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EXECUTIVE SUMMARY 

Recent research efforts sponsored by the Federal Railroad Administration (FRA) have 
investigated the development and validation of new techniques for testing and analysis of the 
safety and track worthiness performance of new designs of freight cars and suspensions. At 
the same time the Association of American Railroads (AAR) has recently introduced new 
service worthiness test requirements as a part of the AAR's Manual of Standards and Rec- 
ommended Practices, M-1001, Chapter XI. 

Prior to the acceptance of Chapter XI, the FKA and AAR jointly sponsored a research 
program to develop new tests and safety criteria for the evaluation of the dynamic performance 
of new vehicles. The tests and criteria used in this program were the same as those now 
required by Chapter XI. This program tested a newly designed 2-axle, skeletal platform car 
for carrying a single highway trailer. This project became known as Car 1. To continue the 
development process, the FRA and AAR have sponsored a second test program to apply 
similar testing and analysis techniques to a different, newly designed freight car. In this project 
the AAR's contribution has been to develop a new facility for performing some of the required 
laboratory tests. The AAR also sponsored the first tests conducted using this facility. The 
objectives of the entire program were as follows: 

Determine whether relatively inexpensive procedures could be devised 
which could be used for the analysis and testing of the safety aspects of new 
designs of lightweight cars and trucks 

Evaluate the safety aspects of a new design of lightweight car and truck 
using these procedures 

The car chosen for this second test (Car 2) was an aluminum bodied, coal gondola, 
PSMX 11 1, which was equipped with modified three-piece trucks. The modifications included 
primary shear pads at the bearing adaptors, and redesigned friction snubbers to increase the 
truck warp stiffness. 



To meet the objectives entailed three major sub-tasks: 

Laboratory Tests 

On-track Tests 

Mathematical Modeling 

This interim report details the results of the laboratory tests and the portion of math- 
ematical modeling performed prior to the on-track tests. 

Laboratory Tests 

These tests were conducted to provide input data for the mathematical model. This input 
data includes suspension stiffnesses and damping, and rigid and flexible body modal char- 
acteristics, such as resonant frequencies and structural damping. For the Car 1 project, most 
of these tests were conducted on a machine known as the Vibration Test Unit (VTU), at the 
Transportation Test Center (?TC), Pueblo, Colorado. The VTU tests proved to be com- 
plicated and very expensive to run and provided lower quality than was desired. Therefore, 
the AAR sponsored the development of a simpler facility for conducting characterization 
tests. 

This new facility, the Mini-Shaker Unit (MSU), utilizes two vertical and one lateral 
actuator which connect the car body to the ground. One end of the car is supported on four 
strain-gaged bars for measuring suspension loads. The MSU is much more effective in exciting 
the desired motions for the characterization tests. 

A few tests that required characterization of the yaw and longitudinal suspensions, 
required floating the car on air bearings and using manual hydraulic actuators to move the 
suspensions. These tests were conducted in an identical manner to the Car 1 tests. L 

The following laboratory tests were successfully completed: 

Vertical and Lateral Suspension Characterization (MSU) 

Rigid and Flexible Body Modal Characterizations (MSU) 

Yaw and Longitudinal Suspension Characterization (Air Tables) 
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Mathematical Modeling 

Using the parameters measured during the laboratory tests, simulations of the test car were 
made using the AAR's New and Untried Car Analytic Regime Simulation (NUCARS) 
computer model. NUCARS was used to simulate the car in loaded and empty condition over 
all the required Chapter XI test zones to predict the following dynamic behavior: 

Lateral stability on tangent track 
Constant curving and spiral negotiation 
Response to varying cross level (twist/roll) 
Response to surface variation (pitch/bounce) 
Response to alignment variation (yaw/sway) 
Response to alignment, gage and cross level variation in curves (dynamic 
curving) 

These test zones are simulated using mathematical definitions of the track curves, and 
perturbations. 

Successful predictions were made for all conditions except the yaw/sway test zone and 
the dynamic curve. Results from the simulations of these two zones appeared erroneous and 
did not predict behavior that was consistent with previous experience. It is suspected that 
errors in the definition of the yaw and lateral suspension characteristics may have affected 
these results. 

Exceedance of Chapter XI limiting criteria was predicted for the following test regimes: 

1. Empty Car Tangent Hunting 
2. Empty Car Pitch and Bounce 
3. Empty Car Single Bounce 
4. Empty and Loaded Car Yaw and Sway (possibly erroneous results) 
5. Empty Car Dynamic Curving (possibly erroneous results) 

2: 

Comparison of these predictions with track test results awaits analysis of the track test data. 
Additional NUCARS modeling will also be performed using actual measured track geometry 
for input. Refinements to some of the suspension characteristics will also be made based on 
suspension dynamic response during the track tests. 
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I 1.0 INTRODUCTION 
Recently there has been a significant increase in the rate of introduction of new designs of 
freight cars and trucks to the railroad industry. This has occurred for a number of reasons 
including the railroad industry's desire to carry greater loads at higher speeds and the increase 
in demand for intermodal traffic. This latter requirement gives relatively low vehicle loads 
and as a result has led to the development of a number of single axle suspension designs and 
articulated vehicles with trucks under each articulation joint. In order to minimize energy 
consumption and maximize load-to-tare ratios, vehicle bodies are being designed with light- 
weight structures, which can include new materials untested in the railroad environment. 

For many years, the vast majority of freight cars running on the North American freight 
railroads have been equipped with two conventional three-piece trucks. Accordingly there is 
considerable experience with regard to the performance of these cars. With the introduction 
of new intermodal car designs, the Mechanical Division of the Association of American 
Railroads (AAR) recently introduced Chapter VIII of its Manual of Standards and Recom- 
nzended Practices,l containing requirements for testing these vehicles. In 1985 the AAR took 
the initiative to form an ad-hoc committee with industry wide support for the purpose of 
applying recent technology advances to the approval process for all new freight car designs. 
This committee made recommendations to the AAR Mechanical Division's Car Construction 
Committee for a series of tests and analyses to be performed as a part of a new certification 
process for new vehicle designs. These requirements, approved in 1988 by the Car Con- 
struction Committee, are part of the AAR's Manual of Standards and Recommended Practices, 
Chapter XI.1 A copy of the Chapter XI requirements is included in the Appendix. 

Prior to the acceptance of the new Chapter XI certification test process by the Car 
Construction Committee, the Federal Railroad Administration (FRA) and the AAR spon- 
sored a research program that developed new safety criteria for identifying critical response 
parameters of rail vehicles, with tentative limits and test requirements, to evaluate the dynamic 
performance of new vehicles. The tentative limits and test requirements used for the eval- 
uation were the guidelines proposed under Chapter XI. 

Phase 1 of this research program, "Safety Aspects of New and Untried Freight Cars," 
tested a newly designed vehicle selected by the project steering committee. The vehicle was 
the Trailer Train ?TUX skeletal platform car, with single axle, leaf spring suspension, known 
as the Frontrunner (Tm). These tests are referred to as the Lightweight Car 1 tests. 
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Chapter XI guidelines suggest that a new vehicle be mathematically modeled to predict 
its dynamic response to the track irregularities defined for the on-track tests. The newly 
developed New and Untried Cars Analytic Regime Simulation (NUCARS) computer model 
was used and partially validated as a part of this project (Phase 1). This model was used to 
predict response to all the proposed Chapter XI test tracks. 

To provide initial input parameters to the NUCARS mathematical models, such as 
suspension stiffnesses and body structural flexibility parameters, Chapter XI recommends 
performing vehicle characterization tests to measure this data. The Lightweight Car 1 test 
program investigated various methods for determining vehicle parameters for input to 
NUCARS and was completed by conducting all the recommended Chapter XI track tests on 
the test vehicle. Test results were compared to NUCARS predictions to partially validate the 
NUCARS model's ability to predict a vehicle's dynamic response to known track irregulari- 
ties.2 

Completion of the Car 1 test program has assisted in the development of new safety 
criteria for critical response parameters and test requirements to evaluate the dynamic per- 
formance of new vehicles. To continue this process, the FRA has begun Phase 2 of this 
program to evaluate the dynamic performance of a second lightweight vehicle and to further 
develop safety performance criteria and test requirements. 

The scope of the Car 2 test is similar to Car 1 which is essentially applying Chapter XI 
to a new vehicle design, measuring its suspension and other parameters, modeling it with 
NUCARS, performing a series of track tests, and comparing model predictions with track test 
results. In this case the project is jointly funded by the AAR and the FRA, with the AAR 
funding the development of new facilities and tests for performing the vehicle characteriza- 
tions, and the FRA funding the remainder. 

Due to unforeseen difficulties in analyzing the on-track test data, completion of the 
project has been delayed. This document is an interim report, describing the results of the 
vehicle characterization tests and the results of the pretest computer modeling. 



2.0 OBJECTIVES 
This project has two basic objectives: 

1. To determine whether relatively inexpensive procedures can be devised which 
could be used for the analysis and testing of the safety aspects of new designs of 
lightweight cars and trucks. 

2. To evaluate the safety aspects of a new design of lightweight car and truck using 
these procedures. 

It is hoped that if successful procedures are developed, these could become part of a 
revised set of testing requirements for new car designs to be used voluntarily by the industry. 

3.0 PROJECT METHOD 

3.1 GENERAL PHILOSOPHY 
The project was organized to evaluate the safety aspects of a new vehicle using a prede- 
termined set of analyses and test procedures. The overall flow of the project was envisioned 
as follows: 

1. Measure the vehicle's suspension and car body resonance characteristics. 

2. Perform a pretest analysis of the vehicle by mathematically modeling with 
NUCARS. 

3. Subject the vehicle to a predetermined track test sequence similar to 
Chapter XI. 

4. Perform post test analysis using a specially modified version of NUCARS 
that reads actual track geometry data for input. Make use of test results to 
refine the input to the NUCARS model. 

5. Compare track test results with model predictions, and determine the safety 
performance of the test vehicle. From these results, evaluate the analysis 
and test methods used for their effectiveness in measuring vehicle safety 
performance. 



Analysis of the overall results of the Lightweight Car 1 test program indicated several 
areas for improvement of test and analysis techniques. These were integrated into the 
test method for this project. The following subsections outline the various phases of this 
project and how the results of the Car 1 project affected their implementation in this effort. 

3.2 VEHICLE CHARACTERIZATION 
Vehicle characterization is the process of determining the various vehicle suspension and 
structural characteristics, such as spring stiffnesses and damping, and car body natural 
bending modes. This data is then used as input to the NUCARS computer model. 

The Lightweight Car 1 tests were performed on the Vibration Test Unit (VTU) at 
the Transportation Test Center ( P C ) ,  Pueblo, Colorado, to measure most of these 
characteristics. The VTU proved to be cumbersome for performing these tests, which 
resulted in test procedures that cannot be regarded as "simple." The VTU is also expensive 
to operate. For the Lightweight Car 2, it was decided that simpler facilities and tests should 
be tried. It was also decided that the AAR would fund the development of a new test 
facility and demonstrate its use during this project. 

Some of the tests for characterizing the yaw suspensions involved lifting the vehicle 
on air bearing tables. These test procedures proved satisfactory for Car 1 and were 
therefore used for testing Car 2. 

3.3 PRETEST ANALYSU 
As with Car 1, the pretest analysis involved modeling the vehicle negotiating appropriate 
Chapter XI test zones, using the NUCARS computer m0de1 .~~~  NUCARS has been in a 
continuous state of development since completion of the Car 1 project and has had many 
improvements in speed and accuracy. Input data for NUCARS was obtained from the 
vehicle characterization tests, and supplemented where necessary by manufacturers' 
specifications. 

A major problem encountered when doing the NUCARS modeling of Car 1 was 
determining certain suspension characteristics from the characterization tests. The AAR 
has been developing a computer program for assisting invehicle parameter identification. 
This program was used for this project to evaluate its effectiveness in identifying vehicle 
parameters. 



I 3.4 TRA(XJIBTS 
Similar to the Car 1 project, the Chapter XI test sequences were the basis for the track 
tests. Alterations included performing all test regimes with both an empty and loaded 
vehicle. In addition, a wide range of curves was tested to better evaluate vehicle curving 
behavior. Due to difficulties in analyzing this data, no track test results will be presented 
in this interim report. 

3.5 POST TEST ANALYSlS 
Because completion of these predictions depends on track test data, post test predictions 
will be presented in this interim report. The final report will contain the complete track 
test results compared with these post test "real track" NUCARS predictions. Aversion of 
NUCARS, which reads actual test track geometry as input, was used for post test modeling 
for Car 1. An updated version of this program is to be used for Car 2. 

Results of the Car 1 project indicated that predictions of vehicle yaw and lateral 
suspension dynamics may have been hampered by inaccurate measurement of the yaw and 
lateral suspension characteristics. For the Car 2 project, an attempt will be made to refine 
the lateral and yaw suspension characteristics by making use of dynamic measurements 
of these suspensions during the track tests. These refined values will be used in the post 
test model predictions. 

4.0 TEST VEHICLE 
The project steering committee set several guidelines in choosing the test vehicle. The vehicle 
had to be of a new design that had not been subjected to the AAR Chapter XI process and 
was not in regular service. 

These guidelines were chosen to ensure that the vehicle would be of general interest to 
the railroad community, would represent a significant attempt to improve vehicle performance 
technology, and would be significantly different than Car 1 (TIZJX Frontrunner). At the 
same time the steering committee wanted a vehicle that was not too radical a departure from 
current technology so as to be representative of vehicles likely to be designed in the near 
future. 
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The guidelines chosen for the test vehicle are as follows: 

1. Standard configuration (single car body on two trucks) 
2. Bulk or container load (no trailers) 
3. Designed for general interchange use 
4. Improved or modern truck design 
5. Car body design for light weight or extra payload 

The chosen test vehicle was a Trinity Industries 100-ton aerodynamic aluminum coal 
gondola car, known as PSMX 111 (Figure 1). The car is constructed with an aluminum 
semi-monocoque body with steel stubsills. The light weight (including trucks) is 41,40Opounds, 
the load limit is 221,600 pounds, and the gross weight is 263,000 pounds. This lightweight 
construction allows for carrying a load of 11 tons more coal than a normal 100-ton gondola, 
while maintaining a nominal 33,000 pound wheel load. 

For the purposes of this test, the vehicle was equipped with two American Steel 
Foundries (ASF) Roadmaster trucks (Figure 2). These are a modified three-piece design, 
having a primary suspension consisting of rubber shear pads at the axle bearing adaptors. The 
rubber shear pads are designed to center the axles within the pedestal jaws to attempt to 
maintain the axles square relative to each other. While maintaining nominal alignment, the 
shear pads have longitudinal and lateral flexibility allowing the axles to "steer." These trucks 
are equipped with variable rate friction snubbers (dependent on vertical load). The design 
of the friction snubber castings is also modified to attempt to provide greater resistance to 
truck lozenging (truck warping). 



Figure 1. Test Vehicle: PSMX I11 Aluminum Coal Gondola 

Figure 2. Test Truck: ASF Roadmaster Truck with Test Transducers Inst 
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The trucks are also equipped with constant contact side bearings to control body roll 
and truck hunting. 

The vehicle suits the criteria selected. Its design is very different from the Frontrunner 
Car of Phase 1, which will allow for greater confidence in the wide applicability of the testing 
and analysis methods being evaluated. 

5.0 VEHICLE CHARACTERIZATION TESTS 

5.1 INTRODUCTION 
The research program required analytical predictions of test vehicle performance before 
commencement of the on-track tests. There are two objectives for these predictions: (1) 
to identify critical areas of performance, so that testing could concentrate on those areas, 
and (2)  to provide further validation of the NUCARS computer model being used to make 
the predictions. 

In order to obtain good predictions, it is essential to have accurate knowledge of the 
test vehicle's suspension characteristics and modal parameters. This information is best 
obtained by performing suspension characterization and modal analysis tests. 

In previous test programs, the AAR has performed these tests on the VTU and on 
various jury-rigged, quasi-static test stands. The results from these tests have often been 
less accurate than desired. In addition, the cost of using the VTU is usually very high, 
making it an undesirable means for routinely obtaining suspension characteristic data. 

In order to address the problems of accuracy and cost, the AAR, as part of this 
research program, developed and tested a new vehicle characterization facility for 
obtaining suspension and modal data. This facility has come to be known as the Mini- 
Shaker Unit (MSU) and was used for performing most of the characterization tests for 
this project. 

One of the difficulties encountered during the Car 1 project was in determining 
certain suspension characteristics, such as the height of action, from the suspension 
characterization test data. The greatest difficulties were encountered when trying to 



analyze the suspension of the trailer load and its interactions with the test vehicle. In many 
instances these parameters have to be determined by trial and error, until the test results 
match predictions. 

To address these difficulties, the AAR has been developing new "Parameter Iden- 
tification" computer software to assist in the analysis of vehicle characterization test data. . 
This software is intended to formalize the often haphazard process of converting test results 
into suspension characteristics that accurately represent the test vehicle. To evaluate the 
new software's practicality, some of the vehicle characterization test data was analyzed 
using these new techniques. 

