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EXECUTIVE SUM M ARY

Side bearing clearance greatly influences a freight car's response to track tw ist during  
spiral negotiation  -- increasing side bearing clearance decreases w h eel un loading for a 

given  am ount o f track tw ist. Thus, the potential for increased tolerance o f track tw ist b y  
increasing side bearing clearance w as a m otivator for th is test. H ow ever, side bearing  

clearance also influences harm onic roll behavior, and there is  concern about the p ossib ility  
o f increased roll response, w h eel unloading, and rock-off tendency.

O f additional concern, describing-function analysis conducted b y  V olpe N ational 
Transportation System s Center (VNTSC) indicated the potential for sam e track conditions 

and train operating speed s to produce different roll response depending up on  w hether  
the train is accelerating or decelerating.1,2 This phenom enon is term ed "jump response." 

It also has b een  encountered during previous VTU testing on  boxcars.3 Jump response  
occurs w h en  the vibration frequency is decreased at a relatively uniform  rate on  a veh icle  

w ith  a softening susp en sion  system . It w as anticipated that increasing sid e bearing  
clearance w ou ld  am plify the effect of the roll suspension  softening. Jump response w as 
induced b y the VTU w ith  accelerating (sw eep up) and decelerating (sw eep dow n) sinu­
soidal w aveform  inputs.

U nfortunately, there is little supporting harm onic-roll test data available, and there 

has been  contradicting m odel predictions as to w hether increasing sid e bearing clearance 
im proves or w orsens harm onic roll behavior.

The A ssociation  o f A m erican Railroads, Transportation Test Center, Pueblo, C ol­
orado, w ith  support and direction from  Federal Railroad A dm inistration and VNTSC,

t

conducted tests on  the V ibration Test U nit (VTU) using a loaded  freight car w ith  a h igh  

center-of-gravity. The VTU w as used  to sim ulate a range o f am plitudes o f sin usoid ally  

varying track cross lev el w ith  a w avelength  equal to the truck center spacing o f the test 

vehicle. The sim ulated frequencies w ere varied to correspond to a range of test sp eed s o f 

approxim ately 10 to 25 m ph. The car w as tested w ith  constant-contact sid e bearings and  

conventional roller sid e bearings. W hen the car w as equipped w ith  the conventional roller 
side bearings, test runs w ere m ade w ith  different sid e bearing to car b od y bolster gap  
clearances. Tw o truck sets w ere tested on  the VTU.
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The AAR also operated the car in  tw o side bearing gap configurations on  the Precision  
Test Track over the tw ist-and-roll test zone to correlate VTU and on-track car behavior.

It w as evident from  the VTU test data that increasing sid e bearing clearance signif­
icantly affected railcar roll responses. Jump response w as exhibited. W hen testing on- 
track, the lim itation in  test zone length  m ade it im possible to replicate the jum p response 
show n during the VTU tests. If a research program  w ere conducted to investigate the 
effect o f side bearing clearance on  roll response w ith  on ly  on-track testing, an error in  
conclusions could result un less a test zone o f sufficient length  and a variety o f operating  
m odes (increasing speed , decreasing speed) w ere developed.

R esults from  the tests show:

1. Com pared to nom inal gap clearance data, an increased gap produced  

significantly larger roll angles, at low er peak resonant frequency, over 

a w ider range o f frequencies.

2. Increased gap produced slightly  less w h eel un loading on  the VTU. D ue 

to safety considerations, it w as not possib le to test on-track at w h eel­
unloading conditions to  determ ine w hich  configuration w as m ore 
severe.

3. Increased side bearing clearance allow s m ore roll w ith ou t in volving  
suspension com ponents.

4. On-track testing produced car body roll angles, d isplacem ent responses, 
and w heel loads w hich  w ere sim ilar in  characteristic shape o f am plitude 
level versus speed to the VTU test data, but not in  am plitude and fre­
quency. This is probably due to variances in  the sim ulated VTU  
w aveform .

5. It w as found that slight changes in  the input at the w h ee l/ra il interface 

m ay cause major variations in  dynam ic response. This w as m ost 
prevalent w ith  the 3 /4 -in ch  roller side bearing gap clearance.

D ifferences in  response betw een  on-track tests and VTU tests are attributed in  part 
to differences in  input excitation and track m odulus, w hich  resu lt in  higher critical speeds, 
and to lack o f realistic w h ee l/ra il interaction forces, w hich  result in  altered vertical forces 
and unrealistic lateral forces (lateral dynam ics). The inability o f the VTU to accurately 
produce w h eel/ra il interaction forces and their ratios is a key problem . This criterion is 
extrem ely im portant for replicating m any on-track certification procedures. D ifferences

iv



are also suspected  to  be attributed to lack of the random  vibrations that are produced by  
w h ee l/ra il dynam ics, train handling, and other sources. These vibrations tend to reduce 
break-aw ay friction in  friction snubber elem ents. This w as esp ecially  critical w ith  
higher-dam ped trucks.

\ -
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1.0 INTRODUCTION
The Federal Railroad Administration (FRA) sponsored a research project with the Asso­
ciation of American Railroads (AAR) managed Transportation Test Center (TTC), Pueblo, 
Colorado, to investigate the effects of variations in side bearing clearance on the vehicle 
dynamics of loaded freight cars with relatively high centers of gravity (c.g.).

The AAR conducted tests on the Vibration Test Unit (VTU) using a loaded freight 
car with a high c.g. The VTU was used to simulate a range of amplitudes of sinusoidally 
varying track cross level with a wavelength equal to the truck center spacing of the test 
vehicle. The simulated frequencies were varied to correspond to a range of test speeds of 
approximately 10 to 25 mph. The car was tested with constant-contact side bearings and 
conventional roller side bearings. When the car was equipped with the conventional roller 
side bearings, test runs were made with different side bearing to car body bolster gap 
clearances. Two truck sets, the original "Truck 1" and the more highly damped "Truck 2" 
were tested on the VTU.

The AAR also operated the car in two side-bearing gap configurations on the Pre­
cision Test Track (PTT) over the twist-and-roll (T&R) test zone to correlate VTU and on- 
track car behavior.

1.1 BACKGROUND
Side bearing clearance greatly influences a freight car's response to track twist during 
spiral negotiation -- increasing side bearing clearance decreases wheel unloading for a 
given amount of track twist. Thus, the potential for increased tolerance of track twist by 
increasing side bearing clearance was a motivator for this test. However, side bearing 
clearance also influences harmonic roll behavior, and there is concern about increased roll 
response, wheel unloading, and rock-off tendency.

Of additional concern, function analysis conducted by VNTSC indicated the potential 
for same track conditions and train operating speeds to produce different roll response 
depending upon whether the train is accelerating or decelerating,1,2 This phenomenon is 
termed "jump response." This has also been encountered during previous VTU testing on 
boxcars.3 Jump response occurs when the vibration frequency is decreased at a relatively 
uniform rate on a vehicle with a softening suspension system. It was anticipated that
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Unfortunately, there is little supporting harmonic-roll test data available, and there 
has been contradicting model predictions as to whether increasing side bearing clearance 
improves or worsens harmonic roll behavior.

Jump response was induced by the VTU with accelerating (sweep up) and deceler­
ating (sweep down) sinusoidal waveform inputs. Figure 1 details jump response by 
comparing the results from the up and down sweeps which resulted from the prescribed 
VTU operations.

increasing side bearing clearance would amplify the effect of the roll suspension softening.
Jump response was induced by the VTU with accelerating (sweep up) and decelerating
(sweep down) sinusoidal waveform inputs.

