3. 3. The LCC performed the same clockwise as
counterclockmse No predlctlons are avarlable for the tests performed in the 4-degree
curve. Speeds above 20 mph were not tested in the 4-degree curve because higher speeds
in adjacent curves (7.5-degree and 12- degree) could not be tested.

Table 6.15 surnmarlzes the actual and predlcted results for the 7.5- degree curve.

‘ Table 6:15 LCC Constant ‘:7.5_-Degree Curving Results

SPEED (MPH) o "\KflflE]-'.sLL/:Vi R .. AXLE SUML/V
. *AND ,  95thPERCENTILE = - 95th PERCENTILE
DIRECTION ' SLIMIT - 1.3 LIMIT
‘Actpaiv P Predicted . - Actual . Predicted
WO - | 056 | . 05 1.04 095
C o l4cew | 065 n/a . 1.14 " n/a
Uew Y - S 0.93 082
24 cew e not tested n/fa | = nottested n/a
Rew mottested | 037 not tested 073
Zoow _ Inot teste:d o i;/a | not tested n/a

( ) Model:Speed

The c‘ourtter‘cloe'kwise direction yielded slightly higher 95th percentile L/V’s than the
clockwise direction. Figure 6.31s a time history of the lead axle, right wheel (flanging
wheel) L/V of truck 1 for a CCW 75 degree curve test at 14 mph. Some single occur-
rences above the Chapter XI criteria were observed, however, the 95t percentile value is
below the Chapter XI criteria. All of the L/V values above the Chapter XI criteria for
under balance and balance speeds were less than 50 milliseconds i in duration for the 7.5-de-
gree curye. Speeds above 24 mph were not tested in the 7.5-degree curve because higher
speeds in the adjaeent" 12-degr¢j'é ‘curve could not be tested. '
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Figure 6.31 ’I‘imeHistory of Axle 7 Right Wheel L/V for 7.5-Degree Curve

Table 6.16 summarizes the actual and predicted results for the 12-degree test.

Table 6.16 LCC Constant 12-Degree Curving Results

SPEED (MPH) WHEEL L/V AXLE SUM L/V
AND 95th PERCENTILE 95th PERCENTILE
DIRECTION 8 LIMIT 1.3 LIMIT
Actual Predicted Actual Predicted

16 cw (155) 0.67 0.55 1.15 1.04
16 ccw 0.77 n/a 1.26 n/a
24 cw not tested 0.49 not tested -0.98
24 ccw not tested n/a not tested n/a
2w not tested 0.47 | not tested 093
32 cow not tested n/a not tested n/a

() Model Speed
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The counterclockwise L/V results for a right hand turn on the 12-degree curve are
somewhat higher than the clockwise L/V results. The values presented in Table 6.16 are
within the Chapter XI 95th percentile limit; however, many exceedances above the Chapter
XI limits of 0.8 for wheel L/V and 1.3 for axle sum L/V were seen in the counterclockwise
direction. The center bowl was lubricated in an attempt to improve the results. The lubri-
cation had no affect on the results. Testing was suspended at the direction of the Air
Force because the exceedances still occurred. Figure 6.32 is a time history of the lead axle,
left wheel (flanging wheel) L/V in the lead truck for a 12 degree curve test at 16 mph. Sev-
eral occurrences above the Chapter XI criteria can be seen, some well over 50 msec, but all
less than 5% of the total time. |

465 msac.

hi I‘ 121 ansec..

I Chepter | X Limit
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o
h
o
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Y
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S .
‘J L
0 L
-0.1 1 ! ! = 1 L 1 T'.

Time {sec)

Figure 6.32 Time History of Lead Axle Flanging Wheel in 12-Degree Curve
Figure 6.33 shows the 95th percentile wheel L/V’s for both clockwise and counter-

clockwise directions on the 12-degree curve at below balance speed (16 mph). Predicted .
values and the Chapter XI limit are also shown.
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Figure 6.33 95th Percentile Wheel L/V’s for the 12-Degree Curve

Figure 6.34 shows the 95th percentile axle sum L/V’s for both directions on the 12-de-
gree curve. Predictions and the Chapter XI limitations are also shown.
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Figure 6.34 95th Percentile Axle Sum L/V’s for the 12-Degree Test
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Three things are evident in the two previous figures. First, steady state performance
is slightfy worse for a right turn than a left turn in a 12-degree curve. Second, the fact that
the wheel L/V trends were very similar to the axle sum L/V trends indicates a good test for
a three-piece truck performance. On dry curved track with a coefficient of friction of 0.5, a
0.8 wheel L/V should be accompanied by a 0.5 L/V on the opposite wheel barring any
large longitudinal force. This would yield a 1.3 axle sum L/V. The L/V for the wheel that
is not flanging should not exceed the static coefficient of friction of that interface, The data
yielded an average coeffiecient of friction of 0.5 indicating dry track. Finally, the vehicle
performance was within Chapter XI 95t percentile criteria at 16 mph even with some high
single occurrences. Individual L/V’s in excess of 50 msec duration are considered impor-
 tant in all other Chapter XI tests. The LCC was never tested at balance or above balance
speeds in the 12-degree curve by the direction of the Air Force.

In summary, the LCC was tested in three curves, the 4-degree curve, the 7.5- degree
curve and the 12-degree curve. The LCC performed below the Chapter XI criteria in all of
the curves, however; single occurrences above the Chapter XI L/V limits over 50 msec in.
duration were noted in the 12-degree right hand curve while at a speed of 16 mph. The 50
msec duration criteria is used in other Chapter XI tests as an indicator of safe performance.
The new Chapter X1 standard for constant curving allows 50 msec exceedances if they
occur less than 5% of the time. As seen in Figure 6.23, the exceedances were above the
Chapter XI limit much more than 50 msec. Aithoiigh the total duration was less than 5%
of the time, the Constant Curving Tests were stopped. Above balance speeds were never
tested on any curve and balance speeds were never tested on the 12-degree curve.

6.3.3 Curve Exit and Curve EﬂtlLResults

‘Curve entry and e)ut performance was measured during the Constant Curving Tests.
The 7.5-degree curve had standard spirals at each end that were 200 feet long. A standard
spiral is the section of track which makes the transition frorn tangent to curve with constant
changes in curvature and superelevation with distance. The 12-degree curve has a bunched
spiral at one end. The bunched spiral was curve exit for clockwise runs and a curve entry
for counterclockwise runs. Chapter XI only specifies the bunched spiral for the official
curve eﬁtry test. The bunched spiral makes the change in curvature throughout the spiral
but the change in superelevation is bunched in the middle 100 feet of the spiral. The limit-
ing criteria for spiral negotiation were 10 percent minimum vertical wheel load and a maxi-
mum wheel L/V of 0.8.

Table 6.17 summarizes the 7.5-degree curve entry and exit results on a standard spi-
ral. THe predictions are for a bunched spiral. Curve exit L/ V values were slightly higher
than curve entry results for both clockwise and counterclockwise tests.
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Table 6.17 7.5-Degree Curve Entry and Exit Results

SPEED CURVE ENTRY CURVE EXIT
(MPH) |
‘ Wheel Load Wheel Load
~Actual Predicted Percent of Static Actual Predicted Percent of Static
Whee] L/V{ WheelL/V|| 10% Min. Limit Wheel L/V Whecl L/V 10% Min. Limit
8 Limit | Ac. | Pred | 8Limit Act. || Pred.
14 (10) 0.64 0.55 - 58 52 0.78 0.61 58 49
24 0.55 -0.56 68 51 0.65 0.50 63 50
32 not tested 0.57 - not 40 not tested 045 not 41
. tested tested

( ) Model Speed

Table 6.18 is a summary of the 12-degree curve entry and exit results.

Résults are

shown for both directions for entry or exit. Again, all predictions are for a bunched spiral.

Table 6.18 12-Degree Spiral Negotiation Summary

SPEED CURVE ENTRY CURVE EXIT
(MPH)
AND DIRJ Actual || Predicted|| Actual || Predicted|| Actual | Predicted|| Actual || Predicted
Wheel Wheel Min. Min. Wheel Wheel Min. Min.
L/vV L/V || Wheel % || Wheel % L/vV L/V Wheel % || Wheel %
8 Limit 10% Limit - .8 Limit 10% Limit
16 cw (15.5) 0.92 n/a 46 n/a 0.78 3.58 52 14
16cew (15.5)  0.83 142 45 21 0.87 n/a 46 n/a
24cw not tested n/a not tested n/a nottested| *g6p | Dot tested " 13
24 cow not tested 1.10 not tested 10 not tested n/a not tested n/a
32 cw not tested n/a not tested n/a nottested| *337 | nottested * 14
32cow not tested 1.15 not tested 13 not tested n/a not tested n/a

( ) Model Speed

* Incc;mplete NUCARS simulation ending in predicted derailment, results intended for comparative purposes only.

WHERE:

1. Curve Entry Clockwise
2. Curve Entry CCW
3. Curve Exit CW

4. Curve Exit CCW

Standard Spiral
Bunched Spiral
Bunched Spiral
Standard Spiral

As a curve entry, the bunched spiral was slightly less severe than the standard spiral.
The highest wheel L/V observed was 0.92 in the standard spiral and 0.83 in the bunched
spiral. These values both exceeded the Chapter XI limits. The vertical wheel load for
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curve entry was 46 percent and 45 percent of the static vertical load in the standard spiral
and bunched spiral, respectively.- Both values are four times higher (better) than the
Chapter XI minimum criteria of 10 percent. '

As a curve exit, the bunched spiral also produced lower L/V’s than the standard spi-
ral. The bunched spiral exit L/V results were less than the Chapter XI limit at 0.78, but the
standard spiral exit L/V was higher than the Chapter XI criteria at 0.87. The LCC
performed better in.the bunched spiral than in the standard spiral at 16 mph‘. Higher
speeds were not tested at the direction of the Air Force because of the high L/V values
found in the Constant Curving Test. The computer model predicted derailment at speeds
above 18 mph in the 12-degree curve bunched spiral exit. ' ‘

Figure 6.35 shows a comparison of the maximum wheel L/V’s from the 12-degree
curve entry and exit tests on the bunched spiral.
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\

SPEED

URVE ENTRY ACTUAL 7] CJRVE ENTRY PRED.- RY CURVE EXIT ACTUAL k&) CURVE EX.T PRED.

-
(mo~)

(@]

Figure 6.35 LCC Bunched Spiral Wheel L/V Results
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In summary, three curves were tested, the 4-degree curve, the 7.5-degree curve and
the 12-degree curve. Curve entry and curve exit results were tabulated for the 7.5- and
12-degree curve spirals, The LCC performed below the Chapter XI criteria in the 7.5 -
degree standard curve entry and curve exit spirals. However; the L/V results exceeded the |
Chapter XI criteria in both the standard and bunched spirals at either end of the 12-degree
curve. Since the Constant Curving Tests were stopped, above balance speeds were never
tested on any curve and balance speeds were never tested on the 12-degree curve, therefore
no additional data is available for curve entry or curve exit.

6.3.4 Pitch and Bounce Results

The safety criterion listed in Chapter XI for pitch and bounce is in reference to mini-
mum vertical wheel load. The lirhit'is 10 percent of the static vertical wheel load.

The first step in the pitch and bounce data analysis was to determine the static verti-
cal wheel load for each instrumented wheel. Fifteen runs were analyzed to determine the
rolling vertical wheel load. The entrance zone to the twist and roll testing section was used
as this is well maintained tangent track. The resultant average vertical wheel load was used
for all of the minimum vertical wheel load calculations. _

Table 6.19 is a tabulation of the actual and predicted minimum vertical wheel loads
for the Pitch and Bounce Test.

Table 6.19 . Pitch and Bounce Test Results

r SPEED ACTUAL MINIMUM VERTICAL PREDICTED MINIMUM VERTICAL
(MPH) WHEEL LOAD PERCENT WHEEL LOAD PERCENT
10% LIMIT
30 74 | 88
35 ‘ 76 88
40 76 - 88
45 74 88
50 70 87
55 70 : | . 85
57 67 n/a
60 70 84
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- Figure 6.36 shows a comparison of actual, predicted , and limiting values. The lowest
vertical wheel load was 67 percent of the static vertical wheel load at 57 mph. This is much
higher than the Chapter XI limit of 10 percent.
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Figure 6.36 Pitch and Bounce Test Results
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6.3.5 Twist and Rell Results

-Chapter.XI specifies three limiting criteria for twist and roll. The first is a 10 percent
nﬁﬂimmh_ vertical wheel load, The second is a maximum axle sum L/V of 1.3 and the third
is a maximum car body roll angle of 6 degrees peak-to-peak. Table 6.20 summarizes the
test data and predictions for each criterion. |

Table 6.20 Twist and Roll Results

MINIMUM | MINIMUM ROLL ROLL AXLE AXLE
SPEED || VERTICAL || VERTICAL ANGLE ANGLE SUM SUM
(MPH) | WHEEL WHEEL | . DEGREE DEGREE L/V L/V
LOAD LOAD || - *p.T.p "P.T-P ,
PERCENT || PERCENT | 6-DEGREE
10% LIMIT LIMIT 1.3 LIMIT
Actual Predicted Actual Predicted Actual Prc&icted
10 67 n/a 0.80 n/a 0.35 n/a
15 (16) 67 65 1.40 08 030 024
18 50 62 1.60 1.0 0.39 0.22
20 46 60 1.60 11 0.44 0.24
2 46 49 1.60 1.5 0.42 0.26
24 50 66 1.68 0.7 042 - 0.28
26 54 67 1.68 0.7 0.44 0.30
30 54 66 1.60 0.8 0.42 031
35 54 n/a 1.60 n/a 0.46 n/a
40 55 65 0.88 0.7 0.53 034
- 45 58 n/a 0.80 n/a 0.46 n/a
48 (50) 58 60 0.80 06 0.51 0.41
55 58 n/a 0.60 n/a 0.58 n/a
58 46 n/a 0.60 n/a 075 n/a
60 50 61 0.60 0.5 092 0.52

( ) Model Speed
* Peak-To-Peak
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The minimum vertical wheel load was 46 percent of the static vertical wheel load at
20 and 22 mph, which is much higher than the Chapter XI 10 percent minimum limit. Fig-
ure 6.37 shows a comparison of actual versus predicted vertical wheel unloading for the
Twist and Roll Test. |
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Figure 6.37 Twist and Roll Minimum Vertical Wheel Load Results versus Predictions
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The largest peai{-to-peak roll, 1.68 degrees, was at 24 mph and 26 mph. 'This was
below the 6-degree Chapter XI maximum limitation. Figure 6.38 shows a comparison of
actual versus predicted roll angles.