5.2 VEHICLE CHA-TION TEST FACILITY 

5.2.1 m i c l e  W c t e n z a t l o n  . . T e s t s  the VTU 
The VTU was originally designed to perform long term vibration tests on a complete 
vehicle to simulate the running of a car along actual track. This system has performed 
well for evaluating lading damage, structural stress levels, and for researching the effects 
of a variety of track perturbations on vehicle dynamic response. The VTU is ideally 
suited for performing these tests. 

To accomplish these tests, the VTU shakes the whole vehicle including the wheels 
and trucks. The VTU consists of moving platforms with short sections of "rail" mounted 
onto them. The vehicle rests on these rails, one axle to each platform. The vehicle is 
excited by lateral and vertical actuators that move each platform independently. 
Because the actuators support the entire weight of the vehicle, the actuators need to 
be large and powerful, with high hydraulic flow rates. These are therefore expensive 
to operate and maintain, when compared with conventional actuators. 

During many previous test programs, including the Car 1 program, vehicle 
characterization tests were also performed on the VTU. This was accomplished by 
jury rigging fixtures that would hold the car body stationary whilemoving the suspension 
beneath it. Measurements of wheel/rail forces were also required. These were made 
using the VTU "rails" which had been strain gaged to detect incipient wheel lift during 
the vibration tests. Subsequent analysis has shown that these are not accurate enough 
for good characterization results. This jury rigged system, combined with the opera- 
tional and maintenance expense of the VTU and the less than desired accuracy in the 



force measurements, led to the conclusion that the W U  is not ideal for performing 
vehicle characterization tests. The VTU is nonetheless still well suited for the tasks 
for which it was designed: whole vehicle vibration, track perturbation, and vehicli 
dynamics tests. 

One of the main goals of the Car 2 program was therefore to develop a new 
vehicle characterization testing facility that would be cheaper to operate and produce 
better results. 

5.2.2 Design MSU 
To address the problems encountered with the VTU, a newly designed facility was 
recommended. This new facility was to have the following features: 

1. Excitation to the car body, to reduce expense of actuators. Excitation at only 
one end of the car. 

2. Instrumented rails under the wheels to measure vertical and lateral forces. 
These must be more accurate than the ones used on the VTU. Instrumented 
rails only at one end of the car. 

3. Portability, to allow installation of the test rig at other sites. 
4. Simple desktop computer based control system and data acquisition system. 

5.2.3 
The first items addressed in the design process were the instrumented rails. Several 
different designs were studied and two existing designs were tested. The first design 
tested was based on the strain gage arrangement frequently used in measuring 
wheel/rail forces in the field. This involves mounting strain gages on the base and the 
web of a standard rail section. In the past, problems have been encountered with the 
linearity of this arrangement 536 and with crosstalk between vertical and lateral signals. 
These problems were confirmed by simple tests in the laboratory. 

The second designs tested were strain gaged rail sections that had been developed 
by ENSCO under contract to the FRA. These were originally designed to be used as 
part of a stickingbrake detector. These also proved to have considerably more crosstalk 
than was desirable; therefore, a new design was developed that was based on a specially 
machined bar of steel, with pockets machined for mounting strain gages in locations 
where crosstalk between vertical and lateral stains would be minimized. Strain gages 



were mounted on the top surfaces of the rails, as shown in Figure 3, and on the bottom 
surfaces of holes machined through the sides of the bars, as shown in Figure 4. Tests 
on these bars showed greater linearity and less crosstalk than any previous design. 

Figure 3. MSLT Instrumented Rail, Showing Position 
of Strain Gages in Pockets on Top of Rail 

The rails are mounted to a platform which can be bolted to the concrete floor. 
Ramp rails are mounted on the ends of the platform which can be aligned with railway 
tracks. This makes it possible to push the test vehicle into position. Note that the VTU 
requires lifting the vehicle with cranes. 



Figure 4. MSU Instrumented Rail Showing Holes for 
Strain Gages Machined in the Side 

5.2.4 .&.&a& System 
The basic plan for exciting the vehicle was to connect the vehicle car body to the ground 
by means of vertical and lateral hydraulic actuators. Because they would not have to 
support the vehicle, these could be considerably smaller than those used in the VTU. 

The ideal mounting position for the vertical actuators would have been to fasten 
them to the floor and have them run upward to the car body. This could not be done 
for two reasons: 

1. N o  actuators were available that were short enough to fit between the car 
and the floor. 

2. It was not feasible to excavate pits beside the test location in which to fit 
longer actuators. These pits would have also required reaction masses in the 
bottom to react the forces. 



The actuators were therefore attached to large concrete blocks, as shown in 1-igi~ I-c. 
5. These blocks had been made as flatcar loads for another research project and \ \ ~ l - c  
now available to be used as reaction masses. Two 55 kip actuators were used. 

The lateral actuator was also mounted to one of the reaction masses, as slio\\in 
in Figure 6. If no reaction masses were available, a load reaction frame woulcl 1~ 
constructed and fastened to the floor. A 20 kip lateral actuator was used. 

Except for the two 125,000 pound reaction masses, this system is reasonal>l~ 
portable. If taken to other locations, an alternate reaction arrangement, sucli ~ 1 s  

mounting the actuators to the floor, would be used. 

Figure 5. Test Vehicle Installed in MSU Showing Attachment 
of Hydraulic Actuators 



Figure 6, Attachment of MSU Lateral Actuator to 
Concrete Block and Test Vehicle 

5.2.5 Control System And Data Acquisition 
Control of the actuators was accomplished using a Hewlett-Packard (HP) 330 desktop 
computer linked to the hydraulic controllers by a function generator. The sanlc 
computer was used to acquire the test data during the tests. Figures 7 and 8 show tlic 
control and data acquisition system. 

A single computer program acted to generate the control signals and collect tlie 
test data. A wide range of control functions were possible, including frequency sweeps 
and constant frequency dwells. Control was by either constant displacement arnplitudc 
or constant force amplitude input from the hydraulic actuators. 

The data acquisition system consisted of the HP 330 computer linked to a I-11' 
6942A multi-programmer analog-to-digital converter. Digital test data was stored f o r  
future analysis on 20 megabyte Bernoulli type removable hard disk cartridges. 



Immediate post test "quick look data analysis is also possible using the same data 
acquisition and control software. Time history plots and cross plots of one data channel 
against another are available to allow quick verification of test results. Frequency 
domain analysis is also possible. Fast Fourier Transforms (FFTs) can be generated 
for any data channel. Transfer functions can be calculated between different channels 
of data. 

Figure 7. Hewlett-Packard Desktop Computer System Used 
for MSU Control and Data Acquisition 



Figure 8. Signal Conditioning and MTS 
Hydraulic Control System for MSU 

5.3 VEHICLE CHARACTERIZATION TESTS 

5.3.1 Test Ob~ecWw . . 
The objectives of performing vehicle characterization tests are: 

1. To measure the suspension characteristics of the test vehicle using thc 
Chapter XI guidelines. The data obtained is to be used in the NUCARS 
model. 

2. To measure modal parameters of the test vehicle for use in the NUCARS 
model. 



3. To validate the new parameter identification software. 
4. To evaluate the MSU for its practicality and cost effectiveness in obtaining 

suspension characteristics and modal test data. 

5.3.2 Test- 
Test measurements consisted of input forces and displacements of the hydraulic 
actuators, response displacements measured across the various suspension elements, 
car body accelerations, and vertical and lateral rail forces. A complete list of instru- 
mentation used is contained in the Test Implementation Plan.7 

A sign convention consistent with the NUCARS model was chosen for all data. 
The test vehicle was placed with its A-end over the instrumented rails. When standing 
facing the B-end of the car, the x-axis was chosen to be longitudinal with positive motionL 
forward. The y-axis was laterally to the left. The z-axis was vertical with positive motion 
up. Clockwise rotation about the named axes was taken as positive. 

Deflections across springs were positive for extension; negative for compression. 

5.3.3 
There were five different basic test procedures: 

1. Vertical characterization tests 
2. Roll characterization tests 
3. Lateral characterization tests 
4. Body bending mode (modal) tests 

5.3.3.1 Vertical Characterizations 
The vertical characterization tests were performed two different ways to compare 
the effectiveness of the different methods. The first method was quasi-static 
characterization. Both vertical actuators were connected to the car body. The 
actuators were stroked in-phase at a constant frequency of 0.1 Hz. A variety of runs 
were made at different amplitudes up to the point at which the truck springs were 
fully compressed. 

These tests were then repeated with the frequency being swept from 0.1 Hz, 
increasing until the suspension passed through a vertical resonance. At resonance, 
it was expected that only low force inputs would be required to achieve maximum 



suspension deflections. Unfortunately, this was not the case. The hydraulic 
actuators appeared to be flow limited at resonance, causing the input displacements 
to drop. This prevented achieving full suspension travel at resonance. 

5.3.3.2 Roll Characterizations 
These tests were similar to the vertical tests except that the vertical actuators were 
operated out-of-phase. Because of tight clearances between the car body and the 
two reaction masses, only quasi-static inputs were used. This was to avoid the 
possibility of the car body striking the actuator support brackets on the reaction 
masses. During the quasi-static tests, it was possible to monitor the car body roll 
by eye and keep roll motions under control. 

5.3.3.3 Lateral Characterizations 
These tests required removal of the vertical actuators. The left side reaction mass 
was repositioned and a lateral actuator connected between it and the car. 

Both quasi-static and resonance type tests were performed in a manner similar 
to the vertical tests. It was hoped that the lateral tests would excite both lateral 
and roll suspension resonances. Unfortunately, only a small amount of roll motion 
occurred during the lateral tests near resonance. This is probably due to the low 
center of gravity of the loaded car, combined with the lateral actuator being posi- 
tioned close to the roll center height of the vehicle. 

5.3.3.4 Body Bending Mode (Modal) Tests 
These tests are performed to identify the following three primary body structural 
bending modes, and are basically extensions to the other tests. 

1. Lateral Bending 
2. Vertical Bending 
3. Torsion 

The vertical bending mode test is performed with the two vertical actuators 
operating in-phase, as in the vertical characterization tests. Low amplitude input 
is swept in frequency to pass through the body vertical bending resonance. For this 
vehicle, it was very easy to determine whether a bending resonance had been 
achieved because the car structural flexibility made it possible to visually observe 
the resonances. 



The torsion tests were performed in a manner similar to the roll character- 
ization tests. Similarly, the lateral bending tests were an extension of the lateral 
suspension characterization tests. 

5.3.4 Test Results 

5.3.4.1 Parameter Identification 
One of the objectives of the vehicle characterization tests was to validate a new 
computer program designed to assist in identifying vehicle parameters. This pro- 
gram, known as_Rail_VehicleIIJentification (RVID), has been under development 
for the AAR by Massachusetts Institute of Technology (MIT).8 

5.3.4.2 Secondary Vertical Suspension 
The secondary vertical suspension consists of the main truck springs, with variable 
rate friction damping provided by friction castings. The damping rate is dependent 
on the deflection of the control springs with full compression providing the highest 
friction level. Figure 9 shows the general arrangement of the friction castings in 
the bolster. As the bolster moves downward the control springs as well as the main 
springs are compressed, increasing the vertical load on the friction castings. Due 
to the wedge shape, this increases the lateral load against the side frame and hence 
increases the vertical friction damping. 

To determine the characteristics of this suspension, data from quasi-static test 
runs was analyzed. The measured rail vertical forces at  each wheel on one side 
were summed together. These two left and right vertical forces were then plotted 
against their respective vertical suspension displacements. 

RVID was used to assist in identifying the suspension characteristics. Vertical 
force and displacement data was input to the program, with the controlled variable 
being the displacement. RVID output estimates of the vertical suspension forces 
were calculated based on a simple hysteresis loop friction model. 



/ FRAME 

FRICTION BOLSTER 
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/ CONTROL SPRINGS 

Figure 9. Diagram of Secondary Vertical Suspension 
(Bolster to Side Frame Connection) 

Figures 10 to 15 show the RVID results for the left, right and "average" 
suspensions. Data shown are plots of the force versus time and force versus dis- 
placement for each case. Plotted are the actual test data, the RVID estimates of 
vehicle response, and the error (difference) between the two. The average 
suspension is based on the average of the left and right suspension displacements 
and forces. 
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Figure 10. Vertical Force Time History of the Left Side 
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Figure 11. Vertical Force Versus Vertical Displacement 
Characteristic of the Left Side Secondary Vertical Suspension 
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Figure 12. Vertical Force Time History of the Right Side Secondary 
Vertical Suspension 
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Figure 13. Vertical Force Versus Vertical Displacement 
haracteristic of the Right Side Secondary Vertical Suspension C
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Figure 14. Vertical Force Time History of the "Average" 
Secondary Vertical Suspension 
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Figure 15. Vertical Force Versus Vertical Displacement 
Characteristic of the "Average"E4econdary Vertical Suspension 



The'left suspension (Figure 11) can clearly be seen to have greater friction 
than the right suspension (Figure 13), with the variable friction level also being 
noticeable. 'I'he sudden increase in force at the lower left corner of the force versus 
displacement plots is an indication that the springs have bottomed at the end of 
their strokes. The error is greatest at this point, with RVID having difficulty 
matching the test results when the friction shoes are locked up and not moving. 

The estimated piece-wise linear (PWL) characteristics calculated by RVID 
for these three suspensions are given in Table 1. The average suspension charac- 
teristic was used as input to the NUCARS model for all four vertical suspensions 
in the preliminary pretest modeling. The actual left and right characteristics will 
be substituted for the lead truck during the post test modeling using the actual track 
geometries (ENSCO measured track). 



Table 1. Estimated Piece-Wise Linear Characteristics for the 
Secondary Vertical Suspension 

Comparisons of these vertical suspension tests were made with data from the 
roll characterization tests. Although it was not possible to bottom the suspension 
during roll, Figure 16 shows that the behavior in roll is very similar to vertical 
bounce. 
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Figure 16. Vertical Force Versus Vertical Deflection Characteristic 
for the Right Side Secondary Vertical Suspension During Roll Input 

5.3.4.3 Primary Lateral Suspension 
The primary suspension is provided by rubber shear pads mounted between the 
axle bearing adaptors and the truck side frames. These are circular and therefore 
expected to have uniform stiffness in the lateral and longitudinal directions. The 
manufacturer's specifications for the vertical stiffness of these pads is very high; 
7,500,000 Ib/in. This stiffness is so high as to have no effect on the dynamic 
performance of the vehicle. Therefore no attempts were made to characterize the 
primary suspension in the vertical direction. 

The lateral suspension was characterized from the lateral suspension tests. 
RVID was used to assist in identifying the shear pad characteristics. Due to the 
nature of the test arrangement, it was not possible to isolate the forces being 
transmitted through each individual shear pad. The axles act as solid links con- 
necting the left and right sides while the side frames transmit forces from lead to 
trail axle. Therefore, although the individual displacements across the shear pads 
were measured with LVDTs, the results had to be averaged to develop the average 
characteristic, as shown in Figures 17 and 18. 



The sharp upturn and downturn at the two ends of the force versus deflection 
plot (Figure 18) indicate the limits of travel as the bearing adaptor strikes the stops 
in the pedestal jaws. The intermediate portion of the plot shows an average stiffness 
of 38,095 Ib/in, 19 percent stiffer than the manufacturer's specification of 32,000 
lb/in. As can be seen in the time history plot, this data was taken from the first 
part of a frequency sweep; in this case the data runs from 0.1 Hz to 0.5 Hz. The 
match between estimated and actual test results is good with relatively small errors. 
The RVID program is very useful in developing these average results, as the soft- 
ware automatically assigns equal weight to the four individual inputs while per- 
forming its optimization calculations. 

The resultant PWL data for the primary lateral suspension were also used to 
describe the longitudinal primary suspension, with adjustments as needed to reflect 
the longitudinal clearances between the bearing adaptor and side frame at the 
pedestal jaws. 
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Figure 17. Lateral Force Time History of the Average Primary 
Lateral Shear Pad Suspension 
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Figure 18. Lateral Force Versus Lateral Deflection Characteristic of 
the Average Primary Lateral Shear Pad Suspension 

5.3.4.4 Secondary Lateral Suspension 
The secondary lateral suspension is between the bolster and side frames. This is 
normally dominated by the friction snubbers and is expected to vary somewhat with 
the vertical deflection of the secondary suspension (main truck springs). 

Again it was not possible to isolate the lateral forces being transmitted through 
the left and right secondary lateral suspensions. Therefore, only an average lateral 
suspension can be examined. Figure 19 shows a typical force versus deflection plot 
for the lateral suspension. 

This shows a very wide friction band of about 20,000 pounds. The stiffness is 
approximately 18,00Olb/in. The upturn and downturn at the two ends againindicate 
that the full extent of lateral travel has been achieved with the bolster gibs striking 
the side frames. Figure 18 is asymmetric with greater negative travel than positive 
travel. This probably indicates that the rest position of the suspension is not centered 
between the gib stops. 



At this time the RVID program has not successfully characterized this sus- 
pension. Therefore data for input to NUCARS was "eyeball estimated" from this 
plot. For the purposes of the pretest modeling, the asymmetry was removed from 
the data. 

