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PREFACE

The purpose of this report is to provide detailed
information about how the Perturbed Track Test was planned
and conducted, and how and what data on vehicle and track
dynamic performance was gathered. This will enable
interested parties to assess how the data can fulfill their
own rieeds. The data gathered in this test is available on
request. a — e apTT—

e
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No analysis will be attempted in this report. There
will be reports separately addressing =ach of the test
objectives presenting the results of analyses as conducted
by the various participarts of the PTT program.
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EXECUTIVE SUMMARY

During November and December of 1978, the Perturbed
Track Test (PTT) involving the E-8 and SDP-40F locomotives
was conducted at the Transportation Test Center (TTC) in
support of the Federal Railroad Administration*s (FRA) Track
Pesearch Program and the vehicle/Track Interaction Subtask
of the Track Train Dynamics (TTD) Program. In addition, a
pilot test was conducted in August 1978 to provide design
data for this test, and a follow-up freight test was
conducted in February 1979 to provide supplemental data on
four-axle locomotives and freight vehicles. The
Transportation Systems Center (TSC) provided the FRA with
support in technical planning and program management.

Presented here is a detailed explanation of the PTT
conduct, the data that was collected, and some of the
possible applications. Included in this explanation is the
documentation of the instrumentation deployment and
functionality, perturbed track layout, consist run sequence,
and the preliminary results of the direct wayside/onboard
instrumentation comparisor.

Finally, selected representative results from both the
E-8 and SDP-40F test series are presented to provide an
indication of the type, quality, and magnitude of the data
collected. Reports presenting the analyses relevant to each
objective will be presented by the appropriate members of
the PTT program in the future; therefore, no analyses have
been attempted here.
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1. INTRCDUCTION

1.1 BACKGROUND

The SDP-40F locomotive was introduced into AMTRAK
passenger service during the period between June 1973 and
August 1974. Since then, 150 SDP-40F's have been used in
all parts of the country. This locomotive is one of the
heaviest in use today, weighing approximately 396,000 pounds
when fully loaded with fuel and water. It is very similar
to the SD-40-2 locomotive widely used in freight service and
is equipped with identical HTC trucks. The primary
differences between the SDP-40F and SD-40-2 locomotives are
that the vehicle has been regeared to allow high speed
passenger service, the vehicle length and truck center
spacing have been increased by about 6 feet to accommodate a
steam generator supplying hotel power, and the resulting
loaded weight has increased by about 7.5% over the 368,000
pounds of the SD-40-2.

By January 1978, passenger trains powered by the SDP-
40F locomotive had been irvolved in 21 derailments at speeds
of 30 mph or greater. This derailment record caused concern
among various safety interests. Between 1974 and 1977,
several special tests were conducted to examine different
aspects of the dynamic performance of the SDP-40F locomotive
and to determine the derailment tendencies of these consists
as operated on major railroads. The major tests include:
tests on the Santa Fe Railroad in 1974[ 1] to study the
influence of new and worn wheel profiles on vehicle
stability and to evaluate the ride quality of locomotives
equipped with HTC trucks; tests on the Illinois Central Gulf
(ICG) Railroad in March 1976[2,3] to evaluate the ride
quality of the SDP-40F locomotive and the associated
potential safety problems; tests on the Southern Pacific
(SP) Railroad in November 1976[ 4] to evaluate the dynamic
performance of HTC trucks; tests on the Burlington WNorthern
(BN) Railroad in March 1977({5] to investigate possible
"trigger" mechanisms or urderlying causes of SDP-40F
locomotive derailments; tests on the Chessie System track in
June 1977[ 6] to establish experimentally the differences
between the dynamic performance of the SDP-40F and the E-8
locomotives and the characteristics of the SDP-40F
locomotives/track interaction for vehicle parameters
simulating different stages of maintenance.

These tests for evaluating vehicle dynamic performance,
conducted after the fact of a perceived safety problem,
demonstrated the need for before the fact guidelines for




assessing new equipment prior to introduction into revenue
service. These after the fact field tests involved many
organizations from the railroad community as well as the
Goverrment, and consumed extensive resources. The
methodologies and conditions of these tests were generally
different, which makes relatirng the results of one test
series to another difficult if not impossible. Because of
these problems, it has become apparent that there is a need
for a standardized test and analysis methodology which could
identify for a vehicle type the potential for undesirable
resporse charcteristics in revenue service. To achieve this
highly desirable objective, it has been proposed that a
pexrmanent facility be designed in order to conduct
standardized tests related to dynamic performance safety
under controlled, consistenrt conditions. Such a facility
would be the proposed Safety Assessment Facility for
Equipment (SAFE). This facility could be used not only to
estaklish the safe operating boundaries of a vehicle at
different stages of maintenance, but also as a common basis
for comparing the dynamic performance of different vehicles.

One of the major objectives of the Perturbed Track Test is
to demonstrate the feasibility of such a concept and to
provide data and guidelines for the design of such a
facility.

