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cm cantimeters 04 inches in
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SECTION 1 - INTRODUCTION

1.1 BACKGROUND

The Truck Design Optimization Projeet (TDOP) is a series of studies sponsored by the
Federal Railroad Administration (FRA) to define and quantify the performance of
freight car trucks. For the purpose of TDOP, a Type I truck is defined as a standard,
three-piece freight ear truck or its modified versions with basically similar configura-
tions. The Type II (or premium) truck is defined as a truck whose design features
bring about a functional difference in truck and carbody behavior. In Phase I of TDOP,
standard, three-piece trucks were tested under a variety of track, earbody, load, and
speed conditions. The goal of TDOP Phase Il was to characterize the performance and
cost-effectiveness of the Type II trucks with reference to the standard Type I trueks.
This goal has been pursued through field testing, computer modeling, economic
analysis, and engineering analysis.

This report describes the results of a study in the field testing area, the TDOP Wear
Data Collection Program. In this program, the amount of wear on several trucks, both
Type I and Type II, was measured at various mileage intervals. The objectives of the
program were to:

e Collect wear data
Establish wear trends
Evaluate various measurement techniques
Develop a measurement schedule

Provide input to economic models

1.2 SCOPE

The trucks selected for the program have been in revenue service since April, 1979.
The Type I trucks tested were the American Steel Foundries' (ASF) Ride Control truck,
the Barber S-2 truck, and the Barber S-2 Heavy Duty truck with C-PEP (center plate
extension pad). The three initial Type II trucks tested were the Dresser DR-1 Steering
Assembly truck, the Barber-Scheffel truck, and the National Castings Swing Motion
truck. Another Type II truck, the Devine-Scales truck, was added to the program in
February of 1980 but was removed after 6 months because of the excessive repairs it
required; these repairs are desecribed in Section 3. The MTS Maxiride 100 truck
(another Type II truck) was added to the program and placed in service in April, 1981.

e
o



The trucks were run under hopper cars in unit coal trains between coal mines in Utah
and Colorado and a steel plant in California. The trains passed through Las Vegas,
Nevada, where periodic wear measurements were taken at the Union Pacific's repair-
in-place (RIP) track. Most of the service was on the Union Pacific's main line class 4
track, with curves of up to 10 degrees. The speed of these trains was up to 65 mph
with an approximate average speed of 45 mph. Figure 1-1 shows the basic components
of a typical freight car truck. Figures 1-2 through 1-9 show the trucks tested in the

program.

1.3 REPORT ORGANIZATION

This report is organized into two volumes. Volume I includes the body of the report
and three appendices that contain the wear data collection plan, procedure, and data
base description. Volume II contains the computer printouts of the wear measure-
ments; it is grouped into eight sections, corresponding to the eight trucks in the wear

program.
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The authors would like to acknowledge the generous assistance and support of the
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Bruner, Assistant Chief Mechanical Officer, Union Pacific Railroad; Charlie Johnson,
UP's Director of Road Tests; Paul Rhine, of the Environmental Planning Department;
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manufacturer's representatives that provided Wyle with the benefit of their expert
knowledge included Garth Tennikait of American Steel Foundries; Nick Darien and
Jerry Musolf of Standard Car Truck; Geoffrey Cope of Dresser Industries; Norm
Morella of National Castings; Phil Connaught and Luigi Induni of MTS/Socimi; and

Brian Scales representing The Devine Manufacturing Company.

The authors would also like to thank those members of Wyle's Colorado Springs staff
who have contributed to and supported the project over the last three years,
principally Edward Gadden, Everett Bates, David Gibson, Richard Peacock, and Robert
Esquibel. Finally, this acknowledgement would be incomplete without mention of the
continual support that Wyle Laboratories has received from the FRA's Office of
Freight Systems, notably from Arne J. Bang, forgfer Chief, Freight Services Division;
and Dr. N. Thomas Tsai, the project's Contracting Officer's Technical Representative.
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SECTION 2 - PLAN AND PROCEDURE

2.1 PLAN

The planning document for the TDOP Wear Data Collection Program is contained in
Appendix A. It called for obtaining and preparing the trucks for the program, taking
initial, zero-mileage, measurements, and then following up with eyeclic wear measure-

ments every 12,500 miles of revenue service.