It is believed that under dynamic conditions the friction level is much reduced 
from that shown in this data. Unfortunately, it was not possible to induce a lateral 
resonance in this suspension during the MSU tests so no higher frequency test data 
is available to test this' hypothesis. Previous efforts at modeling vehicles with 
three-piece trucks had used a friction band width of only 10,000 pounds. Therefore, 
for the purpose of pretest modeling, only half the friction level shown was used. 
Also this data is only valid for a loaded vehicle. The characteristic is expected to 
change for the empty car. Therefore, the loaded car values were halved for pretest 
modeling of the empty car. This lower value is based on the expectation that the 
variable friction dampers would reduce the lateral suspension friction damping 
when the car was empty. 

During the track tests, transducers were mounted to measure lateral deflec- 
tions of the secondary suspension. It is hoped .that when plotted against the mea- 
sured lateral wheel forces this data will allow the development of dynamic lateral 
suspension characteristics. This data will then be used for comparison with the 
MSU test data and to refine the NUCARS model. 
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Figure 19. Secondary Lateral Suspension Lateral Force Versus 
Lateral Deflection Characteristic 

5.3.4.5 Roll Suspension Characterization 
The primary roll suspension is provided by the main vertical springs (secondary 
vertical suspension) working out of phase. Characterization of this suspension is 
unnecessary, having been achieved by characterizing the secondary vertical sus- 
pension. The secondary roll suspension acts between the body and truck bolster. 
It is provided by the action of the body center plate rocking in the bolster center 
bowl combined with the vertical deflections of the constant contact side bearings. 

During the MSU tests, very little roll motion occurred between the body and 
truck bolster. Therefore, the pretest NUCARS modeling made use of a standard 
data set frequently used by the AAR to represent a "typical" constant contact side 
bearing arrangement. This is based on data collected during previous tests of 
constant contact side bearings in the laboratory. 

Subsequent analysis of the MSU test data provided a secondary roll charac- 
teristic, as shown in Figure 20. The test data is overlaid with the theoretical 
characteristic used in the pretest NUCARS modeling. It is clear that they are 
completely different. 
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Figure 20. Roll Moment Versus Roll Angle Characteristic of the 
Secondary Roll Suspension 

The slope of a force versus deflection plot indicates the stiffness of the 
suspension. The center sections of the two data sets show different stiffnesses. On 
the theoretical characteristic the center section has a low stiffness at each end which 
represents the car tipping on the corner of the center plate. The center section 
itself does not represent a true stiffness, but is instead a "leading edge slope" which 
is introduced as a mathematical convenience to represent what should theoretically 
be an infinitely steep slope. At even greater roll angles the stiffness increases as 
the side bearings are compressed and the vehicle begins to tip on the side bearings. 

This is not matched by the measured characteristic, which shows instead a 
true stiffness in the center section which gets even stiffer at the ends. These stiffer 
end sections then taper to lower stiffness. Unfortunately roll displacements 
remained small so a complete comparison with the theoretical characteristic is not 
possible. 

It is clear that a better understanding of the secondary roll suspension is 
needed. Current explanations of the .behavior indicate that the center plate to 
center bowl interface is not flat with sharp corners to tip on, as theoretically modeled. 



Instead it is believed that the center must be rounded relative to the center bowl 
so that some rocking action occurs before actual tipping on the corners occurs. This 
combined with the fact that the corners are probably rounded off would give a 
completely different characteristic. 

The characteristics of the constant contact side bearings may also be mis- 
understood. Compression of the side bearings would thus be misrepresented in the 
NUCARS model. An attempt will be made to estimate the roll characteristic from 
the MSU data for use in the post test real track NUCARS modeling. 

5.4 OUAS I - STATIC (AIR BEARING) TRUCK ROTATION TESTS 

5.4.1 Introduction 
It is not possible to measure all truck suspension parameters on the MSU. These are 
mostly parameters that involve rotational and longitudinal motions of various sus- 
pension components. For this vehicle the following parameters needed to be measured: 

1. Truck (center bowl) rotational breakaway torque 
2. Inter-axle bending (primary shear pad longitudinal stiffness) 
3. 1nter-axle shear (truck warp stiffness) 
4. Axle alignment 

The general method for measuring these parameters involves floating the end of 
the car to be tested on an air table. This eliminates the friction between the truck and 
the ground. The opposite end of the car is jacked up so that the body remains level. 
The car body is restrained with chains to prevent it from moving. Hand operated 
hydraulic actuators are connected at appropriate locations to rotate the truck, move 
the axles, etc., as required for the particular parameter being measured. 

b a d  cells are mounted in series with the actuators to measure the applied loads. 
Displacements of the various suspension components are measured with LVDTs or 
string potentiometers. All data were collected and digitally recorded using an HP 9826 
desktop computer. 

Tests on the PSMX 111 test car were performed in the Urban Rail Building 
(URB) at the ?TC. Existing fixtures were used to react the various hydraulic loads 
applied. Tests were performed only on the A-end of the car, with the results being 



assumed to be similar for the B-end. The tests were performed with the car loaded. 
For some of the tests an empty car was simulated by jacking the car up 2.25 inches LI nti I 
the truck springs were extended to the height expected for an empty car. At this point 
the weight of the load was transferred to the jacks, and the trucks carried only the 
weight of an empty car. 

Figure 21 shows the PSMX 111 test car in position for the Inter-axle Shear Test. 

Figure 21. PSMX I11 Test Vehicle in Position on Air Tables 
for Inter-axle Shear Tests 

5.4.2 Truck Rotation 
Truck rotation tests are performed to measure the breakaway torque between tri1cl.c 
bolster and car body. The breakaway torque is defined as the moment applied which 
is required to allow the truck to rotate freely relative to the car body, overcoming thc 
friction in the center bowl and side bearings. 



Toperform the test, one truck of the carwas floated on asingle air table. Actuators 
were attached at diagonally opposite corners of the air table and connected to reaction 
frames attached to the floor. When the actuators were operated they applied a moment 
to the air table and the truck, causing them to rotate relative to the car. Two string 
potentiometers were mounted between the car body and the truck bolster to measure 
the rotation. 

When performing these tests, the truck typically moves in a series of rotational 
jerks, as illustrated in Figure 22. This figure shows the applied moment plotted against 
the rotational angle of the truck. The moment can be seen to build up to a certain 
breakaway level and then suddenly jerk into motion. This repeats several times as the 
motion temporarily relieves the moment and it builds up again to the breakaway level. 

Tests were performed with the constant contact side bearings installed and 
removed to measure their contribution to the overall breakaway torque. Both loaded 
and empty conditions were tested. Three runs were performed in each condition, and 
the results were averaged for final values of breakaway torque (Table 2). 

Table 2. Lightweight Car 2 Truck Rotational Breakaway Torque 

Results are as expected, with the side bearings appearing to contribute 2000 lb-ft 
to 3000 1b-ft of torque to the overall truck rotational moment. As expected, the loaded 
car required a much larger moment to rotate the truck than the empty car. 
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Figure 22. Example Time History of Truck Rotation Moment 
During Truck Rotation Test 

5.4.3 Jnter -axle Bend in? and Axle Spreading 
These tests were performed to measure the longitudinal stiffness of the primary rubber 
shear pads located between the axle bearing adaptors and the truck side frames. Due 
to the symmetric design of the shear pads, it is expected that the results of this test will' 
be similar to the dynamic lateral stiffness measurements made with the MSU. 

The car was floated using two air tables, one under each axle of the A-end truck. 
Special end caps with extension rods were mounted to the axle ends. Hydraulic 
actuators were attached between the axle ends using these end caps, with one actuator 
on each side of the truck. The actuators acted to pull the axles together. Three different 
combinations of pulling were used: pulling on both sides simultaneously, and pulling 
on each side individually. Attempts were made to push the axles apart but this caused 
the actuator assembly to buckle. 

LVDTs were mounted between bearing adaptors and the side frames to measure 
pad deflections. Three runs were made in each of the three combinations. The stiffness 
of each pad was calculated and averaged for all the runs. Table 3 lists the results. The 
average value of 27.7~103 lb/in is 13 percent less than the manufacturer's theoretical 



5.4.4 Inter-axle S h e u  
The inter-axle shear tests are performed to measure the warp (lozenging, tramming) 
stiffness of the truck. This is the combined rotational stiffnesses (around the vertical 
axis) between the bolster and side frame, and between the bearing adaptor and side 
frame (primary rubber shear pad). When modeling a truck, for convenience, these 
combined stiffnesses are usually lumped together as warp stiffness. 

To measure warp stiffness, the car was mounted on two air tables, one for each 
axle of the A-end truck. Reaction frames were mounted to the floor, one on each side 
of the car, in line with the truck bolster. One hydraulic actuator was attached from 
each reaction frame to one of the air tables in such a way as to be in line with the truck 
bolster. This is illustrated in Figures 21 and 23. The actuators were operated to pull 
in opposite directions, thus pulling one axle to the left and one to the right, shearing 
the axles relative to each other. This action warps the truck, causing the side frames 
to rotate relative to the bolster. 

value of 32.0~103 I b/in, and is within the manufacturer's tolerance of 15 percent. This 
result is'in conflict with the MSU test results (Section 5.3.4.3) of 38.1~10~ 1b/in. No 
explanation is available to account for this difference. For the purposes of the pretest 
modeling, the value of 38.1~103 Ib/in was chosen. 

Table 3. Lightweight Car 2 Primary Shear Pad Longitudinal Stiffness 



A string potentiometer was attached between the two air tables to measure the 
axle shear displacement. LVDTs were mounted between bearing adaptors and side 
frames to measure the primary rubber shear pad lateral deflections. From these 
measurements the warp rotations of the side frame relative to the bolster could be 
calculated. 

An example plot of applied moment plotted versus warp rotation angle is shown 
inFigure 24. This apparently has a two stage characteristic which has increasing stiffness 
for large warp angles. Three runs were made, and the results averaged together to 
give first and second stage warp stiffnesses of 10.98~106 and 15.14~106 lb-inlradian, 
per side of each truck. A friction band of 60.0~103 lb-in was estimated from the plots 
by assuming that the initial rise represents one side of the friction band. 

Figure 23. Lateral Actuator Position for Inter-axle 
Shear Tests 
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Figure 24. Truck Warp Moment Versus Warp Angle Characteristic 

5.4.5 AxkAlignrnent 
Axle alignment measurements are made to determine the natural resting position of 
the axles when all external alignment forces are removed, except vertical load. Axle 
misalignments can have a large effect on the dynamic performance of railroad vehicles. 
Large misalignments on normal three-piece trucks have been shown to cause increased 
wheel/rail wear and rolling resistance. In order to correctly model this vehicle, the 
static alignments must be measured. 

The vehicle was lifted on the air tables, with one table under each axle of the 
A-end truck. With all wheel/rail friction forces removed, the axles are now free t s  
take up their natural alignment. The air tables were then gently deflated and the car 
allowed to settle on the ground with the axles holding their alignment. 

Four machinists scales were mounted perpendicular to the wheel rims on one 
side of the truck with the scales extending laterally from the sides of the wheels. Figure 
25 is a diagram of the measurement scheme. An optical transit was positioned, as 
shown in the figure, so that a line of sight established dimensions TA2 and LA1 to be 
the same (+ 0.01 inch). This line of sight established the datum position. By sighting 
along the datum line dimensions, TA1 and LA2 were determined. 



Axle alignments were calculated using these dimensions from the formulas given 
in Figure 25. From the results tabulated in Table 4, it can be seen that the axles are 
very close to being parallel, but the truck is slightly warped. 

Table 4. Lightweight Car 2 Axle Misalignments 

Misalignments (milliradians) 
r 

I (degrees) 

8 ,,) Lead Axle Misalignment 
O , ,, 

-1.8 -0.103 
Trail Axle Misalignment -2.0 -0.115 

O , , , Radial Misalignment 
O , 

0.2 0.01 
, , 

1 
Warp (Shear) Misalignment -1.9 -0.109 

WHERE: 

v, 
6 

1 

OPTICAL TRANSIT 

Figure 25.' Diagram Showing Schematic for Determining 
Axle Alignment Measurement 



6.0 PRELIMINARY NUCARS MODEL PREDICTIONS 

6.1 NUCARS INPUT DATA 
The input data for the NUCARS modeling consists of: 

Vehicle and suspension mass and inertial parameters 

Vehicle dimensional data 

Suspension characteristics (stiffness, damping and location) 

Wheel/rail profile geometry 

Input track geometry 

Data for the first three of these was obtained by direct measurement from the vehicle 
characterization tests or from manufacturers' specifications. The wheel/rail profile 
geometry and input track geometry were theoretical formulations. 

The vehicle and suspension masses were determined by weighing the car and the 
various components. From these masses the various rotational inertias were calculated 
based on the physical geometry of the parts and the masses previously measured. Most 
of the suspension characteristics used as input were determined from either the MSU tests 
or the Air Table tests. The characteristics of the roll connection between car body and 
truck bolster were determined from manufacturers' data as the test data was not analyzed 
before the NUCARS modeling efforts began. For the same reason the pretest modeling 
did not include the car body flexible mode parameters. 

Tables 5 and 6 are NUCARS system files resulting from the characterization tests. 
The wheel/rail profile geometry used was a theoretical CN-Heumann profile wheel on a 
theoretical new AREA 136 lb rail. This profile and the required theoretical Chapter XI 
track geometries used are defined in the NUCARS data files. The exact formuladion of 
each Chapter XI test zone is given in the following sections. 



Table 5. NUCARS System File for Empty Test Car 

-SYSTEM FILE (.SYS) f o r  the program NUCARS Version 1.0 
N.B. Parameters are i n  Lb., in. & sec. unless otherwise stated. 

-Enter a t i t l e  up to  80 characters Long between the Lines, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
---------------------.------------------------Empty Lightweight Car # 2 10/18/89 

-FOR THE BODIES 
-Provide the number o f  heavy bodies including axles (IMM), and the nunber 

o f  input or l i g h t  bodies (IBIN, used f o r  input degrees o f  freedom 
I M M  IBIN 
11 8 

- L i s t  the number, name, i n  s ing le  quotes up t o  15 characters long, and 
pos i t ion  of each body, (and axle body), r e l a t i v e  t o  a datun on the system 
center, i n  inches, followed by the number of degrees of freedom required, 
followed by a L i s t  of the degrees of freedom f o r  each, i n  turn, 
from l=x, 2=y, 3=2, 4=phi, 5=theta, 6=psi, 7=epsx, 8=epsy, 9=epsz. 
The 4 degrees o f  freedom required f o r  each axle are 2 3 4 6 
Body # 15 CHAR NAME Posn i n  X, Y & Z No. & L i s t  o f  DoF1s 

1 'Carbody I -281.0 0.0 57.2 8 2 3 4 5 6 7 8 9  
2 'Lead Bolster -35.0 0.0 18.0 4 2 3 4 6 
3 ' T ra i l  Bolster -521.0 0.0 18.0 4 2 3 4 6 
4 'Ld L t  Sideframe' -35.0 39.5 18.0 5 1 2 3 5 6 
5 'Ld R t  Sideframe' -35.0 -39.5 18.0 5 1 2 3 5 6 
6 111 L t  Sideframe' -521.0 39.5 18.0 5 1 2 3 5 6 
7 '11 R t  Sideframe' -521.0 -39.5 18.0 5 1 2 3 5 6 
8 'Axle 1 I 0.0 0.0 18.0 4 2 3 4 6 
9 'Axle 2 I -70.0 0.0 18.0 4 2 3 4 6 

10 'Axle 3 I -486.0 0.0 18.0 4 2 3 4 6 
11 'Axle 4 I -556.0 0.0 18.0 4 2 3 4 6 
continue the body l i s t  wi th  the number and pos i t ion  o f  each input body, 
r e l a t i ve  t o  the same datum, i n  inches, followed by the number o f  input 
degrees of freedom required, followed by a l i s t  o f  the degrees o f  freedom, 
from l=x, 2=y, 3=2, 4=phi, 5=theta, 6=psi, the n d x r  o f  the input h i s t o r y  
f o r  each degree o f  freedom, i n  turn, fol lowed by a choice o f  input phase 
lag f o r  the input t o  t h i s  body, 0 = no, 1 = yes. 
Body # 15 CHAR NAME ' Posn i n  X, Y & Z No. & DoF l i s t  Input L i s t  Lag 
12 'Axle 1 L t  Wheel' 0.0 29.75 0.0 2 2 3 1 3  1 
13 'Axle 1 R t  Wheel' 0.0 -29.75 0.0 2 2 3 2 4 1 
14 'Ax l e2L tUhee11  -70.0 29.75 0.0 2 2 3  1 3  1 
15 'Axle 2 R t  Wheel' -70.0 -29.75 0.0 2 2 3 2 4 1 
16 'Axle 3 L t  Wheel8 -486.0 29.75 0.0 2 2 3 1 3  1 
17 'Axle 3 R t  Wheel1 -486.0 -29.75 0.0 2 2 3 2 4 1 
18 'Axle 4 L t  Wheel1 -556.0 29.75 0.0 2 2 3 1 3  1 
19 'Axle 4 R t  Wheel' -556.0 -29.75 0.0 2 2 3 2 4 1 