Figure 1. Example of Jump Response Phenomena in Car Body Roll

2.0 OBJECTIVE
The objective of this test was to determine experimentally the influence of side bearing
clearance on the roll response of loaded freight cars through laboratory and on-track tests.
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Initially, it was planned to select and modify a test car to obtain a c.g. of 98.5 inches. 
However, the car selection process uncovered AAR102, a 100-ton capacity covered hopper 
car equipped with variable-damped Barber S-2-C trucks and 688B side bearing cages with 
rollers. The car is loaded,to full capacity with a c.g. height of 93 inches above the railhead. 
The load was well-packed cement powder and did not shift during testing.

AAR102 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 
currently used by AAR/TTC for the conduct of testing described in AAR Specification 
M-965-86, "Special Devices to Control Stability of Freight Cars." After discussions with 
FRA and Volpe National Transportation Systems Center (VNTSC) personnel it was agreed 
that AAR102 would be used as the test car.

The AAR102 was tested with its own trucks (Truck 1) and with higher damped trucks 
(Truck 2).

3.0 T E S T  C A R
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Test car statistics are given in Table 1.
Table 1. Test Car Statistics

3.1 T E S T  C A R  S T A T I S T I C S

Category Item 1
Classification Covered Hopper |

. Year Built 1971 (reconditioned in 1978) 1
Car number AAR102 |
Capacity 200,000 lbs 1
Load limit 203,200 lbs I
Light weight of car 59,800 lbs I
Load tested 210,900 lbs 1
Weight on rail as tested 270,700 lbs I
C.G. as tested 93" 1
Length between truck centers 40' 7" 1
Length of truck wheel base 70" I
Truck 1

.

Barber S-2-C, 100-ton/ variable-damped B trucks (under damped for this applica- 8 tion) f
Truck 2 Barber S-2-C, 100-ton, variable-damped 1 trucks with higher dampening |
Side bearings as-received Roller side bearings B Stucki 688B cages |
Spring Group 28 outer D-5,28 inner D-5,8 inner D-6 |
Draft Gear and couplers M901E, standard type E |

3.2 TEST CAR CHECKOUT ■ _ '
In addition to visual inspection, the test car was run over the twist-and-roll section of the 
PTT at 10 mph and carefully monitored to ensure that no response anomaly existed with 
the trucks supplied (Truck 1). Standard 1/4-inch side bearing gaps were tested.
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3.3 TEST CAR MODIFICATIONS A N D  REPAIR
Initial inspection of AAR102 noted that the A- and B-end left side bearing pedestals and 
body bolsters were slightly damaged, probably the result of rocking out of the centerbowls 
during testing at the Norfolk Southern facility. This resulted in slightly bent A- and B-end 
left side bearing plates due to the unevenness of the plate support surface, as shown in 
Figure 2.

, ■ BENT1 SIDEBEARING SHIM PLATE 
SUPPORT PLATE

5/8" S ID E  B E A R IN G  
PLA T E

Figure 2. Uneven Side Bearing Plate Support Surface to Be Repaired

The test car's left-side side bearing shim supports were straightened to eliminate side 
bearing shim bending by heating the plates, then jacking a flat, hardened steel plate against 
the uneven surface. In addition, a product called "Liquid Steel," which hardens to a tough 
finish which can withstand shock loads, was used between the side bearing shims and 
support plate on the car body bolster to remove any remaining irregularities and ensure 
uniform shim support.

The final car configuration tested was documented with still photographs.

3.4 SIDE BEARING SHIMS
Side bearing shims were machined to allow the side bearing gap configurations listed in
Table 2 to be tested.
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Table 2. Side Bearing Gap Test Configurations

Side Bearing Type and Clearance
Roller, 1/4 inches (standard) 

Roller, 0 inches 
Roller, 1/2 inches 
Roller, 3/4 inches 
Constant Contact

The side bearing cage-bases had 1/4 to 1/2 inch removed to allow the maximum 
gap configurations to be tested. Figure 3 displays the locations used to determine the 
average gap. These measurements were used to ascertain the side bearing shim thickness 
required, as listed in Table 3.

M easurem ent Locations for determination of 
ave rage  required side  bearing shim  thickness

Figure 3. Locations Measured to Determine Side Bearing Shim Thickness
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Table 3. Side Bearing Shims
Side Bearing Gap* Configuration 1

1/4" Gap |  3/4" Gap 1/2" Gap |  0" Gap |
1 Side Bearing | Location Avg. Beg. Gap Required Shim Ihiclmess 1

BL .731" .481" -0.019"b .231" .731" 1
I BR .738" :488" -0.012"b .238" .738"

AL .924" .674" 0.174" .424" .924"
AR .791" .541" 0.041 "b .291" .791"

* Side bearing gaps will also be measured after shims are installed — before and after each test configuration 

b Error considered acceptable — no shims required

The side bearing shims matched the geometry of the standard side bearing plates 
with the exception that the shims were slotted to allow easy installation and removal. 
Figure 4 shows the side bearing shim design.

Figure 4. Side Bearing Shim Design
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4.0 VTU TESTING
4.1 VTU TEST PROCEDURES
The VTU tests were performed from July 13 through September 3,1993. Test procedures 
and results are described in the following sections.
4.1.1 VTU Test Instrumentation
4.1.1.1 Measurement D efin itions
VTU Load-Measuring Instrumented Rail Beams
The VTU load-measuring instrumented rail beams are described in the appendix.
Roll Gyros
Two roll gyros were installed on both ends of the test car at the longitudinal c.g. center 
line to measure car body roll. They produce an output signal of roll rate that is subsequently 
integrated before recording by the data acquisition system. Figure 5 displays one of the 
gyros.

Figure 5. Roll Gyro
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String Potentiometers
String potentiometers were installed across the spring nest on each of the four spring 
groups to measure the vertical displacement of the secondary suspension elements. String 
potentiometers were also installed between the car body and the truck bolster at each side 
bearing to measure dynamically the side bearing clearance.
4.1.1.2 VTU Test M easurement Summary
A summary of the measurements made during the VTU test is provided in Table 4. Figure 
6 shows the measurement locations on the test car.

Table 4. VTU Test Measurement Summary
Meas.

No.
Channel

Name Description (

1 GYRB B-End Car Body Roll Angle 1

2 GYRA A-End Car Body Roll Angle

3 DZRB B-End,. Right Side Spring Nest Displacement

4 DZLB B-End, Left Side Spring Nest Displacement

5 DZRA A-End, Right Side Spring Nest Displacement

6 DZLA A-End, Left Side Spring Nest Displacement 1

7 RSBB B-End, Right Side Displacement Across Side Bearing |

8 LSBB B-End, Left Side Displacement Across Side Bearing

9 RSBA A-End, Right Side Displacement Across Side Bearing 1

10 LSBA A-End, Left Side Displacement Across Side Bearing 1

11 VF1R B-End, Axle 1, Right Side Vertical Wheel Force

12 VF1L B-End, Axle 1, Left Side Vertical Wheel Force

. 13 VF2R B-End, Axle 2, Right Side Vertical Wheel Force |

14 VF2L B-End, Axle 2, Left Side Vertical Wheel Force |

15 VF3R A-End, Axle 3, Right Side Vertical Wheel Force |

16 VF3L t A-End, Axle 3, Left Side Vertical Wheel Force

17 VF4R A-End, Axle 4, Right Side Vertical Wheel Force

18 VF4L A-End, Axle 4, Left Side Vertical Wheel Force

Note: Though not listed, lateral forces were also recorded.
VTU actuator control measurements (not listed) were also recorded to ensure proper control of 
excitation input signals into the test car.
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4.1.13 VTU Test Data A cquisition
The Statement of Work called for VTU test data to be low-pass filtered at 5 Hz and sampled 
at 20 Hz. This would have been adequate for recording the low-frequency gross motions. 
However, 5- to 15-Hz information resulting from the action of the friction elements is often 
superimposed on the gross motion responses. In addition, the instrumented wheel sets 
used for on-track testing required a low-pass filter rate of 15 Hz with a sample rate of 150 
samples-per-second. Since the on-track data was to be compared to the VTU rail-force 
data, it was decided to low-pass filter the VTU test data at 15 Hz, then record it digitally 
with a Hewlett-Packard 330 computer at a rate of 150 samples per second.