The program began in January, 1979, and was scheduled to conclude in September,
1980, with each truck having accumulated approximately 250,000 miles. However,
because the trucks were being used in actual revenue service, several were rotated out
of service for routine maintenance checks and were not promptly returned to the unit
train, or they were routed to other locations by railroad personnel who were unaware
that the trucks were in a test program. Other delays were caused by using the same
Muck for both the wear program and the TDOP Phase II truck performance
testing effort. Therefore, the goal of 250,000 miles has not yet been reached.

Table 2-1 shows the accumulated mileage for the trucks at the time of the last
measurement cycle in January, 1981. These mileages range from about 31,000 to
131,000 miles except for the MTS Maxiride 100 truck, which entered the program only
recently. The trucks will remain in service as the program continues, under FRA
sponsorship, to the 250,000-mile point. The dates and approximate mileages at which

wear was measured on each truck are shown in Table 2-2.

2.2 PROCEDURE

The detailed procedures for the wear program, including instruments and equipment,
truck preparation and identification, and initial and cyeclic measurement techniques

are contained in Appendix B.

2.2.1 Pre-Service Preparation

Prior to placing the trucks into revenue service, a number of pre-service tasks had to
be performed to prepare the trucks. This preparation took approximately three
months to complete. Before acceptance by a railroad of any truck type not previously
approved for interchange service, permission had to be obtained from the three

0,



TABLE 2-1. MILEAGE STATUS

TRUCK DATE ENTERED SERVICE MILEAGE LAST CYCLE
National Swing Motion 4-4-79 125,701
(Car #001)

Barber S-2 4-8-79 127,576
(Car #002)

Dresser DR-1 4-8-179 90,116
(Car #003)

Barber S-2 Heavy Duty 4-4-79 131,493
with C-PEP (Car #004)

ASF Ride Control 4-4-79 59,813
(Car #005)

Barber-Scheffel 4-4-79 107,813
(Car #006)

Devine-Scales 1-16-80 ) 31,619*
(Car #007)

MTS Maxiride 100 4-17-81 N/A
(Car #008)

* Removed from program in July, 1980.

TABLE 2-2. WEAR MEASUREMENT CYCLES

NATIL ’ 5/.20/79 7./29/79 1/ 10/.80 l./15/91|
SWING MOTION
5/20/79 7/11/79 1/12/80 2/5/81
BARBER S-2 o ° A
5/20/19| 7/25/79 12/06/80 1/10/80
DRESSER DR-1 ® o ° )
:EAARVBYEES{'s 5/23/7: 10/0.2/79 1/17/8.0 %1/a|
ASF 8/23/7917/11/79 1/12/81
RIDE CONTROL oo °
sgﬁggﬁgl: :/20/79 10/05/7: 1.2/09/79 ‘/10./61
DEVINE- 7714780
SCALES

0 125 25 375 50 625 75 87.5 100 1125 125 137.5
CAR MILES X 1000



railroads (the Union Pacific, Atchison, Topeka & Santa Fe, and Denver & Rio Grande
Western railroads) responsible for the unit coal train as it made round trips between
Colorado (or Utah) and California.

Cars were selected from the Union Pacific's fleet; they were all 100-ton, self-clearing
hopper cars, and each car was equipped with a remote control retainer valve and
separate retainer air line in order to be acceptable for service in the unit coal trains.
The carbody center plate on each was inspected and measured. Any center plate that
showed an "out-of-circular" condition or other evidence of damage such as may have
arisen from a broken vertical wear ring on the existing truck bolster (see Figure 2-1)
was cause for rejection of the car for test purposes.