-For a l l  heavy bodies with f l e x i b l e  modes, g ive the pos i t i on  of each body 
geometric center, i n  the X d i r ec t i on  from the datum, backward i s  -ve, i t s  
length i n  inches, the natura l  frequencies, i n  Hz., and the damping r a t i os  
i n  twist,  ve r t i ca l  & l a t e ra l  bending, as required. 
Body # X-Posn X-Length Nat Frequencies(Hz.) Damping Ratios 

1 -278.0 606.0 9.4 26.2 9.9 0.1 0.1 0.2 
- L i s t  the mass, r o l l ,  p i t ch  and yaw iner t ias,  i n  order, 

f o r  each heavy body, including axles, 
54.25 2.12e5 1.754e6 1.791e6 
4.77 3.48e3 0.0 3.48e3 
4.77 3.48e3 0.0 3.48e3 
3.0 0.0 1.37e3 1.37e3 
3.0 0.0 1.37e3 1.37e3 
3.0 0.0 1.37e3 1.37e3 
3.0 0.0 1.37e3 1 -37e3 
7.09 5.41e3 1.38e3 5.41e3 

--------------.------------------ 



7.09 5.41e3 1.38e3 5.41e3 
7.09 5.41e3 1.38e3 5.41e3 
7.09 5.41e3 1.38e3 5.41e3 

-FOR THE CONNECTIONS ( inc lud ing suspensions ) I d e n t i f y  the fo l lowing 
parameters, 

-Number of connections: 
IALLC 
68 

-Conlplete the fo l lon ing  tables f o r  each connection, i den t i f y ing :  
a name, i n  s ing le  quotes up t o  20 characters Long; 
i t s  p o s i t i o n  r e l a t i v e  t o  the chosen datun i n  x, y, z inches; 
the number o f  the body a t  each end, 0 f o r  an ear th i n  loca l  t rack coords.; 
a number ind ica t ing  the degree(s) of freedom, t rans la t iona l  1,2,3 o r  
ro ta t iona l  4,5,6; i n  x,y,z resp., inc lud ing 2 f o r  l a t e r a l  wheel motion; 
the type 1 - p a r a l l e l  p a i r  of spring arid damper charac te r i s t i cs  

2 - 
- 

series p a i r  of spring arid damper charac te r i s t i cs  
3 device wi th  hysteresis between 2 PUL character is t ics ,  

e.g. carr iage spring o r  Load sens i t i ve  suspension 
4 - la te ra l / l ong i tud ina l  suspension o f  the uheel on r a i l  

i n  the  t rack plane 
5 - connection force as a h i s t o r y  of the distance moved 

arid the i d e n t i f i c a t i o n  number f o r  each o f  type 1, 2 arid 3; 

- ax le number f o r  type 4; input funct ion nunber f o r  type 5. 
Note s ing le  character is t ics  are t reated as p a r a l l e l  p a i r s  wi th  the 

missing charac te r i s t i c  set  t o  zero i n  the  subsequent table. 
-Complete f o r  a l l  connections i n  turn, 
Conn # 20 CHARACTER NAME Posn i n  X, Y & Z Body1 Body2 DoF. Type Number 
1 'Ld Bols-Bod L t  CB V t l  -35.0 8.0 27.0 1 2 3 1 1 
2 'Ld Bols-Bod R t  CB Vt '  -35.0 -8.0 27.0 1 2 3 1 1 
3 I T r  Bols-Bod L t  CB Vtl -521.0 8.0 27.0 1 3 3 1 1 
4 I T r  001s-Bod R t  CB Vt l  -521.0 -8.0 27.0 1 3 3 1 1 
5 'Ld ~ 0 1 s - ~ o d  L t  SB V t '  -35.0 25.0 27.0 1 2 3 1 2 
6 'Ld 001s-Bod R t  SB Vt l  -35.0 -25.0 27.0 1 2 3 1 2 
7 ' T r  Bols-Bod L t  SB Vt '  -521.0 25.0 27.0 1 3 3 1 2 
8 ' T r  Bols-Bod R t  SB V t l  -521.0 -25.0 27.0 1 3 3 1 2 
9 'Lead Bols-Bod CB Latl  -35.0 0.0 27.0 1 2 2 1 3 

10 ' T r a i l  Bols-Bod CB L t '  -521.0 0.0 27.0 1 3 2 1 3 
11 'Lead Bols-Bod CB Yaul -35.0 0.0 27.0 1 2 6 1 4 
12 ' T r l  Bols-Bod CB Yau -521.0 0.0 27.0 1 3 6 1 4 
13 'Ld Bols-Sdfm L t  Ver t '  -35.0 39.5 18.0 2 4 3 3 1 
14 'Ld Bols-Sdfm R t  Ver t '  -35.0 -39.5 18.0 2 5 3 3 1 
15 ' T r  Bols-Sdfm L t  Vert l  -521.0 39.5 18.0 3 6 3 3 1 
16 ' T r  Bols-Sdfm R t  Vert l  -521.0 -39.5 18.0 3 7 3 3 1 
17 'Ld Bols-Sdfm L t  Lat -35.0 39.5 18.0 2 4 2 1 5 
18 'Ld ~01s-Sdfm R t  Lat -35.0 -39.5 18.0 2 5 2 1 5 
19 ' T r  Bols-Sdfm L t  Lat -521.0 39.5 18.0 3 6 2 1 5 
20 I T r  Bols-Sdfm R t  Lat -521.0 -39.5 18.0 3 7 2 1 5 
2 1 'Ld 001s-Sdfm L t  Yau I -35.0 39.5 18.0 2 4 6 1 6 
22 'Ld Bols-Sdfm R t  Yau -35.0 -39.5 18.0 2 5 6 1 6 
23 ' T r  Bols-Sdfm L t  Yau I -521.0 39.5 18.0 3 6 6 1 6 
24 I T r  Bols-Sdfm R t  Yau -521.0 -39.5 18.0 3 7 6 1 6 
25 'Ld Bols-Sdfm L t  Long1 -35.0 39.5 18.0 2 4 1 1 7 
26 'Ld Bols-Sdfm R t  Long1 -35.0 -39.5 18.0 2 5 1 1 7 
27 ' T r  Bols-Sdfm L t  Long' -521.0 39.5 18.0 3 6 1 1 7 
28 ' T r  Bols-Sdfm R t  Long1 -521.0 -39.5 18.0 3 7 1 1 7 
29 'Ax 1 L t  BA-Sdfm Long1 0.0 39.5 21.0 4 8 1 1 9 
30 'Ax 1 R t  BA-Sdfm Long1 0.0 -39.5 21.0 5 8 1 1 9 
3 1 'Ax 2 L t  BA-Sdfm Longa -70.0 39.5 21.0 4 9 1 1 9 
32 'Ax 2 R t  BA-Sdfm Long1 -70.0 -39.5 21.0 5 9 1 1 9 
33 'Ax 3 L t  BA-Sdfm Long1 -486.0 39.5 21.0 6 10 1 1 9 
34 'Ax 3 R t  BA-Sdfm Long1 -486.0 -39.5 21.0 7 10 1 1 9 
35 'Ax 4 L t  BA-Sdfm Long1 -556.0 39.5 21.0 6 11 1 1 9 
36 'Ax 4 R t  BA-Sdfm Long1 -556.0 -39.5 21.0 7 11 1 1 9 



37 'Ax 1 L t  BA-Sdfm Lat 0.0 39.5 21.0 4 8 2 1 9 
38 #Ax 1 R t  BA-Sdfm Lat 0.0 -39.5 21.0 5 8 2 1 9 
39 'Ax 2 L t  BA-Sdfm Lat I -70.0 39.5 21.0 4 9 2 1 9 
40 #Ax 2 R t  BA-Sdfm Lat -70.0 -39.5 21.0 5 9 2 1 9 
4 1 IAx 3 L t  BA-Sdfm Lat -486.0 39.5 21.0 6 10 2 1 9 
42 'Ax 3 R t  BA-Sdfm Lat -486.0 -39.5 21.0 7 10 2 1 9 
43 'Ax 4 L t  BA-Sdfm Lat -556.0 39.5 21.0 6 11 2 1 9 
44 'Ax 4 R t  BA-Sdfm Lat I -556.0 -39.5 21.0 7 11 2 1 9 
45 #Ax 1 L t  BA-Sdfm Vert l  0.0 39.5 21.0 4 8 3 1 1 
46 'Ax 1 R t  BA-Sdfm Ver t '  0.0 -39.5 21.0 5 8 3 1 1 
47 'Ax 2 L t  BA-Sdfm Vert l  -70.0 39.5 21.0 4 9 3 1 1 
48 'Ax 2 R t  BA-Sdfm Vert l  -70.0 -39.5 21.0 5 9 3 1 1 
49 'Ax 3 L t  BA-Sdfm Vert l  -486.0 39.5 21.0 6 10 3 1 1 
50 'Ax 3 R t  BA-Sdfm Vert l  -486.0 -39.5 21.0 7 10 3 1 1 
51 'Ax 4 L t  BA-Sdfm Vert l  -556.0 39.5 21.0 6 11 3 1 1 
52 lAx 4 R t  BA-Sdfm Vert l  -556.0 -39.5 21.0 7 11 3 1 1 
53 'Ax 1 L t  Uhl/Rai l  V r t l  0.0 29.75 0.0 8 12 3 1 8 
54 IAx 1 R t  Whl/Rail V r t l  0.0 -29.75 0.0 8 13 3 1 8 
55 'Ax 2 L t  Uhl/Rai l  V r t l  -70.0 29.75 0.0 9 14 3 1 8 
56 'Ax 2 R t  Whl/Rail V r t l  -70.0 -29.75 0.0 9 15 3 1 8 
5 7 'Ax 3 L t  Uhl/Rai l  V r t l  -486.0 29.75 0.0 10 16 3 1 8 
58 'Ax 3 R t  Whl/Rail V r t l  -486.0 -29.75 0.0 10 17 3 1 8 
59 'Ax 4 L t  Uhl/Rai l  V r t l  -556.0 29.75 0.0 11 18 3 1 8 
60 'Ax 4 R t  Whl/Rail V r t l  -556.0 -29.75 0.0 11 19 3 1 8 
61 'Ax 1 L t  Whl/Rail Latl 0.0 29.75 0.0 8 12 2 4 1 
62 'Ax 1 R t  Whl/Rail Lat l  0.0 -29.75 0.0 8 13 2 4 1 
63 'Ax 2 L t  Whl/Rail Lat l  -70.0 29.75 0.0 9 14 2 4 2 
64 'Ax 2 R t  Whl/Rail Lat1 -70.0 -29.75 0.0 9 15 2 4 2 
65 'Ax 3 L t  Whl/Rail Lat l  -486.0 29.75 0.0 10 16 2 4 3 
66 IAx 3 R t  Whl/Rail Lat l  -486.0 -29.75 0.0 10 17 2 4 3 
67 'Ax 4 L t  Whl/Rail Lat l  -556.0 29.75 0.0 11 18 2 4 4 
68 'Ax 4 R t  Whl/Rail Lat l  -556.0 -29.75 0.0 11 19 2 4 4 
- L i s t  f o r  each p a i r  o f  type 1 - p a r a l l e l  connections, i t s  number, fol lowed by 

the i d e n t i f i c a t i o n  numbers o f  the piecewise l i near  charac te r i s t i cs  
fo r  the s t i f f n e s s  and damping respect ively, zero i f  absent, and 
the combined force or moment l i m i t  i n  extn 8 compn, Lb o r  lb-in., 
0.0 i n  extension a t  the v e r t i c a l  rai l /wheel conn. al lows v a l i d  wheel Lift. 
( I f  no L imi t  ex is ts ,  set  the F-values outside the expected range.) 

P a i r #  S t i f fPWL DampPWL F-extn. F-compn. 
1 1 2 0.0e8 - 1  .Oe8 
2 3 4 0.0e8 -1.0e8 
3 5 6 1 .Oe8 -1.0e8 
4 0 7 1.0e8 -1.0e8 
5 8 9 1.0e8 - 1  .Oe8 
6 10 11 1.0e8 -1.0e8 
7 12 13 1.0e8 -1.0e8 
8 14 15 0.0e8 -1.0e8 
9 18 19 1.0e8 -1.0e8 

- L i s t  f o r  each p a i r  o f  type 2 - series connections, i t s  number, fol lowed by 
the i d e n t i f i c a t i o n  nwnbers o f  the piecewise l i near  charac te r i s t i cs  
f o r  the s t i f f n e s s  and damping respect ively, and the s t roke L imi t  
i n  extension 8 compression f o r  the pai r ,  i n  or rad, and the s t i f f n e s s  
of  the stop a t  the L imi t  i n  l b / i n  o r  Lb-in/rad. 
( I f  no L imi t  exists, set the S-values outside the expected range.) 

Pa i r  # S t i f f  - PWL Damp PUL S-extn. S-compn. Stop K 
- L i s t  the type 3 hysteresis Loop character is t ics ,  g i v ing  t o  each a number, 

i d e n t i f i c a t i o n  numbers f o r  the extension and compression PWLs, a l i near  
viscous damping i n  Lb-sec/in o r  Lb-in-sec/rad, and extn/compn force Limits. 

Loop # Extn PUL Comp PWL LVB damping F-extn F-comp 
1 16 17 4.49134 0.0e8 -1.0e8 

- L i s t  the type 4 - ax le t o  t rack character is t ics ,  the general Lateral r a i l  
s t i f f n e s s  and damping coe f f i c ien t ,  and, f o r  each axle, IAX, an i d e n t i f i c a t i o n  
number, IBDAX, i t s  general body number, WRAD, the nominal wheel radius and 



INOUH, a wheel r o t a t i o n  index, 1 f o r  so l id ,  2 f o r  independent uheels, I T R Q ,  
t r a c t i o n  torque input nos. f o r  l e f t  and r i g h t  uheels, 0 f o r  none, and, fo r  
independent uheels, KUHL, DUHL, the ax le tors ional  s t i f f n e s s  and damping. 

Lateral Ra i l  S t i f fness  l b / i n  Latera l  R a i l  Damping Lb-sec/in 
4.0e5 4 .'Oe3 

IAX IBOAX URAO INOUH ITRQ-L I T R Q - R  KUHL OUHL 
1 8 18.0 1 0 0 0.0 0.0 
2 9 18.0 1 0 0 0.0 0.0 
3 10 18.0 1 0 0 0.0 0.0 
4 11 18.0 1 0 0 0.0 0.0 

-How many d i f f e r e n t  pieceuise Linear, (PUL), charac te r i s t i cs  are required 
19 

- L i s t  the data required f o r  the connection character is t ics ,  
PUL, the piece-wise l inear  funct ion no., IBP, the no. of Break Points i n  each 
PUL, Ordinate, Lb o r  Lb-in, over abscissa, i n  o r  rad, a t  each Break Point 
N.8. (1) Extension i s  assumed t o  be pos i t i ve  f o r  both ord inate and abscissa 

(2) 0.0 f o r  the f i r s t  break point  ind icates symnetry about the o r i g i n  
PUL IBP Ordinates over Abscissae 
1 2 0.0 1.0e6 

0.0 1.0 
2 2 0.0 1.0e3 

0.0 1.0 
3 5 -1.0e6 -5.174e3 -2.3e3 0.0 0.0 

-1.3125 -0.3125 0.0 0.21 1 . j  
4 3 0.0 7.0e2 7.0eZ 

0.0 0.007 1.0 
5 2 0.0 1.0e6 

0.0 1.0 
6 2 0.0 1.0e3 

0.0 1.0 
7 3 0.0 3.616e4 3.6164 

0.0 0.002 1.0 
8 3 0.0 4.05e3 5.0e5 

0.0 0.45 0.55 
9 3 0.0 3.0e3 3.0e3 

0.0 0.01 1 .o 
10 4 0.0 1.4e5 8.le5 1.698e6 

0.0 0.01275 0.057 0.058 
11 3 0.0 3.0e4 3.0e4 

0.0 0.003 1.0 
12 2 0.0 1.0e6 

0.0 1.0 
13 2 0.0 1.0e3 

0.0 1.0 
14 2 0.0 1.0e5 

0.0 1.0 
15 2 0.0 1.0e3 

0.0 1.0 
16 5 -1.25e5 -1.12e5 -9.06e4 -3.764 -7.52e3 

-4.0542 -3.9684 -3.9387 -1.7753 -0.2212 
17 5 -1.30e5-1.11e5-1.00e5-4.02e4-1.15e4 

-4.0542 -3.8853 -3.5914 -1.4563 -0.2212 
18 3 0.0 4080.0 8241.0 

0.0 0.1071 0.1204 
19 3 0.0 650.0 642.5 

0.0 0.1 1.0 



Table 6. NUCARS System File Tor Loaded Test Car 

-SYSTEM FILE (.SYS) f o r  the program NUCARS Version 1.0 
N.B. Parameters are i n  Lb., in. 8 sec. unless otherwise stated. 

