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EXECUTIVE SUMMARY

The High Performance, High Cube Covered Hopper Car
Project was initiated in 1980, as part of the Track Train
Dynamics Program, with a view to promoting improved designs
of cars. The supply industry was invited to develop and
submit improved designs of covered hopper cars for test.
Performance guidelines were issued for new car designs and
included the outline for a test program. This document
called for the testing of a current design (base line case)
covered hopper car, against which each prototype car would be
compared. A test base car was obtained on loan from the
Missouri Pacific Railroad. A series of reports will describe
in detail the base car test series. This particular report
describes the rock-and roll and bounce regime tests.

The rock-and-roll and bounce tests were conducted on
shimmed track sections in the Linear Induction Motor (I.IM)
track and Balloon Loop at the Transportation Test Center in
Pueblo, Colorado. Both empty and loaded car tests were
conducted.

For the rock-and-roll regime, the measurements of
primary interest were the car body roll angles and vertical
wheel loads, with particular regard to wheel 1lift and
suspension system spring travel.

For the bounce regime, the vertical accelerations at the

car body center plate and wheel loads were of primary

interest.



The bounce and rock-and-roll test runs were conducted in
such a manner that the resonance condition could be
determined within 1 mph of the true resonant speed.

.It was found from the results that track curvature did
not affect the resonant roll speed of the vehicle. The
maximum roll response was attained when the car body roll
natural frequency coincided with that of the rail joint input
frequency. The resulting maximum peak-to-peak roll angles on
tangent track ranged from 9.3 degrees for. the empty car to
10.6 degrees for the loaded car. The results from the curved
track tests were comparable. It should be noted that the
maximum peak-to-peak roll angle recommended in the AAR
Guidelines is about 6 degrees.

The vertical wheel loads, measured on the leading wheel
set of the empty car, were also comparable in both the
tangent and curved track tests. Dynamic load factors
exceeding twice the static wheel load were found in all of
the test runs.

In the case of the loaded car, the maximum wheel loads
were developed at speeds near the resonant speed of the
vehicle. Dynamic load factors of more than 2.0 and sustained
wheel unloadings, with a distance duration of 6 feet, were
noted in the critical speed range of 15.5 to 19 mph.

The results of the bounce tests indicated that the car
body vibrated at its input excitation frequencies and their
harnonics. The vehicle experienced its bounce and pitch

resonances near 56 mph, for which the natural frequency of

the car body on its suspension system coincided with the
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frequency at which the car passed the 39-foot rail joints.

A brief summary of the results is as follows:

Rock-and-Roll Tests

Vehicle Critical Peak-to-Peak Vertical Wheel Load

Track Config- Speed Roll Angle Minimum Maximum
uration (mph) (degrees) (1b) (1b)
Tangent Empty 24.8 9%3 0 21,000
Loaded 1857 10.6 0 78,000
Curved Enpty 24 .4 9.3 . 0 224500
Loaded 18.0 9.8 0 68,500
Bounce

Vertical Acceleration Vertical Wheel Load
Vehicle Geitical

Configur- Speed rms:] [:peak Minimum Maximum
ation (mph) g's g's (1b) (1b)
Empty 70 mph* s » . .
Loaded 56.3mph 0.4 i 55 . 9,500 58,000

* Not determined, because the critical speed was above the
naximum speed tested.

The wheel loads shown here are the "peak" minimum and
"peak" maximum values, and represent the absolute minimum and
maximum values. Other statistical characterizations are

discussed in the report.
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LIST OF SYMBOLS AND ABBREVIATIONS

Symbol
(or)
Abbreviation Definition

AR4 A-end (leading), right side, fourth axle of the
vehicle.

AL4 A-end (leading), left side, fourth axle of the
vehicle. .

L/V Ratio of lateral to vertical wheel load.

AL A-end (leading), left side.

AR A-end (leading), right side.

ALD Automatic location detector.

LIM Linear Induction Motor (the name of the track
where the rock-and-roll tests were conducted).

CG Center of gravity.

LS¥ The level that is exceeded ninety-five percent
of the time.

L95%* The level that is exceeded five percent of the
time.

LTD6MIN* The minimum of all levels that are continuously
sustained over a six foot length of track.

LTD6MAX* The maximum of all levels that are continuously
sustained over a six foot length of track.