~J

r CH XI LIMIT

o))

&)
T

S
[

o)
I

]
!A

—_

MAXIMUM ROLL ANGLE (deg p—p)

11 TN

24 26 30 35 40 45 48 55 8 6
SPEED {mph)

ACTUAL 7 PREDICTED

o

Figure 6.38 Twist and Roll Actual versus Predicted Roll Angle
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The highest axle sum L/V was below the 1.3 limit. It measured 0.92 at 60 mph. This
speed was well above the expected twist and roll resonant speed and may just reflect a
measure of high speed instability, Figure 6.39 shows the axle sum L/V results.
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Figure 6.39 Twist and Roll Axle Sum L/V Actual versus Predictions

125



6.3.6 Dynamic Curving Results ' -

The Dynamic Curve Test was conducted on the 10-degree curve of the WRM track.
The 10-degree curve is shimmed snmlar to the twist and roll zone to prov1de a maximum
cross level perturbatlon of 0.5 inch combined with lateral perturbatlons giving a maximum
gage of 57.5 inches and a minimum gage of 56.5 inches: (Flgure 4.23).

Chapter XI specifies four Iumtmg parameters for dynamiic curving: a maximum wheel
L/V of 0.8, a maximum axle sum L/V of 1.3, a maximum roll angle of 6 degrees peak-to-
peak, and a minimum vertical wheel load of 10 percent for the static vertical wheel load.

The Dynamic Curving Test was performed only in the counterclockwise direction.
Testing started at 6 mph and incremented at 2 mph for each test. This low test speed was
requested by the A1r Force. Normal test speeds would begin at a speed below the lower
center roll resonance of the test car (12 mph in this case) and increase in 2 mph increments

until a 3 inch overbalance speed is achieved (32 mph in this case). Table 6.21 is a summary

' of the dynamic curving results. Predictions started at 12 mph. At that speed the axle sum
L/V was 1.31." The highest prediction of axle sum L/V is 1.4 at 22 mph,
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" Table 6.21 Dynamic Curving Results

MIN, MIN., ROLL ROLL AXLE AXLE || WHEEL| WHEEL
SPEED| VERT. VERT. ANGLE - || ANGLE'}] SUM SUM L/V L/Vv
{MPH)|| WHEEL WHEEL DEGREE || DEGREE L/vV L/vV
‘I LoaD LOAD *P_T.P “P-T-P 8
PERCENT|| PERCENT|| 6-DEGREE , 13 LIMIT
109% LIMIT] LIMIT LIMIT
Actual Predicted Actual Predicted | Actual | Predicted || Actual | Predicted
6 59 n/a 0.40 n/a 1.11 n/a 0.66 n/a
8 61 n/a 0.44 n/a 1.46 n/a 0.90 n/a
10 not tested n/a not tested n/a not tested n/a not tested n/a
12 not tested 63 not tested 0.8 not tested 1.31 not tested n/a
16 not tested 70 not tested 0.6 not tested]  1.33  |nottested] n/a
18 not tested 70 not tested 06 {oottested 1.35 not tested n/a
20 not tested 70 not tested 0.7 not tested 137 | not tested n/a
22 not tested 69 not tested 0.8 not tested 1.40 not tested n/a
24 not tested 68 not fested 0.8 not tested 138 | not tested nfa
26 not tested n/a not tested n/a not tested n/a not tested n/a
28 not tested n/a not tested n/a not tested|” n/a not tested n/a
30 ‘not tested n/a not tested n/a not tested n/a oot tested n/a
32 not tested 60 not tested 1.1 not tested 1.36 not tested n/a

* PEAK-TO-PEAK

Axle 7 from the A-end always yielded the highest single wheel L/V. That was the
lead axle on the trailing truck, right side. The right side was the high side of the curve.
Axle 7 also yielded the highest axle sum L/V. Figure 6.40 is a time plot of the axle sum
L/V showing the duration of the exceedances. Since the Chapter XI criteria was exceeded,
testing was suspended by direction from Rockwell and the Air Force.
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6.3.7 Turnout and Crossover Results

The Turnout and Crossover Tests were conducted on a No. 8 turnout and a No. 10
crossover. The LCC was tested at the maximum speeds allowed on these switches (15 mph
and 20 mph respectively). A turnout is an arrangement of a switch and a frog with closure
rails, by which cars may be diverted from one track to another. A crossover is an arrange-
ment of two turnouts with the track between the frogs arranged to allow passage between
two nearby and generally parallel tracks. The wheel/rail forces determine if there is a
tendency for wheel climb or to induce lateral forces into the track. Since turnout and cross-
over testing is not listed as an official Chapter XI t'esf, there are no official limiting criteria.
Wheel L/V of 0.8 and axle sum L/V of 1.3 were used as guidelines. Table 6.22 summarizes
the results. ' '

Table 6.22 Turnou_t and Crossover Results

TEST . SPEED MAXIMUM WHEEL L/V MAXIMUM AXTE SUML/V
. 8 LIMIT 1.3 LIMIT
Turnout 10 063 1.26
Turnout 15 0.61 0.97
Crossover ‘ 10 057 : 0.98
Crossover 15 ' 0.58 . 0.99
Crossover 20 0.66 1.14

The turnout results were somewhat move severe than the crossover results. All of the
results were below Chapter XI limits of 0.8 and 1.3 for wheel L/V’s and axle sum L/ Vs,
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6.3.8 Yaw and Sway Results

The Yaw and Sway Test is conducted to determine the ability of the car to negotiate
laterally misaligned track, which will excite the carina yaw and sway motion. Track with
perturbations of this type may be found where the underlying ground is unstable and allows
the track to shift in the lateral direction. A section of track at the TTC has been shimmed
to provide sinusoidal track'alignment deviations of 39-foot wavelength and an amplitude of
1.25 inches peak-to-peak on both rails at a constant wide gage of 57.5 inches.

Chapter XI specifies two limiting criteria for yaw and sway testing. The first criteria
is a maximum absolute axle sum L/V.of 1.3. The second limit is a maximum truck side
L/V of 0.6. In order to obtain truck'side L/V’s, two of the wheel sets were relocated. The
leading truck of each span bolster had two instrumented wheel sets. Table 6.23 shows the
yaw and sway results versus predictions. '

Table 6.23 Yaw and Sway Results

SPEED MAXIMUM MAXIMUM MAXIMUM MAXIMUM
(MPH) AXLE SUM AXLE SUM TRUCK SIDE TRUCK SIDE
L/V L/V L/V L/V
1.3 LIMIT .6 LIMIT
Actual Predicted Actual Predicted
20 0.94 1.18 0.28 0.58
25 1.01 n/a 0.33 n/a
30 1.02 1.36 0.34 0.63
35 103 n/a 0.40 n/a
40 1.08 142 046 0.79
45 1.03 n/fa 0.47 n/a
47 0.99 n/a 0.47 n/a
50 - 092 *3.67 0.51 *1.32
52 0.90 n/a 0.58 n/a
55 0.90 n/a 0.55 n/a
60° 1.02 S #3112 0.49 *0.83
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All of the results were below both Chapter XI maximum criteria of truck side L/V
and axle sum L/V. Figures 6.41 and 6.42 show actual and predicted results compared to
the Chapter XI limiting criteria.
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6.3.9 Track Worthiness Results Summary

In Summary for Track Worthiness Testing
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6.4 STA’I‘IC BRAKE TEST RESULTS

. The Stafic Brake Test preformed on the LCC included a Single Car Test, a Net Shoe Force
- Test, and a Handbrake Test. The tests were performed with the assistance of Blaine Con-

sulting S‘ervices.

6.4.1 Siﬁ;ﬂe Car Test

Both sets of ABDW air brake equipment, one on each span bolster, passed the Single
Car Tesi satisfactorily; however, the piston travel on the brakes was long at 3 3/, inches
~ when the car arrived at TTC. The distance was shortened to about 3 1/, inches. This
. should have helped in _obtainixig a 48 psi brake cylinder pressure from a 20 psi brake pipe
reductiqn that is required in the AAR Single Car Test Code booklet, IP No. 5039-4 Sup.1
(AAR Standard S-486). However, the LCC only obtained a 46 psi brake cylinder pressure
with the nominal piston travel of 3 1/, inches.

6.4.2 Ngt Shoe Force Test

Instrumented brake shoes were installed on each truck on each span bolster. Brake
. shoe force data was obtained with the brake rigging rapped with a 3 Ib. Blacksmith ham-

o mer, and uniapped. Since the rapped readings are felt to better represent the dynamic car

. rolling over the railroad conditions, these values should be considered as the test results. -
- Figure 6.43 shows the shoe forces on each truck for each test. Since one truck was
tested at a time, the brake cylinder pressures were not exactly equal. For this reason a lin-
ear regféssion was performed for each truck. The four linear regression equations (also
shown in figure 6.43) were summed, yielding a single equation for total car brake force,

Total Car Brake Force = 799 * Brake Cylinder Pressure - 3,678
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Braking performance is based on brake shoe force and car weight. The net braking
ratio, which is car brake force divided by car weight, is the parameter regulated by the
AAR. The net braking ratio for the LCC was calculated with the following equation.

_ Net Braking Ratio = Total Car Brake Force / 392,400
" The net bra]ﬁng ratio must be within 6.5 percent minimum and 10 percent maximum
at a brake cylinder pressure of 50 psi according to AAR Standard S-486.

Brake cylmder pressure is dependent on the train line pressure and the amount of
pressure bleed off (reduction). Since the operational train 11ne pressure could be between

70 and 110 psi, Table 6.24 was developed to show brake ratios for various brake cylinder
pressures
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Table 6.24 LCC Net Braking Ratio

Explanation Brake Cylinder || Net Braking Ratio
- ‘ Pressure (psi) (%)

Full Service Reduction at 70 psi Train Line 500 9.2

Full Service Reduction at 90 psi Train Line | 64 12.1

Full Service Reduction at 110 psi Train Line 78 14.9

Emergency at 70 psi Train Line -1 60 11.3

Emergency at 90 psi Train Line 77 - 14.7

Emergency at 110 psi Train Line 93 - 18.0

The brake ratio with a 50 psi brake cylinder pressure was 9.2% which is within the
specifications. ' :

6.4.3 Handbrake Net Shoe Force Test

The Handbrake Net Shoe Force Test was also performed. Handbrake chain forces
ranging between 2,500 and 6,800 pounds were tested. Practically, a 4,475 pound force can
be obtained in the horizontal chain after one sheave wheel with a 125 pouhd appliéaﬁon at
the handbrake wheel. The only location to measure the chain force was after a second
sheave wheel. It is commonly said that one sheave wheel is about 95 % efficient, thus
approximately 4,250 pounds would be the chain force after two sheave wheels with 125
pounds applied to the handbrake wheel. Only two of the four trucks were equipped with
handbrakes. Results for both trucks were plotted and linear regressions were perfo'rinéd
F1gure 6.44 shows plotted points for truck 1 and truck 2 and the linear regressmn best f1t
lines and associated equations.
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Figure 6.44 Handbrake Test Results

The linear regression equations were summed, yiélding a single equation for total
handbrake force.

Total Handbrake Fbrée = 5.8 * Horizontal Chain Force + 17,684
A horizontal chain force of 4,250 pounds would have yielded a total handbrake force

of 42,334 pounds and a net braking ratio of 10.79%. This value is lower than the AAR
minimum of 11%. ' ’
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7.0 CONCLUSIONS

Quasi-Static Truck Characterization
The Quasi-Static Truck Characterization values obtained from testing fall
within those expected for a three piece truck. The following values were used in
NUCARS vehicle simulations.

1.
2.
3.

The average vertical spring rate with hydraulic snubbers is 26.08 kips/in.
The average vertical damping with hydraulic snubbers is 11.61 kips.

The average vertical spring rate without hydraulic snubbers is 26.32
kips/in.

The average vertical damping without hydraulic snubbers is 8.83 kips.

The average lateral spring rate for a truck 24.48 kips/in.

The average lateral damping for a truck is 34.40 kips.

Static Truck Characterization

The Static Characterization valyes obtained from testing fall within those

expected for a three piece truck.

1.
2.
3

The span bolster yaw moment was 350,000 ft-1bs.
The truck yaw moment was 112,500 ft-lbs.

Axle alignment test data showed large misalignments in truck 1 and a :
small misalignment in truck 2. '

The longitudinal stiffness was 98.5 kips/inch.
Inter-axle shear stiffness results were incomplete.

The axle yaw stiffness was 1,200,000 in-kips/mrad.
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Modal Response

Resonant speeds were determined for the various car body modes. In addi-

tion car body bending frequency’s were determined.

1.

NS e

Pitch and bounce resonant frequencies were found at 7 and 4 Hz respec-
tively. This would equate to a resonant pitch speed of 273 ft/sec or 186
mph and a resonant bounce speed of 156 ft/sec or 106 mph for the pitch
and bounce test track. '

Roll resonance w‘ai'sjfbund at O.S» Hz. This would equate to a resonance
speed of 19.5 ft/sec or 13.3 mph for the Twist and Roll Test.

Yaw and upper center roll resonances were found at 6 and 7 Hz respec-
tively. This would equate to a resonant upper center roll speed of 273
ft/sec or 186 mph and a yaw resonant speed of 234 ft/ sec or 159.5 mph for -
the yaw and sway test track.

The first vertical bending mode was found at 13.25 Hz,
The twist mode was fdund near 20'H;.

The first lateral bending mode was found at 17 Hz.

‘The Sway frequency was never found.

Service Worthiness

No problems were observed for the LCC in service worthiness testing. The

following summarizes the results:-

1,
2.

The LLCC encountered an 843,000 pound coupler force at a 6 mph impact.

The LCC received no permanent damage with a 1 million poﬁnd compreé-'
sive force. ‘

No wheel lift occurred on the LCC while in a 200,000 pound buff or draft
. force in a 10-degree curve. '
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Track Worthiness .
Track worthiness testing shows acceptable freight car performance on tan-

gent track at speeds below 55 mph. Some instability was noted abave this speed.

Curving tests were limited due to Air Force request. Dynamic curving and

12-degree curving were identified as potential problem areas. The test results

show:

L.

The LCC becomes unstable above 55 mph, although the lateral accelera-
tions are still below the Chapter XI criteria for freight cars.

The LCC does not curve well with its present design. High wheel L/V’s
were occasionally encountered in the 12-degree curve; however, the results
were below the Chapter XI 95tk percentile limit at under balance speeds.
Balance and above balance speeds were never tested.

The LCC perforrhed satisfactorily on the 7.5-degree and 4-degree curves at
speeds up to the balance speed. No curve was tested at above balance
speeds because these speeds could not be accomplished without entering
the 12-degree curve at a speed higher than desired.

-The LCC exceeded Chapter XI criteria in the Dynamic Curving Test, The

test started at 6 mph by request of the Air Force and axle sum values
above 1.3 were obtained at 8 mph. Higher speeds were not tested.

The LCC encountered wheel L/V’s above 0.8 while entering and exiting
the 12-degree curve through a bunched spiral. The LCC also encountered
wheel L/V’s above 0.8 while entering the 12-dégree curve in a standard
spiral.

The LCC performéd satisfactorily in the Pitch and Bounce Test.
The LCC performed satisfactorily in the Twist and Roll Test.

The LCC negotiated the turnouts and crossovers within the Chapter XI
guidelines.