-Enter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a t i t l e  up t o  80 characters long between the l ines, 

Loaded Lightweight Car # 2 10/18/89 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - -  

-FOR THE BODIES 
-Provide the nunber o f  heavy bodies including axles (IMM), and the nwnber 

o f  input o r  l i g h t  bodies (IBIN, used f o r  input degrees o f  freedom ) 
IMH IBlN 
11 8 

- L i s t  the number, name, i n  s ing le  quotes up t o  15 characters long, and 
pos i t ion  o f  each body, (and ax le body), r e l a t i ve  t o  a datun on the system 
center, i n  inches, followed by the number o f  degrees o f  freedom required, 
followed by a L i s t  o f  the degrees of freedom fo r  each, i n  turn, 
from l=x, 2=y, 3=2, 4=phi, 5=theta, 6=psi, 7=epsx, 8=epsy, 9=epsz. 
The 4 degrees o f  freedom required f o r  each axle are 2 3 4 6 
Body # 15 CHAR NAME Posn i n  X, Y 8 Z No. 8 L i s t  o f  DoF0s 

1 'Carbody I -275.0 0.0 68.07 8 2 3 4 5 6 7 8 9 
2 'Lead Bolster -35.0 0.0 18.0 4 2 3 4 6 
3 ' T r a i l  Bolster -521.0 0.0 18.0 4 2 3 4 6 
4 'Ld L t  Sideframe' -35.0 39.5 18.0 5 1 2 3 5 6 
5 'Ld R t  Sideframe' -35.0 -39.5 18.0 5 1 2 3 5 6 
6 IT1 L t  Sideframe' -521.0 39.5 18.0 5 1 2 3 5 6 
7 IT1 R t  Sideframe' -521.0 -39.5 18.0 5 1 2 3 5 6 
8 'Axle 1 0.0 0.0 18.0 4 2 3 4 6 
9 'Axle 2 I -70.0 0.0 18.0 4 2 3 4 6 

10 'Axle 3 I -486.0 0.0 18.0 4 2 3 4 6 
11 'Axle 4 I -556.0 0.0 18.0 4 2 3 4 6 
continue the body L is t  u i t h  the number and pos i t ion  o f  each input body, 
r e l a t i v e  t o  the same datun, i n  inches, fo l loued by the number o f  input 
degrees of freedom required, followed by a L i s t  o f  the degrees o f  freedom, 
from l=x, 2=y, 3=2, 4=phi, 5=theta, 6=psi, the number o f  the input h is to ry  
f o r  each degree of freedom, i n  turn, followed by a choice of input phase 
Lag f o r  the input t o  t h i s  body, 0 = no, 1 = yes. 
Body # 15 CHAR NAME ' Posn i n  X, Y & Z No. & DoF l i s t  Input l i s t  Lag 
12 'Axle 1 L t  Uheell 0.0 29.75 0.0 2 2 3 1 3  1 
13 'Axle 1 R t  Wheel1 0.0 -29.75 0.0 2 2 3 2 4 1 
14 'Axle 2 L t  Wheel8 -70.0 29.75 0.0 2 2 3 1 3  1 
15 'Axle 2 R t  Wheel1 -70.0 -29.75 0.0 2 2 3 2 4 1 
16 'Axle 3 L t  Uheell -486.0 29.75 0.0 2 2 3 1 3  1 
17 'Axle 3 R t  Uheell -486.0 -29.75 0.0 2 2 3 2 4 1 
18 'Axle 4 L t  Uheel' -556.0 29.75 0.0 2 2 3 1 3  1 
19 'Axle 4 R t  Uheell -556.0 -29.75 0.0 2 2 3 2 4 1 

-For a l l  heavy bodies u i t h  f l e x i b l e  modes, g ive the pos i t ion  o f  each body 
geometric center, i n  the X d i r ec t i on  from the datum, backward i s  -ve, i t s  
length i n  inches, the natura l  frequencies, i n  Hz., arid the damping r a t i os  
i n  twist,  ve r t i ca l  & l a t e ra l  bending, as required. 
Body # X-Posn X-Length Nat Frequencies(H2.) Damping Ratios 

1 -278.0 606.0 3.6 7.7 4.7 0.2 0.2 0.4 
- L i s t  the mass, r o l l ,  p i t ch  and yaw iner t ias,  i n  order, 

f o r  each heavy body, including axles, 
634.47 l .Ol le6 1.608e7 1.636e7 

4.77 3.48e3 0.0 3.48e3 
4.77 3.48e3 0.0 3.48e3 
3.0 0.0 1.37e3 1.37e3 
3.0 0.0 1.37e3 1.37e3 
3.0 0.0 1.37e3 1.37e3 



3.0 0.0 1.37e3 1.37e3 
7.09 5.41e3 1.38e3 5.41e3 
7.09 5.41e3 1.38e3 5.41e3 
7.09 5.41e3 1.38e3 5.41e3 
7.09 5.41e3 1.38e3 5.41e3 

-FOR THE CONNECTIONS ( inc luding suspensions ) I den t i f y  the foltoming 
parameters, 

-Nunber o f  connections: 
IALLC 
68 

-Complete the fo l lowing tables f o r  each connection, ident i fy ing:  
a name, i n  s ing le  quotes up t o  20 characters long; 
i t s  pos i t ion  r e l a t i v e  t o  the chosen datun i n  x, y, z inches; 
the nunber of  the body a t  each end, 0 f o r  an earth i n  loca l  track coords.; 
a nunber ind icat ing the degreets) of  freedom, t ranslat ional  1,2,3 or  
ro ta t iona l  4,5,6; i n  x,y,z resp., including 2 f o r  l a t e ra l  wheel motion; 
the type 1 - pa ra l l e l  pa i r  of spring and daniper character is t ics 

2 - series pa i r  of spring and daniper character is t ics 
3 - device with hysteresis between 2 PUL characterist ics, 

e.g. carr iage spring or  load sensi t ive suspension 
4 - Latera l / longi tudinal  suspension of  the wheel on r a i l  

- i n  the track plane 
5 connection force as a h i s t o r y  o f  the distance moved 

and the i den t i f i ca t i on  number f o r  each of type 1, 2 and 3; 
ax le nunber f o r  type 4; input funct ion nunber f o r  type 5. 

Note - s ing le  character is t ics are treated as pa ra l l e l  pa i r s  wi th the 
missing character is t ic  set t o  zero i n  the subsequent table. 

-Complete f o r  a l l  connections i n  turn, 
Conn # 20 CHARACTER NAME Posn i n  X, Y 8 Z Body1 Body2 DoF. Type Number 
1 'Ld 001s-Bod L t  CB V t '  -35.0 8.0 25.0 1 2 3 1 1 
2 'Ld Bols-Bod R t  CB Vt '  -35.0 -8.0 25.0 1 2 3 1 1 
3 ' T r  001s-~od L t  CB Vt l  -521.0 8.0 25.0 1 3 3 1 1 
4 ' T r  601s-Bod R t  CB V t l  -521.0 -8.0 25.0 1 3 3 1 1 
5 'Ld 001s-Bod L t  SB Vt '  -35.0 25.0 25.0 1 2 3 1 2 
6 'Ld 001s-Bod R t  SB Vt '  -35.0 -25.0 25.0 1 2 3 1 2 
7 ' T r  Bols-Bod L t  SB Vt l  -521.0 25.0 25.0 1 3 3 1 2 
8 ' T r  001s-Bod R t  SB Vtl -521.0 -25.0 25.0 1 3 3 1 2 
9 'Lead 001s-Bod CB Lat1 -35.0 0.0 25.0 1 2 2 1 3 

10 ' T ra i l  601s-Bod CB L t '  -521.0 0.0 25.0 1 3 2 1 3 
11 'Lead 001s-Bod CB YawB -35.0 0.0 25.0 1 2 6 1 4 
12 ' T r l  001s-Bod CB Yaw -521.0 0.0 25.0 1 3 6 1 4 
13 'Ld 001s-Sdfm L t  Vert l  -35.0 39.5 18.0 2 4 3 3 1 
14 'Ld 001s-Sdfm R t  Vert l  -35.0 -39.5 18.0 2 5 3 3 1 
15 ' T r  601s-Sdfm L t  Vert' -521.0 39.5 18.0 3 6 3 3 1 
16 ' T r  001s-Sdfm R t  Vert l  -521.0 -39.5 18.0 3 7 3 3 1 
17 ILd 001s-sdfm L t  Lat -35.0 39.5 18.0 2 4 2 1 5 
18 'Ld 001s-Sdfm R t  Lat -35.0 -39.5 18.0 2 5 2 1 5 
19 ' T r  001s-Sdfm L t  Lat -521.0 39.5 18.0 3 6 2 1 5 
20 'Tr 001s-Sdfm R t  Lat -521.0 -39.5 18.0 3 7 2 1 5 
2 1 'Ld 601s-Sdfm L t  Yaw -35.0 39.5 18.0 2 4 6 1 6 
22 ILd 001s-Sdfm R t  Yaw -35.0 -39.5 18.0 2 5 6 1 6 
23 ' T r  001s-Sdfm L t  Yaw -521.0 39.5 18.0 3 6 6 1 6 
24 ' T r  ~01s-Sdfm R t  Yaw -521.0 -39.5 18.0 3 7 6 1 6 
25 'Ld Bols-Sdfm L t  Long1 -35.0 39.5 18.0 2 4 1 1 7 
26 'Ld Bols-Sdfm R t  Long1 -35.0 -39.5 18.0 2 5 1 1 7 
27 ' T r  001s-Sdfm L t  Long1 -521.0 39.5 18.0 3 6 1 1 7 
28 ' T r  Bols-Sdfm R t  Long' -521.0 -39.5 18.0 3 7 1 1 7 
29 'Ax 1 L t  BA-Sdfm Long1 0.0 39.5 21.0 4 8 1 1 9 
30 'Ax 1 R t  BA-Sdfm Long' 0.0 -39.5 21.0 5 8 1 1 9 
3 1 'Ax 2 L t  BA-Sdfm Long1 -70.0 39.5 21.0 4 9 1 1 9 
32 'Ax 2 R t  BA-Sdfm Long8 -70.0 -39.5 21.0 5 9 1 1 9 
33 'Ax 3 L t  BA-Sdfm Long1 -486.0 39.5 21.0 6 10 1 1 9 
34 'Ax 3 R t  BA-Sdfm Long1 -486.0 -39.5 21.0 7 10 1 1 9 



35 'Ax 4 L t  BA-Sdfm Long1 -556.0 39.5 21.0 6 11 1 1 9 
36 'Ax 4 R t  BA-Sdfm Long' -556.0 -39.5 21.0 7 11 1 1 9 
37 'AX  1 L t  ~ ~ - s d f m  Lat 0.0 39.5 21.0 4 8 2 1 9 
38 'Ax 1 ~t BA-Sdfm Lat 0.0 -39.5 21.0 5 8 2 1 9 
39 'Ax 2 L t  BA-Sdfm Lat ' -70.0 39.5 21.0 4 9 2 1 9 
40 'Ax 2 R t  BA-Sdfm Lat -70.0 -39.5 21.0 5 9 2 1 9 
41 'Ax 3 L t  BA-Sdfm Lat -486.0 39.5 21.0 6 10 2 1 9 
42 'Ax 3 R t  BA-Sdfm Lat -486.0 -39.5 21.0 7 10 2 1 9 
43 'Ax 4 L t  BA-Sdfm Lat -556.0 39.5 21.0 6 11 2 1 9 
44 'Ax 4 R t  BA-Sdfm Lat -556.0 -39.5 21.0 7 11 2 1 9 
45 'Ax 1 L t  BA-Sdfm Vert l  0.0 39.5 21.0 4 8 3 1 1 
46 'Ax 1 R t  BA-Sdfm Vertl 0.0 -39.5 21.0 5 8 3 1 1 
47 'Ax 2 L t  BA-Sdfm Vert l  -70.0 39.5 21.0 4 9 3 1 1 
48 'Ax 2 R t  BA-Sdfm Vert8 -70.0 -39.5 21.0 5 9 3 1 1 
49 'Ax 3 L t  BA-Sdfm Vert l  -486.0 39.5 21.0 6 10 3 1 1 
50 'Ax 3 R t  BA-Sdfm Vertl -486.0 -39.5 21.0 7 10 3 1 1 
5 1 'Ax 4 L t  BA-Sdfm Vert l  -556.0 39.5 21.0 6 11 3 1 1 
52 'Ax 4 R t  BA-Sdfm Vert l  -556.0 -39.5 21.0 7 11 3 1 1 
53 'Ax 1 L t  Whl/Rail V r t l  0.0 29.75 0.0 8 12 3 1 8 
54 'Ax 1 R t  Whl/Rail Vr t l  0.0 -29.75 0.0 8 13 3 1 8 
55 'Ax 2 L t  Whl/Rail V r t l  -70.0 29.75 0.0 9 14 3 1 8 
56 'Ax 2 R t  Uhl/Rail V r t l  -70.0 -29.75 0.0 9 15 3 1 8 
57 'Ax 3 L t  Uhl/Rail V r t l  -486.0 29.75 0.0 10 16 3 1 8 
58 'Ax 3 R t  Uhl/Rail V r t l  -486.0 -29.75 0.0 10 17 3 1 8 
59 'Ax 4 L t  Uhl/Rail V r t '  -556.0 29.75 0.0 11 18 3 1 8 
60 'Ax 4 R t  Whl/Rail V r t l  -556.0 -29.75 0.0 11 19 3 1 8 
61 I A x 1 L t U h l / R a i l l a t 1  0.0 29.75 0.0 8 12 2 4 1 
62 'Ax 1 R t  Uhl/Rail Lat '  0.0 -29.75 0.0 8 13 2 4 1 
63 'Ax 2 L t  Uhl/Rail Lat l  -70.0 29.75 0.0 9 14 2 4 2 
64 'Ax 2 R t  Uhl/Rail La t8  -70.0 -29.75 0.0 9 15 2 4 2 
65 'Ax 3 L t  Whl/Rail Lat '  -486.0 29.75 0.0 10 16 2 4 3 
66 'Ax 3 R t  Whl/Rail Lat l  -486.0 -29.75 0.0 10 17 2 4 3 
67 'Ax 4 L t  Uhl/Rail Lat l  -556.0 29.75 0.0 11 18 2 4 4 
68 'Ax 4 R t  Uhl/Rail Lat l  -556.0 -29.75 0.0 11 19 2 4 4 
- L i s t  f o r  each pa i r  of type 1 - pa ra l l e l  connections, i t s  number, followed by 

the i den t i f i ca t i on  numbers o f  the pieceuise l inear  character is t ics 
f o r  the s t i f f ness  and damping respectively, zero i f  absent, and 
the combined force o r  moment l i m i t  i n  extn 8 compn, l b  or lb-in., 
0.0 i n  extension a t  the ve r t i ca l  rai l /wheel conn. allows v a l i d  wheel l i f t .  
( I f  no l i m i t  exists, set the F-values outside the expected range.) 

P a i r #  S t i f fPUL  DampPWL F-extn. F-compn. 
1 1 2 0.0e8 -1.0e8 
2 3 4 0.0e8 -1.0e8 
3 5 6 1.0e8 -1.0e8 
4 0 7 1 .Oe5 -1 .Oe8 
5 8 9 1 .Oe5 -1.Oe8 
6 10 11 1.0e8 -1.0e8 
7 12 13 1.0e8 -1.0e8 
8 14 15 O.Oe5 -1 .Oe8 
9 18 19 1.0e8 -1.0e8 

- L i s t  fo r  each pa i r  o f  type 2 - series connections, i t s  number, fo l loued by 
the i den t i f i ca t i on  numbers of the pieceuise l inear  character is t ics 
fo r  the s t i f f ness  and damping respectively, and the stroke l i m i t  
i n  extension 8 compression fo r  the pair,  i n  o r  rad, and the s t i f f ness  
of the stop at  the l i m i t  i n  Lb/in o r  Lb-in/rad. 
( I f  no l i m i t  exists, set the S-values outside the expected range.) 

P a i r #  S t i f f P U L  DarrgPUL S-extn. S - c y .  StopK 
-L i s t  the type 3 - hysteresis loop characterist ics, g iv ing  t o  each a number, 

i den t i f i ca t i on  numbers f o r  the extension and compression PULs, a l i near  
viscous damping i n  Lb-sec/in o r  Lb-in-sec/rad, and extn/compn force l im i ts .  

Loop # Extn PUL Comp PUL LVB damping F-extn F-compn 
1 16 17 4.49e4 0.0e8 -1.0e8 

- L i s t  the type 4 - axle t o  track characterist ics, the general l a t e ra l  r a i l  



s t i f f ness  and danping coef f ic ient ,  and, f o r  each axle, IAX, an i den t i f i ca t i on  
nunber, IBDAX, i t s  general body nunber, URAD, the nominal wheel radius and 
INDUH, a wheel r o t a t i on  index, 1 f o r  sol id, 2 f o r  independent uheels, ITRQ, 
t r ac t i on  torque input nos. f o r  l e f t  and r i gh t  wheels, 0 f o r  none, and, f o r  
independent wheels, KUHL, DUHL, the ax le tors ional  s t i f f ness  and danping. 