RMS* Root mean square.

STD* Standard deviation.

* See Appendix A for more detailed descriptions.
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1.0 INTRODUCTION

The cooperative international Track Train Dynamics
Program initiated a High Performance, High Cube Covered
ﬁopper Car Project in 1980 with the objective of encouraging
the development of an improved covered hopper car. Industry
derailment statistics pointed to the need for ‘improving the
performance of this car type, particularly the roll
stability. After careful review of available dynamic
performance test data, a set of performance guidelines were
developed. These were described [1]* in terms of dynamic
performance regimes, such as hunting, curving, curve entry,
rock-and-roll and bounce.

These guidelines were published and railway industry
suppliers were encouraged to develop cars with improved
performance that would meet the provisions of the performance
standards. After a review of industry-published test data,
it was concluded that sufficient data were not available for
the conventional 100-ton high cube covered hopper car. Thus,
the project plan called for testing of a current design (base
line case) covered hopper car, against which each new
prototype car would be compared. The base car was obtained
on loan from the Missouri Pacific Railroad for use in the

test program.

* Numbers in square brackets (] refer to the References,
listed in Section 10.0 of this report.



This report describes the dynamic test program and
results for the roll, pitch and bounce regimes. The
rock-and-roll performance of a covered hopper car is one of
the‘major elements of the program, because of its
relationship with operational safety.

The overall test series also examined other performance
aspects of the base car, and these are reported in a total of
four volumes. This report is Volume 1. Volume 2 [2]
describes the hunting performance, Volume 3 [3] describes the
curving performance and Volume 4 [4] presents a summary of

all of the base car performance tests.

2.0 TEST CAR

Figure 1 shows the base car, a 100-ton covered hopper
car.with a capacity-of 4750 cubic<feet. The.car is 57 ft,., 4
in. over strikers and with a truck center distance of 45 it
9 in. The estimated center of gravity height is 95 inches
loaded and 61 inches empty, above the top of rail. The car
was equipped with conventional three-piece trucks, with
constant-column friction damping and double roller
conventional side bearings. Each spring group had seven AAR
D-5 outer coil springs and nine AAR D-5 inner coil springs,
with a capacity (at solid height) of 95,698 1lb.. Other
pertinent car dimensions are shown in Figure 2,

The test car was selected to be generically
representative of a class which have exhibited performance

deficiencies during revenue service operations.
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Figure Yo 100-ton High Ccube (4750 cu.
uysed for the Dynamic Performance TestS.
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3.0 TEST PROGRAM

The Dynamic Performance Test Program was designed to
quantify the essential parameters, for each dynamic
performance regime, with which the base car could be judged
and compared in relationship to‘any new prototype car. The
dynamic performance regimes that are neccessary to
characterize the performance of a car are related to wear and
stability, and include curving, curve entry, hunting,
rock-and-roll and bounce. The test program was designed
around available track sites at the Transportation Test
Center in Pueblo, Colorado, as shown in Figure 3. A Test
Matrix summary for the rock-and-roll and bounce tests,
including the test tracks that were used, is shown in Table
1. The rock-and-roll tests utilized perturbed track sections
in the LIM (Linear Induction Motor) track and the Balloon
Loop, which were shimmed in accordance with the pattern shown
in Figure 4. Automatic location detectors (ALD) were placed
on each of the test tracks to identify the various track
loops and test sections. This system uses retroreflective
markers on the track, and an infrared light emitting source
and receiver systenm on the test car. For the LIM tangent
track rock-and-roll section, ALD markers were placed at both
ends of the shimmed section, which was approximately 400 feet
in length. The curved track rock-and-roll section on the
Balloon Loop was 400 feet long and was designated, for data
reduction purposes, as Section 3 of the Balloon Loop. A

guard rail was provided to prevent derailments. The Balloon

Loop is a 7-1/2 degree curve with a 4-1/4 inch superelevation,

B
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Table 1

Test Matrix Summary for the Base Covered

Hopper Car Tests

DYNAMIC PERFORMANCE REGIME LOADED EMPTY TEST TRACK USED

TANGENT ROCK-AND-ROLL X X LIM

CURVE ROCK-AND-ROLL X X BALLOON

BOUNCE X X LIM
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Tie C: 1./:2 Tie! s 1./:8

Tangent Track: At least 20 rail lengths total, each shimmed as indicated.
7-1/2° Curve. Balloon Loop: At least 10 rail lengths, starting at Station
3086 CCW, and shimmed as indicated.