The LCC performed satisfactorily in the Yaw and Sway Test.
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Static Brake Test ‘ ‘
1. The LCC did not obtain an equalization pressure between 48 psi and 52
psi with a 20 pound reduction from a 70 psi brake pipe pressure, and
therefore failed to meet the requirements of AAR Standard S-486.

2. The handbrake net bfaking ratio was 10.79'percent which is lower than the
AAR’s 11 percent minimum.,
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8.0 RECOMMENDATIONS

Curving: _

1. Curving tests should be completed. Curving tests were not performed at
balance and above balance speeds at Air Force direction. Poor perform-
ance in the 12-degree curve may indicate potential problems in other curv-
ing situations.

2. Post test modeiing should be performed to examine car performance in
dynamic curving, Possible design changes may be considered and modeled
for improvements in performance.

Ride Quality:

1. Ride quality measurements were not taken but high speed stability per-
formance needs closer examination for personal comfort and ride quality
reasons. '

Braking:
1. The handbrake should be redesigned to give a higher net braking ratio.

2. The air brake system needs closer examination. Equalization pressure of
48 to 52 psi in the brake cylinder was never obtained.
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CHAPTER XI
SERVICE-WORTHINESS TESTS AND ANALYSES
FOR NEW FREIGHT CARS
" Adopted 1987

PURPOSE AND SCOPE

This chapter presents guidelines for testing and analysis  to ascertain the
interchange-service worthiness of freight cars. The regimes of vehicle performance to be
examined are divided into two sections. Section 1 covers structural static and impact
requirements. Section 2 covers vehicle dynamic performance, with the following regimes
to be examined: hunting, car body twist and roll, pitch and bounce, yaw and sway and
longitudinal train action.” ‘

Braking performance, structural fatigue life. car handling, and other design consid-
erations must be considered in accordance with requirements outlined by other chapters
of this spec1ﬁcat10n

The methods presented provxde acceptable approaches to the analy515 and measure-
ment of car parameters and performance. Other rational methods may be proposed at
the time of submission for design approval, Their use and appl1cab111ty must be agreed to
by the Car Construction Commlttee

STATIC AND IMPACT TEST REQUIREMENTS

Application for approval of new and untried types of cars, along with supporting data
specified in paragraph 1.2.3, shall be submitted to the Director—Technical Committees
Freight Car Construection prior to initiation of official AAR testing. A proposed testing
schedule and testing procedures will be submitted sufficiently in advance of tests to
permit review and approval of the proposal and assignment of personnel to witness tests
as AAR observers. Tests will be in conformity with the following and all costs are to be
borne by the applicant, including observers.

.1. TEST CONDITIONS

1.1

A car of the configuration proposed for interchange service must be utilized for all
tests. Deviation from such configuration is only permitted with the explicit permission of
the Car Constructlon Committee.

Durmg impact tests, the tést car will be the striking car and sha[l be loaded to AAR
maximum gross rail load for the number and size of axles used under car (see 2.1.5.17).
Exceptions to this procedure will be considered by the Car Construction Committee when
justified by the applicant,

Cars designed for bulk loading shall have a minimum of 85% of the total volume
filled.

Cars designed for general service, other than bulk loading, shall be loaded so that the
combined center of gravity of car and loading is as close as practicable to the center of
gravity computed in accordance with the requirements of 2.1.3. except that general
service flat cars may be loaded by any practicable method. The loads shall be rigidly
braced where necessary, and various types of loads should be used to test each com-
ponent to its maximum load. ‘

The test car may be equxpped with any AAR-approved draft zear or any AAR-
approved cushioning devxce tor wh:ch the car was designed. )
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11.2.1.2.

The cars, other than the test car. shall be of seventy ton nominal capacity, loaded to
the allowable gross weight on rails preseribed in 2.1.5.17. A high density granular
matenal should be used to load cars to provide a low center of gravity, and the load
should be well braced to prevent shifting. Such cars shall be equipped with draft gears
meeting the requirements of AAR Specification M-901, except at the struck end where
M-901E rubber friction gear shall be used. :

. Free slack between cars is to be removed, "dx"‘af% gears are not to be compressed. No
restraint other than handbrake on the last car is to be used.

11.2.2. INSTRUMENTATION

The coupler force shall be measured by means of a transducer complying with AAR
Specification M-901F, or other approved means. Instrumentation used for recording of
other data shall be generally acceptable type properly calibrated 'and certified as to
accuracy :

Speed at impa{ct' shall be recorded.
11.2. 3' STATIC TESTS

11.2 3 1. COMPRESSIVE END LOAD

"A horizontal compressive static load of 1, DOO 000 lbs, shall be applied at the centerline
of draft to the draft system of car/unit structure interface areas, and sustained for a
minimum 60 seconds. The carfunit structure tested shall simulate an axially loaded beam
having rotatlon free- translatlon fixed end restraints. (See Figure 11.2.3.1).

No other restramts except those prov1ded by the suspension system in its normal
running condition, are permissible. Muiti-unit car must have each structurally different
unit subjected to such test, also two empty units joined together by their connector shall
undergo this test to verify the connectors compressive adequacy and its anti-jackknifing
properties.

The test is to be performed with the car subjected to the most adverse stress or
stability conditions (empty and/or loaded).

it o . ENO CODE:
' : . ROTATION FREE
‘ TRANSLATION FIXED

Figure 11.2.3.1 . |

11.2.3.2. COUPLER VERTICAL LOADS

r A vertical upward load shall be applied to the coupler shank immediately adjacent to
the striker face or to the face of the cushion unit body at one end of the car, sufficient in
‘magnitude to lift the fully loaded car free of the truck nearest the appiied load, and held
for sixty seconds. Cushion underframe cars having sliding sill are excluded from the
requirements of this paragraph.

For cushion underframe cars having sliding sills, a vertical upward load shall be
applied to the sliding sill in a plane as near the ends of the fixed center sills as
practicable, sufficient in' magnitude to lift the fully loaded car free of the truck nearest
the applied load. and held for sixty seconds.

' C-11-298
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For all cars. a load of 50.000 pounds shall be applied in both directions to the Louplet'
head as near to the pulling face as practicable and heid for sixty seconds.

11.2.3.3. CURVE STABILITY

The test consist is to undergo a squeeze and draft load of 200,000 lbs. without car
body-suspension separation or wheel lift. Load application shall snmulate a static load
condition and shall be of minimum 20 seconds sustained duration.

Cars consisting of more than two units shall be tested with a minimum of three units
in the test consist. The number of units used shall generate maximum load in the critical
L/V location of the car.

For the purpose of this test, wheel lift is deﬁﬁed as a separation of wheel and rail
exceeding 4" when measured 2%" from the rim face at the inside of curve for buff and
outside for draft. ‘

Empty car shall be subjected to squeeze and draft load on a curve of not less than 10
degrees. The curve is to have 4" maximum superelevation. The test car is to be coupled
to a “base car” as defined in paragraph 2.1.6.1. or a like car which ever is most severe and

a “long car” having 90’ over strikers, 66 truck centers, 60" couplers and conventional
draft gear. .

The test consist shall have means for measuring and recording coupler forces.

11.2.3.4. RETARDER AND “HOT BOX” DETECTION

Cars with other than conventional 3 piece trucks must be operated while fully-loaded

over a hump and through a retarder. Retarder shall be operated to determine capability

~ to brake the test cars. Such cars must also demonstrate their compatibility with hot box
~ detection systems or be equipped with on-board hot box detection systems.

11.2.3.5. JACKING'

Vertical load capable of lifting a fully loaded car/unit shall be applied at designated
jacking locations sufficient to lift the unit and permit removal of truck or suspension
arrangement nearest to the load application points,

11.2.3.6. TWIST LOAD

Loaded carfunit shall be supported on the side bearings or equivalent load points
only. Diagonally opposite bearing or load point support shall be lowered through a
distance resulting from a calculated 3" downward movement of one wheel of the truck or
suspension system supporting it. No permanent deformatlon of car/unit structure shall
be produced by this test.

11.2.4. IMPACT TESTS

These requirements apply to all cars except those exempted by other specification
requirements. -

11.2.4.1. SINGLE CAR IMPACT

The loaded car shall be impacted into a string of standing cars consisting of three
nominal 70-ton capacity cars, loaded to maximum gross weight on rails as described in
- paragraph 2.1.5.17. with sand or other granular material, equipped with M-O01E rubber-
friction draft gear at the struck end and with the hand brake on the last car on the
non-struck end of the string tightly set. Free slack between cars is to be rgmoved;
however, draft rears are not to be compressed. No restraint other than handbrake on the

last car is to be used.
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" A series of impacts shall be made on tangent track by the striking car at increments
of two miles per hour starting at six miles per hour until a coupler force of 1,250.000
pounds or a speed of fourteen miles per hour has been reached, whichever occurs first.

A car consisting of two or more units must also undergo.impact testing as outlined

.above with the leading unit of the test car beinb:'empty'for a two-unit car, or with the

first two units being empty for a three {(or more) unit car. No carbody-suspension
disengagement or wheel lift is permitted during the partially loaded impact tests.

11.2.412” DYNAMIC SQUEEZE

(Opmonal—May be performed in heu of or in addmon to statlc end compresswn test if

1equested by the Car Constructlon Committee.)

. The strrkmg‘ and standing car groups shall each consist of six cars. in which the test
car may be the lead car in either group. All cars except the test car shall be as prescribed
in 11.2.1.2. The brakes shall be set on all standmg’ cars after all slack between cars has
been ehmmated There shall be no precompression of the draft gears. The standing cars

"shall be on level tangent track. The striking t tars, poupled together, shall be adjusted, if

necessary, to restore the original conditions.

A series of impacts shall be made at lncrements of two miles per hour startmg at six
miles per hour until a coupler force of 1,250,000 pounds or a speed of fourteen miles per
hour has been reached. whichever oceurs first.’

11.2.3 INSPECTION

A visual inspection of the test car 'shall be made after each static test and after each

- impact. Following the tmpact tests, the car shall be unloaded and mspected

11.3.

| ' Any permanent damage to any major structural pa.rt of the car, found before or after
all tests are completed, will be sufficient cause for disapproval of the design. Damage w1ll
be considered permanent when the car requires shopping for repairs. . S

TRACK WORTHINESS ASSESSMENT

11.3.1. METHOI)OLOGY

11.3.

Regimes are identified, representative of the performance of the car in service. Tests
are defined for each regime. The results of the tests are an indication of the car's
track-worthiness. In most regimes, analytic methods are also available to permit predic-
tion to be made of the performance of the car, to the degree of accuracy required.

~ The characteristic properties of the car body and its suspension, required for the
analysis, shall be supported by evidence of their validity. Characterization tests, such as
those defined in Appendix A, are required to verify the values used in the analyses.

‘... TRACK-WORTHINESS CRITERIA

'~ The eriteria appiied to the analyses and tests are chosen from a consideraticon of the
processes by which cars deviate from normal and required guidance. They are also
subject to the requirement of observability in tests. Typical of these are lateral and
vertical forces, the laterai over vertical force (L/V) ratios, dynamic displacements, and
accelerations of the masses. These criteria are based on considerations of the processes of
wheel climb, rail and track shift, wheel hft coupler and component separatlon and

) ' st.ructu ral 1n tegrity.

The values chosen for the criteria selected hdve been uqed in tests on cars presently

"in. service: Those included in the body of this chapter are shown in Table 11.1. Values

worse than these are regarded .as having a high risk of unsafe behavior. Values better
than these are regarded as indicating the likelihcod of safe car performance.
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~ Table 11.1 Criteria for Assessing the Requirements

for Field Service o

Regime Section Criterion Limiting Value
Hunting (empty) 11.5.2 minimum eritical speed -

Constant curving (empty and loaded) 11.5.3

Spiral (empty and loaded)

Twist, Roll (empty and loaded)

Pitch, Bounce (loaded)

Yaw, Sway (loaded)

Dynamic curving (loaded)

Vertical curve

Horizontal curve’

1154
11.6.2
11.6.3
11.6.4

11.8.5

11.7.2
11.7.3

(mph)

maximum lateral
acceleration (g) -
maximum sum L/V axle

95th percentile
maximum wheel L/V
or ‘

. 95th percentile

maximum sum L/V axle

minimum vertical
load (%)
maximum wheel L/V

maximum roll (deg)***
maximum sum L/V axle
minimum vertical

load (%)

minimum vertical
load (%)

maximum L/V truck
side
maximum sum L/V axle

maximum wheel L/'V

or .
maximum sum L/V axle
maxinium roll (deg) **
minimum vertical

load (%)

to be added****
to be added™"**

70
1.0
1.3*

0.8

1.3

10 u
0.8~

1.3
10 =N
10 =%

0.6*

1.3*
0.8

1.3*

10 L]

* Not to exceed indicated value for a period greater than 50 milliseconds per exceedence
*=  Not to fall below indicated value for a period greater than 50 milliseconds per exceed-

ence
***  Peak-to-peak

*a** See the introduction to section 11.7.1

4190
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11.4. GLOSSARY OF TERMS

- Radial misalignment of axles in a truck or car is t_he difference in yaw angle in their
loaded but otherwise unforced condition. It causes a préference to curving in a given
direction. . _

Lateral misalignment is the difference in lateral position between axles. It causes
both axles to be yawed in the same direction on straight track.

Inter-axle shear stiffness, equivalent to the lozenge or tramming stiffness in 3-piece
trucks, is the stiffness between axles in a truck or car found by shearing the axles in
opposite directions along their axes, and measuring the lateral deflection between them.

Inter-axle bending stiffness is the stiffness in yaw between axles in a truck or car.

. Bounce is the simple vertical oscillation of the body on its suspenswns in which the
car body remains honzontal

Pitch of the body is the rotation about its transverse axis through the mass center.
Body yaw is the rotation of the body about a vertical axis through the mass center.
Body roll is the rotation about a longitudinal axis through the mass center.

Upper and lower center roll are the coupled lateral motion and roll of the bedy center
of mass. They combine to give an instantaneous center of rotation above or below the
center of mass. When below the center of mass, the motion is called lower center roil.
When above, the motion is. called upper center roll. -

Sway is the coupled body mode in roll and yaw and it occurs where the loading is not
symmetrical.

Unbalance is used in th1s chapter to mean the additional height in inches, which if
added to the outer rail in a curve, at the designated car speed, would provide a single
resultant force, due to the combined effects of weight and centrifugal force on the car,

“having a direction perpendicular to the plane of the track. Thus, the unbalance (U) is
defined as:

| m'_

balance U =
Unbalanee U 1380

where, D is the degree of the curve.
V is the vehicle speed in mph. :
H is the height, in inches, of the outer rail over the inner rail in
the curve.

Effective conicity. E, of a wheel on a rail is its apparent cone angle used in the
caleulation of the path of the wheel on the rail. [t is deﬁned as:
R.
E = Al =s RR)
where, A ts the angle of the contact plane between the wheel and rail, to
the plane of the track.