Each car in the program was identified with a placard in each corner. The side
frames, bolsters, and all other substantive truck components were spray painted with
éluminum paint before initial measurement and assembly. The words "test truck” were
stenciled on each side frame and bolster, and the words "test wheels" were stenciled in
at least four locations on each axle. The trucks and wheelsets also were marked with
AAR location designations. The truck component identification markings, except for
springs, were impression-stamped on non-wearing surfaces. Additionally, some truck
components, such as friction castings, pedestal roofs, and center plate wear liners had
to have indexing features designed for them for accurate wear measurements (see

o

Figure 2-2).
M

—
Initial, or inventory, measurements were taken on the trucks; some 7&&0 individual

measurements in all, or about 1000 per truck. Truck components that were measured
included wheels, brake shoes, bearing adapters, bolsters, and side frames. Measure-
ment techniques included the use of ultrasonie thickness gages, micrometers, calipers,
and depth gages with indexing features.

2.2.2 Data Collection

An example of the measurements taken is the truck bolster center plate liner and wear
ring, accomplished with a template and an ultrasonic gage (see Figure 2-3). Eight
wear ring thicknesses and twelve wear liner thicknesses were measured along the
bolster longitudinal and lateral axles using the location template. The minimum

g



FIGURE 2-1. DAMAGED TRUCK WEAR RING

FIGURE 2-2. DIAL DEPTH GAGE USED WITH INDEXING FIXTURE



FIGURE 2-3. MEASUREMENT OF TRUCK BOLSTER CENTER PLATE
LINER AND WEAR RING WITH INDEXING TEMPLATE
AND ULTRASONIC GAGE

thickness of the wear ring was located to define the major wear axis. The angle was
measured using the pointer and protractor dise on the template. The template was

then rotated to align with the major wear axis and the eight ring and twelve liner

thickness measurements were made with the ultrasonie gage.

Another measurement example is the relative height of the roller bearing adapter
crown, measured with a dial depth gage in conjunction with a thr'ee-legged, "milk
stool" indexing template (see Figure 2-4). Twelve measurements were taken on each

of the édapters, six on the crown, and three on each lug lateral face.

Wheel profiles were taken along with precise tape line circumference readings and the
front-to-front distance. The wheel tread width of both wheels was recorded and a
magnetic clamping device and set screw fastening method was used on Pullman
Standard's profilometer to ensure repeatable alignment of the profile tracing stylus on
the wheel tread (see Figure 2-5). With the exception of the Barber-Scheffel, all the
trucks in the program were equipped with AAR 1/20" profile wheels. The Barber-
Scheffel truck used wheels with the Barber-Scheffel profile.

10



FIGURE 2-4. MEASUREMENT OF ROLLER BEARING ADAPTER
CROWN USING DIAL DEPTH GAGE AND
INDEXING TEMPLATE

FIGURE 2-5. MEASUREMENT OF WHEEL PROFILE USING
PULLMAN STANDARD PROFILOMETER

1



Special features of some trucks required additional measurements; for example, the
outside diameter of the male portion of the pin and socket connection of the DR-1
steering arms. On the National Swing Motion truck, additional measurements included
the transom and bolster stop, and the rocker seat and bearing thicknesses.

Measurements made with ultrasonic thickness gages, calipers, mierometers, depth
gages, and feeler gages were recorded to a resolution of + .001 inches. Measurements
made using tape measures, scales, and AAR gages were recorded to the nearest
graduation (e.g., 1/64 of an inch for wheel circumference). Weights, such as those for
the bearing adapters and friction castings, were recorded to the nearest ounce.

The accuracy, resolution, and repeatability of each measurement was used to
determine the number of times it was sampled during a measurement cyele. Initially,
it was intended that a minimum of two samples of each measurement be taken. If the
variation between the two measurements exceeded the stated measurement tolerance
requirement (e.g., + .005 inch), two additional measurements were to be taken at that
measurement location. After gaining experience in taking the measurements, it was
determined that only one sample was necessary in most cases, thereby reducing by half
the amount of time required to measure a truck.

