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1.0 INTRODUCTION

The Federal Railroad Association(FRA) sponsered a research project with the Associ-
ation of American Rat (AAR)dmanaged Transportation Technology Center (TTC),
Pueblo, Colorado, to investigate the effects of variations in side bearing clearance on the
vechicle dynamics of a loaded freight car with a relatively high center of gravity. AAR’s
computer program NUCARS was used to simulate the car’s dynamic behavior.

This investigation was a continuation of another project (TO101,1993), which also
tested a loaded freight car with a high center of gravity (c.g.), but on the Vibration Test
Unit in TTC’s Rail Dynamics Laboratory and on track.! These early comparisons,
between on-track tests and limited computer simulations, found in the analysis per-
formed by Volpe National Transportation Systems Center (VNTSC) provided a basis for
the studies included in this report.”

2.0 OBJECTIVE

The objective of this investigation was to support previous (1993) on-track testing and
analytical modeling to further determine the effect of side bearing clearance in the pres-
ence of various secondary suspension configurations on high c.g. cars. Further parame-
ters investigated were track gage, wheel/rail coefficient of friction, secondary spring
stiffness, and the effect of hydraulic damping. All vehicle configurations were
simulated using various track input amplitudes.

Prior to modeling, a preliminary review of all test data was conducted to obtain a
better understanding of the overall test results and to help in the direction of the model-
ing effort.

3.0 PROCEDURE

The modeling effort involved various model configurations including side bearing
clearance, wheel/rail coefficients of friction, car suspension, track input amplitude and
track gage. The configurations modeled were based on comments from FRA and dis-
cussions with VNTSC personnel.® Review of the test plan resulted in modifications of
the test matrix. These changes were made to better suit the overall objectives of the test
program. All configurations were modeled on mathematically generated 39-foot stag-
gered joints using standard wheel/rail profiles on a high c.g. covered hopper car.

3.1 NUCARS DESCRIPTION

NUCARS is a generalized vehicle dynamics program used to aid in vehicle design
and testing. Vehicles are simulated in NUCARS as an assembly of body masses
linked by connections representing actual suspension components. The flexible
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structure of the model allows the user to simulate the response of any vehicle to any
track input. Simulation output includes predicted body and wheel set displace-
ments, suspension forces and strokes, wheel/rail interaction forces, and wheel and
rail wear indices.

The required input to accurately describe a specific vehicle includes masses
and dimensions of major body components, moments of inertia, and detailed infor-
mation on all suspension locations, stiffness, damping characteristics and the c.g.
height.

The model simulated the NUCARS mode of predicting forces and car body
response resulting from the dynamics of the rolling wheel on rail.

3.2 MODEL DEVELOPMENT

Development of the initial NUCARS model for this application was performed by
personnel from VNTSC. This information was used as a baseline for the TTC model-
ing effort to eliminate duplication of effort.

The following changes were made to the NUCARS system file provided by
VNTSC for the D5 spring configuration. All changes were agreed to by VNTSC per-
sonnel and TTC engineers.

3.2.1 System File

- .003 inch was added to the desired side bearing clearance due to the center plate
spring stiffness (ie. .250 to .253), which then allowed proper settling of the car
body center bowl.

- The side frame wedge angle on the Barber truck was changed from 37.5 degrees
to 35 degrees, appropriate for this truck design.

- The vertical spring rate for the bolster spring nest was changed to a standard
100-ton spring rate for the D-5 simulations.

3.3 MODELING MATRIX

Table 1 summarizes the test matrix configurations used for the NUCARS modeling.
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Table 1. Modeling Configurations

Parameter Configuration
Classification Covered Hopper
Loaded Car Body Weight {266,000 Ibs
C.G Height 193.0 inches
Side Bearings Roller 688B
Truck Type Barber, Variable Damped S-2-C
Truck Spacing 40.5

Side Bearing Clearance

1/4" and 3/8"

Truck Suspension

D5, D5 w/Hydraulic Damping, and D7

Speed 10 to 20 and 20 to 10 mph
10 to 30 and 30 to 10 mph

Track Gage 56, 56.5, and 57 inches

Wheel Profile Standard AAR-1B

Rail Profile AREA136

Input Amplitudes 0.75, 1.0 and 1.25 inches

Wheel/Rail Coefficient of
Friction

0.1,0.3and 0.5

The basis for this model is the AAR102 covered hopper car. This car has a history of
testing dating back to when it was part of the Norfolk Southern Car Rocker Test
Facility for testing trucks and snubbing devices. AAR102 is used by AAR/TTC for
the conduct of specification testing. The car is currently loaded with packed cement
powder.

3.4 NUCARS INPUT FILE PARAMETERS

3.4.1 Input File

Track inputs based on a rectified sine waveform, shown in Figure 1, were used
during all of the modeling cases. Three input amplitudes (0.75, 1.0 and 1.25)
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were selected based on the test data review and consultation with VNTSC per-
sonnel. The length of the input was sufficient to clearly identify resonant speeds,
generally 1250 to 2500 feet. The distance-based rate of the input was set at 0.0085
mph/foot of distance traveled. This is equivalent to a 10 mph change in velocity
over 1170 feet.