Four eight-channel strip-chart recorders were used to monitor up to 32 selected 
measurements. Still photography was used to document the instrumentation setup. 
Limited color video footage was also taken of at least four VTU runs using 1/2-inch VHS 
format video equipment.
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Calibration of each test measurement was verified each test day. This was done with the 
HP data acquisition system checkout mode and through the use of shunt resistor cali­
brations and/or a brass cylinder of known circumference (string potentiometers only). 
The resulting data was logged for later retrieval, if required.

4.1.2 VTU Testing
4.1.2.1 Safety Considerations
Critical vertical wheel loads (unloading) and car body peak-to-peak roll angles (values 
greater than 6 degrees) were monitored on strip-chart recorders real-time throughout the 
testing. This, combined with visual observation of the VTU and test car, ensured the safe 
operation of the test.

4.1.2.2 VTU Test — Inputs
The Statement of Work defined the inputs as sinusoidal waveforms phased to induce a 
pure roll response of the test car (i.e. the left side actuators were 180 degrees out-of-phase 
with the right side actuators). The Statement of Work also required the inputs to simulate 
speeds ranging from 10 to 25 mph and 25 to 10 mph. Low resolution speed steps (1 mph) 
and high resolution speed steps (0.1 mph) within the speed ranges were defined. Test 
input amplitudes were also clearly defined.

In the railroad environment, large roll responses usually are induced by staggered 
39-foot rail sections. Therefore, "pure" roll can only be induced when a car's truck spacing 
is 39 feet. The test car's truck spacing was 40 foot, 7 inches; therefore, it could not be 
subjected to pure roll in normal railroad operations. Thus, using speed units of miles- 
per-hour for data presentation would not be entirely accurate for the VTU test data. For 
these reasons, the VTU test data is plotted as response versus frequency to reduce error 
and minimize confusion over the nature of the excitation.

Initially, an input development method was devised which involved the creation of 
files containing harmonic-roll input waveform data prior to testing. This method included 
a data reduction scheme which automated the determination and plotting of response for 
each individual speed step. This was accomplished before a pre-test meeting with Dr. 
Weinstock.

4.1.1.4 V T U  T e s t  M e a su re m e n t D a i ly  C a lib r a t io n s

11



Waveforms
Inputs based on the sinusoidal waveform, shown in Figure 7, were used for testing. The 
mathematically-generated sinusoidal profile was applied only to the VTU vertical 
actuators and phased such that the car experienced pure rocking motions. Figure 7 also 
shows the transition and data zones, which were used in data reduction and analysis to 
eliminate transient response in the final data presented.

PREVIOUSINPUTFREQUENCY
i >, ,t,: j! j i lUIUl i

i iis n  ? n  s s n  h  s * t ? n  ? i

CURRENTINPUTFREQUENCY
NEXTINPUTFREQUENCY

I f S * : f.

iU lU  * 5 ¥ ? 5

i t.

TRANSITION DATA TRANSITION DATA TRANSITION DATATONE ZONE ZONE ZONE ZONE ZONE

Figure 7. Sinusoidal Waveform

Low-Resolution Speed Step Definition
The FRA Statement of Work required 1 mph steps for low-resolution input speed steps, 
which corresponds to approximately 0.37607 Hz steps. The frequency steps for the low- 
resolution speed step inputs actually used were approximately 0.25 Hz.

High-Resolution Speed Step Definition
The FRA Statement of Work required 0.1 mph steps for high-resolution input speed steps, 
which corresponds to approximately 0.00376 Hz steps. The frequency steps for the low- 
resolution speed step inputs actually used were approximately 0.0035 Hz.
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The Statement of Work defined 10 truck configurations to be tested on the VTU. Table 5 
lists eight of them. Snubber-disabled test configurations 2,4, 6, 8, and 10 were planned 
for Truck 1. However, excessive response during preliminary configuration 2 tests pre­
vented further testing on the undamped truck configurations. Therefore, these tests were 
suspended. Configurations 11 and 12 were substituted to test the more highly damped 
Truck 2.

4.1.2.3 V T U  T e s t in g  —  S id e  B e a r in g  a n d  S n u b b e r  C o n f ig u r a t io n s

Table 5. Summary of the VTU Test Configurations
|  Configuration No. Side Bearing Type 1 Side Bearing | Clearance SnubberOperation Truck Type |

1 Roller 1/4 inches Enabled Truck 1 -1
2 Roller 1/4 inches Disabled Truck 1 I
3 Roller 0 inches Enabled Truck 1 1
5 Roller 1/2 inches Enabled Truck 1 1
7 Roller 3/4 inches Enabled ' Truck 1 I
9 ConstantContact N/A Enabled Truck 1 H

11 Roller 1/4 inches Enabled Truck 2 I
12 Roller 3/4 inches Enabled Truck 2 1

4.1.2.4 Truck Break-in and Vertical Suspension Characterization
Quasi-static characterizations of the vertical suspension were performed on the VTU by 
slowly lifting each end of the car while measuring and recording all wheel vertical forces 
and spring deflections. Frequency response sweeps on the VTU in a pure bounce mode 
at an input amplitude of 0.5 inches were also rim. X-Y plots at resonance were developed 
for these runs to determine test truck stiffness and damping characteristics. Table 6 lists 
the quasi-static and dynamic (bounce) truck characterization tests conducted on the VTU.
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Table 6. Vertical Suspension Characterization Tests
Run
No.

1 Start 
| Freq.

End
Freq.

1 Delta 
Freq.

1 P-P Act. 
| Amp.

1 Comment I

010 0.7 4 2 1/2" Configuration 1 bounce truck characterization.
OH Configuration 1 quasi-static truck characterization — 

lift ana lower car with crane.
030 Configuration 5 quasi-static truck characterization — 

lift ana lower car with crane.
•063 2 4 2 1/2” Configuration 3 bounce truck characterization. 

Repeat at end of tests with snubbers per Dave 
Tyrell's directions.

064 Configuration 3 quasi-static truck characterization — 
lift ana lower car with crane.

065 02 4 2 1/2" Configuration 2 bounce truck characterization. Too 
severe. Aborted at 2.6 Hz.

066 02 4 2 1/4" Configuration 2 bounce truck characterization. Too 
severe. Aborted at 2.4 Hz.

076 2 4.0 2 1/4" Configuration 11 bounce truck characterization. g
083 .4 4.2 2 1/2" Configuration 11 bounce truck characterization. |
084 2 4.8 2 1/2" Configuration 11 bounce truck characterization. |
088 Configuration 12 static truck characterization. |
089 2 4.8 2 1/2" Configuration 12 bounce truck characterization. B

4.1.2.5 VTU Testing —Operations
The VTU tests with the inputs and configurations described above were conducted from 
July 13 through September 3, 1993. Strip charts were maintained and documented, 
including each speed change in the test speed sweeps. After preliminary checkout runs 
were conducted, the VTU tests were performed as follows:

1. Start test day instrumentation calibration checkouts.
2. Perform quasi-static and dynamic (bounce) suspension characterization tests.
3. Perform low- and high-resolution speed step sweep runs.
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Table 7 lists the successful VTU test runs to evaluate roll response — runs not included 
in the log include checkout runs, initial runs to determine the range of amplitudes to be 
tested, runs with errors, and runs with equipment failures.