In addition to measurements, photographs of wear on truck components were taken
periodically; any unusual damage or wear encountered was photographed. All data
collected were stored in the TDOP wear data base and made available as input to the
TDOP economic cost/benefit analysis of Type II truck designs. It should be noted,
however, that the results of a study using one-car samples must be used with eaution.
The relatively loose tolerances used in manufacturing freight car trucks, combined
with the peculiarities of captured unit train service, cause significant deviations from
the wear trends one would expect under normal conditions.

2.2.3 Data Base

The data base for this program was developed with Wyle Laboratories' Interdata 8/32
computer using TOTAL as a data base management system (see Appendix C for a
complete description of the data base). This system is ideal for the wear data in that
it allows for both fixed data files (master files) and variable files. Through TOTAL,
each variable wear data record is linked to each of five master files. This creates
multiple access paths within the data base and allows wear data to be analyzed in a

12



variety of ways. For example, first line analysis can readily be made of wear data
along these major access paths:

e Car number/truck type o Part location on car, i.e., BL1,AR4
e Individual part number e Measurement cycle date/mileage
e Component grouping, e Wheel wear on a specific car.

Inventory component change-out analysis can also be performed, such as: brake shoe
replacement between dates 0179 to 0979, or wheel change-out on ear number 003.

The TDOP wear data base can be used to provide quality assurance during the
measurement program, and to provide data for detailed engineering analysis of rates
of deterioration. Variance reports that listed previous measurements and the changes
in these measurements aided the field team in comparing results. These reports were
also used to flag possible measurement errors. In addition, inventory change-out
reports indicating recent part replacements were generated to keep track of the
current state of the program.

To fulfill the objective of providing data for engineering and economic analysis,
several forms of graphical displays ecan be plotted. Changes in wear rates can be
quantified through the use of standard statistical analysis methods and plotting the
results in various ways. Examples of plots are comparative trend wear analysis plots
and curve-fitting plots.

Under comparative trend wear analysis, single-curve plots can be used to compare
wear measurements of selected components (i.e., bolster wear plates) between various
truck types, and multi-curve plots can chart the wear on individual components (i.e.,
brake shoes) as a function of time or mileage.

The TDOP wear data base is designed to collect data from multiple sources by truck
type, manufacturer, load capacity, operational classifications, curve-to-tangent ratios,
mechanical wear, and repair and maintenance costs. Data from participating
railroads, the Wear Data Collection Program, and the FAST (Facility for Accelerated
Service Testing) Program are used. Fixed information such as truck type and
manufacturer need be recorded only once in the master files of the data base.
Variable data such as wear measurements, track characteristics, and maintenance

hours can be entered in the variable files as appropriate.

13



SECTION 3 - RESULTS

Wear has been observed on most cémponents of the six trucks that have accumulated
an average of 100,000 miles. However, for the most part, dramatic wear has not been
seen, which is understandable since trucks with this mileage accumulation are still
considered relatively new. Measurement techniques and the relative worth of making
specific measurements at various mileage intervals were evaluated. The data
collected during the measurement program provided an input to the economic analysis
to assist in determining if any difference in wear could be associated with the cost
advantages or disadvantages of any particular truck design features.

3.1 WEAR TRENDS

Since each Type II truck is designed differently, it would not be meaningful to compare
them as a group to Type I trucks as a group. However, cbmparisons of wear on similar
components could be made among the truecks.

The truck wheels are among the first components to show wear. The amount of wear
on the wheels of six of the test trucks as measured by flange width is shown for each
truck in Table 3-1. A summary of truck wheel wear is shown in Table 3-2. Figures 3-1
through 3-7 show initial and final profiles for the wheels on each of the trucks.

TABLE 3~1. FLANGE WIDTH (INCHES) ON NEW AND WORN WHEELS*

Truck New Wheels Worn Wheels Difference
(After Approx. (As Measured
100,000 Miles) w/AAR Finger Gage)

National Swing Motion 1.45 1.28 -17

ASF .