1.2 PTT OVERVIEW

The Perturbed Track Test (PTT) program consists of
three sets of tests: a Pilot Test in August of 1978, the
mzin 6-Axle Locomotive Test Series in November and December
of 1978, and a follow-up Freight Test in February of 1979.
These tests were performed at the Transportation Test Center
and were developed under a cooperative Government-Industry
effort to provide an extensive data base on vehicle/track
interaction, using controlled track geometry perturbations.
The specific PTT objectives and the contributions of the
participating organizations are discussed in Chapters 1.3
and 1.4, respectively. A detailed discussion of each test
series is contained in Chapters 2 (Pilot Test) and 3 (Main
Test and Freight Test). Following is a general overview of
the testing program.

The Pilot Test was conducted using an E-8 locomotive
consist operating over a trial set of perturbations. This
test was intended primarily to aid in the design and
execution of the main tests.



In the main 6-Axle Locomotive Test Series, E-8 and SDP-
40F locomotive consists were operated at speeds between 35
and 80 mph over two perturbed track test zones: a tangent
zone on the Railroad Test Track (RTT) and a 1.5°9, 3%
superelevation curved zone on the Train Dynamics Track
(IDT) . Balance speed in the latter zone was 53 mph with 3
inches of underbalance correspording to 76 mph. Both zones
consisted of 136 1lb. bolted joirt rail (BJR) with hardwood-
ties having a 19.5" tie center spacing. The test consists
were generally made up of one or two locomotives, a shared
baggage car, and a data acquisition vehicle, T-5 for the E-8
consist and T-7 for the SDP-40F consist.

The perturbed track test zones, designed to excite
significant dynamic responses under controlled conditions,
included isolated sections of alignment, crosslevel, and
profile perturbations, as well as a section of combined
alignment and crosslevel perturbations on both the tangent
and curve. The perturbation fundamental wavelengths (78?
and 39') and shapes (piecewise linear and rectified sine)
were varied from section to section. The effect of lateral
track stiffness was also investigated by altering the
spiking pattern in a rectified sine alignment section to
simulate laterally "soft" track. In addition, a curve
section of high-rail-only misalignment was divided into
three subsections of varying superelevation so that the
effects of balance speed could be isolated.

Aside from the perturbed track sections, the principal
test variables were: speed, vehicle type and loading,
locomotive position and orientation, rail surface condition,
primary suspension damping, ‘and restricted vertical coupler
freedom. .

An extensive amount of instrumentation, both onboard
and wayside, was used to measure the response of the test
vehicles to the perturbed track. Five instrumented
wheelsets were used to measure lateral and vertical wheel
loads: three on the trailing truck of the SDP-4(QF
locomotive, one on the lead axle of the trailing truck of
the E-8 locomotive, and onrne or. the lead axle of the leading
truck of the baggage car. 1In addition, both instrumented
locomotives and the baggage car were equipped with carbody
accelerometers to assess ride quality, and the instrumented
locomotives were further equipped with displacement
transducers to measure truck yaw on the lead and trailing
trucks. The SDP-40F also had extensive instrumentation on
~its trailing truck to measure accelerations and relative
displacements of its primary and secondary truck suspension
components. Finally, the coupler between the SDP-40F and
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the baggage car was instrumented to measure coupler forces
and angles.

Seven sites of wayside instrumentation were used during
the PTT, six of which were in the curved test zone. These
included four sites measuring vertical and lateral rail
forces: one in each of the three subsections of varying
superelevation, and one irn the combined piecewise linear
alignment and crosslevel section. This latter site was
extensively instrumented and also included measurements of
rail and tie displacement through the use of mechanical and
electronic displacemert transducers. Two additional sites
on the curve, in the rectified sine alignment subsection of
nominal and "soft" track, were also equipped with mechanical
and electric displacement transducers. Finally, one section
in the tangent test zone (a combined piecewise linear
alignment and crosslevel section) was equipped with
mechanical displacement transducers measuring tie shift and
dynamic gage.

After completion of the main tests, a follow-up Freight
Test was conducted using only the curved test zone and its
wayside instrumentation. The principal variables in this
test were vehicle type, loading, and speed. The test
consists varied from 5 to 30 cars, including hoppers,
gondolas, tanks and trailer-orn-flatcars (TOFC), and were
pulled by four l4-axle locomotives (three GP-40's and one U-
30-B) .

Throughout all the tests, track geometry was carefully
measured using several measuring procedures as discussed in
"Chapter 4. This data will be used to generate a complete
track geometry data base to be used in conjunction with the
vehicle response data and the dynamic rail deflection data.

1.3 THE PERTURBED TRACK TEST OBJECTIVES

The Perturbed Track Test (PTT) has been designed to
provide a broad base of experimental information to relate
dynamic performance characteristics of the SDP-40F and E-8
locomotives measured under controlled track inputs to those
experienced under revenue service conditions. The specific
tests were designed to support both the FRA Track Research
Program and the Vehicle/Track Interaction Subtask of the
Track Train Dynamics (TTD) Program. The major objectives of
the test program are defined as follows: '

1. To demonstrate and evaluate the capability of
controlled perturbed track testing for the



determination of vehicle safety-related dynamic
performance and to provide design data for SAFE.