PREUU Version 2.00
Association of American Railroads
Copyright (c) 1992
0.0
-T2 SN N, SR & WU & WO & WS & S S & W A SUN— A
0.4 IR AEIIOR. IUNE P IV S I N SV PAVUN AFUININ SV IS I NN I W
0.6 e e e SRS SO I VRSO I S o 1 At * SERER
-0.8 . . . \ . . . . , H ) . .
0 50 160 150 200
PLOTTING LEFT VERT & RIGHT UVERT versus DISTANCE FEET
Chp XI Twist & Roll Input:; 10 staggered low joints (3.4 in) on 33 ft rail

Figurel. NUCARS Input File -- 3/4"

3.4.2 Wheel/Rail Geometry File _

A description of the contact between the wheels and rails is required to run a
railroad track simulation using NUCARS. This is contained in the wheel/rail
geometry (WRG) file. The WRG file used for all modeling cases consisted of a
standard AAR 1B wheel profile on an AREA 136-pound rail. Track gage varia-
tion in the WRG file included standard, narrow, and wide gage configurations.
Figure 2 shows a NUCARS plot of rolling radius change with wheel set lateral
position for this combination of wheel and rail at standard gage. The 1:20
tapered tread region is apparent during tread contact. The transition up the
flange is fairly continuous until two point contact occurs.
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PREUVWUJ Version 2.00
Association of American Railroads
Copyright (c) 1992

e ——

15.0 ] . b R
10.0 ] s R S e
501 _____________ U N S
0.0 - § S
-15.0 -10.0 ~-5.0 0.0 5.0 16.6 15.0
PLOTTING ‘Yheel Rolling Radius L versus Lateral .Displacement mm

WHEELSET AAR1BUF MEASURED 06-08-93 ON RAILS AREA1364 MEASURED 06.-29.-91

Figure2. Wheel Rolling Radius versus Lateral Displacement

3.4.3 Data File

Table 2 lists the primary measurements which were evaluated using the
NUCARS model. Additional measurements were also collected for diagnostic
purposes during preliminary analysis. All data channels collected during simu-
lations were high-pass filtered at 15 Hz.
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Table 2. VTU Test Measurements Predicted by NUCARS

Description Location
Car Body Roll Rotation Center
Vehicle Velocity | n/a
Vertical Wheel Force Axle123 &4
Axle Roll Rotation Axle12,3 &4
Bolster Roll Rotation A & BEnd

4.0 RESULTS

Simulations were performed based upon the model and input criteria described in Sec-
tion 3.0 of this report. The primary mode of data reduction was conducted by combin-
ing the peak-to-peak roll angles with speed for each major run configuration.

Figures 3 and 4 show typical NUCARS plots of car body roll; the peak-to-peak roll
angle of 5.5 degrees occurred at 12 mph. Figure 5 shows a typical history plot of speed
versus distance during a downward sweep from 20 to 10 mph.
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Figure 3. Time History -- Car Body Roll Versus Speed
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X17.0UT NUCARS Uersion 2.055 27-Dec—94
Transportation Test Center, Pueblo, Colorado
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Figure 5. Time History -- Speed Sweep Versus Distance

4.1 MODELING ANALYSIS ’

Two performance measures were selected to analyze roll response from this model-
ing effort. The first is the maximum peak-to-peak roll angle. AAR freight certifica-
tion standards place a limit of 6 degrees on this value. The second criterion is the
minimum vertical wheel load expressed as a percentage of the static wheel load.
AAR standards state that this value should not fall below 10 percent at any speed up
to the maximum operating speed.* Values below this threshold identify potential
loss of wheel/rail contact and guidance. The following sections contain summary
plots from reduced data showing peak-to-peak car body roll versus speed of each
model configuration.

4.1.1 D5 Configuration

Figures 6 through 8 show plots from the D5 truck spring configuration. Each
figure includes side bearing clearances of 1/4- and 3/8-inch side bearing
clearance. The figures are presented in order from 0.75, 1.00 and 1.25 track input
amplitudes respectively.
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4.1.2 DS Configuration With Suspension Damping

Figures 9 through 11 contain plots from the D5 with hydraulic damping truck
spring configuration. Each figure includes side bearing clearances of 1/4- and
3/8-inch side bearing clearance. The figures are presented in order from 0.75,
1.00 and 1.25 track input amplitudes respectively.
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4.1.3 D7 Configuration (Long Travel Suspension)

Figures 12 through 14 contain plots from the D7 truck spring configuration. Each
figure includes side bearing clearances of 1/4- and 3/8-inch side bearing
clearance. The figures are presented in order from 0.75, 1.00 and 1.25 track input
amplitudes respectively.
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4.2 VARIATION IN COEFFICIENT OF FRICTION