Table 7. VTU Test Run Log

1 Run 
|  No.

1 Start I End fl Delta 1 P-P A ct |  ' Comment 
1 Freq. |  Freq. fl Freq. |  Amp. fl

Confi
tionte
were

guration 1 (Truck 1,1/4" Side-bearing Clearance with Snubbers): This is the first configura­
te d  (July 13-14,1993), and much trial and error was required until suitable input amplitudes 
ound.

023 12 373 .025 3/8" First run in Run Log Summary Matrix (all runs in 
Rim Log Summary Matrix are shaded).

024 373 12 .025 3/8" Paired with run 023.
025 .6 .704 .0035 3/8" High resolution run. Need to go to slightly higher 

frequency.
026 597 .726 .0035 13/32" High resolution run. Held for bad actuator, ramp 

up and down several times within run.
Configuration S 
tested on July ‘N 

fl run seemed to p 
|  Again, 3rd and 4

(Truck 1
land 15, 
roduce a 
th solutio

, 1/2" Side-bearing C
1993. Jump response 
resonance that lasted 
n responses were not

learance with Snubbers): This configuration was 
was noted during ramp-down runs -  the ramp-down 
through a wider frequency range than configuration 1. 
ound.

H 028 373 12 .025 13/32" Paired with run 029.

1 029 12 373 .025 13/32" Paired with run 028.i 031 12 373 .025 3/8" Paired with run 032.I 032 373 12 .025 3/8" Paired with run 031.
I 033 .6223 .4573 .0035 13/32" High resolution run. Sweep down from .6223 Hz to 

.4573 Hz, then back up to .5535 Hz to hold to set up 
for another HP data file (T101_RN034).

I 034 5535 5088 .0035 13/32" High resolution run. Start at hold at .5535 Hz from 
previous run, sweep down to..4641 Hz, sweep up to 
5123 Hz, then back down to .4573 Hz.
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Table 7. VTU Test Run Log -- Continued

Run |  Start 
No. |  Freq.

End
Freq.

Delta 1 P-P Act. |  Comment 
Freq. |  Amp. |

Configuration 7 (Truck 1,3/4" Side-bearing Clearance with Snubbers): This configuration was 
tested on July 15 and 1 6 ,1993. Jump response was clearly noted during ramp-down runs, and it was 
obvious that the ramp-down runs produced a resonance that lasted through a wider frequency range 
than configuration 1. Again, 3rd and 4th solution responses were not found. Although the resonance 
lasted through a considerably wider range of frequencies in this configuration as compared to the 
nominal configuration 1 during ramp-down runs, an amplitude which caused wheel lift in configuration 1 
did not cause the test car to near-wheel lift in this configuration.

035 373 12 .025 1/4" Paired with run 036.
036 12 373 .025 1/4” Paired with run 035.
037 3094 1.16 .025 3/8" Paired with run 038.
038 1.16 3094 .025 3/8" Paired with run 037.
039 3094 .7992 .025 13/32" Paired with run 040. Rim stopped at .7992 Hz due 

to pump problem — data OK.
040 1.184 22 .025 13/32" Paired with run 039. |
041 599 305 .0035 13/32" High resolution run. Sweep down from 5993 Hz to 

.40/8 Hz, back up to .422 Hz, down to .4078 Hz, up 
to .4433 Hz, down to 583 Hz, then to hold and stop 
at .4078 Hz to set up HP system for data run 
T101_RN042.

042 5535 5088 .0035 13/32" High resolution run. Start at, hold at .4078 Hz from 
previous run, sweep down to 5688 Hz, hold to 
repair actuator, up to .3759 Hz, hold to fix actuator — 
disk off burst 1 on T0101_RN042 data file, start 
burst 2 and up to 5355 Hz, hold to fix actuator, disk 
off burst 2 on T0101_RN042 .data file, start burst 3 
and up to .5887 Hz, then down to 5284 Hz.

Configuration 9 (Truck 1, Resilient Constant
configuration was tested on July 22,1993. Jum| 
and it was obvious that the ramp-down runs proi 
frequency range than configuration 1. Again, 3n 
configuration looked similar to configuration 7 -

Contact Side-bearings with Snubbers): This 
? response was cleariy noted during ramp-down runs, 
Jucea a resonance that lasted through a wider i and 4th solution responses were not found. This 
3/4” side-bearing clearance with snubbers.

045 373 12 .025 1 /f ' Paired with run 046.
046 12 373 .025 1/4" Paired with run 045.
047 373 12 .025 3/8" Paired with run 048. [
048 12 373 .025 3/8" Paired with run 047. |
049 373 13 .025 13/32" Paired with run 050. |
050 12 . 373 .025 13/32" Paired with run 049. |
051 .846 .4679 .0035 13/32" High resolution run. Sweep down from .846 Hz to 1 

.4929 Hz, up to 5107 Hz, down to .4679 Hz, then up I 
to .4822 Hz. 1

052 5778 .7815 .0035 13/32" High resolution run. Continuous sweep up. H
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Table 7. VTU Test Run Log — Continued

I Run |  Start Q End 
|  No. |  Freq. fl Freq.

1 Delta |  P-P A ct 1 Comment 
1 Fre*  1 1

Configuration S
tested on July 21 
noted during ran 
13/32" and 3/8"

(Truck 1
3 ,1993 a 
ip-down 
*-P input

, 0" Side-bearing Clearance with Snubbers): This configuration was 
nd August 30-31,1993 (runs 74 - 75). Some very minor jump response was 
runs, and this was the only configuration with snubbers to suffer wheel lift with 
s. Again, 3rd and 4th solution responses were not found.

055 .7826 1565 .025 1/4" Paired with run 056.
056 1.527 .75 .025 1/4" Paired with run 055.

|  057 .75 1527 .025 3 /8 ” Paired with run 058.
|  058 1527 .75 .025 3/8" Paired with run 057.

H 059 1527 .75 .025 13/32" Wheel lift at .8304 Hz.
062 .75 1.098 .025 3/8" Repeat of run 057 to determine/investigate what 

happened on run 061. Seemed to have higher 
responses until .9107 Hz.

074 .85 1554 .0035 1/4" High resolution test, paired with run 075. |
075 1.254 .85 .0035 1/4" High resolution test, paired with run 074. |

Configuration 2 (Truck 1,1/4" Side-bearing Clearance without Snubbers): This configuration 
produce d the highest bounce characterization test responses. Even after deducing the bounce input 
by 50 percent, tne run could not be completed. Only two roil runs were conducted due to fear of 
damaging the wear plates. Roll inputs with only 1/16" P-P was required to produce significant 
response.

067\ 573 1.2 .025 1/16" Paired with run 068. Very small input amplitude I 
still resulted in significant response. |

068 1.2 573 .025 1/16" Paired with run 067. Very small input amplitude |  
still resulted in significant response. |

Configuration 11 (Truck 2,1/4" Side-bearing Clearance): Tests conducted September 1 and 2, N
1993. This configuration was added after it was determined that Truck 1 undamped configurations 2, 1 
4, 6, 8, and 10 could not be conducted for safety reasons. fl

077 573 12 .025 1/4" Paired with run 078. |
078 12 573 .025 1/4" Paired with run 077. |
079 573 12 .025 3/8" Paired with run 080. |
080 12 573 .025 3/8" Paired with run 079. |
082 573 12 .025 13/32" Paired with run 085. |
085 12 573 .025 13/32" Paired with run 082. |
086 .6 1.004 .0035 13/32" High resolution run. Paired with run 087. |
087 1.004 .6 .0035 13/32" High resolution run. Paired with run 086. Damaged H 

A-end, right snubber and B-end, left snubber (not- 1 
iced smoking). §
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Table 7. VTU Test Run Log — Continued

Run | Start 
No. | Freq.