Lateral Rai l  St i f fness l b / i n  Lateral Ra i l  Danping lb-sec/ in 
4.0e5 4.0e3 

I AX IBDAX URAD INDUH ITRQ-L I T R Q - R  KUHL DUHL 
1 8 18.0 1 0 0 0.0 0.0 
2 9 18.0 1 0 0 , 0.0 0.0 
3 10 18.0 1 0 0 0.0 0.0 
4 11 18.0 1 0 0 0.0 0.0 

-How many d i f f e ren t  piecewise Linear, (PUL), character is t ics are required 
19 

- L i s t  the data required f o r  the connection characterist ics, 
PUL, the piece-wise l inear  funct ion no., IBP, the no. of  Break Points i n  each 
PUL, Ordinate, l b  or  lb- in ,  over abscissa, i n  or  rad, a t  each Break Point 
N.B. (1) Extension i s  assumed t o  be pos i t i ve  f o r  both ordinate and abscissa 

(2) 0.0 f o r  the f i r s t  break point  indicates symnetry about the o r i g i n  
PUL IBP Ordinates over Abscissae 
1 2 0.0 1.0e6 

0.0 1.0 
2 2 0.0 1.0e3 

0.0 1.0 
3 5 -1.0e6 -5.174e3 -2.3e3 0.0 0.0 

-1.3125 -0.3125 0.0 0.21 1.0 
4 3 0.0 7.0e2 7.0e2 

0.0 0.007 1.0 
5 2 0.0 1.0e6 

0.0 1.0 
6 2 0.0 1.0e3 

0.0 1.0 
7 3 0.0 1.985e5 1.985e5 

0.0 0.002 1.0 
8 3 0.0 8.le3 l.Oe6 

0.0 0.45 0.55 
9 3 0.0 6.0e3 6.0e3 

0.0 0.01 1 .o 
10 4 0.0 1.4e5 8.le5 1.698e6 

0.0 0.01275 0.057 0.058 
11 3 0.0 3.0e4 3.0e4 

0.0 0.003 1.0 
12 2 0.0 1.0e6 

0.0 1.0 
13 2 0.0 1.0e3 

0.0 1.0 
14 2 0.0 1.0e5 

0.0 1.0 
15 2 0.0 1.0e3 

0.0 1.0 
16 5 -1.25e5 -1.12e5 -9.06e4 -3.76e4 -7.52e3 

-4.0542 -3.9684 -3.9387 -1.7753 -0.2212 
17 5 -1.30e5 -1.11e5 -1.00e5 -4.02e4 -1.15e4 

-4.0542 -3.8853 -3.5914 -1.4563 -0.2212 
18 3 0.0 4080.0 8241.0 

0.0 0.1071 0.1204 
19 3 0.0 650.0 642.5 

0.0 0.1 1.0 



6.2 I V U C A R S S  
Engeneral, the analysesperformed are all those required by Chapter XI. In some conditions 
extra analyses were performed to gain a greater understanding of the vehicle's behavior. 
The results of all analyses are compared with established Chapter XI safety criteria, which 
are briefly summarized in Table 7. 

Table 7. AAR Chapter XI Criteria for Assessing the Requirements for Field Service 
- - - 

LIMITING 
REGIME SECT ION CRITERION VALUE 

Hunting (empty) 11.5.2 m i n i m  c r i t i c a l  speed (I@) 70 
maximum Lateral accelerat ion (g) 1.0 
maximum sum L/V ax le 1.3 

Constant curving 11.5.3 maximum uheel L/V 0.8 
(empty & Loaded) or m a x i m  sum L/V ax le 1.3 

Spira l  (empty & loaded) 11.5.4 m i n i m  v e r t i c a l  load (percent) 10 
maximum wheel L/V 0.8 

Twist, R o l l  11.6.2 maximum r o l l  (deg)** 6 
(empty & Loaded) maximum sum L/V ax le  9.3 

m i n i m  v e r t i c a l  load (percent) 10 

Pitch, Bounce (loaded) 11.6.3 minimum v e r t i c a l  Load (percent) 10 

Yau, Suay (loaded) 11.6.4 maximum L/V t ruck s ide 0.6 
maximum sum L/V ax le  1.3 

Dynamic curving (Loaded) 11.6.5 maximum uheel L/V 0.8 
o r  maximum sun L/V ax le 1.3 
maximm r o l l  (deg)** 6 
minimum v e r t i c a l  Load (percent) 10 

Ver t i ca l  curve 11.7.2 t o  be added* 
Horizontal curve 11.7.3 t o  be added* 

* Find as te r i sk  i n  o r i g i n a l  Chapter X I  tab le 
** peak- to-peak - 



6.3 LATERAL STABILITY ON UNPERTURBED TRACK (HUNTING) 
NUCARS predictions were made to analyze the tendency of the vehicle to develop sus- 
tained lateral oscillations of the axle between the two rails, known as hunting. Analyses 
were performed as required by Chapter XI for tangent track and 50-minute-curved track 
with 6 inches of superelevation. This curvature was chosen as it represents the actual 
curved track hunting test section at the lTC. 

Normally it is expected that only empty vehicles will exhibit a tendency to hunt, so 
Chapter XI only requires analyses in the empty condition. Previous tests with a vehicle 
using the same design of truck indicated that there might be a possibility of lateral instability 
with the loaded car so analyses were made for both loaded and empty car. 

The general method for simulating hunting involves setting the vehicle to run on the 
appropriate curved or tangent track. A single lateral perturbation is introduced into the 
track to induce lateral oscillations of the wheel sets. If these lateral oscillations are sus- 
tained or grow in magnitude as the vehicle progresses down the track, hunting is occurring. 
If the oscillations die away, the vehicle is stable. 

6.3.1 Empty Tangent Track Hunting 
The predictions for the empty vehicle show a definite tendency to hunt, with sustained 
oscillations being evident at 55 mph. Figure 26 shows the Chapter XI limiting criteria 
for car body lateral accelerations of 1.0 g peak-to-peak being achieved at 57.5 mph. 
These oscillations are sustained for more than 20 seconds. At 65 rnph the limit of any 
single peak-to-peak oscillation exceeding 1.5 g is also reached. By 70 mph, it is predicted 
that the vehicle derails due to excessive lateral and yaw motion of the axles. 

Figure 27 shows that the axle sum L/V ratios do not exceed 1.2 for speeds up to 
70 mph, just within the Chapter XI limiting criteria. Although no Chapter XI limit is 
set for individual wheel L/V for hunting, the usual limit of 0.8 is exceeded for both left 
and right wheels on all axles. This is illustrated for axle 1 in Figure 28 and indicates 
that the axle sum L/V criterion taken by itself may not be an adequate indicator of 
safe vehicle performance. In most cases the axle sum L/V provides a less conservative 
prediction of approaching derailment, especially when the wheel set angle of attack 
relative to the rails is low. In this instance however, the angles of attack exceed 7 
milliradians, and derailment does occur at 70 mph. 
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Figure 26. Lateral Car Body Acceleration for the Empty Car While 
Hunting at a Speed of 57.5 mph Tangent Track 
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Figure 27. Maximum Axle Sum L/V Ratio Versus Speed of Empty Car 
on Tangent Track 
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Figure 28. Maximum Wheel L/V Ratio Versus Speed for the Empty Car 
on Tangent Track 

6.3.2 Empty 50-Minute-Curved Track Hunting 
In the 50-minute curve, sustained oscillations are not predicted for any speed for the 
empty vehicle. Figures 29 and 30 show that at speeds up to 70 mph the peak-to-peak 
car body lateral accelerations do not exceed 0.25 g, and the axle sum L/V ratios do 
not exceed 0.6. These values are well within the Chapter XI limiting criteria. Hunting 
is not therefore predicted for the 50-minute curve. 

0.2--. 

0.0- 

/.--. 
I 

I I I I I I I 
30 40 50 60 70 

SPEED (mph) 



SPEED (mph) 

Figure 29. Lateral Acceleration of the Empty Car on 
50-Minute-Curved Track 
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6.3.3 Loaded Tangent Track Hunting 
'I'hc loadcd vehicle is predicted to exhibit oscillatory behavior, beginning at 65 mph 
and being sustained at 70 mph, as iilustrated in Figure 31. Although sustained oscil- 
lations are taking place, no Chapter XI limiting criteria are exceeded, with car body 
lateral accelerations remaining below 0.6 g peak-to-peak and axle sum L/V ratios 
remaining below 0.75. 

Because it is unusual for normal loaded freight vehicles to exhibit hunting activity, 
this behavior is considered significant even though no Chapter XI safety criteria are 
exceeded. 
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Figure 31. Lateral Car Body Acceleration for the Loaded Car at 70 mph 
on Tangent Track 

6.3.4 Loaded 50-Minute-Curved Track Hunting 
In the 50-minute curve no sustained lateral oscillations are predicted for the loaded 
vehicle. Maximum axle sum L/V ratios are below 0.35 and the maximum lateral car 
body accelerations are less than 0.35 g at speeds up to 70 mph. 
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6.4 TWIST AND ROLL 
Twist and roll analyses evaluate the roll dynamic performance of a vehicle negotiating 
track with varying cross level such as may occur on staggered jointed rail. This is simulated 
by defining ten 39-foot segments of rail with the joints lowered by 0.75 inches from the 
centers. The left and right rails have the joints offset by 19.5 feet providing a varying cross 
level. 

Predictions were made for both the loaded and empty vehicle as required by Chapter 
XI. 

6.4.1 Emuty Twist and Roll 
The predictions for the empty vehicle in the twist and roll section show a significant 
roll resonance at 35 mph, shown in Figure 32, with a maximum peak-to-peak roll angle 
of 5 degrees. Figure 32 also plots the roll angle of the body relative to the truck bolsters. 
This data indicates that the body roll is almost entirely due to the body rolling relative 
to the truck bolster. Peak-to-peak spring deflections are at most 0.3 inches at this 
resonant speed, and therefore contribute little to the car body roll. 

Figure 33 shows that at the resonant speed the maximum axle sum L/V ratios 
are less than 0.6 but rise to 1.4 on the lead axle at 60 mph. At 65 and 70 mph the vehicle 
derails. Similarly the minimum vertical wheel loads are greater than 30 percent of the 
static value at resonance but begin to fall at the higher speeds. 
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Figure 32. Maximum Car Body and Bolster Roll Angles for the Empty 
Car in the Twist and Roll Test Zone 
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Figure 33. Maximum Axle Sum L/V Ratio for the Empty Car in the 
Twist and Roll Test Zone 

Increased L/V ratios, lower vertical forces, and consequent derailment at speeds 
above 60 mph do not appear to be caused by roll phenomena, but by lateral oscillations 



of the wheel sets. Figure 34 shows distance histories of the lateral positions of the 
four axles traversing the test zone at 70 mph. At the 100 foot distance, which marks 
the beginning of the test section, the wheel sets begin lateral oscillations at a frequency 
of about 3 Hz. This corresponds to the hunting frequency predicted in Section 6.3.1. 
This could easily be excited by the passing frequency of the 39-foot perturbations, which 
at 70 mph is 2.6 Hz. 
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Figure 34. Time History of Axle Lateral Motion of the Empty Car at 70 
mph in the Twist and Roll Test Zone 

The predictions therefore indicate that the vehicle exceeds the Chapter XI 
limiting criteria because it is hunting. The twist and roll perturbations are only acting 
to excite the hunting behavior. 

6.4.2 -1 
The predictions for the loaded vehicle in the twist and roll test section indicate per- 
formance well within Chapter XI limiting criteria. The peak-to-peak car body roll 
angles illustrated in Figure 35 reach a maximum of 3 degrees at 25 rnph. This roll 
resonant speed is confirmed with minimum wheel loads and maximum axle sum L/V 
ratios all occurring at this speed. All criteria remained well within Chapter XI limits, 
with the minimum wheel loads remaining greater than 45 percent of the static values. 



The axle sum L/V ratios show peaks at the 25 rnph resonant speed, although the 
maximum value of 0.4 is reached at 70 rnph for axles 1 and 2 and at 55 rnph for axles 
3 and 4, as shown in Figure 36. 

It appears in Figure 36 that a secondary resonant condition is occurring at 55 
rnph to 70 mph. This is probably related to lateral oscillations of the axles due to the 
mild hunting discussed in section 6.3.3, and does not appear to be a roll phenomenon. 
If roll was occurring it would be evident in the car body roll angle data in Figure 35. 

The favorable roll behavior in the loaded condition is probably due to the low 
center of gravity of the vehicle. 
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Figure 35. Maximum Car Body and Bolster Roll' Angles for the Loaded 
Car in the Twist and Roll Test Zone 
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Figure 36. Maximum Axle Sum L/V Ratios for the Loaded Car in the 
Twist and Roll Test Zone 

6.5 PITCH AND BOUNCE 
Pitch and bounce analyses evaluate vertical dynamic performance of a vehicle negotiating 
track with a varying vertical profile such as might be caused by track with parallel low rail 
joints. This is simulated similarly to the twist and roll with ten 39-foot sections of rail, low 
by 0.75 inches at the joints. In this case however, the joints are set inphase with each other 
giving no cross level variation but a varying vertical profile. 

Chapter XI requires tests and analyses only for the loaded car. The results of the 
Lightweight Car 1 project indicated worse performance for the empty car than the loaded 
car in pitch and bounce. Therefore, both loaded and empty car analyses were performed. 

6.5.1 E m ~ t p  Pitch and Bounce 
The predictions for the empty vehicle in the pitch and bounce test section show per- 
formance well within Chapter XI limits. No resonant condition is predicted. Minimum 
wheel loads of 62 percent of the static value occur at 70 mph, as shown in Figure 37. 
It appears that any resonance is likely to be above 70 mph. 



6.5.2 b d e d  P V  
The loaded car also is predicted to perform well within Chapter XI limits. Minimum 
wheel loads, shown in Figure 38, are all above 75 percent of the staticvalues. It appears 
that a mild resonance is occurring near 70 mph. This is confirmed by the peak-to-peak 
spring deflections shown in Figure 39, which show a maximum of 0.92 inches at 65 mph, 
and fall slightly at 70 mph. 
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Figure 37. Minimum Percent of Vertical Wheel Load for the Empty Car 
with Respect to Static Load in the Pitch and Bounce Test Zone 
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Figure 38. Minimum Percent of Vertical Wheel Load for the Loaded 
Car with Respect to Static Load in the Pitch and Bounce Test Zone 
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Figure 39. Maximum Vertical Spring Deflections for the Loaded ,Car in 
the Pitch and Bounce Test Zone 



5-F 6.6 
The single bounce also analyzes the vertical dynamic performance of a vehicle, but only 
over a single perturbation of large amplitude. This is intended to simulate the effect of a 
sudden increase in vertical track stiffness such as occurs at grade crossings. The track 
section was defined as a segment of track 24 feet long raised by 2 inches. Ramps 6 feet 
long lead up to and down from the raised section, making the perturbed section 36 feet 
long. 

Both empty and loaded predictions were made although Chapter XI only requires 
loaded car tests and analyses. 

6.6.1 Empty Single Bounce 
The predicted performance of the empty vehicle on the single bounce is considerably 
different than on the multiple bounce section. Predicted vertical wheel loads are 
reduced to 10 percent of the static values at speeds of 40 mph, for axles 1 and 3. This 
is clearly shown in Figure 40. At 45 mph axles 1 and 3 show minimum loads close to 
zero and the other two axles are approaching 10 percent. Derailment is predicted for 
50 mph and 55 mph, although above these speeds minimum vertical wheel loads begin 
to increase along with spring deflections. The spring deflection data (Figure 41) 
indicates a resonance at 60 mph to 65 mph. 

It appears that at the lower speeds the vertical suspension remains "locked up" 
so that rather than deflecting the springs the vehicle "jumps", unloading the wheels. 
When at the higher speeds the suspension breaks free, the wheels can then remain in 
contact with the rails while the body moves up and down on the suspension. 

Although tests and analyses in the empty condition are not required by Chapter 
XI these results indicate a possible need to revise the requirements. 
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Figure 40. Minimum Percent Vertical Wheel Load for the Empty Car 
Passing Over the Single Bump 
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6.6.2 Jaaded Single Bouncc 
The loaded vehicle's predicted performance is much less severe. Figure 42 shows that 
the minimum wheel loads get no lower than 25 percent of the static values with reso- 
nance occurring at 65 mph for axles 3 and 4. This resonance is confirmed by the 
peak-to-peak spring deflection data displayed in Figure 42. The lead axles appear to 
be approaching a resonance at 70 mph or above. 

The spring deflection data in Figure 43 clearly indicates that the suspension is 
free to move allowing the wheel sets to remain in contact with the rails, while the body 
moves up and down in response to the perturbation. 

Test experiences of the Chapter XI single bounce have indicated that the per- 
turbation is too severe. Subsequent to these analyses and the track test program, a 
proposal was made to modify Chapter XI to lessen the severity of the single bounce. 
The redefined perturbation has ramps 18 feet long with a 6 foot long, 1.5 inch high 
center section. Predictions for operation over this new version will be made during 
the post test analyses. 
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Figure 42. Minimum Percent Vertical Wheel Load for the Loaded Car 
Passing Over the Single Bump 
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Figure 43. Maximum Vertical Spring Deflection for the Loaded Car 
Passing Over the Single Bump 

Y- 6.7 
The yaw and sway analyses evaluate the lateral dynamics of a vehicle negotiating track 
with a sinusoidal lateral alignment perturbation and wide track gage. This is defined by 
five segments of track with sinusoidal lateral alignment variation, 1.25 inches amplitude, 
39 foot wavelength. Throughout this zone, track gage is held to 57.5 inches, 1 inch wider 
than standard. 