Figure 4. Shimming Pattern for the Rock-and-roll Test Track Section.



resulting in a balance speed of about 30 mph.

4.0 TEST RUNS FOR ROCK-AND-ROLL AND BOUNCE
. The test runs were made in.one direction only over the
perturbed sections. The generai methodology was to locate
the resonance condition within 1 mph, and to quantify the
performance throughout a reasonable range of operating
speeds. For the rock-and-roll tests, a speed increment of 2
mph was initially chosen. After bracketing the resonant
speed range within 2 mph, intermediate speeds were then run.
The runs started at 12 mph for the loaded car and 20 nph for
the empty car. 1In each case, the runs continued until it was
determined that resonance had been reached and passed, and
the resonant speed was accurately located. The procedures
were identical for both the curved and tangent track
rock-and-roll runs.

The test runs for empty and loaded car bounce were
conducted in a similar manner. The speed increments were 5
mph, starting at 20 mph, until the resonance condition had

been achieved or the limiting track speed was reached.

5.0 TEST CONSIST AND INSTRUMENTATION

The test consist included, in order, a four-axle
locomotive, the AAR-100 Research Car, a loaded 100-ton open-
top hopper car, serving as a buffer car, the test car, and a
follow-on buffer car. The A-end of the test car was the
leading end in all of the tests.

The AAR-100 Research Car has been designed for data

il



collection, and includes a PDP 11/34 computer and associated
hardware which was recently installed. An instrumentation
block diagram for the on-board data collection system and
transducer input cable connections is shown in Figure 5.

The data acquisition system was under the control of a
general purpose data acquisition software program, described
in Section 6. In all cases, a sampling rate of 256
samples/sec was used for each of the channels.

The transducers used for the rock-and-roll and bounce
performance tests included two instrumented wheel sets, an
angle-of-attack measurement device on the A-end (leading)
truck and roll gyros. The vertical and lateral force
measurement strain gages on each instrumented wheel, and the
roll gyros were the principal transducers for the
rock-and-roll tests. They were selected so as to directly
evaluate the rock-and-roll performance. Other transducers
were used to obtain supplementary information, that would be
useful for modeling purposes, and for gaining insights into
the effects of possible parametric variations of the design
hardware. These parameters included spring displacements,
side bearing forces and side frame/bolster relative
displacements.

The instrumented wheel sets were of the IIT Research
Institute design [5], in which each wheel had strain gages
mounted on the wheel plate and electrically connected so as
to form six separate full Wheatstone bridges: three vertical,

two lateral and one position (lateral). After cross-channel

corrections, the output from each was used to provide
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continuous vertical and lateral load measurements. This was
done in real time by use of a dedicated microprocessor for each
wheel set. A lateral to vertical load (L/V) ratio measurement
was also provided continuously. Each microprocessor handled
twelve channels of data (from one wheel set) and had its own
analog-to-digital converter. It could also convert the digital
data back into an analog format, for display on a strip chart
recorder.

The vertical load range was 0 to. 100,000 1lb., the lateral
load range was +100,000 1lb. and the L/V ratio range was + 10.

A side view of the instrumented wheel sets is shown in Figure 6.

The angle-of-attack measurement framework can also be seen
in Figure 6. The angle-of-attack for each wheel set was
obtained by measuring the lateral displacement of the wheel
relative to the rai;, by means of probes that contacted the
running surfaces of the rails. The probes had a range of + 2.0
inches and were located ahead of and behind each wheel.

Automatic location detector (ALD) markers were used and
speed measurements were made in all of the rock-and-roll and
bounce tests. A summary of transducers for the rock-and-roll
and bounce regimes is given in Table 2, and the locations of
these transducers are shown in Figure 7.

Typical locations and transducer mountings are shown in
Figures 8, 9 and 10. Figure 8 shows the rate gyro for roll
angle measurements, which incorporated an integrator in the
associated signal conditioner to provide roll displacements

directly in degrees. Figure 9 shows a vertical spring group

displacement transducer, of the bending-beam-type, equipped
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Table 2

Summary of Instrumentation for the
Base Car Performance Tests.