End
Freq.

Delta | P-P Act. | Comment 
Freq. | Amp. |

Configuration
This configuratio 
and 10 could not

2 (Truck 2 ,3 /4" Side-bearing Clearance): Tests conducted September 3 ,1993 . 
n was added after it was determined that Truck 1 undamped configurations 2 , 4 , 6 ,  8, 
be conducted for safety reasons.

090 373 1 2 .025 13/32" Paired with run 091.

091 1 2 .373 .025 13/32" Paired with run 090.

092 3 7 3 1 2 .025 3/8" Paired with run 093.

093 1 2 3 7  3 .025 3/8" Paired with run 092.

094 3 7 3 1.2 .025 1/4" Paired with run 095.

095 1 2 373 .025 1/4" Paired with run 094.

4.1.2.6 Data Reduction and A n a lysis- VTU Tests
For the suspension characterization test runs, selected plots of wheel vertical load versus 
spring group vertical displacement were made. The. data collected during the VTU roll- 
response tests was reduced to statistics for the last 10 cycles of each test frequency (test 
zone, after 10 transition settling cycles) in tabular form including mean, maximum, and 
minimum for each measurement at each speed. Data analysis included the generation of 
plots of amplitude versus frequency for car body roll angles, spring group vertical 
deflections, dynamic side bearing clearance, and vertical wheel loads. The high-resolution 
speed step tests have individual plots for each run, while data from the low-resolution 
speed step runs are combined for each sweep-up and sweep-down pair.

Table 8 lists the plots generated for each roll-response test configuration.
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Table 8. Plots of VTU Test Data
Plot
No.

1 Channel H
Name |  Description

1 GYRB B-End Car Body Roll Angle
2 GYRA A-End Car Body Roll Angle
3 DZRB B-End, Right Side Spring Nest Displacement
4 DZLB B-End, Left Side Spring Nest Displacement
5 DZRA A-End, Right Side Spring Nest Displacement
6 DZLA A-End, Left Side Spring Nest Displacement
7 RSBB B-End, Right Side Displacement Across Side Bearing
8 LSBB B-End, Left Side Displacement Across Side Bearing

1 9 RSBA A-End, Right Side Displacement Across Side Bearing
1 10 LSBA A-End, Left Side Displacement Across Side Bearing
1 11 VF1R B-End, Axle 1, Right Side Vertical Wheel Force |

12 VF1L B-End, Axle 1, Left Side Vertical Wheel Force |
13 VF2R B-End, Axle 2, Right Side Vertical Wheel Force
14 VF2L B-End, Axle 2, Left Side Vertical Wheel Force
15 VF3R A-End, Axle 3, Right Side Vertical Wheel Force
16 VF3L A-End, Axle 3, Left Side Vertical Wheel Force 1
17 VF4R A-End, Axle 4, Right Side Vertical Wheel Force |
18 VF4L A-End, Axle 4, Left Side Vertical Wheel Force |
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4.2 VTU TEST RESULTS
4.2.1 Vertical Suspension Characterization
The main purpose of the vertical suspension characterization tests was to ensure that the 
test trucks were consistent with typical well-worn trucks in normal revenue service and 
to provide suspension characteristic data for NUCARS modeling. Although both dynamic 
and quasi-static characterizations were run, the dynamic bounce characterization data was 
found to be more than sufficient for describing the test truck's vertical characteristics and 
is the only data presented here.

Although dynamic bounce characterization tests were conducted during test con­
figurations 1, 3, 2, 11, and 12, the vertical characterizations were not side bearing gap 
configuration dependent. Figure 8 displays the initial characterization (run 10) for Truck 
1, B-end, right side. It is clear that this truck is not highly dampied; thus, Truck 1 config­
uration was representative of a well-worn truck. ,

INCHES

Figure 8. Truck 1 Vertical Suspension Characteristics, Run 10, B-end, Right Side

Figures 9 and 10 display the Truck 1, B-end, right side and A-end, left side dynamic 
vertical suspension characterization data obtained at the test's beginning (run 10) and at 
a point later on in the testing when questions arose about damping (run 63). The increased
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damping shown (A-end) in the configuration 3 data is the result of snubber surface galling. 
It is suspected that the VTU tests with high-resolution speed steps were the cause of the 
galling.

INCHES
-m- RUN010 -9~ RUN063

Figure 9. Expanded Vertical Suspension Characteristics, Runs 10 and 63, B-end, Right Side

RUN010 -0-RUN063

Figure 10. Expanded Vertical Suspension Characteristics, Runs 10 and 63, A-end, Left Side
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Figure 11 compares the B-end, right side characteristics for the original truck (Truck 
1, run 10) and for the second, much higher damped truck (Truck 2, run 84) which was 
tested after it was determined that the test configurations with snubbers disabled could 
not be safely rim. This increased damping is clearly evident for Truck 2.

Figure 11. Expanded Vertical Suspension Characteristics,Trucks 1 and 2, Runs 10 and 84

4.2.2 VTU Roll-Response Tests
The plotted data from all of the roll response tests (540 plots) was transmitted separately 
to the FRA and to VNTSC. It was anticipated that low-resolution speed step inputs would 
map out the two-solution jump response phenomena, while high-resolution speed step 
inputs would be used to "hunt" for third and fourth solutions, which were predicted by 
VNTSC with a model that uses a describing function representation of the roll suspension 
characteristic. It was found during testing, however, that third and fourth solutions were 
unattainable. It was also found that plots of data from the low-resolution speed step tests 
were much clearer and more understandable. Thus, for the purpose of reporting the 
findings of the study in this report/ data from the low-resolution speed step tests are used 
to present the findings.
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Table 9 repeats the Table 5 list of the configurations tested, but sorted to list the data 
chronologically (test wise). Thus, test results will be presented in the following order: 
configurations 1,5,7,9,3,2,11, and 12.

Table 9. Repeat of Summary of the VTU Test Configurations
ConfigurationNo. Side Bearing Type 1 Side Bearing | Clearance SnubberOperation Truck Type

1 Roller 1/4 inches Enabled Truck 1
5 Roller 1/2 inches Enabled Truck 1
7 Roller 3/4 inches Enabled Truck 1
9 ConstantContact N/A Enabled Truck 1

3 Roller 0 inches Enabled Truck 1 I
2 Roller 1/4 inches Disabled Truck 1 1

11 Roller 1/4 inches Enabled Truck 2 I
12 Roller 3/4 inches Enabled Truck2 1

4.2.2.1 Comparison of VTU-test Jump Response Phenom ena
Car body roll response data is used to show whether or not each test configuration exhibited 
jump response. For each configuration, car body roll data from the test rim with the highest 
input excitation is presented.