2. To establish a basis for simulating revenue
service track responses by experimentally
determining the relations between key controlled
track, equipment and operational parameters and
safety-related dynamic performance

3. To obtain information for the wvalidation of
analytical models of locomotive dynamic
performance for the enhancement of the ability to
interpret the test results and extrapolate to the
full range of track and operational
configurations.

4. To provide data for the validation of analyses
being conducted for specifying improved track
safety standards.

The follow-up PTT Freight Test was conducted with the
above objectives in mind. However, the specific objectives
of the test were different, reflecting the very different
test plan, consist makeup, and data collected. These
objectives are defined as follows:

1. To identify types of perturbations which excite
freight car response and to further aid in the
design of SAFE.

2. To increase the available data base of wheel/rail
forces with additional freight cars and
locomotives in support of the development of
improved track safety standards. ‘

3. To compare the dynamic performance characteristics
of different generic types of freight vehicles,
under both lcaded ard unloaded conditions.

4. To initiate a Safety Lifecycle data base of
vehicle dyrnamic responses for known states of
component degradation.

Within the general framework of these objectives, the
Perturbed Track Test was designed to answer several specific
questions relating to locomotive performanrce and testing
methodology. Each test variable, including the perturbed
track sections, addresses one or more of the objectives.
While the test variables are discussed in detail later in



the report, the general objectives which they address are
presented here for clarity.

A primary objective of the PTT was to determine the
legitimacy of testing with controlled track perturbations.
The questions answered here relate to SAFF design and
locomotive performance. Specifically, the track inputs
address questions relating to the ability to superimpose
perturbation types, the effects of lateral track stiffness,
‘and the importance of tangent versus curved track testing.
In addition, the effects of balance speed, input
frequencies, decay rates, and the importance of perturbatlon
waveform were investigated.

The other primary objective of the PTT was to evaluate
the dynamic performance of rail vehicles and to supply data
to quantitatively assess the factors contributing to
variations in wheel/rail forces. This objective was
addressed with a series of test variables including speed,
locomotive and vehicle type, locomotive position and
orientation, rail surface condition, suspension damping, and
restricted vertical coupler freedom. The revenue track
tests discussed previously showed that there were definite
differences in the dyramic response of the SDP-#0F and E-8
locomotives and trailing baggage cars. These variables were
also included to determine how each affects the response and
whether this effect is vehicle-dependent. In addition, the
follow-up PTT Freight Test provided important data for four-
axle locomotives and various types of freight vehicles,
allowing a comparison between the dynamic response of four-
axle and six-axle locomotives and passenger and freight type
vehicles.

The absolute levels of maximum allowable dynamic
responses to assure vehicle safety and to minimize track
deterioration are yet to be established. However, the
comparative testing of one vehicle against a generically
similar vehicle with an established history that has been
considered acceptable will still be a sound experimental
approach for identifying possible problem areas. Thus, both
SDP-40F and E-8 locomotives were included for testing.

1.4 DISTRIBUTION OF RESPONSIBILITIES

The Perturbed Track Test (PTT) program was developed
under a cooperative Government-Industry effort. Sponsorship
and overall direction was provided through the Office of
Rail safety Research of the Federal Railroad Administration
(FRA) . Guidance for the planning and design of the test



program was provided by a Government-Industry review group
composed of representatives of the Federal Railroad
Administration (FRA), Transportation Systems Center (TSC),
Association of American Railroads (AAR), AMTRAK, Electro-
Motive Division of General Motors (GM-EMD), and General
Electric (GE). TIn support of this effort, TSC was assigned
responsibility for technical planning and program
management. To facilitate this effort, the test program was
divided into four phases and is summarized in Figure 1-1.
Additional technical support was provided by the following
contractors: Arthur D. Little (ADL), Battelle Columbus
Laboratories (BCL), ENSCO, The Analytic Sciences Corp.
(TASC) , R. A. Vanstone, and T.K. Dyer. Aerospace COrp.
assisted in the desigr of the Freight Test.

Test planning was the responsibility of TSC with the
assistance of the PTT Planning Committee made up of the
Steering Committee and five subcommittees (Figure 1-2).
Members of the committees included representatives from
Government, the railroad industry, and contractors. The
Steering Committee was responsible for the overall direction
of the subcommittees. Each subcommittee was responsible for
preparing specific elements of the overall plan. Within its
area, the subcommittee provided guidance for and reviewed
the work of contractors and consultants assisting in the
planning activities. FEach subcommittee chairperson was
responsible for coordination with other subcommittees.

Test preparation cornsisted of all activities involving
construction, installation, and calibration prior to the
execution of a test. The responsikility for technical
management of test preparation resided with TSC, and was
directed by the project manager. Actual control of test
preparation activities at TTC was the responsibility of the
TTC Test Controller.

Test execution consisted of all on-site activities that
directly affected the execution of a test series, beginning
with the final calibration checks and briefing of test
support personnel, and continuing until the final run of the
series had been made. The General Manager-Test had the
responsibility for insuring that the tests were conducted
within the prescribed time frame and that useful data were
collected.