Figures 15 through 17 show history plots of car body roll versus speed for each vari-
ation of the wheel/rail coefficient of friction (0.1, 0.3, and 0.5.). Results from these
plots show that no significant differences in car body roll were detected when the
wheel/rail coefficient of friction was changed. This analysis, conducted at the begin-
ning of the modeling runs, concluded that a wheel/rail coefficient of friction of 0.5
would be used for the remainder of the modeling runs.
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4.3 VARIATION OF TRACK GAGE

Figures 18 and 19 show x-y plots of peak-to-peak car body roll versus speed during
the two test modes (sweep-up and sweep-down). Configurations of narrow (56
inch), standard (56.5 inch), and wide (57 inch) track gage are included in each plot.
Both test modes consistently defined that the greatest peak-to-peak car body roll
occurred when a narrow track gage of 56-inches was used. Since the change in the
peak-to-peak roll angle was typically less than 1 degree, the remainder of the model-
ing runs were conducted using an standard track gage (56.5 inches).

CARBODY ROLL ANGLE
X5,X25,X5W (SWEEP UP)

PEAK-TO-PEAK ROLL ANGLE (DEG)

0 12 16 18 20

14
SPEED (MPH)
—w-565GA  _g_ 56GA 57

Figure 18.  Variation of Track Gage -- Sweep Up
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10 2

14 16 18 20
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—a-565GA  _e S6GA w57

Figure 19.  Variation of Track Gage -- Sweep Down

4.4 COMPARISON TO CHAPTER XI LIMITS

Figures 20 through 22 show plots of compiled wheel loads and peak-to-peak car
body roll angles for each of the three input amplitudes, 0.75 inch, 1.0 inch and 1.25
inch. Each plot shows a comparison between the values obtained from selected sim-
ulations and the allowable AAR specification limits for car body roll and minimum

- vertical wheel load.
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5.0 CONCLUSIONS

The following observations are based on the modeling configurations included only in
this report. These observations may not, in some cases, directly apply to the previous
test data where a much wider spectrum of testing was analyzed. Typical examples
include prior test data from configurations of 1/8 inch, 1/2 inch and 3/4 inch side bear-
ing clearance, compared to observations of 1/4 inch and 3/8 inch included in this
report.

5.1 GENERAL OBSERVATIONS - CAR BODY ROLL

- Downward sweep runs always produce a lower frequency peak roll angle when
compared to the upward sweep. Typically, it is of greater amplitude than the
upward sweep.

- Vehicle roll angle increases with input amplitude; the largest, increased between
0.75- and 1.0-inch input amplitude.

- The variation of side bearing clearance modeled, 1/4 inch and 3/8 inch, had little
influence on roll angle. Previous test results showed that larger side bearing
clearance gap changes did affect car body roll angles.’

- Spring type (D5 vs D7) has a very small effect on peak-to-peak roll angle.
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Hydraulic damping significantly reduces the peak-to-peak roll angle.
Wheel/rail coefficient of friction and track gage have a negligible impact on roll
angle.

0.75-inch input produced no roll angle in excess of the AAR 6-degree limit.

For the 1.00-inch input amplitude, D5 and D7 undamped configurations, 6 of 8
simulations produced peak-to-peak roll angles above the 6-degree specification
limit.

At 1.25-inch input amplitude, all configurations without additional damping
exceeded the 6-degree limit. All cases produced peak-to-peak roll angles
between 10 and 12 degrees.

5.2 GENERAL OBSERVATIONS -- WHEEL LOADS

For 0.75-inch input amplitude, the minimum wheel load is never less than 30 per-
cent of static wheel load regardless of spring/damper arrangement. For the D5
damped arrangement it is never less than 60 percent of the static load. Itis
anticipated that very worn trucks with lower damping capability as tested pre-
viously, could have produced wheel unloading of greater significance if mod-
eled. '

With 1.0-inch input amplitude, half of the cases produced wheel lift although
none of these were with hydraulic damping.

At 1.25-inch input amplitude, all D5 and D7 configurations without hydraulic
damping generated wheel lift.

With 1.25-inch input amplitude, D5 configuration with hydraulic damping main-
tained at a minimum of 18 percent of static wheel load.

6.0 RECOMMENDATIONS

This study covered only a small range of possibilities in terms of harmonic roll response

for high c.g. vehicles. The repeated jump response detected with the upward and

downward sweeps illustrate the difficulty in identifying a safe, low operating speed.

The different side bearing clearances modeled, 1/4 inch and 3/8 inch, provide

little or no additional margin of safety. Hydraulic damping at its optimal level can

greatly reduce the risk of wheel lift and therefore derailments. The durability of

hydraulic dampers may still be questionable in addition to these benefits given pur-

chase, installation, and maintenance expense.

If the roll performance is a proven safety concern, then additional investigation of

roll moderation techniques should be performed. This should also include a survey of

the track geometry for amplitude, wavelength, and repeat distance.
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A vehicle survey with regard to the population of vehicles equipped with vertical
damping would also be of value. An estimate of high c.g. limits typically produced
should be tabulated. Upon completion, a program consisting of testing and computer
modeling should be developed to verify new railcar designs and track safety standards.
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