Figure 12 presents car body roll versus frequency data for Truck 1, configuration 1 
(nominal), with 3 /8-inch cross level VTU excitation inputs. It is clear from Figure 12 that 
jump response was not induced for configuration 1, nominal 1/4-inch side bearing 
clearance.
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SWEEP UP SWEEP DOWN
Figure 12. Nominal 174-inch Side Bearing Clearance VTU Test Results (Configuration 1) — Truck 1, B-End Car Body Roll Angle Versus Frequency, 3/8" Peak-to-peak Cross Level VTU Excitation

Figures 13 through 20, car body roll response versus frequency for Truck 1 config­
urations 5,7/ 9,3, and 2, and Truck 2 configurations 11 and 12, are presented below. In 
Figures 13 through 15, jump response was induced during ramp-down decelerating runs. 
Figure 14,3/4-inch clearance (configuration 7), showed jump response at a greater degree 
than Figure 13,1 /2-inch clearance. Figure 15, constant contact side bearings (configuration 
9), exhibited a response very similar to configuration 5. When jump response occurred, 
the resonance lasted through a wider frequency range and peaked at a lower frequency 
than the nominal side bearing clearance configuration. The displacement and vertical 
wheel load measurements showed similar results.
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Figure 13. 172-inch Side Bearing Clearance VTU Test Results (Configuration 5) -- Truck 1, B-End Car Body Roll Angle Versus Frequency, 13/32" Peak-to-peak Cross Level VTU Excitation

SWEEP UP -e - SWEEP DOWN
Figure 14. .3/4-inch Side Bearing Clearance VTU Test Results (Configuration 7) -- Truck 1, B-End Car Body Roll Angle Versus Frequency, 13/32" Peak-to-peak Cross Level VTU Excitation
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Figure 15. Constant Contact Side Bearing VTU Test Results (Configuration 9) — Truck 1, B-End Car Body Roll Angle Versus Frequency, 13/32" Peak-to-peak Cross Level VTU Excitation

Figure 16 displays car body roll response versus frequency for Truck 1 configuration 
3, zero side bearing clearance. The resonance peaked at a higher frequency than the 
nominal side bearing clearance configuration, and significant jump response did not occur.
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FREQUENCY (HZ)

SWEEP UP SWEEP DOWN

Figure 16. Zero Side Bearing Clearance VTU Test Results (Configuration 3) -- Truck 1, B-End Car Body Roll Angle Versus Frequency, 3/8" Peak-to-peak Cross Level VTU Excitation

Figure 17 displays car body roll response versus frequency for Truck 1 configuration 
2, nominal side bearing clearance with snubbers disabled. This configuration and other 
snubber-disabled configurations were aborted due to safety issues and the potential of 
damaging the test truck wear plates.
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7

Figure 17. Nominal 1/4-inch Side Bearing Gearance VTU Test Results, Snubbers Disabled (Configuration 2) — Truck 1, B-End Car Body Roll Angle Versus Frequency, 1/16" Peak-to-peak Cross Level VTU Excitation

Figures 18 arid 19 display car body roll response versus frequency for Truck 2 con­
figurations 11 and 12, nominal 1/4-inch side bearing clearance and 3/4-inch side bearing 
clearance. Figure 18 shows that the higher damped truck is similar to Truck 1 iri the 
nominal side bearing clearance configuration —jump response does not occur. Figure 19 
shows jump response with two peaks, which was not expected. One possible explanation 
is that the damping was abnormal due to snubber galling. Figure 20 presents data for one 
of the few instances where a rim was repeated. The variation in response; though it did 
not produce the result seen in Figure 19, is the effect of snubber galling on the suspension 
damping. It is suggested that the Truck 2 data, shown in Figure 19, is linked to suspension 
damping inconsistencies.
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jure 18. Nominal 1/4-inch Side Bearing Clearance VTU Test Results (Configuration 11) — Truck 2, B-End Car Body Roll Angle Versus Frequency, 13/32" Peak-to-peak Cross Level VTU Excitation

0 0.5 1 1.5 2

FREQUENCY (HZ)
-■-SWEEP UP -e - SWEEP DOWN

Figure 19. 3/4-inch Side Bearing Clearance VTU Test Results (Configuration 12) — Truck 2, B-End Car Body Roll Angle Versus Frequency, 13/32" Peak-to-peak Cross Level VTU Excitation
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Figure 20. Zero Side Bearing Clearance VTU Test Results (Configuration 3) ~ Truck 2, B-End Car Body Roll Angle Versus Frequency, 3/8" Peak-to-peak Cross Level VTU Excitation

4.2.2.2 Comparison of VTU-test Response M agnitudes
During VTU testing, it was found that varying side bearing clearance had a significant 
effect , upon response magnitudes and frequencies. To emphasize the consequence of 
increased and decreased side bearing clearance upon dynamic response levels, configu­
rations 1 (nominal), 7 (3/4-inch clearance), and 3 (zero clearance) are exhibited in Figures 
21 through 24. Only decelerating data is shown.

Figure 21 compares car body roll angle response for VTU-test configurations 1, 7, 
and 3. The lower frequency, increased roll angle for the 3 /4-inch side bearing gap clearance 
configuration is clearly evident.
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Figure 21. Comparison of Car Body Roll Response for Test Configurations 1 (nominal), 7 (3/4-inch clearance), and 3 (zero clearance)

Figure 22 compares spring nest displacement for VTU-test configurations 1,7, and
3. The peak frequency for the increased side bearing gap clearance is evident. It is also 
apparent that less energy is absorbed through suspension elements in this configuration 
(less area under the curve).
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Figure 22. Comparison of Spring Nest Displacement for VTU-Test Configurations 1 (nominal), 7 (3/4-inch clearance), and 3 (zero clearance)

Figure 23 compares the displacement across the side bearing gap for VTU-test con­
figurations 1,7, and 3. Figure 24 compares wheel unloading for VTU-test configurations 
1,7, and 3. This example shows slightly more unloading with increased clearance, with 
the most unloading for configuration 3 zero clearance. On average, most other wheel 
locations showed slightly more unloading for the nominal clearance configuration over 
the 3/4-inch gap configuration.

I

32



D
IS

PL
A

C
EM

EN
T 

(IN
C

H
ES

)

Figure 23. Comparison of Displacement Across Side Bearing Gaps for VTU-Test Configurations 1 (nominal), 7 (3/4-inch clearance), and 3 (zero clearance)
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Figure 24. Comparison of Wheel Unloading for VTU-Test Configurations 1 (nominal), 7 (3/4-inch clearance), and 3 (zero clearance)

5.0 ON-TRACK TESTING
5.1 ON-TRACK TEST PROCEDURES
The following sections describe testing procedures.
5.1.1 On-track Test Instrumentation
5.1.1.1 Test Car Measurements
Many of the measurements recorded during the VTU test were recorded for the on-track 
test. Measurement of wheel/rail forces that had used load measuring rail beams on the 
VTU were made with load-measuring instrumented wheel sets in the lead position of each 
truck. The train speed Was measured by a speed tachometer. Automatic location detectors 
were used to denote the test zone.
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5.1.1.2 Test M easurement Summary
Table 10 summarizes the revised instrumentation list for the on-track tests.

Table 10. Revised Measurement Summary for On-track Test
Meas.No. ChannelName | Description |

l TSPD Train Speed |
2 ALD Automatic Location Detector

I 3 JVLA B-End, Axle 1, Left Side Vertical Wheel Force

1 4 JLLA B-End, Axle 1, Left Side Lateral Wheel Force .