Perturbed Track Test data analysis plans, methods, and
conclusions drawn from the data will be reviewed by a review
group composed of representatives of at least the. FRA, AAR,
TSsC, TTC, AMTRAK, EMD, and GE. TSC will support this phase
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of the test with a task force responsible for data
reduction/analysis.

The Task Force Leader provides overall direction of the
data reduction/analysis effort. The leader assures that
coordination is maintained between data ard error analysis
and that test results are applied to establish the design
for SAFE. The Task Force Leader is responsible for the
presentation of test results and conclusions to the Review
Groupe. \

1.5 OKGANIZATION OF REPORT

A great deal of data pertaining to the dynamic
performance of the SDP-40F and the E-8 locomotives and their
trailing baggage car was gathered in the main test series.
The freight test supplied additional data for four-axle
locomotives and various types of freight vehicles. This
data is available at the request of any interested party.
The purpose of this report is to provide detailed
information on how the tests were conducted and how and what
data was gathered. This is to provide ary interested party
a guide to the available data for their assessment of how
this data might meet their needs.

Chapter 2, Pilot Test, provides an overview of the
objectives and results of the pilot program with a brief
description of the actual test. Chapter 3, Main Test
Description, gives details on the test consists and
configurations, track design, onboard and wayside
instrumentation design and deployment, and test matrix and
significant test events. Chapter 4 describes the type of
data collected from the onboard and wayside instrumentation.
Also included is a description of the track geometry and
vehicle parameter data collected. It also gives data tape
formats and a log of the functionality during the test of
the data collection systems. Chapter 5 provides a detailed
discussion of the physical measurements and calibrations
performed during the test and preliminary results of the
direct wayside/onboard instrumentation comparison. Some
typical test data is presented in Chapter 6. It is intended
as an illustration and.is by no means comprehensive, nor is
any analysis of the data attempted in this report.

It is presently anticipated that there will be separate
analysis activities addressing each of the test objectives.
These analyses will be performed by the various participants
in the PTT program. Results of these analyses will be
presented in separate reports. Some of the potential data
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applications are presented in Chapter 7. A pictorial record
of the test is presented in Appendix A. A compilation of
the test matrices, as run and as planned, and a discussion
of the objectives of each test series is included in

Appendix B.
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2. PILOT TEST

In August of 1978, a pilot test was conducted at TTC to
provide data for the design of the main Perturbed Track
Tests. This chapter presents an overview of the test,
including the objectives and conclusions drawn from the data
collected. The test is described in detail in Reference

[71.

2.1 OBJECTIVES

The Perturbed Track Pilot Test was conducted with the
following objectives:

1. To compare two perturbation types (piecewise
linear and rectified sine) in order to select the
form to be used in the final perturbed track
design.

2 e To establish the required amplitude of these
perturbationrs in order to produce significant
force levels, while still remairing within the
acknowledged boundaries of safe operation.

35 To assess the feasibility and accuracy of the
currently proposed track perturbation installation
procedures.

4. To assess the stability of the perturbations under
repeated loading, and to provide recommendations
on maintainability and controllability.

5. To provide a checkout of the wayside instrumen-
tation under dynamic conditions on perturbed
track, and to dynamically compare the Battelle and
TTC lateral force circuits.

2.2 TEST OVERVIEW

2.2.1 Test Consists

Three consist corfigurations were used during the pilot
test, all using E-8 locomotives for tractive effort. The
first consist was made up of the Transportation Safety
Institute (TSI) 210 locomotive and the FPA's T-5 data
acquisition vehicle. The rext was just the TSI 210
locomotive, and the third was made up of the Amtrak 417
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locomotive, the TSI 210, and the T-5 data acquisition
vehicle. The single locomotive consist (without the T-5
car) was used to test the stability of the track geometry.

2.2.2 Track

There were two types of track geometry used in the
pilot test: piecewise linear alignment ard crosslevel, and
rectified sine alignment and crosslevel. The piecewise
linear alignment perturbation had a fundamental wavelength
of 78 feet, two rail lengths. The piecewise linear
crosslevel perturbation was imposed by shimming the low rail
and had a fundamental wavelength of 156 feet, four rail
lengths. The rectified sine alignment and rectified sine
crosslevel perturbations both had 39-foot fundamental
wavelengths. Figures 2-1 and 2-2 show representations of
the two sections. The perturbations were built on curved
track, so0 the nominal views of alignment should include a
1.5 degree curvature.

During the pilot test, the track geometry was adjusted
after two days of test runs. Therefore, two stages of track
geometry existed for the pilot test: Stage 1 and Stage 2.
The Stage 1 track geometry contained one section of
piecewise linear perturbations and one section of rectified
sine perturbations. Fach section contained four repeated .
alignment cycles as defined in Figures 2-1 and 2-2. After
two days of testing, the track geometry was modified to
Stage 2. Changes from Stage 1 track geometry included
modifications of both sections, plus the addition of two new
sections. The modifications of the Stage 1 sections
adjusted the alignment of the last two cycles of each
section to match the larger amplitude design specifications
of the new sections. The two new sections were designed
with the same waveshape as in Stage 1, but w1th two cycles
each instead of four. :

The Plasser Car and the Track Survey Device were used
to measure the "as built" track geometry. These devices are
discussed in detail in Chapter 4.