R. is the transverse profile radius of the wheel.
Rg is the transverse profile radius of the rail,

The effective conicity of the modified Heumann wheel of Figure 8.1 on AREA 132 1b
rail, under conditions of tight gage, is between 0.1 and 0.3.
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Three ratios of lateral (Ly to vertical (V) forces are used as criteria in the assessment
of. car performance These are ,

" (1) The individual wheel L/V (or wheel L/V). This is defined as the ratio of the lateral

force to the vertical force between the_wheel and rail on any individual wheel. [t 15
used to assess the proximity of the wheel to climbing the rail.

(2) The instantaneous sum of the absolute wheel L/V's on an axle. {(or sum L/V axle). This
is defined as the sum of the absoiute values of the individual wheel L/V’s on the
same axle, as given in the following algebralc equation. They must be measured at
the same time.

Sum LIV axle =| LV (eft whl)l + ] LV (right whi)

It is used to assess the proximity of the wheel to climbing the rail and is more
approprlate where the angle of attack of the flanging wheel to the rail does not
result in full slippage at the area of contact.

(3) The truck side L/V, (or L/V truck side). This is defined as the total sum of the lateral
forces between the wheels and rails on one side of a truck divided by the total sum of
the vertical forces on the same wheels of the truck, as given in the following
algebraic expression. -

. = L ttruck side)
Truck side L/V = 25 (truck side).

It is used to indicate the proximity to movmg the rail Iaterally

11.3. SINGLE CAR ON. UNPERTURBED TRACK

11.5.1. GENERAL

" The regimes described in this section are chosén to test the track-worthiness of the
car running on premium track. They are required to establish the safaty of the car from
derailment under conditions basic to its performance in service and are carried out under
operating conditions similar to those found in normal service, but without the effects of
dynamic variations due to adjacent cars or large perturbations associated with poor
track.

The parameters used in the analysis shall be confirmed in characterization tests
described in Appendix A. The results of the following analyses and tests shall be included
for the consideration of approval by the Car Construction Committee.

11.3.2. 'LATERAL STABILITY ON TANGENT TRACK (HUNTING)

This requirement is designed to ensure the absence of hunting, which can resuit
from the transfer of energy from forward motion into a sustained l!ateral oscillation of
the axle between the wheel flanges, in certain car and suspension designs. The analyses
and tests are required to show that the resulting forces between the wheel and rail
remain within the bounds necessary to provide an adequate margin of sat‘ety from any
tendency to derail.

11.5.2.1. PREDICTIONS AND ANALYSES

h1488

An analysis shail be made of the critical speed at which continuous full flange
contact is predicted te commence, using a validated mathematical model and the
parameters measured for the empty test car. This analysis shall include predictions on
tangent and on /2 and | degree curves.
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The analytic requirement is that no hunting be predicted for the empty car below 70
miles per hour assuming a coefficient of friction of 0.5.and an effective conicity of 0.15. for
the modified Heumann wheel profile given in Figure 8.1 of Chapter VIIIL. on new AREA
136 1b. rail, for axle lateral displacements up to +/— 0.2 in. on track with standard gauge.

11.5.2.2. TEST PROCEDURE AND CONDITIONS

The empty test car shail be placed at the end of:the’ test consist, behind a stable
buffer car, and operated at speeds up to 70 miles per hour on tangent class 5 or better
track thh dry rail, e : »

Al axies of the lead umt or car shall be equipped with modified Heumann proﬁle
Wwheels as shown in Figure 8.1 of Chapter VIII, with the machining grooves worn smooth

~on the tread.

* The rail proﬁIe shall be new AREA 136 |b: or an equwalent which, with thé Heumann
wheel specified, gives an effective conicity of at least 0.15 for lateral axle displacements
of +/~ 0.2 inch from the track center. The track gage may be adjusted in order to

" achieve this minimum effective donicity. If hunting is predicted for curved track in
Section 11.5.2.1, a special hunting test in shallow curves may be requested.

11.5.2.3. INSTRUMENTATION AND CRITERIA

The leading axle of both trucks on an end unit or car, or each axle on an end unit or
icar with single-axle trucks, shall be equipped with: instrumented wheelsets, and each
truck location on the end unit or car shall be equipped with a lateral accelerometer on
‘the deck above the center of the truck. ‘

‘ Sustained truck hunting shall be defined as a sustained-lateral acceleration greater
than 1 g peak-to-peak for at least 20 consecutive seconds. No occurrences of greater than
1.5 g peak-to-peak are permitted within the same time period. The instantaneous sum of
the absolute values of the L/V. ratios shall not exceed 1.3 on any instrumented axle.
‘Components of the measured accelerations and forces having frequencies above 15 hertz
‘are to be filtered. out. e

The car shall not experlence sustained truck huntmg during the test. A record of
‘maximum lateral acceleration and' the wheel L/V’s on the same axle, against speed, at
the worst location, shall be submitted as required test data.

11.5.3. OPERATION IN CONSTANT -CURVES

This requirément is desig’riéd‘to ensure the satisfactory negotiation of track curves..
The analyses and tests are required to show that the resulting forces between the wheel
‘and rail are safe from any tendency to derail and to contirm other predictions of the car

-behavior relatmg to the guidance of the.car and absence of interferences.
b

11,531, PREI)ICTIONS —\ND ANALYSES

_ An analysis shall be made of the wheel forces and axle laterat displacements and yaw
é angles on a single car. empty and fully loaded. using a validated mathematical model.
. The model shalil include a fundamental representation of the rolling contact forces using
‘the geometry of the profiles of the wheel dnd rail, and car parameters from the
measurements described in Appendix A.

Elther the individual wheel L/V shall be less than (J 8 on all wheels me..huxed or the
‘instantaneous sum of the abqolute wheel L/Vs on any axle shall be less than 1.3, for uny
curve up to 15 degrees. The range of unbalance assumed shall be —3 inches to +3 inches,
wlth a coefficient of friction of 0.5 and modified Heumann profiled wheels on new AREA
132 b, or 136 1b. rail.
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I Thb’l‘ ll{()Lbl)L RE’ ~\\fl) CONDITIONS

The test car shall be: opemted at constant speeds equtvalenr, to unbalances of -3, 0.
and =3 inches. The tests shail be ruh with the test car in both empty and fullv loadec{
conditions. between two heavy buffer cars. one of which may be replaced by an instru-

. mentation car. A complete set of tests shall be carried out in both directions and with the

11.5.5.:

test consist turned in each direction. on dry rvail.

[

The wheels of the test car.shall have less than 5000 miles wear on the new ﬁloﬁles

specified for production, except that those on instrumented wheelsets shall have modified

Heumann pwh]e% The uul plohleq shall have a width at the top of the head not less than

05 percent of thé original valiie when new. The test curve shall be of not less ‘than 7

degrees with a balance speed of 20 to 30 mph. and with cluss 5 or better track.

IVSTRU‘/I ENTATION ~\NI) LRITFRI A

The leading axle of both trucks on an end umt or car, or each axle on an end unit or
car with single-axle trucks. shall be equipped with instrumented wheelsets. The lateral
and vertical forces and their ratio, L/V, shall be measured for the length of the body of
the curve. which must be at least 500 ft., and their maxima and means computed.
Measured force components having {requencies above 15 hertz are to be filtered out.

Either the individual wheel L/V shall be less than 0.8 on all wheels measured, or the
instantaneous sum of the absolute wheel L/Vs on any axle shall be less than 1.3. A record
of L/V on both wheels of the mqtrumented axles, for each test run. shall be submltted 48
requned test data. :

. SPIRAL NEG OTIATION AND WHEEL U\!LOAI)[NG

This requirement 1s designed to ensure the satlsfactow negotiation of spuals leading
inte and. away from curves. The andlyses and tests are required to show that the
resulting forces between the wheel and rail show an‘adequate margin of safety from anv
tendency to derail, especially under reduced wheei loadmg. and to confirm other predic-
tions of the car beh.wml

. PREDICTIONS AND ANALYSES

An analvsis shall be carried out of the lateral and vertical wheel forces on a single
car, with the car loaded asyvmmetrically, consistent with AAR loading rules, to give
maximurn wheel unloadingr., :

The analysis shall be made for a Apee(l equivale‘nt to a mean unbalance at the car
center of -3 inches to +3 inches with a coefficient of friction of 0.5 and modified
Heumann wheel and new AREA 132 1b. or 136 1b. rail profiles.

The predicted lateral-to-vertical foree ratio shall not exceed 0.8, and no vertical wheel

load shall e less than 10 peuunt of its static value, in a bunched spiral, with a change in
\upelelu vation of 1 inch in c.-w.-n 20 ft, lewding lnt.n a curve of at least T degrees and a

_minimum ut 3 inches superetevition.

11.5.4.2. TEST PROCEDURE AND CQNDIT]ONS

tr ] HA

" This test may be carried out concurrently with the previous test, paragraph 11.5.3.2.
The test car shall be operated. empty and fully loaded, between two heavy buffer cars,
one of which may ‘be an instrumentation car, at constant speeds equivalent to an

‘unbalance of =3, 0, and +3 inches at the maximum curvature.

The wheels of the test car shall have less than 3000 miles wear on the new profiles
specified for production, except that those'on instrumentetd wheelsets shall have mudified
Heumann praoiites. The rail profiles shall have a width at the top of the head not less than

95 percent of the orgtnal value when new.
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. The maximum curvature shall be not less than 7 degrees. with a minimum of 3 inches
superelevation. A bunched spiral, with a change in superelevation of not less than 1 inch
in every 20 ft., is required. The track shall be class 5 or better and dry. Tests shall be run
in both directions and with the consist turned. o :

11.5.4.3. INSTRUMENTATION AND CRITERIA

The leading axle on both trucks on an end unit or car, or each axle on an end unit or
car with single-axle trucks. shall be equipped with instrumented wheelsets.

The lateral and vertical forces and their ratio. LN shall be measured continuously
througrh the bunched spiral. in both directions. and their maxima and minima computed.
Measured force components having frequencies above 15 hertz are to be filtered out.

The maximum: L/V ratio on any wheel shall not e¢xceed 0.8, and the vertical wheel
load shall not be less than 10 percent of the measured 'static value. A record of L/V's and
vertical forces on both wheels of the two worst axles in a car, and car body roll angle, for
each test, shail be submitted as required test data. ;.

11.6. SINGLE CAR ON PERTURBED TRACK

11.6.1. GENERAL

The analyses and tests described in this section are designed to establish the track-
worthiness of the car under conditions associated with variations in the track geometry.
Thev include the dynamic response due to perturbations in the track but exclude the
dynamic effects due to coup[mg with adjacent cars, ‘ ‘

‘.

The investigations are demgned to demonstrate that the car deSIg'n provides an
adequate margin of safety from structural damage and from any tendenecy to dera11

The tests shall be completed and their results found satisfactory by the AAR
observers. The results identified shall be added as requu‘ed data for the consideration of
the Car Construction Committee.

11.ﬁ.\2. RESPONSE TO VARYING CROSS-LEVEL (TWIST AND ROLL)

This requirement is designed to ensure the satisfactory negotiation of oscillatory

~ cross-level excitation of cars. such as occurs on staggered jointed rail, which may lead to

Jarge car roll and twist amplitudes. The analyses and tests are required to show that the

resulting forces between the wheel and rail show an adequate margin of safety from any
tendcncv to derail. -

11.6.2.1. PREDICTIONS AND ANALYSES

A review shall be made of any teslts é.nd,analy’se‘s for the natural frequency and
. ;, damping of the car body, in the roll and twist modes, in the empty and fully loaded
conditions, and an estimate made of the speed of the car at each resonance.

The maximum amplitude of the carbody in roll and twist, the maximum instanta-

neous sum of the absolute values of the wheel L/V ratios on any axle, the minimum

, vertical wheel load, and the number of cycies to reach them, shall be predicted at

' resonant speed of 70 mph or helow, on tangent track, with staggered jointed rails of 39 £t.
length, and a2 maximum cross-level at the joints.of 0.75 in. as shown in Fig. 11.1.

The instantaneous sum of the absolute values of the wheel L/V ratios on any axle
" shall be less than 1.3, the predicted roll angle of the carbody shall not exceed 6 degrees
© peak-to-peak. and the vertical wheel load shall not be less than 10 percent of its static
* value. within 10 rail lengths of the start, at any speed at or below-70 mph.
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11.6.2.2. TEST:PROCEDURE- AND CONDITIONS

The test car shall be between two cars chosen for their stable performance. Tests
shall be carried out with the test car empty and fully ioaded.

39 #.
WAVELENGTH

Figure 11. 1.
TRACK CROSS LEVEL FOR THE TWIST AND ROLL TEST

The test shall be on tangent track with staggered 39 ft. rails on g'uod ties and ballast,
shimmed to a cross level of 0.75 in., low at each joint as shown in Fig. 11.1, over a test
zone length of 400 ft., but otherwise held to class 5 or better.

The test shall be carried out at constant speed, increasing in 2 mph steps from well
below any predicted resonance until it is passed, or approaching it from a speed above
that expected to give a resonant condition. The test shall be stopped if an unsafe
condition is encountered or if the maximum of 70 mph is reached. It shall be regarded as
unsafe if a wheel lifts or if the car body roll angle exceeds% degrees, peak-to-peak.

11.6.2.3. INSTRUMENTATION AND CRITERIA

The leading axle of both trucks on an end unit or car, or each axle on an end unit or
car with single-axle trucks, shall be equipped with instrumented wheelsets. The car body
roll angle shall also be measured at a minimum of each end of an end unit.

The wheel forces, the mean roll angle and difference in roll between ends for each
unit, shall be measured continuously through the test zone. Measured force components
having frequencies above 15 hertz are to be filtered out.

The sum of the absolute values of wheel L/V on any instrumented axle shall not
exceed 1.3, the roll angle of the carbedy of any unit shall not exceed 6 degrees
peak-to-peak and the vertical wheel load shall not be less than 10 percent of its static
value at any speed tested.

A record of the vertical loads measured at the axle with the lowest measured vertical
load, and the roll angles measured.at each end of the most active.unit of the car, taken at
the resonant speeds for each car load, shall be submitted as required test data.

11.6.3. RESPONSE TO SURFACE VARIATION (PITCH‘:'\ND BOUNCE)

RN ]

This requirement is designed to ensure the satisfactory negotiation of the car over
track which provides a continuous .or transient excitation in pitch and bounce, and in
particular the negotiation of grade crossings and bridges, where changes in vertical
track stiffness may lead to sudden changes in the loaded track profile beyond those
measured during inspection. The analyses and tests are required to show that the
resulting forces between the whee!l and rail show an adeguate margin of safety from any
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tendency for the car to derail. to uncouple, or to show interference either between
subsystems of the car or between the car components and track.

11.6.3.1. PREDICTIONS AND ANALYSES

- A review shall be made of any tests and analyses for the natural frequency and
damping of the car body. fully loaded. in the modes of plteh and bounce, and an estlmate
made of the resonant speed of the car when excited by 2 track wavelength of 39 feet.

The vertical wheel load shalil be predicted at these speeds or at 70 mph; whichever is
greater, for a continuous near sinusoldal excitation with a vertical amplitude to the track
surface of 0.75 inches peak- to-pea.k and a single symmetric vertical bump in both rails. of
the shape and amplitude shown in Fig. 11.2, predicted vertical wheei load shall not be
less than 10 percent of its static value at any resonant speed at or below 70 mph, within
10 rail lengths of the start of the continuous sinusoid or following the sing’le bump..