Chapter XI only requires yaw and sway analyses and tests for the loaded vehicle. 
The results of the previous Lightweight Car 1 project and the predictions for this vehicle 
over other test sections indicated poor performance under many conditions when empty. 
It was therefore decided to also perform yaw and sway analyses and tests for this car in 
the empty condition. 

6.7.1 Empty Yaw and &Q-Y 
Results of the empty vehicle yaw and sway analyses appear to be inaccurate. At all 
speeds above 30 mph derailments are predicted. The predictions all show the axles 



steering sharply into the perturbations, with the axles being drawn deeper into each 
successive perturbation until they eventually derail. This occurs earlier in  the tcst 
section for increased speeds. 

Figure 44 illustrates this phenomenon. Axle 1 is shown running down the track 
within the flangeway clearance of each wheel. Note that the axle is centered between 
the rails in the tangent portion of the test section. As the wheel set enters the test zone, 
it appears to be drawn to run into flange contact with first the left and then the right 
rail, alternating with increasing amplitude until the wheel overshoots and the flange 
climbs the rail. 

These results are far more severe than what might be considered likely for an 
ordinary freight car. It is possible that the descriptions of the lateral and yaw suspensions 
of the vehicle's trucks are inaccurate leading to anomalous predictions. Similar 
excessively severe predictions for the Yaw Sway test zone occur with NUCARS for 
most vehicles, including the front runner car of the Lightweight Car 1 test program. 
Analyses of the actual track test data are planned to develop dynamic characteristics 
for these suspensions. Further predictions will be made with these new characteristics 
to determine their effects. 

6.7.2 Jhaded Yaw and Sway 
The loaded vehicle predictions for yaw and sway are similar to the empty vehicle 
predictions. Similar behavior is seen with the axles still running in alternate left and 
right wheel flange contact. 



Figure 44. Lateral Position of Axle 1 for the Empty Car in Relation to 
the Lateral Rail Position in the Yaw Sway Test Zone at 30 mph 

6.8 STEADY STATE CURVING 
The steady state curving analyses are intended to evaluate the ability of a vehicle to 
negotiate track curves. Chapter XI requires analysis of a vehicle negotiating a single curve 
between 7 and 15 degrees of curvature, with a balance speed between 20 and 30 mph. 
Analyses are to be performed at speeds representing cant deficiencies of -3, 0, and +3  
inches. 

For the purposes of this project, predictions were made at curvatures of 4, 7.5, 10 
and 12 degrees, with superelevation of 3,3,4, and 5 inches respectively. Predictions were 
made at cant deficiencies of -3, -1.5,0, + 1.5, and +3 inches. This was to permit a greater 
understanding of the mechanisms controlling thisvehicle's curving behavior. These curves 
were chosen because they match the curves available for track tests at the TTC. For the 
4- and 7.5-degree curves the -3 inch underbalance conditions could not be modeled. 
Because the track has 3 inches superelevation in these curves, the -3 inch underbalance 
speed would be 0 mph. 

As per Chapter XI requirements, analyses were performed for both the loaded and 
empty car. 
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6.8.1 m t y  Steady State Curving 
Predictions for the empty vehicle negotiating steady curves show performance well 
within Chapter XI  limiting criteria. A maximum single wheel L/V ratio of 0.55 is 
achieved on the lead axle outside wheel at 12.0 degrees with +3.0 inches of imbalance. 
This same condition also generates a maximum 'axle sum L/V of 0.95, again on the 
lead axle. 

Behavior for this truck when the vehicle is empty is similar to normal three-piece 
trucks. The leading axle generates the largest L/V 

I 

ratios, as shown in Figure 45. The 
trailing axle forces are much lower. The large L/V ratios are due to the large angle 
of attack (AOA) the leading axle takes up relative to the rails. Figure 46 demonstrates 
that the trailing axle generates an AOA only one tenth the AOA of the leading axle of 
the leading truck. The AOA increases with curvature in the same manner as a normal 
three-piece truck. 
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Figure 45. Maximum Individual Wheel L/V Ratio at Plus 
3.0 Inches Cant Deficiency 
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Figure 46. Angle of Attack of Axles 1 and 2 at Plus 
3.0 Inches Cant Deficiency 

6.8.2 h d e d  Steady S W e  Curving 
The loaded vehicleis predicted to perform better than the empty vehicle. The maximum 
wheel L/V generated is 6.42 on the lead outside wheel in the 12-degree curve at -3.6 
inches of (cant deficiency) imbalance. The same condition also generates the maximum 
axle sum L/V ratio of 0.82 on the lead axle. Trailing axle L/V ratios all remain low. 
These results are clearly evident in Figures 47. 

These lower ratios are due to the loaded vehicle "steering" better than the empty 
one. This is demonstrated in Figure 48 which plots AOA against speed. Angles of 
attack are one-third less than those predicted for the empty car. Note that in these 
figures no data is presented for the 4.0 and 7.5 degree curves. This is because these 
curves have only 3 inches of superelevation. To achieve -3.0 inches of imbalance on 
this amount of superelevation the vehicle will have to be standing still. 

This improved performance is almost certainly due to the presence of the rubber 
shear pads between the bearing adaptor and side frame. The higher axle loads when 
loaded allow sufficient longitudinal forces to develop between the wheels and rails to 
deflect the pads, allowing the axles to steer. At the lower loads of the empty car 



longitudinal forces are insufficient to deflect the pads. With a conventional three-piece 
truck the friction between bearing adaptor and side frame is so great as to prevent 
virtually all motion, preventing the truck from steering well. 
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Figure 47. Maximum Wheel L/V at Minus 3.0 Inches Cant Deficiency 
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Figure 48. Angle of Attack of Axles 1 and 2 for the 
Loaded Car at Minus 3.0 Inches Cant Deficiency 

6.9 CURVE ENTRY/EXIT 
The curve entry/exit analyses are intended to evaluate the dynamic performance of a 
vehicle as it negotiates the entry and exit spiral to a curve. In order to perform the analysis 
under extreme conditions, the spiral is defined to be a "bunched spiral" in which the change 
in superelevation occur in the center portion of the spiral rather than being evenly dis- 
tributed over the entire length of the spiral. In order to match the bunched spiral in place 
at the TIT, the NUCARS predictions are for a 200-foot spiral leading into a 12-degree 
curve with 5 inches of superelevation. The change in superelevation occurs in the central 
100 feet of the spiral. 

As required by Chapter XI, the analyses were performed for the empty and loaded 
car, entering and exiting this spiral. 

6.9.1 Jjh@y Curve Entry 
Predictions for the empty vehicle entering the bunched spiral (Figures 49 and 50) show 
the highest wheel L/V ratios of 0.65 occurring on the leading inside wheel, during the 



last 50 feet of the spiral, while running with + 3.0 inches of imbalance (31.1 mph). At 
the same time, the same wheel shows the maximum unloading to be 65 percent of the 
static vertical load; This performance is well within Chapter XI limits. 

This position in the spiral comes after all the superelevation change has occurred. 
It is therefore to be expected that significant unloading might occur in this region. 
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Figure 49. Maximum Wheel L/V for the Empty Car Entering the 
Bunched Spiral from Tangent Track at 31.1 mph 
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Figure 50. Minimum Percent Vertical Load of Individual 
Wheels for the Empty Car Entering the Bunched Spiral 

from Tangent Track at 31.1 mph 

6.9.2 Empty Curve Ex8 
The empty vehicle exiting the bunched spiral produces different results, shown in 
Figures 51 and 52. While running at +3.0 inches of imbalance (31.1 mph), the lead 
outside wheel generates the largest L/V ratio of 0.58. This occurs in the center BOO 
feet of the spiral where all the change in superelevation takes place. The same wheel 
also drops to 68 percent of the static wheel load in the same place, as well as furtker 
down the track in the last 50 feet where there is no superelevation. 
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Figure 51. Maximum of Wheel L/V for the Empty Car Exiting the 
Bunched Spiral to Tangent Track at 31.1 mph 
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6.9.3 b d e d  Curve Entry 
The loaded vehicle entering the bunched spiral is predicted to reach a maximum wheel 
L/V of 0.45 on the lead outside wheel. As shown in Figure 53, this occurs just as the 
superelevation reaches the maximum, 50feet before the end of the spiral, while running 
at + 3.0 inches of imbalance (31.1 mph). 

The minimum vertical wheel load, shown in Figure 54, is reached by the lead 
inside wheel at the same speed. This minimum of 65 percent of the static load occurs 
just as the superelevation is beginning, 75 feet from the start of the spiral. 
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Figure 53. Maximum Wheel L/V for the Loaded Car Entering the 
Bunched Spiral from Tangent Track at 31.1 mph 
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Figure 54. Minimum Percent Wheel Vertical Load for the Loaded Car 
Entering the Bunched Spiral from Tangent Track at 31.1 mph 

6.9.4 Loaded Curve Exit 
In the exit of the bunched spiral maximum wheel L/V ratio of 0.45 is predicted for the 
lead outside wheel while running at -3.0 inches of imbalance (15.5 mph), as shown in 
Figure 55. The same speed causes the maximum wheel unloading of 65 percent on the 
same wheel in the middle of the spiral (Figure 56). 
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Figure 55. Maximum Wheel L/V for the Loaded Car Exiting the 
Bunched Spiral to Tangent Track at 15.5 mph 
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Exiting the Bunched Spiral to Tangent Track at 15.5 mph 
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6.10 DYNAMIC CURVING 
The dynamic curving analyses are to evaluate vehicle dynamic performance while nego- 
tiating a steady curve with vertical arid lateral perturbations. This Chapter XI section is 
based on a 10-degree curve with 4 inches of superelevation. The curve  contain,^ a 200 foot 
long twist and roll test section, similar to the tangent track twist and roll section The 
perturbations consist of 0.5 inch amplitude low rail joints at a wavelength of 39 feet. The 
outside rail is also given outward cusps such that the track gage is widened to 57.5 inches 
at every outer rail low joint. The inside rail has no lateral perturbations. 

As per Chapter XI requirements, both empty and loaded vehicles were modeled. 

6.10.1 Empty Dynamic Curvine 
Predictions for the empty vehicle negotiating the dynamic curve suffered from the same 
problems as the yaw-sway predictions. At balance speed (24.1 mph) and above the 
vehicle was predicted to derail in the second lateral cusp. Figure 57 plots the lateral 
position of the lead wheel set relative to the two rails, at balance speed. The wheel 
runs in flange contact until the beginning of the first cusp, and then moves slightly away 
from contact until just after the peak. The wheel then appears to begin to climb the 
flange at the valley between the cusps, drops back into ordinary flange contact and 
finally derails after the second peak. 

Individual wheel L/V ratios, axle sum L/V ratios, minimum wheel loads, and 
body roll angles are all within Chapter XI limits at -3 and -1.5 inches of imbalance (12.0 
and 19.0 mph). No indication is given from these parameters that a derailment is likely 
at higher speeds. Therefore, the predictions of derailment are doubtful. Further 
predictions need to be made to determine the validity of these results and the source 
of any possible errors. 
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Figure 57. Lateral Position of Axle 1, Left and Right Rails as the Empty 
Car Negotiates the Dynamic Curve at Balance Speed 

6.10.2 h d e d  Dvnamic Curving 
The predictions for the loaded vehicle are all well within Chapter XI limiting criteria 
for all speeds modeled. The miiximum L/V ratio is 0.5 on the lead axle outside wheel 
while running with -3.0 inches of imbalance (12 mph), while the maximum axle sum 
L/Vof 0.95 occurs on the lead axle at  + 1.5 inches of imbalance (28.2 mph), as illustrated 
in Figure 58. 

Car body peak-to-peak roll angles are small, reaching a maximum of 1.3 degrees 
at balance speed (24.1 mph). This corresponds well to the predicted roll resonance 
speed of 25 mph in the twist and roll test zone. 

A minimum wheel load of 65 percent of the static value is reached at 3.0 inches 
of imbalance (31.9 mph) on the trail axle inside wheel. Figure 59 shows the minimum 
wheel loads. 
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Figure 58. -Maximum Axle Sum L/V Ratios for the Loaded Car 
Negotiating the Dynamic Curve 

Figure 59. Minimum Percent Wheel Vertical Load for the Loaded 
Car in the Dynamic Curve 
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7.8 INTERIM CONCLUSIONS 

7.1 VEHICJJ3 CHARACTERIZATION 
The MSU proved to be a successful facility for performing vehicle characterizations. Tests 
were accomplished in less time than with previous facilities such as the VTU. Results are 
also believed to be more accurate. The data collection (and control) system allowed 
immediate post test analysis of some data, allowing real time verification of successful test - 
runs. Post test data analysis was also simplified due to the easy transfer of data from 
collection to analysis computers. 

The RVID parameter identification software was used with some success to identify 
the characteristics of some of the suspensions. Its use for identifying the more cornplex 
characteristics, such as the car body to truck bolster roll suspension, has proved difficult. 
Satisfactory results for these suspensions have yet to be achieved. In addition, some doubt 
still remains about the characteristics developed for the secondary lateral suspension. 

Attempts will be made to develop dynamic suspension characteristics from the track 
test data for the lateral and yaw suspensions. These will be compared to the MSU and air 
table test results. Revisions to the NUCARS suspension characteristics will be made as 
necessary based on these comparisons. 

7.2 NUCARS PREDICTIONS 
Successful predictions were made for all conditions except the yaw and sway test zone and 
the empty dynamic curve. Results from these simulations appear erroneous as they do 
not match anticipated behavior. It is suspected that errors in the definition of the yaw and 
lateral suspension characteristics may have affected these results. Table 8 summarizes 
the predictions in terms of Chapter XI limiting criteria. 

Exceedance of Chapter XI limiting criteria was predicted for the following test 
regimes. This indicates that careful monitoring of the track tests will be required. 

1. Empty Car Tangent Hunting 
2. Empty Car Pitch and Bounce (test not required by Chapter XI) 
3. Empty Car Single Bounce (test not required by Chapter XI) 
4. Empty And Loaded Car Yaw and Sway (possibly erroneous results) 
5 .  Empty Car Dynamic Curving (possibly erroneous results) 



Table 8. Summary Results of Pretest NUCARS Predictions 

CHAPTER X I  CRITERIA 

M a x i m  Minimm X 
Latera l  Maximum Maximm Axle Ver t i ca l  Minimm Car 

TEST CASE Acceleration Uheel L/V Sun L/V Uheel Load Ro l l  Angle COMMENTS 

Tangent Hunt- 1g P-P 0.8 @ 55 mph 1.15 N/A N/A Exceeds Chapter X I  
i ng  (not required @ 70 mph 0 57.5 mph. Empty @ 70 mph 

by Chapter Derai ls  a t  70 mph. 
X I  1 

Tangent Hunt- 0.69 P-P N/A 0.75 N/A N/A Sustained osc i l l a -  
ing Loaded @ 70 mph @ 70 mph t i ons  at 70 mph do 

not exceed Chapter 
XI l im i ts .  (Test 
not required by 
Chapter X I )  

Curved Hunting 0.25 g N/A 0.6 N/A N/A No hunting pre-  
Empty @ 70 mph @ 70 mph dicted. 

Curved Hunting 0.35 g N/A 0.35 N/A N/A No hunting Pre- 
Loaded @ 70 mph @ 70 @I dicted. (Test not  

required by Chapter 
X I  ) 

- 

Twist & Ro l l  N/ A 'IA 1.4 @ 60 mph 30% 5.3 deg Derailment above 60 
0.6D35mph @35mph  mphduetohunt ing .  Empty @ 3 5 @  

resonant speed Ro l l  resonance a t  
35 mph. 

Twist & Ro l l  N/A N/A 0.4 @ 55 mph 45% 3 deg Ro l l  resonance a t  
Loaded 0 .35a25mph @ 2 5 @  @25mph 25mph. Secondary 

resonant speed resonance a t  55 
mph. 

P i t ch  8 Bounce N/ A N/A N/A 75% N/A No resonance pre- 
Empty @ 70 mph dicted. (Test not 

required by Chapter 
X I  ) 

P i t ch  & Bounce N/A N/A N/A 75% N/A M i l d  resonance 
Loaded @ 70 mph 65-70 mph 

Single Bounce N/A N/A N/ A 10% N/A Derailment a t  50 
a mph and 55 mph. Bounce Empty 40 

- 
resonance a t  60-65 
mph. 

Single Bounce N/A N/ A N/A 25% N/A Bounce resonance 
Loaded @ 65 mph 65-70 mph. 

Yaw & Sway Results appear 
inaccurate. Empty 
Derailment pre- 
d ic ted  w. above 30 

I 
Yaw & Sway Results appear 
Loaded inaccurate. 