Measurement Parameter and Transducer
No. Location Type
1 Automatic Location Detector -
2 Research Car Speed --
3 AR3 Wheel/Rail Displacement
Rear Probe Bending Beam, Strain Gaged.
4 AR3 Wheel/Rail Displacement
Front Probe . Bending Bean, Strain Gaged.
5 AR4 Wheel/Rail Displacement
Rear Probe Bending Beam, Strain Gaged.
6 AR4 Wheel/Rail Displacement
Front Probe Bending Beam, Strain Gaged.
7 AR3 Vertical Wheel Load Instrumented Wheel Set.
8 AR3 Lateral Wheel Load Instrumented Wheel Set.
9 AR3 L/V Ratior Instrumented Wheel Set.
10 AL3 Vertical Wheel Load Instrumented Wheel Set.
11 AL3 Lateral Wheel Load Instrumented Wheel Set.
12 AL3 L/V Ratio Instrumented Wheel] Set.
13 AL4 Vertical Wheel Load Instrumented Wheel Set.
14 AL4 Lateral Wheel Load Instrumented Wheel Set.
15 AL4 L/V Ratio Instrumented Wheel Set.
16 AR4 Vertical Wheel Load Instrumented Wheel Set.
17 AR4 Lateral Wheel Load Instrumented Wheel Set.
18 AR4 L/V Ratio Instrumented Wheel Set.
19 AL3 Spring Travel Bending Beam, Strain Gaged.
20 AL4 Spring Travel Bending Beam, Strain Gaged.
) § BL Side Bearing Load Load Cell.
22 BR Side Bearing Load Load Cell.
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Table 2 (Continued)

Measurement Parameter and Transducer
No. Location Type
23 A-end Roll Gyro Rate Gyro with Integrator
Circuit,
24 B-end Roll Gyro Rate Gryro with Integrator
CiEcuit.

25 AL3 Side Frame-to-Bearing

Adaptor, Longitudinal

Displacement Bending Beam, Strain Gaged.
26 AR3 Side Frame-to-Bearing

Adaptor, Longitudinal

Displacement Bending Beam, Strain Gaged.
27 AL4 Side Frame-to-Bearing

Adaptor, Longitudinal

Displacement Bending Beam, Strain Gaged.
28 AR4 Side Frame-to-Bearing

Adaptor, Longitudinal

Displacement Bending Beam, Strain Gaged.
29 AL3 Side Frame-to-Bearing

Adaptor, Lateral : _

Displacement Bending Beam, Strain Gaged.
30 AR3 Side Frame-to-Bearing

Adaptor, Lateral

Displacement Bending Beam, Strain Gaged.
31 AL4 Side Frame-to-Bearing

Adaptor, Lateral

Displacement Bending Beam, Strain Gaged.
32 AR4 Side Frame-to-Bearing

Adaptor, Lateral

Displacement Bending Beam, Strain Gaged.
33 A-end Lateral Acceleration

at Car Body Center of Gravity Bell & Howell Accelerometer.
34 B-end Lateral Acceleration

at Car Body Center of Gravity Bell & Howell Accelerometer.
35 AL Side Sill Lateral

Acceleration

- 195 -

Bell & Howell Accelerometer.



Table 2 (Continued)

Measurement Parameter and Transducer
No. Location Type
36 AR Side Sill Lateral
Acceleration Bell & Howell Accelerometer.
37 BL Side Sill Lateral
Acceleration Bell & Howell Accelerometer.
38 BR Side Sill Lateral
Acceleration Bell & Howell Accelerometer.
39 AR3 Bearing Adapter Lateral
Acceleration _Setra Accelerometer.
40 AR4 Bearing Adapter Lateral
Acceleration Setra Accelerometer.
41 BR1 Bearing Adapter Lateral
Acceleration Setra Accelerometer.
42 BR2 Bearing Adapter Lateral
Acceleration Setra Accelerometer.
43 A-end Center Plate
Vertical Acceleration String Potentiometer.
44 B-end Center Plate
Vertical Acceleration String Potentiometer.
77 A-end Left Truck Swivel String Potentiometer.
78 A-end Right Truck Swivel String Potentiometer.
79 A-end Right Spring Travel String Potentiometer.
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