2.2.3 Instrumentation

The onboard instrumentation consisted of one
instrumented wheelset positioned on the leading axle of the
trailing truck of the TSI 210 locomotive, an Automatic
Location Detector (ALD) at this axle, and a ride quality
package positioned over the trailing truck. The ride
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quality package measured linear and angular accelerations in
the three principal axes of the locomotive. This data was
recorded on a digital tape and displayed on brush charts.
The channel assignments for the tapes are presented in

Table 2-1.

Wayside instrumentation consisted of 19 channels of
force measurements and 8 channels of displacement
measurements installed, calibrated, and recorded by
Battelle. Strain gages were obtained by TTC. In addition,
8 mechanical stringpots to measure maximum rail head lateral
deflection were installed, maintained, and recorded by TTC.
ALD magnetic targets were installed. and maintained by TTC.

The locations of these gages are shown in Figures 2-1
and 2-2. L = lateral force, V = vertical force,
D = electrically recorded displacement measurements,
DV = joint vertical displacement, DL = rail head lateral
displacement, DT = tie lateral displacement, S = mechanical
stringpot measurement of maximum rail head lateral
deflection, A = ALD target. Instrumentation is located as
follows:

Q. At each force measurement site, L circuits
(Rattelle type) were located in the four
consecutive cribs following the cusp, while V
circuits were located only in the 1st and 3rd
crib.

b. Battelle and TTC lateral circuits were located
together in the 2nd crib of the high rail site on
the piecewise linear test section.

C. D and S measurements were made directly at the
- indicated cusps.

d. ALD magnetic targets were placed, and secured from
movement, directly at every cusp in the two test
sections and at the station where the Battelle and
TTC lateral circuits were compared. In addition,
ALD targets were placed equidistant at 4 rail
length intervals in the nominal section between
the two test sections.

2.2.4 Test Sequence

The test sequence was divided into four test series,
Series I through IV. Table 2-2 gives a summary of the four
test series performed. The test parameters varied were:
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TABLE_ 2-1. PTT PILOT TEST T-5 COMPUTER INPUT CHANNEL ASSIGNMENTS

CHANNEL § _ QusckIPTION_

0 % ¥4 AXLE VERTICAL FORCE LEFT

1 . ** #4 AXLE VERTICAL FORCE RIGHT

2 *% ¥4 AXLE LATERAL FORCE LEFT

3 ** §4 AXLE LATERAL FORCE RIGHT

4 ** #4 L/V LATERAL FORCE LEFT

5 *% #4 L/V LATERAL FORCE RIGHT

6 * #4 AXLE VERTICAL BRIDGE #1 LEFT (0° § 180°)

7 * #4 AXLE VERTICAL BRIDGE #1 RIGHT (0° § 180°)

8 % #4 AXLE VERTICAL BRIDGE #2 LEFT (90° § 270°)

9 * #4 AXLE VERTICAL BRIDGE #2 RIGHT (90° §& 270°)
10 . * #4 AXLE LATERAL BRIDGE #3 LEFT SINE
11 * #4 AXLE LATERAL BRIDGE # 3 RIGHT SINE

12 * #4 AXLE LATERAL BRIDGE # 4 LEFT COSINE
13 * ¥4 AXLE LATERAL BRIDGE #4 RIGHT COSINE
14 ~ SPEED (T-5) _

15 'AUTOMATIC LOCATION DETECTOR (E-8)

16 * #4 AXLE ENCODER (BRIDGE LOCATION) #1 (22.5°) LEFT
17 * #4 AXLE ENCODER (BRIDGE LOCATION) #2 (67.5°) LEFT
18 ' * ¥4 AXLE ENCODER (BRIDGE LOCATION) #3 (112.5°) LEFT
19 * §4 AXLE ENCODER (BRIDGE LOCATION) #4 (337.5°) LEFT
20 . * RQP "A" VERTICAL |

21 % RQP A" LONGITUDINAL

22 * RQP "A" LATERAL

23 _* RQP "A" PITCH

24 * RQP "A" ROLL

* © J-BOX SIGNALS FROM E-8 LOCOMOTIVE
#¥ SIGNALS FROM ENSCO WHEEL PROCESSING CHASSIS

17



8l

TABLE 2-2. SUMMARY OF PERTURBED TRACK PILOT TEST

*

TRACK NUMBER OF SPEED RANGE, RAIL

CONSIST GEOMETRY RUNS MPH SURFACE
Series I I e N\ 14 5 to 67 Dry
(August 16 & 19) T-5 TS1 210 Stage 1 12 15 to 67 Sand
Series II | TN > 10 15 to 60 Dry
(August 30) T=5 TS1 210 Stage 2 11 25 to 65 Sand
Series ITI N> 10 45 Dry
(August 31) TS1 210 Stage 2 10 50 Dry
5 55 Dy

Series IV [ ] EQ{7 4:>>[ 4;:>
(September 1) T-5 TSI\ZlO 417 Stage 2 9 26 to 61 Dry

Instrumented Wheelset 6 26 to 49 Sand

*
See accompanying text for explanation of Stage 1 and Stage 2 track geometry.