SINGLE VERTICAL BUMP ’-\
" (BOTH RAILS) _/—( 2in. = .06 in.

CONTINUOUS DIPS AT SYMMETRIC POINTS

0.75 in. = 0.06 in.

. Figure 11.2. .
TRACK SURFACE VARiATION FO‘R. PlTCH AND BOUNCE

11.6.3.2. TEST PROCEDURE AND L()Nl)lTI()Nb

The fully locaded test car shalil be tested between two light cars that have at least 45
. ft. truck center spacing. : .

Tests shall be carried out on tangent track with surface deviations providing a
‘continuous, near sinusoidal, excitation with a vertical amplitude to the track surface of
0.75 inches peak-to-peak and a single symmetric vertical bump in both rails of the shape
and amplitude shown in Fig. 11.2. These tests may be carried out separately, or together,
'with a sepa.ration of at least 10() feet. The track shall ut.herwue be held to (.lac.s 5 or
better.

Testing shall start at constant speed well below any predicted resonant speed,
mcreusmg in 3 mph steps until an unsafe condition is encountered, the resonance is
passed or the maximum of 70 mph is reached. The speed at which resonance is expected
imay he approached from a higher speed. using steps to decrease the speed. It shall b(.
ze"a:ded as unsafe if any wheel lifts. '
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11.6.3.3. INSTRUMENTATION AND CRITERIA

11.6.

The leading axle on both trucks on an end unit or car, or each axle on an end unit or
car with single-axle trucks, shall be equipped with instrumented wheelsets. The vertical
wheel forces shall be measured continuously through the test zone. Measured force
components having trequencies above 15 hertz are to be filtered out.

The vertical wheel load shall not be less than 10 percent of ité static value on any
wheel at any speed tested. A record of the vertical loads measured on the axle with the
lowest vertical load shall be submitted as required test data.

i. RESPONSE TO ALIGNMENT VARIATION ON TANGENT TRACK
{YAW AND SWAY) '

This requirement is designed to ensure the satisfactory negotiation of the car over
track with misalignments which provide excitation in yaw and sway. The analyses and
tests are required to show that the resulting forces between the wheel and rail show an
adequate margin of safety from any tendency for.the car forces to move the track or rail
or to give interference either between subsystems of the car or between the car
components and track. : : ‘

11.6.1.1. PREDICTIONS AND ANALYSES

A review shall be made of the previous tests and analyses for the natural frequency
and damping of the car body, fully loaded, in the yaw and roll modes. These may combine
in a natural motion referred to as sway, which, if present, must be inciuded in this
analysis. Using the values for frequency and damping identified, an estimate shall be
made of the resonant speed of the car; in each mode.

The car shall be assumed to be excitéd by a symmetric, sinusoidal track alignment
deviation of waveiength 39 feet, on tangent track. The ratio of the sum of the lateral to
that of the vertical forces on all wheels on one side of any truck shall be predicted at
resonance or at 70 mph, whichever is greater, for a sinusoidal double amplitude of 1.25 .
inches peak-to-peak on both rails and a constant wide gage of 57.5 inches, as shown in
Fig. 11.3. . ‘

The predicted truck side L/V shall not exceed 0.6, and the sum of the absolute values
of L/V on any axle shall not exceed 1.3, at any speed at or below 70 mph, within 5 rail
wavelengths of the start. :

11.6.4.2. TEST PROCEDURE AND CONDITIONS

The fully loaded test car shall be placed at the end of the test consist, behind a buffer

car of at least 45 feet truck center spacing, chosen for its stable performance.

Al A

Tests shall be carried out on dry tangent track, with symmetric, sinusoidal align-
ment deviations of wave length 39 feet, alignment amplitude 1.25 inches peak-to-peak
and a constant wide gage of 37.5 inches, over a test zone of 200 feet as shown in Fig. 11.3.
The track shall otherwise be held to class 5 or better.

The wheeis of the test car shall have less than 5000 miles wear on the new profiles
specified for production, except that those on instrumented wheelsets shall have modified
Heumann profiles. The rail profiles shall have a width at the top of the head not less than -
95 percent of the original value when new. -
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57.51n. \ T ‘
=0.125 in. 1.25 in.

. | £0.125 in,
fo— 39 . S |

Figure 11.3.
‘ TRACK -\LIG\IME\IT VARIATIONS FOR YAW AND SWAY -

Testing shall start at constant speed -well below any predicted resonant speed
increasing in 5 mph steps until an unsafe condition is encountered, the resonance is
passed, or the maximum of 70 mph is reached. It shall be regarded as unsafe if the ratio
of total lateral to vertical forees, on any truck s:de measured e'cceeds 0 6 for a duration
quuwalent to 6 feet of track. S ,

11.6.4.3. INSTRUMENTATION AND CRITERIA

~ All axles on the truck estimated to provide the worst tot.al truck side L/V, or each
axle on an end unit or car with single-axle trucks; shall be equipped with instrumented
wheelsets. The wheel forces shall be measured continuously through. the test zone.
Measured force components having frequencies above 15 hertz are to be filtered out.

The truck side L/V measured 'shail not exceed 0.6 for a duration equivalent to 6 feet
of track, and the sum of the absolute values of L/V on any axle shall not exceed 1.3, at
any speed at or below 70 mph. A record of the lateral and vertical loads, measured on the
truck with the largest truck side L/V, shall be submitted as required test data.

11.6.5. ALIGNMENT. GAGE AND CROSS-LEVEL VARIATION IN CURVES
(DYNAMIC CURVING) - |

This requirement is designed to ensure the satisfactory negotiation of the car over
Jjointed track with a combination of misalignments at the outer rail joints and crosslevel
due to low joints on staggered rails at low speed. The analyses and tests are required to
‘show that the resulting forces between the wheel and rail show an adequate margin of
safetv from anv tendency for the car forces to cause the wheel to climb the rail or to .
‘move the track or rail or to give unwanted interference, either between subSVStems of

~ the car. or between the car components and track..

11.6.3.1. PREDICTIONS AND ANALYSES

A review shall be made of the previous tests and analyses for the natural frequenmes
‘aml response of the car body, fully loaded, in the yaw and roll modes.

No analvsis is presently available, which can predict the results accurately for this
test., for all possible designs. It is therefore necessary to provide additional safety
features in the running of the test program to prevent unexpected deraiiments or
unnecessary damagre.*

*Analyses suitable for predictions of new car performance in this test are undez (Ievelopment
and will be added later.
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11.6.5.2.

“shimmed to provide a cross level of 0.5 inch, low at. each joint, over the test zone leng’th of

6138

‘balance speed of between 15 and 25 mph, with the test car empty and fully loaded.

TEST PROCEDURE AND:CONDITIONS .

The test car shall be operated between two cars that are loaded to plowde them with
a low center of gravity. If sultable an mstrumentatmn Cal may be used as one of these
cars.

Tests shall be car ned out'on dry rall in a ecurve of between 10 and 15 degrees with a

The wheeis of the test car shall have less than 5000 miles wear on the new profiles
specified for production, except that those on instrumented wheeisets shall have modified
Heumann profiles. The rail profiles shall have a width at the top of the head not less than
95 percent of the original value when new. :

The track shall consisf of staggered rails, 39 feet Tong, on g'c;od ties and‘bal.las't .

200 feet as shown in F]gure 11 4.

‘ l—— 3ot —-—| |

WAVELENGTH

Flg'ure 11. 4
CROSS LEVEL FOR DYNAMIC CURVING TESTS

Combined gage and alignment variation shall ‘be provided in the test zone by
shimming the outer rail in the form of an outward cusp, giving a maximum gage of 57.5
inches at each outer rail joint and a minimum gage of 56.5 inches at each inner rail joint,
the inner rail being within class 5 standards for alignment in curves, as given iniFigure
11.5.

LOW JOINT

LOW JOINT .

) Figure 11.5.
GAGE AND ALIGNMENT VARIATION IN DYNAMIC CURVING
C-11-411
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© it 'is recommended that a guard rail be used to prevent unpredicted deraiiment;
however, it must not be in contact with the wheel during normal test running. The test
shall be carried out at constant speeds up to 3 inches of overbalance, increasing in 2 mph
steps from well below anv predicted lower center roll resonance until it is passed. The

- resonance mav be approached from a speed above that predlcted to give a lower center
: rol] resonance. :

. The test shall be stopped if an unsafe condition is encountered or if the maximum

: unbalanee is reached. It shail be regarded as unsafe if a wheel lifts. the instantaneous

llh

11.7.

11.7.

sum of the ahsolute L/V values of the individual wheels on- any axle exceeds 1.3, or car
body roll exceeds 6 degrees. peak-to-peak. ‘

5. INQTRUWFNT-\TION -\NI) CRITERI-\

The leading axle on hoth trucks on an end unit or car, or each axle on an end unit or
car with single-axle trucks. shall be equipped with instrumented wheelsets. The car body
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.
Measured force components having frequencie‘sabove 15 hertz are to be filtered out.

The maximum roll angle shall not exceed 6 degrees, peaI\ to -peak, the vertical wheel
load shall not be less than 10 percent of its static value, the individual wheel L/V shall be
Iess than 0.8. and the instantaneous sum of the absolute wheel L/Vs on any axle shall be
less than 1.3.-at any test speed. .

A record of both wheel loads measured on the axle w1th the lowest measured vert.lcai

‘load and largest measured lateral load. and the roll angles measured, taken at the

resonant speeds for each car load, shall be submitted as required test data.
COU-PLE[) CARS AND UNITS C

I. GENERAL

The tests described in this sectmn will be designed to establish the track-worthiness
of the car under conditions associated with the realistic operation of cars within a train.
Thls may include severe transiént forces due to coupling with adjacent cars. These forces

" may have a significant effect on the stability of cars and may lead to derailment. The

ll.T.

investigations witl be designed to demonstrate that the car design provides an adequate
marg'm of safety- from structural damage and from any tendency to derail.

2. vr-:rmcu LY CURVEI) TRACK * '

* This section to be added at a later date

7.3y HORIZONTALLY CURVED TRACK +

.+ [nvestigations are currently underway which will allow the addition of this section
~in the near future. :
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APPENDIX A
VEHICLE CHARACTERIZATION
' Adopted 1987

1.0. GENERAL

The characteristic properties of the car body and its suspension, required for
analysis of its track-worthiness, must be supported by test results providing evidence of
their validity. Forces and motions between suspension components and the body modal
frequencies of the car, as assembled, can vary significantly from the values calculated or
specified in the design, and may be important to the safe performance of the vehicle.

1.1. TEST CAR

It is important that characterizations be carried out on the particular car in the
same condition that it is to be track tested so that accurate predictions of its performance
can be made. For cars with more than one type of suspension, at least one of each type
should be tested. :

The tests apply to all new car suspensions, including trucks retrofitted with devices
such as inter-axle connections, sideframe cross-bracing and addltlonal suspension ele-

~ments, wh1ch have not been tested prevmusly

Tests for horizontal characterlstlcs of the suspension of trucks with at least two
axles, may be camed out with the truck separated from the body. In this case static
vertical loads must be applied to. simulate those due to the body or bodies and the
rotational and lateral characteristics between the truck and body must be measured‘
separately. -

Where connections exist between the truck and body that may affect the truck
characteristics, such as with a truck steered through links to the body, and for all cars
with single axle trucks, the suspension characteristics must be tested while connected to
the body.

Where the truck is at the junction of two articulated bodies, both must be simulated
or used in the suspension characterization tests specified.

1.2. TEST LOADS

" Modal tests, and tests for the horizontal and vertical suspension characteristics are
required with vertical loads equivalent to the car in the loaded condition required for the
analyses in which the results will be used. This inciudes tests to measure the ahg‘nment
of the axles to each other and to other elements in the system. :

.

1.3. GENERAL PROCEDURE

a/179¢

In tests for the suspension characteristics, the recommended procedure is to load the
suspension and to measure the load and displacement, or velocity, across the particular
suspension element, in the required direction. These should be recorded up to the
required maximum and down to the required minimum identified.

The loads may be applied, either through automatic cycling at an appropriate
frequency or through manual increase and decrease of load through at least two
complete cycles. If manual loading is used, delays and intermediate load reversals
between measurements should be avoided. For the determination of stiffness and
frictional energy dissipation, the frequency of cycling must be between 0.2 and 0.5 hertz.

Graphs of load versus displacement or velocity are desirable for the determination of

‘the required stiffness or damping.
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2.0.

2.1.

2.2

TESTS WITH THE WHEELS RESTRAINED

GENERAL

In the tests described in this section, the wheels are rigidly attached to the rails or
supporting structure and the frame is moved relative to them,

The methods described are not suitable for trucks ‘having steering lmks, which
couple the-lateral or roll motion of the body or truck frame to the yaw motion of the
axies. In such a case, provision must, be made for unrestrained longitudinal movement of
the wheels, discussed in section 3. The steering links may be disconnected to measure the
characteristics of suspension elements in the unsteered condition.

All tests require that the actuators and restraining links, other than those at the
wheels, have the equwalent of ball joints at both ends to a.llow for motion perpendicular

to theu‘ axis.

VERTICAL SUSPENSION STIFFNESS

For this test, equal measured vertical loads are applied across the spring groups in
the range from zero to 1.5 times the static load, if possible, and at least to the static load
of the fully loaded car. Vertical actuators are attached to each side of the body or the
structure simulating it. The load may also be apphed by addlng dead load or a combina-
tion of both dead and actuator loads :

Vertical deflections are required across all sngmﬁcant spring elements under load. It

" is important to report any dlfferences m the measurements taken between each axle and

2.3.

2.4.

frame or sndeframe

.TOTAL ROLL STIFFNESS

A roll test is required if the roll characteristic between the body and axle includes
movement at or forces due to elements other than the vertical suspension, such as

clearances at sidebearings, or anti-roll bars.

For the roll test, two vertical actuators are required as in the vertical test, but with
the loads in the actuators in opposite directions. The range of roll moments, in inch-
pounds, applied to the truck should be between plus and minus 30 times its static load, in
pounds, or until the wheels lift. The roll angle across all suspension elements may be
measured directly or deduced from displacements.

I

TOTAL LATERAL STIFFNESS

The lateral stiffness characteristic may be found by attaching an actuator to apply
loads laterally to the body or bodies, which should be positioned as if on tangent track. If
the lateral motion of the truck frame is coupled to its yaw through a steering mechanism,

. it should be disconnected to prevent the yaw resistance of the frame from affectmg the

measurement of lateral stiffnesses.

The minimum and maximum lateral loads applled per truck should be minus and

plus one fifth of the static load carried. Measurements are required of the lateral
. displacements across all suspension elements.

2.5.