1 5 JLVA B-End, Axle 1, Left Side L/V Ratio
6 JVLB B-End, Axle 1, Right Side Vertical Wheel Force
7 JLLB B-End, Axle 1, Right Side Lateral Wheel Force [
8 JLVB B-End, Axle 1, Right Side L/V Ratio '
9 JTQA B-End, Axle 1 Torque
10 KVLA A-End, Axle 3, Left Side Vertical Wheel Force
11 KLLA A-End, Axle 3, Left Side Lateral Wheel Force
12 KLVA A-End, Axle 3, Left Side L/V Ratio 1
13 KVLB A-End, Axle 3, Right Side Vertical Whed Force 1
14 KLLB A-End, Axle 3, Right Side Lateral Wheel Force |
15 KLVB A-End, Axle 3, Right Side L/V Ratio |
16 KTQA A-End, Axle 3 Torque |

17-39 Instrumented Wheel Set Strain Gage Signals (Raw) |
40 GYRA A-End Car Body Roll Angle |
41 GYRB B-End Car Body Roll Angle 1
42 DZRA A-End, Right Side Spring Nest Displacement \
43 DZLA A-End, Left Side Spring Nest Displacement j
44 DZRB B-End, Right Side Spring Nest Displacement |
45 DZLB B-End, Left Side Spring Nest Displacement |
46 RSBA A-End, Right Side Displacement Across Side Bearing f
47 1 LSBA A-End, Left Side Displacement Across Side Bearing |
48 RSBB B-End, Right Side Displacement Across Side Bearing g
49 LSBB B-End, Left Side Displacement Across Side Bearing , |
50 RWGA A-End Car Body Roll Rate Gyro (Raw) [
51 RWGB B-End Car Body Roll Rate Gyro (Raw) |
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5.1.1.3 Data A cquisition Requirements
All measurements were collected digitally with a HP 330 computer at a frequency of 512 
samples per second. The real-time processed wheel forces (measurements 3-16) were 
low-pass filtered at 15 Hz. The raw wheel set strain gage measurements were low-pass 
filtered at 200 Hz during the test, with the post-test processed forces filtered at 15 Hz. The 
remaining data channels were low-pass filtered at 30 Hz. Strip-chart recorders were used 
to monitor 16 data channels during the test.

The real-time wheel forces were used to ensure test safety. The real-time processors 
have known errors when calculating low vertical loads and loads with high lateral com­
ponents. More accurate wheel forces are calculated when the raw signals are digitally 
processed.

Still photography was used to document the instrumentation setup. Limited color 
video footage was taken of at least four on-track runs using 1/2-inch VHS format video 
equipment. ,

5.1.2 On-track Testing
5.1.2.1 Safety Considerations
Railcars may have a violent dynamic response to the twist-and-roll test section. The TTC 
Test Engineer and Test Controller had final authority on the tests conducted to ensure safe 
completion of testing.

5.1.2.2 On-track Tests
. )Twist-and-roll tests were performed October 14-15,1993, on the PTT. Test runs were made 

through the lower center roll resonance in 2 mph increments and discontinued after 
30 mph. Some speeds were not attempted due to excessive roll and/or wheel lift. The 
accepted safety criteria for the twist and roll test are a maximum 6-degree peak-to-peak 
car body roll angle, and a 10 percent of static weight minimum vertical wheel load, and a 
maximum axle sum lateral to vertical force (L/V) ratio of 1.5.

Pitch and bounce test runs were made prior to twist and roll test series to ensure that 
the snubbers were not bound up and to characterize the trucks vertically on-track.
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The twist and roll test section consists of 10 out-of-phase 39-foot wavelength per­
turbations with a 3/4-inch cross level every 191/2 feet. The pitch and bounce test section 
has the same 39-foot wavelength perturbations, but in-phase, so there is no cross level 
variation.
Test Car Conditions
The loaded covered hopper car (AAR 102) was tested with two roller side bearing setup 
clearances, 1/4 and 3/4 inches (configurations 1 and 7). These configurations were chosen 
based on the VTU test results. This car has 40-foot 7-inch truck centers, making it par­
ticularly susceptible to dynamic activity over the 39-foot track wavelength.
Test Summary
The test car exceeded established safety criteria for twist and roll. Wheel lift (zero vertical 
load) was measured by each instrumented wheel with both side bearing clearance con­
figurations. Car body roll angles exceeded 6 degrees peak-to-peakinboth configurations. 
Axle sum L/V ratios were greater than 1.5, but this was primarily due to wheel lift (low 
vertical loads).

Wheel lift was observed in the pitch and bounce test at 60 mph.

5.2 ON-TRACK TEST RESULTS
In general, the on-track test results did not clearly show significant improvement or 
degradation due to increased side bearing clearance. Car body roll angles increased, as 
would be expected with increased side bearing gap clearance. Wheel unloading per­
formance was not greatly affected, as wheel lift occurred in both configurations tested.
5.2.1 T w ist and Roll Test Results— /

5.2.1.1 Results for 1/4-Inch Side Bearing Clearancei
The minimum vertical wheel load measured was zero percent of the static vertical load 
(wheel lift), occurring at 18 mph. The maximum car body roll angle was 6.8 degrees 
peak-to-peak at 18 mph.

Figures 25 and 26 show typical plots of minimum vertical wheel load versus speed 
for the 1 /4-inch side bearing clearance configuration. This data shows a relatively smooth 
decrease then an increase in minimum wheel load with increasing speed, with lift noted

\
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at 18 mph. Due to the trend in the data, 17 mph was not attempted since it was believed 
to be more severe than at 15 or 18 mph. Figure 27 shows a representative time history of 
a vertical wheel load in the 18 mph rim.

AVG SPEED (MPH)
a MIN LOAD ♦ MAX LOAD

Figure 25. T&R Test Configuration 1, Axle 1 Left Wheel 
Min & Max Vertical Load Versus Speed

/
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Figure 26. T&R Test Configuration 1, Axle 3 Left Wheel -- 
Min & Max Vertical Load Versus Speed

150 155 160 165 170 175 180 185 190
TIME (SEC)

Figure 27. T&R Test Configuration 1, Axle 1 Right Wheel —
Vertical Wheel Force Time History Run 17
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A plot of maximum peak-to-peak car body roll angles versus speed for the 1/4-inch 
side bearing clearance configuration is given in Figure 28. Figure 29 shows a time history 
of the car body roll angle for run 17.

AVG SPEED (MPH)

Figure 28. T&R Test Configuration 1, A-End Car Body 
Roll Angle Versus Speed
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1

Figure 29. T&R Test Configuration 1, A-End 
Roll Gyro Time History

5.2.1.2 Results for 3/4-Inch Side Bearing Clearance
The minimum vertical wheel load measured was zero percent of the static vertical load 
(wheel lift), occurring at 12 and 12.5 mph. The maximum car body roll angle was 9.5 
degrees peak-to-peak at 12.5 mph.

Figures 30 and 31 show typical plots of minimum vertical wheel load versus speed 
for the 3/4-inch side bearing clearance configuration. In contrast to the 1/4-inch clearance 
data, this data shows a sharp decrease then an increase in minimum wheel load with 
increasing speed, with lift noted at 12 and 12.5 mph. In fact, at 12 mph the minimum 
vertical wheel load was over 10 percent for the first six perturbations, then a slight track 
variation caused a dramatic increase in dynamic response for the rest of the run. Although 
this phenomenon is not jump response as observed during sweep down VTU testing, it 
does point out the sensitivity of a complex non-linear system to a slight change in input. 
Figures 32 and 33 contain time histories of a vertical wheel load in the 12- and 12.5-mph 
runs.
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Figure 30. T&R Test Configuration 7, Axle 1 Left Wheel 
Min & Max Vertical Load Versus Speed
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Figure 31. T&R Test Configuration 7, Axle 3 Left Wheel —
Min & Max Vertical Load Versus Speed
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Figure 32. T&R Test Configuration 1, Axle 1 Right Wheel — 
Vertical & Lateral Wheel Force Time History Run 39
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A plot of maximum peak-to-peak car body roll angles versus speed for the 3/4-inch 
side bearing clearance configuration is given in Figure 34. Time histories of the car body 
roll are shown in Figures 35 and 36.
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Figure 34. T&R Test Configuration 7, A-End Car Body Roll Angle Versus Speed
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Figure 35. T&R Test Configuration 7, A-End Roll 
Gyro Time History Run 39

Figure 36. T&R Test Configuration 7 ,  A-End Roll
Gyro Tim e History Run 25
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5.2.2 Pitch and Bounce Test Results
Wheel lift and vertical forces over 100 kips were monitored at 60 mph in the pitch and 
bounce test. Figure 37 shows an example plot of minimum and maximum wheel force 
versus speed for this test. Figure 38 is a time history of a vertical wheel force during the 
60 mph test rim.