Track geometry - Stage 1, Stage 2;

Consists - E-8 locomotive, E-8 locomotive and T-5,
two E-8 locomotives and T-5;

Speed - 5 to 67 mph;

Rail surface condition - dry, sanded.

Data collected during Series I and II can be compared to
show the effects of Stage 1 versus Stage 2 track geometry.
Series III is meant to test the track geometry stability
after repeated runs. Series IV can be used to show the
effects of two locomotives as compared to onre locomotive in
the consist.

2.3 CONCLUSIONS

Several issues were investigated, using the results of
the pilot test. The following conclusions are derived from
_these investigations.

L Both the piecewise linear and rectified sine
perturbation types provided sufficient vehicle
response.

o Bent rails and bent joint bars provided accuracy
no greater than obtained from bolting cut rail
sections.

. Four contiguous alignment cycles are sufficient to
build vehicle response to a steady-state level.

o Battelle's strain gage circuits were satisfactory
in static and dynamic comparisons with other
types.

e  Improved rail instrumentation calibration

techniques should be developed.

o Unperturbed sections are required to separate
perturbed sections.

. An unperturbed length of 10 rail lengths between
sections is sufficient.

° Test results have excellent repeatability.
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At the forces measured, the track geometry is
stable to withinrn .30 inches.

Maximum construction deviatiors from the intended
track geometry occurred at the rectified sine
joints.

Rectified sine profile perturbations greater than
.5" lead to suspended joints.

Improvements in track construction techniques

should allow accurate construction to within .20
inches lateral effect.
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3. MAIN TEST DESCRIPTION

3.1 TEST CONSISTS

Three separate test consists were operated over the
.Perturbed Track Test sites at TTC: two during the main
testing period in November and December, and a third during
the .follow-up freight tests in February. The main tests
were conducted with six-axle, E-8 and SDP-40F locomotives
and a shared Amtrak baggage car. The specific locomotives
and baggage car chosen were the same ones that had been used
in the Chessie Test in June 1977. The baggage car was the
one that had been pulled in the SDP-40F consist. However,
since the time of the Chessie Test, Amtrak has made some
modifications to the baggage car. The most significant
changes being the installation of vertical snubbers on the
baggage car, and the modification of the baggage car's
coupler draft gear, providing a softer spring resistance.
Both the SDP-40F locomotives were equipped with the
original, stiffer secondary suspensions. The freight test
used four-axle locomotives, three GP-40's and one U-30-B,
and a variety of freight vehicles, all obtained from either
the Facility for Accelerated Service Testing (FAST) or TTC.
A description of the consists is provided below. Detailed
data pertaining to the weights and physical dimensions of
the vehicles is presented in Chapter 5.

In the following discussion, a consistent axle
numbering convention has been used to prevent confusion.
For the locomotives, the axles are always numbered
consecutively: from 1 to 16 for the freight test, and from
1 to 12 for the main test (as if there were always a two-
locomotive consist). The axles for all other cars have been
labeled from 1 to 4 ard are referenced to vehicle number for
the freight test, or to vehicle name for the main test. The
principal exception to this convention is in the
instrumentation channel assignment tables where the axles
are referenced from the "A" end of the specific vehicle.

3.1.1 E-8 Test Consist

The baseline E-8 test consist was made up of the
Transportation Safety Institute (TSI) 210 locomotive, the
Amtrak 417 locomotive, the Amtrak baggage car Number 1244
(0ld Number 1025) and the FRA data acquisition wvehicle T-5.
The configuration of the consist was an independent variable
of the test. These variations are shown in Figure 3-1. The
instrumented locomotive was the TSI 210 which was not the
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BASELINE CONSIST
CONFIGURATION "A"

AXLE NUMBERS —»— 1 2 3

CONFIGURATION "B"

" CONFIGURATION "C"

CONFIGURATION 'D"

CONFIGURATION 'B*"
(SPECIAL E-8 CONSIST RUN
ON 12/1/78 AFTER PANEL SHIFT)

INSTRUMENTED WHEELSETS
VAXLE NUMBER 10*

5'\'1 . | I Baggage Car

Data Car
ATK-417 T ATK-1244 FRA T-§
456 789 10 11 12 12 34 12 34
< I!-II I Baggago Car Data Car
TS1-210 ATK-1244 BRA T-5
789 10 11 12 12 34 12 .34
E-8 :[ E-8 :[laggago Car Data Car
ATK-417 TS1-210 ATK-1243 FRA T-5
123 456 . 789 10 11 12 12 34 12 34
E-8 I E-8 Baggage Car Dats Car
- ) - ATE-1244 FRA T-5
123 456 789 10 11 12 12 34 12 34
(s
E"I 4 Data Car
T81-2) FRA T-5
789 10 11 12 12 3 4

INSTRUMENTED WHEELSET

BAGGAGE CAR AXLE NUMBER 1

* LOCOMOTIVE AXLES REFERENCED ACCORDING TO SPACIAL POSITION
AS IF THERE WERE ALWAYS 2 LOCOMOT IVES

FIGURE 3-1. E-8 LOCOMOTIVE TEST CONSISTS



case in the Chessie Test. This was necessitated by
scheduling reguirements on the locomotives.