[NTER-AXLE TWIST AND EQUALIZATION

‘This test is carried out with only one axle fixed to the track. One wheet of the other
axle in the car or truck is jacked up to a height of 3 inches, and the vertical load and
displacement are measured. The stiffness between the axles in twist is the ratio of the
load to the displacement muitiplied by the square of the gage. It is 2 measure of the truck
equalization, -
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3.0. TESTS WITH UNRESTRAINED WHEELS

3.1. GENERAL

These tests involve movements in the suspension system and axles relative to other
. elements of the system or to other axles, without restramt between the wheel and rail,
but with the normal static vertical load. .

The shear resistance between the rail and the wheel must be eliminated by the.
prowsxon of a dewce havmg very low re51stance such as an air bearing, under each axle. .

3.2. AXLE ALIGNMENT

Both radial and lateral mxsahg'nments may be deduced from measurements of the

~yaw angle of each a.xle from a common datum. The radial misalignment between axles is

half the difference in their yaw angles, taken in the same sense, and the lateral
misalignment is their mean yaw angle.

In the case of trucks which have mgmﬁcant c‘:le‘arance‘between the axle and frame, it.
may be necessary to establish the axle in the center of the clearance for the purpose of
: 'ldentnfymg the mean axle mlsahgnments

3.3. LONGITUDINAL STIFFNESS

A longitudinal load must be applied to the axle, equivalent to a singie load at 1ts'
center, and cycled between tensnon and compresswn up to half the static load on the axle.

The load may be apphed directly between axles, or between the test axle and ground -
through an appropriate structure, with the body or truck frame restrained. The load may.
also be applied directly between the axle and frame, or in the case of a car with smgle
axle trucks, between the axie and the body.

) The longitudinal deﬂectmn across each sprmg eiement must be measured and the
results plotted. ' X

Where the load is applied directly between the axles of a truck or car, this measure-
ment may be combined with the inter-axle shear test in section 3.4., or the inter-axle.
bending stiffness test in section 3.5.

3.4. AXLE LATERAL AND INTER- AXLE SHEAR STIFFNESS _

The inter-axle shear stiffness may be found by sheanng- the axles. or moving them in-
opposite directions along their axes. and measuring the -shear or lateral deflection
between them. The shear force on each axle must be at Ieast one tenth of the static
vertical axle load. '

This test may be combined with the inter- axle longttudmal test of sectmn 3.3., where
the required load can be achieved. .

In the case of direct inter-axle loading, the locatlons of the apphed force and
restraint are such that they are equal and opposn:e dlagonally across the truck or car.

The actuator and restraint each- pro\nde two components of force on the axle to-
which they are attached. One component lles along the direction: of the track and
provides tension and compression, as in section 3.3., for the longitudinal stiffness. The
other component lies along the axle and applies the required shear force bewteen axles.
This component may be applied separately with'a suitable arrangement of actuators and
restraints. : _ '

Measurements are made of the lateral misalignment of the axles during the load
cvele. The shear stiffness is the ratio of shear force to the lateral misalignment.

C-11-415

4:1-90



‘Association. of American Railroads
~Mechahical Division
~Manual of Standards and Recommended Practices

3.5.

For single axle trucks,.a test similar to -that described above may be used to
determine the lateral stiffness, with force applied laterally between ground and the axle
with the bedy restrained, or with the truck frame restrained in the case of trucks having
more than one axle. For trucks which also provide steering through coupling axle lateral
motion to its yaw angle, this test may be preferred over the lateral test of section 2.4. for
ﬁndmg the lateral stiffness, smce the axles are free to yaw o

AXLE YAW AND INTER- AXLE BENDING STIFFNESS

The mter-axle bendmg stxffness may be found by yawmg- the axles in the oppos;te
directions and measuring the yaw angle between them. The yaw moment applied. in
mch pounds, must be at least equal to the axle load in pounds.

Thls ‘test may be combined mth the inter-axle longltudmai test of section 3 3. If this
is done the test is carned out by applylng an effectwe force on the axle a known chstance

1aterally from the truck centerline.

In the case of direct inter-axle Ioadmg the restraint must be apphed to the axle, at

. the other end of the car or truck on the same side as’ the apphed force. The applied and

3.6.

restrammg forces each provide a longitudinal force and a yaw moment on the axle to
which they are attached. The force provides the tension and compression as in section
3.3. .for the longitudinal stiffness and the moment is applied between the truck axles in
yaw This moment may be. apphed mdependently of the longltudmal force.

) ‘Measurements are made of the resultmg radlal mis-allgnment of the axles during
the load cycle. The bendmg stlffness is the ratio of apphed bendmg moment to the radlal

Imlsallg‘nment ‘ . . R

A similar test.of the. axle yaw stlffness may be arranged with forces applied in yaw
between a single axle and ground, with the body restrained, or with the truck frame
restramed n the case of trucks havmg more than one axie

YAW MOMENT BETWEEN THE SUSPENSION AND BODY
The required yaw stiffness and breakout torque between the car body and truck

‘must be measured by applying a yaw moment, using actuators 1in equal and opposite

directions at diagonally opposite corners of the truck to rotate the truck in yaw. The car
body must be restrained. :

The applied yaw moment mUSt be inereased untll g'ross rotation is observed repre-
sentmg the breakout torque or to the limit recommended.for the yvaw of the secondary

g suspensxon

1.0

4.1,

The anfzte in yaw between the car body and truck bolster or frame must be measured
RIGID AND FLEXIBLE BODY MODAL CHARACTERISTICS

GEMERAL ;
"Tests 'are requxred to identify. the rigid and ﬂex:ble body modal frequencies’ and

. damping, The rigid body modal frequencies .may be compared to predictions using

estimated or measured body masses, and inertias and the suspension parameters mea-
sured according to the requirements of sections 2. and 3. Tests and estimates should be

- made with the car in the empty and fully loaded state.
11 s e 2
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4.2.

4.3.

4.4.

TEST CAR BODY

For cars‘consistmg of more than one coupled unit, tests for body modes are required
on one of each of the unit bodies having a different structural design. Dead loads may be
added to give the requlred additional loading to any shared suspensions.

- Where cuuphng ‘exists ‘between the modes of adjacent bodies, such as in roll or
torsion, this may be examined in a dynamic’ analy51s, validated for the case of tests
without coupling.

The frequency and modal damping are only required for the flexible body modes
which are predicted to have a natural frequency below 12 hertz.

GENERAL PROCEDURE

Transient or contlnuous excxtatlon may’ be apphed using one or more actuators or
dropping the car in a manner to suit the required mode of excitation.

The modal frequency and damping are requxred for an amplitude typical of the car
running on class 2 track.

In the case of the rigid body modes, the actuators must be located at the rail level or

the level of the truck frame with the body free to oscillate on its suspension. In the case

of the flexible body modes, the excitation may be applied directly to the body.

. The fi-equency in hertz may be determined from the wavelength in the transient
test, or from the peak response, or from the 90 degree phase Shlft between the response
and excxtatlon where continuous excitation is used.

The percentage modal damping may be determined using the logarithmic decrement.
in transient tests or the bandwidth of the response from a range of frequencies.

RIGID BODY MODES

"The rigid body modes for the car are:

Body bounce

Body pitch

Body yaw and sway
Lower center roll
Upper center roil

In the case where the normal load on the body is not centered between the
suspensions, the body bounce mode may be coupled to the body piteh. The required
measurement of bounce and pitch may be achieved by two vertical measurements at the
ends of the car. Their weighted sum provides bounce and their weighted difference pitch..
The weighting is dependent on their position relative to the center of mass.

" Yaw and sway are deduced from lateral measurements made at each end of the body,
a known distance. from its mass center, similarly to the determination of pitch. -

Measurement of the upper and lower center roll modes are determined from lateral

 displacements taken at two heights, or by a smgle lateral displacement and a roll angle
, measurement

471790
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4.5. FLEXIBLE BODY MODES

The flexible body modes for the car are:

Torsion
Vertical bending
Lateral bending

Determination of the frequency and damping in the torsion mode requires excitation
and measurement of roll at one end of the car.

The excitation is similar to that for roll but resonance occurs at a higher frequen-
¢y. The response between the ends of the car is out of phase for modes number 1,3,

and in phase for modes number 2,4, although it is unlikely that modes above 2 will be
significant. )

‘Vertical or lateral bending modes are’ measured as a response to the vertical or
lateral excitation at one end or both ends of the car. The first bending mode has a

maximum amplitude at or near the car center. The second bending mode has a node or
point of minimum response at the center.

5.0. PARAMETER ESTIMATION*

* Tests are presently being conducted to. examine this method.
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1.0.

2.0.

2.1.

2.2

2.3.

2.3.1,

APPENDIX B

 SPECIFICATION FOR INSTRUMENTEI) WHEELSETS
FOR'CHAPTER XI (M-1001) TESTING ~
Adopted 1989

INTRODUCTION

[nstrumented wheelsets’ to be used in acceptance testing of new and untrled cars [
under Chapter XI of AAR Standard M-1001 must meet the requirements of this specifica-
tion. Load measuring wheelsets are a critical transducer:for a wide range of the Chapter
XI vehicle dynamics tests. Calibrated wheelsets will be required to accurately 'measure
lateral and vertical wheel/rail forces, as well as wheel lateral to vertical force (LfV) ratios.
A verification of wheelset accuracy is performed through a three-step process conmstmg
of calibration, analysis, and field procedures.

INSTRUMENTEI) WHE‘:‘LSET SPECIFICATIONS

To be accepted for Chapter XI testing, a load measuring wheelset design must meet

‘the following specifications:

Vertical wheel load measurements must be within +/- § percent of the actual
vertical load. This accuracy is'to be maintained for loads ranging from 0 to 200 percent of
the static wheel load. The rmmmum signal resolution is to be no less than 0.5 percent of
the static wheel load. B ' :

Lateral wheel load measurements must be within +/—- 10 percent of the actual
lateral load. This accuracy is to.be maintained for loads ranging, from 0 to 100 percent of
the static (vertical) wheel load. The minimum signal resolutlon is to be no less than 0.5
percent of the static {vertical) wheel load. ‘ :

Maintain the above stated accuracy requirements, at all times, for:

All potential load cases (longitudinal loads of up to 60 percent of the sta'tri'c (vertical)
wheel load, lateral loads of up to 100 percent of the static (vertical) wheel load, and
vertical loads of up to 200 percent of the static wheel load).

2.3.2.

2.3.3.

All potential wheeUrall contact conditions including full flange contact, outside tread
contact. two-point contact, and flange contact at high wheeiset angles of attack

-t

An operating speed (for dimémic wheelset output) of from 3 to 80 mph.

2.3.4.

Signals from 0 to 30 Hertz.
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2.3.5.

Over a recommended operating ambient temperature range of 0 to 110 degrees
Fahrenheit. Any restrictions in the operating temperature range are to be noted.

Wheelset reprofiling or recalibration requirements due to profile wear are to be
documented. Temperature compensation arrangements and operating limitations due to
ambient temperature swings are to be detailed as well. The wheelsets are to be equipped
with the modified Heumann profile shown in Figure 8.1 of Chapter VIII of AAR Standard
M-1001.

3.0. VERIFICATION

Wheelset accuracy is to be substantiated through calibration, analysis, and testing. A
minimum number of required wheelset static tests to calibrate and verify wheeiset
output are described. Since dynamic calibration of load measuring wheeisets has proven
difficult, further verification of wheelset accuracy relies on required static and dynamic
analyses. A limited set of simple experimental procedures are then prescribed to confirm
proper wheelset function under field conditions.

3.1. STATIC CALIBRATION

Static tests to determine the wheelset calibration factors are required of all instru-
mented wheelsets. Documentation in support of the calibration tests is to include a
complete description of the calibration stand and the calibration procedure. Calibration
for vertical and lateral loads is to include testing for a minimum of six wheel rotational
positions (0, 60, 120, 180, 240, and 300 degrees). Calibration for vertical loads is to include
testing for a minimum of three contact point lateral positions (on tape line and one inch),
respectively, to the flange and wheel face of the tape line. Each calibration sequence is to
be repeated at least once to verify measurement repeatability.

The static calibration tests are as follows:

3.1.1.

Using an appropriate loading scheme, vertical loads ranging from 0 to 200 percent of
the static wheel load are to be applied with a minimum of 5 equally spaced inputs (0, 50,
100, 150, and 200 percent of the static wheel load). Strain gauge output for both vertical
and lateral force circuits is to be recorded.

3.1.2.

Using an appropriate loading scheme, lateral wheel loads are to be applied at the
wheel tread ranging from -100 to 100 percent of the static wheel load with a minimum of
10 equally spaced inputs (+/— 20, 40, 60, 80, and 100 percent). A vertical force equivalent
to the static wheel load is to be applied sxmultaneously Both vertical and lat.eral force
strain gauge outputs are to be recorded. :

The static calibration report is to include raw measurement values and the derived
calibration factors. The calibration report must also include a table comparing the-
applied forces and, given the calibration factors obtained during the testing, the mea-
sured forces. It is assumed here that the calibration factors will represent average
values independent, for example, of wheelset rotational pesition.

C-11-420
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3.2. ANALYSIS

The following theoretical analyses are required to verify theoretical wheelset ac-
curacy for load combinations that cannot satisfactorily be applied using a conventional
static loading frame. It is assumed that finite element or similar calculations will have
been performed beforehand to obtain the theoretical wheelset calibration factors. Any
variations in wheelset output or accuracy due to rotational position are to be described.

Static finite element or similar calculations to verify theoretical wheelset accuracy
for the following scenarios:

3.2.1.

Single point contact at one inch toward the wheel face from the whee| tape line for a
vertical load of 50 and 200 percent of the static wheel load in combination with a lateral
load of =25 and 25 percent of the static wheel load (giving a total of four load
combinations).

3.2.2.

Single point contact on the flange (defined as being at a point giving a rolling radius
one-half inch greater than that obtained at the tape line) for a vertical load of 100 and
150 percent of the static wheel load in combination with a lateral load of 25, 50, and 75
percent of the static wheel load (giving a total of six load combinations).

3.2.3.

Single point contact at the wheel tape line for a vertical load equal to the static
wheel load in combination with a longitudinal load of -50, - 25, 25, and 50 percent of the
static wheel load and a laterai load of 10 percent of the static wheei load (for a total of

four load combinations). Note that a negative longitud\inal load is defined here as a load

directed in the sense of the wheel rotation.

3.2.4.

Single point contact at the flange for a vertical load of 75 percent of the static wheel
load in combination with a longitudinal load of -50, —25, 25, and 50 percent of the static
wheel load and a lateral load of 50 percent of the static wheel load (for a total of four load
combinations).

3.2.5.

Two-point contact with the first point of contact at one-half inch toward the wheel
face from the wheel tape line and the second point of contact at the flange and displaced
-0.5, 0, and 0.5 inches longitudinally from the mid-plane axis of the wheelset. The
loading at the tread contact is to be a vertical load of 50 percent of the static wheel load
in combination with a longitudinal load of —25 percent and a lateral load of —~ 10 percent
of the static wheel load. The loading at the flange contact is to be a verticai load of 75
percent of the static wheel load in combination with a lengitudinal load of 50 percent and
a lateral load of 50 percent of the static wheel load (for a total of three calculation cases).