Ride Control 1.45 1,30%** -15

Barber-

Scheffel 1.47 1.42 -.05

Dresser

DR-1 1.44 1.39 -.05

Barber $~2 1.44 1.29 -15

Barber S-2

Heavy Duty 1.38%+* 1.28 -10

b Average of R1, R2, L1, and L2 measurements

** Flange width at first eyclic measurement (12,306 miles) -
data missing from inventory (zero-mileage) measurement

#** After approximately 60,000 miles

14



ST

TABLE 3-2. SUMMARY OF TEST TRUCK WHEEL WEAR

AVERAGE CROSS-
SECTIONAL AREA

AVERAGE CROSS-
SECTIONAL AREA
REMOVED FROM

AVERAGE DECREASE

AVERAGE BEGINNING

1. Al original wheels continue in service.

2. Two wheelsets removed at 83,000 miles for shelled-out tread; one wheelset removed at 116,000 miles
for grooved tread (with brake shoes not normal to car); one original wheelset continues in service.

3. Al original wheels in service until Feb. 5, 1981; two wheels removed for causes not related to
wheel wear (loose bearing seal backing rings) and replaced with new wheels for service continuation.

4,  Truck removed from program after 31,613 miles.

5.  Hardened wheels used for first 15,104 miles, then changed over to Class "U" wheels.

6.  All wheels are Class "U" untreated cast steel, CJ36 (two wear type) for freight service, except
Barber-Scheffel wheels which are Class "U" untreated cast steel (two wear type), with special profile.

REMOVED FROM TREAD & FLANGE IN WHEEL RADIUS TAPE LINE
SERVICE TREAD & FLANGE PER 10,000 MILES AT TAPING LINE CIRCUMFERENCE
TRUCK TYPE MILES (SQ. INCHES) (SQ. INCHES) (INCHES) (INCHES) NOTES
National Swing 1 125,701 .339 .0269 .062 113.75 1
Motion
Barber S-2 1 100,094 .373 0374 067 113.75 2
(avg)
Dresser DR-1 1 90,116 .188 .0208 057 113.80 1
Barber S-2 | 131,493 .275 .0209 .050 113.67 3
Heavy Duty
ASF Ride 1 59,813 .186 .0315 027 113.68 1
Control
Barber- 11 92,709 .224 024 061 113.34 5
Scheffel
" Devine-~ )i 31,613 .192 061 Unavailable 114.50 4
Scales
NOTES:
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FIGURE 3-1. WHEEL PROFILE HISTORY - NATIONAL SWING
MOTION TRUCK UP TO 125,701 MILES _
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FIGURE 3-2. WHEEL PROFILE HISTORY - BARBER 5-2-C
TRUCK UP TO 100,094 MILES
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FIGURE 3-3. WHEEL PROFILE HISTORY - DRESSER DR-1
TRUCK UP TO 90,116 MILES
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~~ FINAL PROFILE TYP.
L3 'R3

FIGURE 3-4. WHEEL PROFILE HISTORY - BARBER §-2 HEAVY
DUTY TRUCK WITH C-PEP UP TO 131,493 MILES
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— - INITIAL PROFILE TYP.
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“- FINAL PROFILE TYP.  _ ‘

" FIGURE 3-5. WHEEL PROFILE HISTORY - ASF RIDE
CONTROL TRUCK UP TO 59,813 MILES
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INITIAL PROFILE TYP.

L1

FIGURE 3-6. WHEEL PROFILE HISTORY - BARBER-SCHEFFEL
TRUCK UP TO 92,709 MILES
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FIGURE 3-7. WHEEL PROFILE HISTORY - DEVINE-SCALES
— : TRUCK UP TO 31,613 MILES
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Other components showing noticeable wear are the bolster gibs, side frame column
wear plate, friction castings, and bearing adapters. The 1,100- measurements taken at
each cycle are given in detail in Volume II of this report. For assistance in using
Volume II, see Table 3-3 which lists each type of measurement taken and indicates
whether the measurements increase or decrease with wear (e.g., when two points on
the same part wear away from each other, the intervening distance increases). The
table also shows the code used on the computer printout to identify the various
measurements in Volume II. In a few cases, data are missing from the printouts,
especially in the early measurement cycles when malfunctions were discovered in

some of the measurement fixtures.
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