3.1.2 SDPfHOF Test Consist

The baseline SDP-40F test consist was comprised of the
Amtrak 620 locomotive, the Amtrak 586 locomotive, Amtrak
baggage car Number 1244 (old Number 1025) and the FRA data
acquisition vehicle, T-7. As with the E-8 test consist, the
SDP-40F consist was tested in a variety of configurations.
(See Figure 3-2.) The instrumented locomotive, as in the
Chessie Test, was the Amtrak 620.

3.1.3 Freight Test Consists

During early February, two freight consists were
operated over the curved PTT zore. Tractive effort for both
consists was supplied by four locomotives: the DOT 003, the
Alaska Railroad 3011 and 3001, and the Chessie 8208. The
first day's consist contained loaded and unloaded hopper,
tank, and trailer-on-flat cars (TOFC). At the highest speed
runs, however, only the loaded hoppers were included. A
listing of this consist is shown in Table 3-1. The second
day's consist contained up to 30 cars from the FAST consist,
"all of which were loaded. During the test, cars were
dropped from the lead end of the consist to attain higher
speeds, (a broken rail in the FAST loop restricted the
length of track available for accelerating the consist to
speed). The consist confiquration is listed in Table 3-2
with some pertinent information about the physical
characteristics of each car. '

3.2 TRACK

The PTT utilized two perturbed track test zones: a
tangent zone on the RTT, and a 1.5°, 3" superelevation
curved zone on the TDT. Balance speed in the latter zone is
53 mph, with 3 inches of underbalance corresponding to 76
mph. Both zones consisted of 136 1b. bolted joint rail
(BJR) with hardwood ties having a 19.5" tie center spacirg.

Within these zones, nine sections of perturbed track,
five in the curved zone and four in the tangent zone, were
built with the goal of providing controlled vertical and
lateral excitations satisfying Class 4 track standards.
These perturbed sections were separated Ly sections of high-
quality nominal track of either 11 or 12 rail lengths so
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INSTRUMENTED WHEELSETS

\ AXLE NUMBERS 10, 11, 12%
. )

gésgigggggilﬁiu SDP-40F SLP-40F IH Inaggage Car Data Car

ATK-S86 A ATX-T731 FRAT-7
AXLE NUMBERS —a 1 2 3 456 789 10 11 12 12 34 12 34
DP-
CONFIGURATION "B" P-40F HI Iynggage Car Data Car
ATK- 0620 ATK-1244 FRA T-17
789 10 11 12 12 34 12 34

CONFIGURATION "C" SOP-40F Bugguge CAr Data Car
ATK-1244 FRA T-7
123 456 789 10 11 12 12 34 12 34

INSTRUMENTED WHEELSET
BAGGAGE CAR AXLE NUMBER 1

ota

* LOCOMOTIVE AXLES REFERENCED ACCORDING TO SPACTAL POSITION
AS IF THERE WERE ALWAYS 2 LOCOMOTIVES

FIGURE 3-2. SDP-40F LOCOMOTIVE TEST CONSISTS



TABLE 3-1.

CONSISTS 2/3/79

PTT FREIGHT VEHICLES

RATLROAD AXLE
CAR OR CAR TYPE WEgégTS zgigg NgﬁggR CONSISTS
NUMBER NUMBER
LOCOMOTIVES (kip) | (kip)
DOT 003 1 -4 GP-40-2 4-AXLE| 256 32.0 -
AAR 3011 5 - 8 GP-40-2 4-AXLE| 256 32.0 -
ARR 3001 9 - 12 GP-40-2 4-AXLE| 256 32.0 -
co 8208 |13 - 16 U-30-B 4-AXLE| 255 31.9 - 5 AND
11 CAR
CN 330092 1 LOADED HOPPER 263 32.8 52 CONSISTS
NW 140086 2 LOADED HOPPER 263 32.9 22
BN 526327 3 LOADED HOPPER 264 33.0 2
BN 527077 4 LOADED HOPPER 262 32.8 | 33
UP 37605 5 LOADED HOPPER 265 33.1 41
SOU 79339 6 UNLOADED HOPPER 70 8.8 -
TP 588257 7 UNLOADED HOPPER 61 7.6 -
USN 319612 8 LOADED TANK 230 28.8 - 11 CAR
CONSIST .
USN 319611 9 UNLOADED TANK 58 7.2 - ONLY
TTX 160569 10 LOADED TOFC 196 24.5 67
EA?TX 160546 11 UNLOADED TOFC 66 8.2 - 69
DOT 003 ARR 3011 ARR 3001 CO 8208
— - ——-1__’ -
l A._— o
oOu¢C 00U o 0 00 o O Q 0 0O o ¢ [sX s}
AXLE #'s 12 34 56 78 9 10 11 12 13 14 15 16 FREIGHT CARS
TEST DIRECTION
TOFC = 70 TON CAPACITY