3.2.6.

‘ Single point contact at the tape line for a wheel with a radius one-quarter inch less
than nominal and a vertical load equal to the static wheel load in combination with a
lateral load of 10 percent of the static wheel load.
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Single point contact at the flange for a wheel with a radius one-quarter inch less
than nominal and a vertical load equal to 75 percent of the static wheel load in
combination with a ‘lat'erai load of 50 percent of the static wheel load.

- Results for the twenty-three static calculation cases described above are to be given
as the percent deviation of the predicted lateral and vertical force values from the
applied values.

A single dynamic finite element or similar calculatlon to verify theoretical wheelset
accuracy under dynamic conditions:

3.2.8.

This calculation is to verify that no wheeiset vibration modes are present with
natural frequencies below 30 Hertz. If such modes exist, a dynamic calculation is to be
performed for the following wheeiset input: single point contact at the wheel tape line for
a vertical load equal to the static wheel load in combination with a time varying
longitudinal load with an amplitude of 25 percent and a lateral load with an amplitude of
10'percent of the static wheel load. The mean longitudinal and lateral force are both to be
zero. The calculation is to consider an input frequency ranging from 0 to 30 Hertz where
the lateral and longitudinal force signals are 90 degrees out of phase. The boundary
condition to be used for both this calculation and the wheelset natural frequency
calculation is to fix the wheeiset in the longitudinal, lateral, vertical, and rotational
sense at the bearing centerline (axle top dead center).

The results ,6f the dynamic calculation are to be given as the mean value and
amplitude of the predicted lateral and vertical forces as functions of the wheelset
rotational position. .

3.3. TEST PROCEDURES
. The following experimental analyses are required:
3.3.1.0 |

A zero speed jacking test to set the wheelset zero followed by a slow speed roil (at
ten, twenty, and thirty miles per hour) along tangent track to verify that wheel vertical
load signals are within +/— 5 percent of the calibrated scaie axle load for constant speed
operation on level tangent track. Wheelset signals will be evaluated on the basis of mean
values for 'a randomly chosen output segment having a minimum duration of ten
seconds.

1.3.2.

A steady-state curving test to confirm that net truck or car lateral loads are within
+/~ 10 percent of the theoretical value for constant speed operation on constant radius
track at speeds corresponding to +3, 0, and -3 inches cant deficiency. Both curvature
‘and superelevation of the track need to be constant and accurate. Wheelset accuracy is to
be verified on a sharp curve (7 degrees curvature and above) for curving with hard flange
contact. Wheelset signals will be evaluated on the basis of mean values for a randomly
chosen output segment having a minimum duration of ten seconds.

3.3.3.

As an alternative to this test a zero speed jacking test is suggested using equal and
opposing lateral loads applied (via a hydraulic jack) to the wheel backs. Measured lateral
loads are to be within +/— 5 percent of the applied value for loads ranging from 0'to 30

percent of the static (vertical) wheel load.
\
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3.3.4.

4.0.

4.1.

4.2.

4.3.

4i}:90

A steady-state curving test to again confirm that total truck vertical loads are within
+/- 5 percent of the theoretical value for constant speed operation on constant curva-
ture track (for the test curve described above). Wheeiset signals will be evaluated on the
basis of mean values for a randomly chosen output segment having a minimum duration
of ten seconds. : '

The test procedures prescribed above are also to be repeated and recorded at the
start of each Chapter XI test series. A record of such results is to be kept for each
Chapter X! certified wheeiset. A minimum of the vertical load accuracy test is to be
performed at the start of each daily test session.

RECORDS

The theoretical analyses deseribed are necessary, dn]y once for each wheelset design.
The static calibration and field procedures must be performed for each wheelset pro-
duced to an accepted specification.

An mstrumented wheelset which has met these requirements will be so certified by
the designated AAR representative.

The designated AAR observer for Chapter XI testing will verify that the instru-
mented wheelsets to be used have been accepted for testing and the test procedures

‘described in Section 3.3 above are completed satisfactorily.
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'OF BRAKE SYSTEMS '
. ON INDIVIDUAL CARS AND LOCOMOTIVES



1.0

1.1

PEACEKEEPER RAIL GARRISON
TEST PLAN FOR STATIC TESTING OF BRAKE SYSTEMS
ON INDIVIDUAL CARS AND LOCOMOTIVES
- PROCEDURE

DESCRIPTION

This procedure outlines the sequence of tests to provide reasonable assurance that
the train brake system will perform as intended, providing satisfactory slowdown,
stopping ability and able to hold the train statlonary on level or expected track gradI-
ents. These tests include static (vehicle standing) tests of the air brake system to
ensure compliance with existing AAR and FRA rules and regulations. Other tests
are conducted other than those that are strictly in accordance with AAR and FRA
rules to ensure the brake system on each car will be compatible and perform as uni-
formly as possible when coupled together.

INDEX

1.0 Description

1.1 Index

1.2 Equipment List

1.3 Figure List

14 Table List -

15 Reference List

1.6 Attachment List

2.0 Car Air and Handbrake System

21 Material and Equipment Reqmrernents

22 Single Car Test On Cars

2.3 Hand Brake Inspection

24 System Leakage Test

2.5 Piston Travel And Rigging

2.6 Minimum Application And Brake Cylinder Leakage And Slow Release
27 Service Stability, Emergency, Release After Emergency ABDW Appli-

cation And Manual Release Valve Tests

STATIC BRAKE
TESTING PROCEDURE



2.8
3.0
4.0
5.0
5.1
52

53

54

55
56

5.7

- 58

5.9
5.10
5.11
5.12
5,13

1.2 EQUIPMENT LIST

FR e AN TR

-

Tests On Second ABDW Control Valve (If Equipped)
Net Shoe Force Tests With Calibrated Brake Shoes
Hand Brake Net Shoe Force Tests

Tests Of Locomotive Brake System

Basic Braking Ratio Of Locomotive

Net Shoe Force Tests
Air Brake System Tests
- Main Reservoir Pressure And Leakage

. -;‘Brake Pipe Leakage Test .

‘Brake Cylinder Equalization Or Independent Apphcatlon And Release
‘Pipe Leakage

Pressure Maintaining Capacity Test
Calibration Test For Brake Pipe Flowmeter
Equalizing Reservoir (ER) Leakage

Service Brake Application And Reiease

“Emergency Application

Penalty Brake Application

Suppression Of Penalty Application

lea. |

as needed
as needed
2¢a.

lea.

lea.

2 sets

as needed
lea.

lea

2ea.

Standard AAR Single Car Test Device for Freight

FS-5 Plugged Dummy Hose Coupling With Double #80 Choke
LS-5 Plugged Dummy Coupling

0-160 psi or 0-200 psi 3-1/2" Dia. Air Brake Test Air Gauges
1/8" Wire Braided armored Hoses 18" Long

Filling piece 1/16-3/32"

Four Strain Gaged "JIM SHOES"

Batteries :

Portable Bellofram Adjustable Control Air Valve

Hose 1/8" or 1/4" of Ample Size

3 Lb. Blacksmith Hammers

All Safety Equipment As Required By TTC

STATIC BRAKE
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1.3 FIGURE LIST

2.1 Welding Setup

1.4 TABLE LIST

None

1.5 REFERENCE LIST

PRKG 2100... Truck Inspection Procedure
PKRG 3100.... Instrument Installation Procedure

M1001........ Manual of Standards and Recommended Practices,
Section C, Part I, Volume I, Chapter XI

TTC Operation Rules for the T‘ransporfatibn‘ Test Center,
Pueblo, Colorado, AAR, November 1, 1989.

Peacekeeper Rail Garrison Test Implementation Plan, (for
appropriate test car), Chapter XI Testmg

TTC Safety Rule Book
AAR Single Car Test Code (IP No. 5039-4 Sup 1)

Canadian Pacific Instructions and Methods

t

1.7 ATTACHMENT LIST

None

STATIC BRAKE
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NOTE

All personnel involved in the performance of this procedure or
observing the test(s) will comply with the TTC Safety Rule Book.

2.0 CAR AIR AND HANDBRAKE SYSTEM

2,1 Material and Equipment Requirements

TASK QA
NUMBER PROCEDURE : INITIAL

2.1.1 IN DATE Standard AAR Single Car Test Device for Freight, com-
- plete with FS-5 FS-5 hose coupling with double #80 choke.

2.1.1.1  LS-5 dummy coupling, plugged, to insert at brake pipe hose at end
car brake pipe hose coupling.

212 Two 0-160 psi or 0-200 psi 3-1/2" dia. Air Brake Test air gauges
cach attached to a 1/8" wire braided armored hoses approximately
18" long with a very thin filling piece (1/16" - 3/32") to insert
between brake cylinder pipe or reservoir pipe flange fitting and
flange fitting mounting bracket, in order to read pressure in these
pipes, see Figure 2.1.

1/8" steel tubing nipple

Cr=eet=——1 1M

less than 3/16" overlay

Figure 2.1 Weld Setup

STATIC BRAKE
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2.13

2.14

2,15

2.1.6

2.1.7

218

One, preferably two, sets of four strain gaged "JIM SHOE". They

are the type of calibrated brake shoes for measuring actual brake
shoe force during various applications of the brakes. These sets -
should be complete with ¢lectronic direct readout of brake shoe l
force.

New batteries to be installed with spares available. '

Portable Bellofram adjustable control air valve with surtable air o
supply.

Delivery hoses (1/8" or 1/4" size) of ample length to vary-and |
control brake cylinder pressure during calibrated shoe force tests.

One, preferably two, 3-1b. Blacksmith’s hammers to perform rap-r
ping durmg cahbrated brake shoe tests.

Currently effective copy of AAR Single Car Test Code booklet, IP
No. 5039-4 Sup. 1. This is AAR STANDARD S-486. .

2.2 Single Car Test On Cars

TASK : : QA
NUMBER PROCEDURE INITIAL
22.1 Install Test air gage filling piece and hose in brake cyhnder pipe

associated with each ABDW control valve, ‘
222 If car has two ABDW control valves, one on each span bolster

controlling only the brake cylinders on the two four wheel trucks.
Separate brake cylinders on the two four wheel trucks and se Farate
brake pipe length into two sections, if possible, when testmg
control valve performance

STATIC BRAKE
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223

224

225

226

227

228

229

22.10

22101
. as required with a new one or one known to be in good condition.

' Measure the effective brake pipe length on the control valve being
- tested or use the complete run of brake pipe through car, measuring
and recording the total length including end hose. =~ -

. Cut out and drain the other ABDW control valve, its auxiliary and
. emergency reservo1rs

Follow apphcable tests.in AAR Single Car Test Code, IP No.
5039-4 Sup 1, Test3.1. -

Attach single car tester to the brake pipe end hose on the car on

which the control valve being tested is located.

' Install plugged FS-5 dummy coupling at rear end or_oppdsite end of

brake pipe hose after determining that air is flowing freely from

"rear end" with single car tester in #1 or release position (AAR

Single Car Test Code, IP No. 5039-4 Sup. 1), Test 3.1.3.

Cut out the operative ABDW control valve, completely drain its

" reservoirs and proceed with Test 32to determme brake pipe
~ leakage.

If car does not pass this test, inspect complete length of brake pipe

and hoses using soap suds or acceptable leak detector fluid. Cor-

~ rect leakage found.

" If there are no detectable or significant leaks in the brake pipe,'

angle cocks or hoses. Pull reservoir release rod and hold it open to
see if there is any air pressure in reservoirs, Do this for the first
control valve and then for the other control valve. If there is

‘pressure now it indicates a leaking 1" branch pipe cut out cock.

Change out 1" b'ranéh!p"ipe cut out cock and dirt collector assembly

STATIC BRAKE
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- 2.2.10.2 Repeat Test 3.2 to ensure BP leakage is satisfactory.

2211 If car is equipped with an A-1 Reduction Relay Valve or an
Emergency Brake Pipe Vent perform AAR Single Car Test
Code, IP No. 5039-4 Sup. 1, Test 3. 3

2.3 Hand Brake Inspection

TASK QA

NUMBER PROCEDURE INITIAL
23.1 Chock wheels so car will not roll.

2372 Determine that shoes connected to handbrake release have effec-
tive force on them. ,

233 Release handbrake.

234 Check that the chain is "loose" but still is in line with sheave wheels
and not jam or foul when reapplied. :

2.4 System Leakage Test

TASK QA
NUMBER PROCEDURE INITIAL
241 Cut in ABDW control valve on end nearest smgle car tester and -

allow to charge.

242 Iea_ve other ABDW control valve cut out with its reservoirs
drained.

STATIC BRAKE
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243  Perform AAR Single Car Test Code, IP No. 5039-4 Sup. 1, Test 3.5.

244  When test is satisfactory proceed with remainder of apphcable tests
 on ABDW control valve at this end of car.

2.5 Piston Travel And Rigging

TASK | , . QA
'NUMBER ‘ PROCEDURE INITIAL -

25.1 Perform AAR Single Car Test dee, IP No. 5039-4 Sup. 1, Test 3.6.

252 -When making this test make service BP reduction carefully, noting
- the brake pipe pressure at which service brake cylinder pressure
~ (BCP) reaches its maximum. Record these values.

253  Brake cylinder pressure must be between 48 and 52 psi with reduc-
~ tion made accurately, set and fully charged 70 psi in system.

254 Check piston travel on all brake cylinders controlled by this ABDW
valve. o ‘

2.5.5 ¢ If brake cylinder pressure is outside the 48 to 52 psi range try
resetting piston travel to bring BCP within this range.

2.6 Minimum Application And Brake Cylinder Leakage And Slow Release

TASK ' QA
NUMBER PROCEDURE . INITIAL

2.6.1  Perform AAR Single Car Test Code, IP No. 5039-4 Sup. 1, Tests 3.7
- and 3.8 in accordance with the effective BP length on the car.

STATIC BRAKE
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2.6.2

2.6.3

2.64

2.6.5

2.6.6

2.6.8

Following successful passing of Test 3.7 and 3.8 recharge the equip-
ment.

Make approximately 10 psi BP reduction by reducing the setting of
the reducing valve on the single car test device.

Note brake cylinder and brake pipe"pressure and monitor this for 10 -
minuets. Pipe pressure should remain steady.

Increase in BCP over appx. 2 psi and particularly if it is a steady
rise, which may mean there is brake pipe pressure leaking into -
brake cylinder, praobably past quick service limiting valve "O" rings
in the service portion. ,

If brake pipe pressure leaking occurs, the service portion will have
to be changed out and a new or COT'D portion applied.

If there is brake pressure leaking recharge equipment and repeat
Tests 3.5, 3.6, 3.7 and 3.8.