AVG SPEED (MPH) 

a MIN *  MAX

Figure 37. P&B Test Configuration 1, Axle 1 Right Wheel -- 
Min & Max Vertical Load Versus Speed
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TIME (SEC)

Figure 38. P&B Test Configuration 1, Axle 1 Right Wheel — 
Vertical & Lateral Wheel Force Time History Run 5

6.0 CONCLUSIONS AND RECOMMENDATIONS
6.1 VTU AND ON-TRACK TESTING
It was evident from the VTU test data that increasing side bearing clearance significantly 
affected railcar roll responses. Jump response was exhibited. When testing on-track, the 
limitation in test zone length made it impossible to replicate the jump response shown 
during the VTU tests. It is suggested that if a research program were initiated to investigate 
the effect of side bearing clearance on roll response with only on-track testing, it is possible 
an error in conclusions could result unless a test zone of sufficient length was developed.

Results of the tests show.
1. Compared to nominal gap clearance data, an increased gap produced sig­

nificantly larger roll angles, at lower peak resonant frequency, over a wider 
range of frequencies.
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2. Increased gap produced slightly less wheel unloading on the VTU. Due to , 
safety considerations, it was not possible to test on-track at wheel-unloading 
conditions to determine which configuration was more severe.

3. Increased side bearing clearance allows more roll without involving sus­
pension components.

4. On-track testing produced car body roll angles, displacement responses, 
and wheel loads which were similar in characteristic shape of amplitude 
level versus speed to the VTU test data, but not in amplitude and frequency.
This is believed to be due to variances in the simulated VTU waveform.

5. It was found that slight changes in the input at the wheel/rail interface may 
cause major variations in dynamic response. This was most prevalent with 
the 3/4-inch roller side bearing gap clearance.

If the main purpose of the program was to show that the jump response phenomena 
would occur on the VTU, it was successful. If it is desired to use the test data from this 
program for adjusting policy, it is recommended that further examination of the test data 
provided, along with additional studies with the NUCARS model, and possibly more 
testing be done before decisions are made. The slight improvement of lessened wheel 
unloading may not be cause for change, especially when tempered with the increased car 
body roll responses encountered. In addition, not enough information about how other 
car types and/or suspension types might be affected is available.

6.2 COMMENTS ON VTU PERFORMANCE
The VTU was found to be an excellent tool for evaluating the effect of side bearing clearance. 
However, some limitations exist and should be stated here. Below are comments partially 
derived from conclusions which were reported for a proprietary test program and are 
repeated with permission. These comments are directed toward emphasizing the lim­
itations of the VTU, and what could be done to improve the VTU capabilities for simulating 
on-track behavior. Improved VTU capability for replicating track conditions could be 
useful for evaluating the effect of increased side-bearing gap clearance under more realistic 
conditions. This would also be more cost effective than increasing the number of per­
turbations in the on-track test zone.
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Differences in response between on-track tests and VTU tests are attributed in part 
to differences in input excitation and track modulus, which result in higher critical speeds, 
and to lack of realistic wheel/rail interaction forces, which result in altered vertical forces 
and unrealistic lateral forces (lateral dynamics). Wheel/rail interaction forces are not 
realistic on the VTU because of the lack of wheel to rail relative velocities that provide a 
major contribution to these forces when running on track or rollers. The inability of the 
VTU to accurately produce wheel/rail interaction forces and their ratios is a key problem 
-- this criterion is extremely important for replicating many on-track certification proce­
dures. Differences are also attributed to lack of the random vibrations that are produced 
by wheel/ rail dynamics, train handling, and other sources. These vibrations tend to reduce 
break-away friction in friction snubber elements. This was especially critical with 
higher-damped trucks.

It is suggested that additional testing be performed to investigate solutions to some 
of the VTU's limitations discussed above. Experimentation with superimposed random 
vibrations (dither) and lateral inputs that simulate the consequence of wheel/rail inter­
action f orces could be done.
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APPENDIX 
AAR-Funded Tasks

The Federal Railroad Administration awarded the Freight Car Tolerance — Side Bearing 
Clearance Project to the Association of American Railroads (AAR) in April 1993. Con­
currently, the AAR provided supplemental funding for the development of special 
instrumentation and equipment re-configuration required to successfully complete the 
project. A description of the preparation for this test follows:

VTU Description. Preparation
. v The Vibration Test Unit (VTU) is a vibration testing system designed and built for the 

purpose of testing railroad freight cars with controlled independent or combined vertical 
and lateral vibrations, thus creating the dynamic effects of perturbed track on a moving 
vehicle. The VTU is equipped with 12 hydraulic actuators which excite the test vehicle 
through its wheels. Eight of the actuators provide vertical inputs. Four act laterally at the 
wheel/rail level along the axis of each axle. The wheels of the test vehicle rest on load­
measuring instrumented rail beams, which are supported by a system of hydrostatic 
bearings. These bearings allow a low-friction transmission of vertical and lateral excitation 
into the test vehicle by the hydraulic actuators.

A closed loop "servo-valve" feedback system is used to control the VTU's actuators 
with piston displacement and piston acceleration as feedback elements. Command-signal 
generation and data acquisition are accomplished with a DEC 11/23 computer.

The weight of the freight car is carried by the vertical actuators with a load limit of
40,000 pounds for each vertical actuator and 320,000 pounds for the total vehicle. The 
VTU, capable of accommodating railcars with truck spacing as long as 89 feet, was 
translated under AAR funding to allow testing of the test car with its 40-foot, 7-inch truck 
spacing.
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Test Car on VTU

Development of VTU Load-Measuring Instrumented Rail Beams
Through funding supplied by the AAR, load-measuring instrumented rail beams were 
fabricated, calibrated, and installed on the actuator support bearings of the VTU. The
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beams w ere used to measure all eight vertical wheel forces during testing. A lthough not 

required by the Statement of W ork for this program , the V T U  ra il beams w ere also con­

figured to have the capability to measure lateral rail forces.

Test Truck and VTU Load Measuring Rail Beams

The accuracy of the load-m easuring instrum ented ra il beams, founded on the w orst 

beam calibration values, was approxim ately + / -  800 pounds based on a calibration range 

of 0 to 50,000 pounds and a test data recording range of 0 to 100,000 pounds. This shows 

notable im provem ent over load-m easuring instrum ented w heel set values of + / -  2,000 

pounds (new er design w heel sets w ith  considerably better accuracy w ere not available at 

the tim e of these tests). Even better resolution w ould be possible -- in  fu ture tests, to 

enhance low er w heel load level measurement accuracy (w h ile  sacrificing high level 

accuracy), the ra il beam  calibration values at and below the 25 percent of static w heel load 

levels could be used, and loads above the static load could be discarded. Thus, it is 

anticipated that the accuracy of the ra il beams based on the w orst beam could be reduced 

to a range o f + / -  200 pounds at near w h eel-lift condition.
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