L —————

25
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TABLE 3-2. FREIGHT
CONSIST | FAST | RAILROAD WHEELS WHEEL TRUCK
CAR NO. CAR NO. A i B COUNTOUR TYPE
NO. |
!
1 29 CN 330033 J36C ; CJ36C AAR S2A
2 91 CP 351874 J36c J36C AAR s2c
3 8 CO 183553 H36U | CH36U AAR s2¢
4 74 | NATX 35018 J36U  €J36C H36C AAR RC 524
5 15 BO 199408 J36U i CJ36U AAR $2C
6 93 CP 351834 CJ36C | J36C AAR s2c
7 94 CN 330025|J36C CJ36C J36C AAR S2A
8 10 BN 526116 J36u | cJ36U AAR RC
9 3 | CEI 588383 H36U | CH36U AAR RC
10 77 | DUPX 20457 |.cJ36C H36U H36C J36C AAR RC
11 1 { CEI 588380 H36U | CH36U AAR RC
12 27 LN 196400 J36C | CJ36C cN AAR RC
13 75 | UTLX 30430 H36U H36C J36C H36C AAR s2¢
14 57 NW 120334 | J36U H36U ICJ36C J36B AAR s2C
15 56 | LN 195679] CJ36C CJ36C CH36U AAR s2c
16 35 | BN 527085 J36c | J36C AAR SM
17 34 BN 527078 J36Cc | cJ36C AAR SM
18 28 BN 527067 J36C | CJ36C AAR-CN  AAR RC
19 84 | GATX 92557 | H36U CH36B  CH36C AAR S2A
20 36 PPLX 226| cJ36c | cJ3ec AAR RC
21 85 | NATX 34436 J3eu | cJI36U AAR S24A
22 37 PPLX 244 J36C | J36C AAR RC
23 61 NW 120452 J36C | CJ36C AAR s2c
24 63 €O 63668 |CJ36C J36C J36C CJ36C AAR s2c
25 86 | UTLX 88207 CH36U | H36C AAR S2A
26 38 PPLX 306 CJ36C | CJ36C AAR RC
27 24 NW 14087 H36C | CH36C AAR 52C
28 20 BN 526372 H36C | CH36C AAR RC
29 32 NW 14089 J36C | CJ36C CN AAR 52C
30 18 BN 526345 H36C ; CH36C AAR RC




CONSIST 2/4/79

WHEEL

CENTER | SPRING |COUPLER CAR TYPE CAR

PLATE TYPE TYPE (ALL 100 TON) WEIGHTS | LOADS | CONSISTS
14 D3 E HOPPER 263 32.8
14 D3 F B.T. GONDOLA | 263 32.9
16 D5 E HOPPER 262 32.8
14 D5 F TANK 263 32.8
14 D5 E HOPPER 262 32.8
14 F B.T. GONDOLA | 262 32.7 -
14 D3 E HOPPER 256 32.0 S
16 D5 F HOPPER 263 32.9 o
14 D5 E HOPPER 265 33.1 &
14 D3 E TANK 262 32.8 g
14 D5 E HOPPER 263 32.9 Z
14 D5 E HOPPER 263 32.9 a
14 D3 F TANK 264 33.0 S
14 D5 E HOPPER 264 33.0 o
14 D5 E HOPPER 262 32.7 &
16 D5 F HOPPER 264 33.0 o
16 D5 F HOPPER 263 32.9 2
16 D5 F HOPPER 264 33.0 | |
14 D3 E TANK 117 14.6 1 9|3
16 D7 F HOPPER 263 32.9 %
14 D3 E TANK 260 32.5
16 D7 F HOPPER 264 33.1] 8
14 D5 E HOPPER 264 33.0 | &
14 D5 E HOPPER 263 32.9 z
14 D3 E TANK 261 32,6 | 7
16 D7 F HOPPER 262 32.8
16 D5 E HOPPER 263 32.9
16 D5 F HOPPER 265 33.1
16 D5 E HOPPER 263 32.9




that the response to each section could be isolated. The
curved test zone was used during both the main PTT and the
follow-up freight test while the tangent zone was only used
during the main testing period. The location of the test
zones at TIC and test directions are shown in Figure 3-3.

The perturbation sections are sequentially numbered,
with 1 through 5 comprising the curved test zone, and 6
through 9 comprising the tangent test zone. The transitions
(1f present) and individual cycles in a particular perturbed
section are indicated as: section number, decimal point,
perturbation number. The perturbation number zero is
reserved for those cases where an entry transition rail is
needed before the intended .perturbation can actually begin.
As an example: 7.0 means perturbation section 7 (<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>