2.7 Service Stability, Emergency, Release After Emergency ABDW
Application And Manual Release Valve Tests

TASK QA
NUMBER PROCEDURE INITIAL
27.1 Perform The following Test(s): Service Stability, Emergency,
Release After Emergency ABDW Application and Manual Release
Valve as per AAR Single Car Test Code, IP No. 5039-4 Sup. 1.
1. ,
272 Record the emergency equalization pressure and the piston travel

at each brake cylinder.
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2.8 Tests On Secand ABDW Control Valve (If Equipped)-

TASK: v QA
 NUMBER PROCEDURE __ - INITIAL
281 ' Oncarequ dpped with a second ABDW valve and second set of
- brake cylinders cut out the first control valve previously tested and
~ drain its reservoirs completely.
2.82  Cutin the second ABDW on the span bolster at other end of car.
_ NOTE
It will not be necessary to preform the BP leakage test
or auxiliary brake pipe reduction device tests if the
complete BP was previously tested.

283

- Repeat Sections 2.4 - 2.7.

3.0 NET SHOE FORCE TESTS WITH CALIBRATED BRAKE SHOES

TASK QA
NUMBER PROCEDURE ' INITIAL
3.0.1 Arrange to introduce pressure into brake cylinder pipe mdepen-
, dently from the ABDW control valve(s).

3.02 . Athin p1ece of shim stock should be used to blank off the brake

cylinder pipe (#3 port) at the AB pipe bracket.
3.0.2 . The bellofram adjustable reducing valve should be connected to the

single car tester supply line and the delivery hose into the tee under

the test air gage hose assembly. The supply. pressure should be 90

to 100 psi.

- STATIC BRAKE 10
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3.03
3.04

3.0.5

3.0.6
3.0.7

3.08

3.0.9

Remove brake shoes and install a "JIM SHOE" in each brake head

key bridge. .

Follow "JIM SHOES" instruction for zeroing and calibrating the
circuits of the electronic readout device. ,

Make actual ("net") shoe force readings at the following preésures;
set with the Bellofram adjustable reducing valve:

*

10 psi, 20 psi, 30 psi and 40 psi actual service equaliza-
tion pressure from 70 psi, 80 psi and 80 psi. ‘

- NOTE

Do not back off or reduce pressure if actual
turns out a psi or too different from that desired.
Use the pressure attained such as 22 or 43 psi and make
all force reading at this particular pressure.

Make a full set of pressure and force readings with the rigging at
each truck rapped with the 3-1b blacksmith’s hammer.

Hit each pin or clevis joint on each side of brake beam not more
than three times.

Following this release of BCP, reapply to the specific service equal-

ization pressure previously determined and make accrual force
readings without rapping the rigging.

' Calculate the efficiency of the rigging on each truck and the Net

Braking Ratio (NBR) of the service equalization pressure at 50 psi.

STATIC BRAKE
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" NOTE

These overall values @ 50 psi on the total gross weight
of the car should not be over 109% and must not be less than
6.5 % At empty weight of the car the NBR must not cxceed
‘ 30% @ 50 psi.

4.0 HAND BRAKE NET SHOE FORCE TESTS .

' TASK

, A
NUMBER - - PROCEDURE %ITIAL
4.0.1 ' Install suitable load cell or Strain Sert pin, preferably in the vertical

- chain coming down out of the geared hand brake or the closest
. horizontal chain.

4.02  Install Strain Seft pins at the delivery end pin of each TMB hand
- brake lever (Ellcon National) or the hand brake clevis connection
+ to the BC push rod Thrall TMB.

4.0.3 Apply geared hand brake {0 its specified vertical chain force or
. slightly above if exact force cannot be obtained.

4.04 Make net shoe force reading on each "JIM SHOE":

1. Without rapping rigging.
2. With rapping reading.

4.0.5 . If force is above specified vertical chain force release and reapply o, .

a force somewhat less and repeat Steps 4.0.3.-4.0.4

4.0.6  Handbrake net braking ratio must be a minimum of 11% of the
. gross rail load of the complete vehicle. Preferably the empty weight
* net braking ratio should not be more than 50% of the empty weight
" on the handbrake trucks.

-~ STATIC BRAKE
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5.0 TESTS OF LOCOMOTIVE BRAKE SYSTEM

5.1 Basic Braking Ratio Of Locomotive

TASK QA
NUMBER PROCEDURE INITIAL

5.1.1 Determine the leverage ratio associated with each brake cylin-
der

5.12  Determine the size of each brake cylinder.

513 Check lever lengths and compare with locomotlve builder rec-
ornmf:ndatlons/g pecifications.

514  The above Step 5.1.2 may require removing and measuring one
truck side set of levers. Then hopefully comparative outside
measuring points can be found so that the others can be
-checked.

515  The condition of the pins and bushings should be carefully

; ; \
inspected on the locations where parts are removed.

5.1.6  Worn or broken pins and bushings should be replaced in the
truck frame, levers and brake head assemblies.

5.1.7 Apgly independent brake making sure that all shoes are line up
wit andl contact the normal tread of each wheel. .

5.1.8 If a shoe overhangs'the; outside i'ir'h,.of a wheel, release brake
and push rigging laterally to determine if pins and bushings are
worn. Remedy the situation.

*  STATIC BRAKE
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CAUTION -
Overhanging shoes are a Federal defect.

With the weight of locomotive known, either light, with fuel or

4 STATIC BRAKE
TESTING PROCEDURE

5.1.9

with supplies ready to run, calculate the gross braking ratio of

the locomotive @ 50 psi.
5.‘1.10 & If locomotive is equipped with a J-1.6-16 brake cylinder-relay,

calculate 5gross braking ratio at 80 psi BCP and for independent

brake at 50 psi Independent and Release Pipe pressure.

NOTE
Normally these should be in the range of 26-28% @ 80
' psi with AAR high friction composition shoes,

: 5;2 Net Shoe Force Tests
TASK QA
NUMBER PROCEDURE INITIAL
521 'With rigging installed and operable with independent brake valve,

‘remove brake shoes and install calibrated "JIM SHOES" at the

location controlled by each brake cylinder on the truck.
522 ‘Make actual or net shoe force reading each 10 p51 up to 80 p51 with

rigging rapped.
523 ‘Make unrapped tests at 30, 50 and 80 psi. -
524  Calculate rigging efficiency and determine net braking ratios.

14



525 On front truck or that equipped with handbrake, arrange to install
Strain Sert pin or load cell preferably in vertical chain and apply
handbrake to manufactures specified force.

5.2.6 Make "JIM SHOE" reading of actual shoe force at each shoe
operated by the handbrake mechanism. DO NOT rap the rigging.

5.2.7 Calculate net braking ratio.

5.3 Air Brake System Tests

QA

TASK '
NUMBER PROCEDURE INITIAL
531 Ensure that all cab air gages are checked and meet master air gauge

within + or - psi.
5.4 Main Reservoir Pressures And Leakage
TASK \ QA
NUMBER ' ‘ PROCEDURE INITIAL
54.1 Partially open main reservoir (MR) drain cock in 2nd main reser-

voir and note the pressure where the Compressor Control Switch
(CCS) causes the air compressor to "cut-in" and start pumping. This
- should be between 125 and 130 psi. Note the pressure where the
+ CCS causes the air compressor to "cut out"and stop pumping at

between 135 and 145 psi,

542 Install LS-5 plugged dummy coupling at front and rear MR hose
couplings. i o

543 Open MR cut out cocks (usually reachable through end steps).

' STATIC BRAKE
TESTING PROCEDURE
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544

545

5.4.6

547

Close MR drain cock tightly and deactivate automatic drain valves.

Close MR cut out cock leading to brake equ1pment generally
- downstream from air filter.

- When compressor next cuts out, stop the diescl engine.

Measure the amount of MR pressure drop for three minutes. Maxi- .

- mum allowed pressure drop is 9 S)Sl or 3 psi per minute average. If

5438
549
54.10

5.4.11

greater than this locate source (s of leakage and eliminate.

* Restart engine and repeat Steps 5.4.2 - 5.4.7.
- Close MR cut out cocks at front and rear.
- Remove LS-5 Dummy Couplings.

| 'Restart‘engine and continue with tests.

5.5 Brake Pipe Leakage Test

TASK o oo QA
NUMBER PROCEDURE -+ INITIAL
55.1 . Install FS-5 dummy couplings in front and rear BP end hose cou- o

+ pling. _
552 Opcn angle cocks or 1-1/4" cut out cocks (rcachable through end

steps).

STATIC BRAKE
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553 Check and set 26-C automatic brake valve (ABV) BP regulatmg
' valves 1f necessary to 90 psi as read on BP cab air gauge.

554 Allow time for BP pressure to readjust and close the cut out cock in
* branch pipe leading to 26-F control valve (under floor).

5.55 Cut out 26-C ABV,
55.6 Wait a few minutes and then check BP pressure drop for 3 minutes.

NOTE

BP leakage rate must not exceed 3 psi in one minute.
If leakage exceeds this rate, locate source(s) and repair.
Repeat Steps 5.5.1 - 5.5.6. A

5.5.7 "Cut In" 26-C ABV and open branch pipe cut out cock leading to
26-F control valve.

55.8 Close angle cocks or 1-1/4" BP cut out cocks and remove LS-5
dummy couplings from front and rear BP end hoses.

5.6 Brake Cylinder Equalization Or Independent Application And Release
Pipe Leakage .

TASK LT
NUMBER " PROCEDURE

QA

INITIAL

5.6.1 Install HS-2 plugged Dummy couplings, one with test air gauge to
front and rear BC air hose couplings and then open 1 /2" BC line cut
~out cocks at front and rear.

5.6.2 Apply Independent Brake Valve (IND) to maximum.

STATIC BRAKE
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5.6.3 | Adjust pressure to read 80 psi on cab air gauge, if necessary,
“allowing time for pressure to adjust. BC test air gauge should read -
appx. 50 psi. ' : L ’

5.64  Close the "double ported MU cut out cock'; or piacé MU-2A valve

* “in Trail position. '

i

1

5.6.5 . Check leakage for three minutes, rate should not exceed 5 psi per
 minute.

5.6.6 . Close end BC cut out cocks, remove dummy couplings, open double
ported cut out cock or place MU valve in Lead position.

5.7 Pressure Maintaining Capacity Test

TASK : - - QA

NUMBER PROCEDURE INITIAL -

5.7.1 Install special pressure maintaining dummy coupling on coupling of

- rear BP hose. ‘ o

572, Open adjacent angle cock or 1-1/4" cut out cock under front steps.

NOTE
In cab it may be necessary to increase engine speed to
hold 90 psi BP setting on cab air gauge against flow out of
the 3/16" orifice. 90 psi must be maintained against the orifice.

573 . Close 1-1/4" BP cut out cock and remove test dummy coupling.

STATIC BRAKE 18
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5.8 Calibration Test For Brake Pipe Flowmeter

TASK ‘ ‘ QA
NUMBER PROCEDURE INITIAL
5.8.1 If locomotive is so equipped, follow instructions of the manufac-

turer of the flowmeter to properly calibrate or check calibration of -

the particular flowmeter. See Canadian Pacific Instructions and

Method for the WABCO B-1 Flowmeter and the WABCO.
5.9 Equalizing Reservoir (ER) Leakage
TASK N - QA
NUMBER PROCEDURE INITIAL -
59.1 Make Approximately a 10 psi ER and BP reduction with 26-C ABV,

then place BV cut off valve in "OUT" position.
5.9.2 ER pressure should show no leakage for a period of one minute.
593 Correct any leakage found and rcpe"at Steps 5.9.1-5.9.2.
5.10 Service Brake Application And Release
TASK o : _QA
NUMBER PROCEDURE " INITIAL
5.10.1  Move 26-C ABV handle to minimum reduction position.

NOTE

The equalizing reservoir and brake pipe should respond
and drop appx. 6 to 8 psi. Also brake cylinder pressure should
respond.

. STATIC BRAKE
TESTING PROCEDURE
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5.10.2

5103 |

5.104

5.10.5

5.10.6

5.10.7

5.10.8

5.10.9

5.10.10

Depress IND handle and BC pressure must exhaust to atmosphere.
Release and recharge.

Move 26-C ABV into service zone making approx1mate1y a 10 psi
reduction, note brake responds. -

Increase BP reduction in two or three appx. 2 psi steps and note
brake cylinder pressure increases.

Move to the right hand end of the service quadrant, note ER and
BP reduction increases to appx. 24-26 psi.

NOTE

Brake cylinder pressure should have increased to the
setting of the service limiting valve in the 26-F control
valve which should nominally be 60 psi maximum.

Move to the next notch or Suppression Position and then partly into
the overreduction quadrant noting the ER and BP pressure reduce
further from the 24-26 psi in effect in suppression position and that
there is no increase in BC pressure.

Move the automatic brake valve handle to the left past suppression
and into the service quadrant to about the position of a 10 psi

‘reduction. Note the ER and BC pressure do not increase and BC

pressure holds steady.

Move the ABV handle further left to release position. Note that
the ER and BP pressures rise to 90 psi and BC pressure exhausts
completely.

Release and recharge.

STATIC BRAKE
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5.11 Emergency Application

TASK

NUMBER

PROCEDURE

QA
INITIAL

5.11.1

5.11.1.1

511.1.2
5.11.14

5112

5.11.2.1

From engineman’s brake valves. With system fully charged,
quickly move 26-C ABV handle to far right of Emergency -
Position. Note that "PC" light illuminates, BP pressure :
quickly reduces to zero and that ER pressure steadily reduces
t0 Zero.

BC pressure should quickly rise to appx. 75 psi. Record BC
pressure, '

Power and dynamic brake are nullified.

Release and recharge brake system.

- From other side of cab emergency brake valve. With system. .
fully charged and 26-C ABV in release position, quickly open

the 1-1/4" Emergency Brake Valve.

Check that BP quickly drops to zero, 26-C ABV is cut off |

~ from suppling BP pressure and PC light illuminates after

51122

5113

26-C ABYV is moved to emergency position.

Timed sanding may operate if locomotive is equipped. This
indicates that the A-1 charging cut off pilot valve is operat-
ing; timed sanding may also operate, if locomotive is so
equipped. Power and dynamic brake are nullified.

From train brake pipe emergency. With system fully charged
and 25 ABV in release position, quickly open the rear en
angle or BP cut out cock. Note that BP quickly reduces to
zero, BC pressure quickly builds up to normal emergency BC
pressure and PC light illuminates.

STATIC BRAKE
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5.12 Péna_lty Brake Application

TASK | QA
NUMBER PROCEDURE INITIAL
5.121  With system fully charged and 26-ABV in release posmon lift or
: release foot pressure from the foot pedal
5.122  After 4 to 6 seconds and warning signal, note that penalty applica-
tion results and produces appx. 24-26 psi BP reduction and brake
. cylinder pressure builds up to appx. 60 psi.
5123  Place 26-C ABYV handle in suppression position and wait appx. 1
‘ mmute
© 2124 Move ABV handle to release position and note that penalty appli-
- cation is reduced to zero. This indicates proper opération of the
P-2-A brake apphcauon valve. -
513 Sﬁppression of ‘If"en‘alty Application
TASK o QA
. NUMBER . PROCEDURE INITIAL

5.13.1  Apply independent to about 10 psi BCP, release foot pedal and
note alarm sounds, quickly increase pressure to above 25 psi, note
alarm silences and no penalty application results.
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