Derailment pre- 
d ic ted  above 30 
nph. 

Steady State N/A 0.55 @ 0.82 @ N/A N/A Curving performance 
Curving Empty 12 deg curve 12 deg curve simi l a r  t o  3-piece 

-3.0 in.  -3.0 in.  truck. 
unbalance unbalance 



Table 8. Summary Results of Pretest NUCARS Predictio 
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Chapter X 

SINGLE-AXLE SUSPENSION SYSTEM PARAMETERS 
AND DESIGN GUIDELINES 

10.1 CENEKAL 

The purpose of this chapter is to  provide single-axle suspension parameters and 
design guidelines for the  construction of two-axle freight cars. 

10.1.2. 
All two-axle cars a re  considered cars of a n  untried type, and their  approval procedure 

requirements a re  outlined in section 1.2 of Chapter I. The suspension system and the  car  
body will be treated a s  a single entity and shall be capable of being operated, singly or En 
combination with any  other approved cars, on standard gauge rails, using AAR-approved 
wheelsets and roller bearings. 

10.1.3. 
Suspension must be. designed a s  a n  integral part  of the  car. Performance and 

suitability must be proven through tests a s  a combined unit. Approval of the  car or 
suspension will be based on tests of a specific combination of car and suspension only. 

Suspension must provide safe, dependable operation of the  car over track of classes E 
through 6 under normal operating conditions, and the  suspension system and attachrner~,.te 
to  car must not exhibit any structural or  operational distress after completion of a21 
required tests. 

The design of t he  suspension members and connections must be compatible with the  
design of t he  car  body insofar a s  structural integrity is concerned. Overall design concept, 
static and dynamic parameters, and materials used in construction must be submitted 
and approved by the  AAR Car Construction Committee before any official AAR tests are 
initiated. 

The design of t he  suspension system must satisfy applicable AAR and FRA 
requirements. 

10.2. OPERATIONAL AN11 STRUCTURAL REQUIREMENTS 

Suspension system is to  permit operation of the  car  at any speed up  t o  and including 
70 miles per hour within the  outline of the  track, worthiness criteria a s  specified in 
Chapter XI, Table 11.1, "Criteria for Assessing the Requirements for Field Service". 

10.2.2. VACANT 
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Suspension must permit self-steering of wheelset up to and including 4" curves. 
Longitudinal and lateral freedom of wheelset is to be restrained so as  not to exceed + 1.5" 
lateral movement and a longitudinal movement of such magnitude a s  to permit safe 
operation of car  on a curve of 150' radius. 

Suspension must permit application of an on-tread brake system and must provide 
means for transmitting retardation forces from the  wheelset to the  car  body. Reasonable ' 
access to the  brake heads for replacement of brake shoes must be provided. 

Suspension structural  members must permit unobstructed scanning of roller bear- 
ings and wheels by existing "hot box" detectors. 

Carbody suspension attachment is to be designed to sustain the forces developed by 
decelerating a fully-loaded ca r  from 20 miles per hour to 0 miles per hour in a distance of 
50 feet by application of retardation to  wheels (e.g., use of track retarder). 

Suspension design, including all drawings, materials used in fabrication, data  as  t o  
choice of loads and forces used in design of individual suspension components, stress end 
fatigue calculation or da ta  must be submitted for review by the  AAR Car Construction 
Committee before authorization for field test can be granted. 

Contemplated changes of arrangement, components, dimensions, materizl, fabrica- 
tion processes, etc. in variance from the test  vehicle must be submitted for approval by 
the  AAR Car Construction Committee before implementation. 

 
10.3. TESTING 

10.3.1. 

Since car and suspension is considered a unit, testing of t he  complete car  a s  outlined 
in Chapter XI  will be applicable. 

Semi-annual reports covering the  suspension performance, wheel wear, and other 
operational and structural information shall be submitted to AAR until a minimum of 
250,000 miles per car is attained. 

I
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I'EIiYOKMAN(:E SI'E(~IFI(~A1'ION FOK YAW-I)AMI'IN(; 1)EVICES 
A1)OI'I'EI) 1987; lievised 1989 

1.0. GENERAL 

The purpose of th i s  specification is t o  provide a n  evaluation guide for wheelsct o n  
truck yaw-damping devices. 

1.2. 

The  yaw damping characteristics a r e  normally matched t o  a specitic car-suspension 
system and therefore a r e  not  t ransferable to o ther  suspension systems, o r  t o  o ther  car 
structures equipped .with similar suspension systems. 

The damper design shall provide for satisfactory functional and mechanical peri;n,s.- 
mance of a t  least  300,000 miles of maintenance-free service in t h e  normal railroatf 
environment. 

Request for approval of t h e  device mus t  include a se t  of detail and assembly 
drawings incorporating performance criteria, material  specifications, and complctch 
dimensional and tolerance d a t a  depicting t h e  device. 

Hydraulic type yaw dampers  mus t  be equipped to  permit visual inspection of fluid 
level required for proper operation. 

The  yaw damper  of a design to be used in production must  pass Section ll.5.2aanti 
11.5.3 performance trsts on a ca r  for which i t  is designed, as outlined in Chapter  XI of thcb 
M-1001 Specitications, and mus t  provide t h e  required damping levels in both its "new" 
and "worn" condition. 

The yaw damper  shall provide for "FREE" curving of t h e  wheelset t h r o ~ i g h  all 
curves u p  to  and inclusive of 4 degrees. "FREE" curving for purpose of this  t e s t  is 
defined as the  average measured reading dur ing  t h e  t e s t  being no less t h a n  YO(,% of t h e  
axle-to-car body rotation angle when compared with readings obtained from t h e  samcl r a r  
negotiating the  same curve without  t h e  damper  installed, (minimum th ree  r u n s  through 
curve in ei ther  direction should be performed a t  speeds of 10 and 30 mph on dry  rail). 

2.3. 

At  t h e  completion of t h e  tes t ,  t h e  device will be removed by a n  AAR representat ive 
and sent  to the  AAR Technical Center  for fu tu re  comparison purposes. This  device will 
be designated as t e s t  unit  "witness", and will be retained by t h e  AAR for reference 
purposes. 

C-I I-3YFi 
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I 3.0. FIEI,I) TEST RE()lJlKEMENTS 

Upon sueeessful completion of t e s t s  outlined in 2.1 and 2.2 which have been wit- 
nessed by authorized AAR representative, five (5) carsets  of t h e  design for field test ing 
purpose can be granted.  A lesser quant i ty  can be authorized for prototype testing. 

1 3.2. C0NL)ITIONAL APPROVAL 

To obtain conditional approval, five (5) se ts  of t h e  device which have  been placed in 
the  field tes t  must  have completed at least  50,000 miles of service each, and fulfilled t h e  

I 
following requirements: 

3.2.1. 
The devices shall be inspected at t h e  end of t e s t  trial by a n  authorized AAR 

I 
Representative for absence of mechanical distress and for proper functioning. 

3.2.1.1. 
A retest  shall be conducted in accordance with t h e  lateral  stability requirements in 

Paragraph 2.1. 

I Two devices chosen by a n  AAR Representative will be removed from cars. Tests  may 
be performed at t h e  Vendor's o r  o ther  approved t e s t  facility and must  be witnessed by 
AAR representatives. The  AAR must  be given at least  t en  (10) days  notice prior t o  t h e  

I 
s t a r t  of testing. 

3.2.3. 

The following tes ts  shall be performed on both t h e  original "witness" device and a 
device removed from field service: 

The tes t  device shall undergo a 5000 Ib. load suddenly applied tension o r  compression 
load at the  middle and end positions of i ts  stroke. 

Both the  "witness" and t h e  tes t  device will undergo a n  extension and compression 
test. The resistance forces measured at velocities of .06 ft.1sec.; 3 ft./sec.; and 1 ft.lsec. 
shall not vary more t h a n  10% from t h e  comparable force obtained from t h e  same  t e s t  
performed with t h e  "witness" device. Devices using acceleration sensing as movement 
arrest ing mode, shall be tested at predetermined acceleration levels for comparison 
purposes and results shall not  vary more t h a n  10% from those of t h e  witness device. 
Alternatively, for friction devices, t h e  field t e s t  unit  shall undergo a t 112-inch displace- 
ment induced by a 1 Hz sinusoidal velocity input. The  device will be cycled about  the  
nominal installed length. The  double amplitude of t h e  result force shall not vary more 
than  10%) from t h a t  of t h e  witness device. 

:J.2.R.R. 
Afto. conlpletion of above tests, t h e  devices shall be examined for performance and 

wear deterioration. Both items must  be judged to  be within t h e  life expectancy of 300,800 
miles maintenance free service. 

C-I 1-396 
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:i.2:1. 

Succctssful completion of field t e s t  and  lab t e s t  will qualify t h e  device to  receive 
c.orlditional appr-oval for service. 

Any external,  internal ,  design, material o r  performance changes of a n  approved 
damper must  be reported to  AAR Car  Construction Committee for review and  concur- 
rence before incorporation of such in production. Willful disregard of this  provision will 
cause revocation of t h e  approval. 

The  "witness" device will be used for comparative evaluation and verification pur- 
poses of any  fu ture  performance verifications of design improvements etc. 

Semiannual Service Reports a r e  to be provided by t h e  manufacturer  until  a t  least 
10% of t h e  authorized devices, no  less t h a n  400, have obtained a service life of S00,000 
miles, and have been inspected by a n  authorized AAR Representative. Two such devices 
will be removed from a ca r  s e n t  t o  t h e  lab for inspection and test as outlined in 3.2.X 
using, however, t h e  "worn" witness device d a t a  for comparison purposes. 

Upon completion of t h e  above s ta ted  service experience, and satisfactory completion 
of tes t  requirements outlined in Section 3.2.7, t h e  device will be considered fully ap- 
proved. 
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CHAI'TER XI 
SERVICE-WORTHINESS TESTS AN11 ANALYSES 

FOR NEW FREIGHT CARS 
Adapted 1987 

11.1. PURPOSE ANI) SCOPE 

This chapter  presents guidelines for test ing and analysis to ascertain the  
interchange-service worthiness of freight cars. The  regimes of vehicle performance to be 
examined a r e  divided into two sections. Section 1 covers s t ructura l  static and impact 
requirements. Section 2 covers vehicle dynamic performance, with t h e  following regimes 
to  be examined: hunting,  ca r  body twist and roll, pitch and bounce, yaw and sway and 
longitudinal t ra in  action. 

Braking performance, s t ruc tura l  fatigue life, ca r  handling, and other design consid- 
erations must  be considered in accordance with requirements outlined by other  chapters 
of this  specification. 

The methods presented provide acceptable approaches to  the  analysis and measure- 
ment of car  parameters and performance. Other  rational methods may be proposed a t  
the  time of submission for design approval. Their  use and applicability must  be agreed to 
by the  Car Construction Committee. 

11.2. STATIC AND IMPACT TEST REQUIREMENTS 
Application for approval of new and  untried types of cars, along with support ing d a t a  

specified in paragraph 1.2.3, shall be submitted t o  t h e  Director-Technical Committees 
Freight Car  Construction prior t o  initiation of official AAR testing. A proposed test ing 
schedule and tes t ing  procedures will be submitted sufficiently in advance of tes ts  to  
permit review and approval of t h e  proposal and assignment of personnel t o  witness tes ts  
a s  AAR observers. Tes ts  will be in conformity with t h e  following and all costs a r e  t o  be 
borne by t h e  applicant, including observers. 

11.2.1. TEST CON1)ITIONS 

A ca r  of the  configuration proposed for interchange service must  be utilized for all 
tests. Deviation from such configuration is only permitted with the  explicit permission of 
the  Car Construction Committee. 

During impact tests, t he  tes t  c a r  will be t h e  striking ca r  and shall be loaded t o  AAK 
maximum gross rail ioad for t h e  number  and size of axles used under car-(see '2.1.5.171. 
Exceptions to  this  procedure will be considered by the  Car Construction Committee when 
justified by the  applicant. 

Cars designed for bulk loading shall have  a niinimuni of 85% of the  total volume 
tilled. 

Cars  designed for general  service, o ther  t h a n  bulk loading, shall be loaded so t h a t  the  
combined center  of gravity of ca r  and loading is as close a s  practicable t o  the  center  of 
gravity computed in accordance with the  requirements of 2-13, except t h a t  general 
service flat cars may be loaded by any practicable method. The loads shall be rigidly 
braced where necessary, and various types of loads should be used to  tes t  each coni- 
ponent to  its maximum load. 

The test  car  may be equipped with any AAR-approved draf t  gear  or  any  AAK- 
app~.oved c.ushioning device for  which the  ca r  was designed. 

C-I 1-397 
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The cars, other than the  test  car, shall be of seventy ton nominal capacity, loaded to 
the  allowable gross weight on rails prescribed in 2.1.5.17. A high density granular 
material should be used to  load cars to provide a low center of gravity, and the  load 
should be well braced t o  prevent shifting. Such cars shall be equipped with draft  gears 
meeting the  requirements of AAR Specification M-901, except at the  struck end where 

I 
M-901E rubber friction gear shall be used. 

1 
Free slack between cars is to be removed, draft gears are  not to  be compressed. No 

restraint  other than  handbrake on the  last car is to  be used. 

11.2.2. INSTRUMENTATION 
The coupler force shall be measured by means of a transducer complying with AAR 

Specification M-901F, or other approved means. Instrumentation used for recording of 
other data shall be generally acceptable type properly calibrated and certified a s  to 
accuracy. 

I 
Speed at impact shall be recorded. 

11.2.3. STATIC TESTS 

1 11.2.3.1. COMPRESSIVE END LOAD 
A horizontal compressive static load of 1,000,000 lbs, shall be applied a t  the  centerline 

of draft to the  draft  system of cartunit structure interface areas, and sustained for a 

 
minimum 60 seconds. The cartunit structure tested shall simulate an  axially loaded beam 
having rotation free-translation fixed end restraints. (See Figure 11.2.3.1). 

No other restraints, except those provided by the  suspension system in i ts  normal 
running condition, a re  permissible. Multi-unit ca r  must have each structurally different 
unit subjected t o  such test, also two empty units joined together by their connector shall 
undergo this tes t  t o  verify the  connectors compressive adequacy and its anti-jackknifing 

I 
properties. 

The tes t  is to  be performed with t he  car subjected to  t he  most adverse stress or 
stability canditions (empty andtor loaded). 

E N D  CODE 
ROTATION FREE 
TRANSLATION FIXED 

Figure 11.2.3.1 

1 ll.L.:1.2. COUPLER VERTICAL LOADS 
A vertical upward load shall be applied t o  t he  coupler shank immediately adjacent to  

the striker face or to  the  face of the  cushion unit body at one end of the  car, sufficient in 
magnitude to lift the  fully loaded car free of the  truck nearest the  applied load, and held 
for sixty seconds. Cushion underframe cars having sliding sill are  excluded from the 
reguil.ements of this paragraph. 

For cushion underframe cars having sliding sills, a vertical upward load shall be 
applied to the sliding sill in a plane a s  near the  ends of the  fixed center sills a s  
practicable, sufficient in magnitude to lift the  fully loaded car  free of the  truck nearest 
the applied load, and held for sixty seconds. 

I
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14'01. ; i l l  c.;lt.s, ;i Io;~tl 01'50,000 pourlcls sl~;ill I)( .  applic.cl in both tlil.cbc.tions to thcb c.otrol(.r 
1 1 t b ; l t l  ;is ncb;lr to the. pulling f;i(.(b ;is pl.ac.tic.;il)I(~ :inti hcltl for sixty soc.oncls. 

r .  I he test  consist is to i ~ n d c ~ r g o  a sclucezcl and  clraft load ol' 200.000 11)s. without  (.;it. 
body-suspension sepalsation ot. wheel lift. Load application shall siniulate a static. lo;id 
condition and shall be of minimum 20 seconds sustained durat ion.  

Cars consisting of more t h a n  two units  shall be tested with a n ~ i n i m u m  of thl.cbc units 
in t h e  tes t  consist. T h e  number  of uni t s  usetl shall genera te  maximum load in t h e  c~.itic.;il 
IAN location of the  car.. 

For the  purpose of this  test ,  wheel lift is defined a s  a separat ion of wheel and axi! 
exceeding I/"" when measurr~d 2'h" from t h e  rim face a t  t h e  inside of curve for buff ;in(! 
outside for draft.  

Enlpty car  shall t)c subejected t o  squeeze and draf t  load on a curve  of not less than  10 
clegrees. The  curve is t o  have 'A" maximum superelevation. The  t e s t  c a r  is t o  be coul)lcrl 
t o  a "base car" a s  defined in paragraph 2.1.6.1. o r  a like c a r  which ever  is most scvcrc alirl 
a "long car" having 90)' over stt-ikers, ti(;' t1.uc.k centers ,  60" couplers and convc~ntional 
draft  Rear. 

The  tes t  consist shall have  means  for measur ing  and  rc.cot.ding c.ouple~. forcc~s. 

11.2.3.4. RETARDER AND "HOT BOX" DETECTION 
Cars  with o ther  t h a n  conventional 3 piece trucks must  be operated while fully-loaded 

over a hump and through a retarder.  Retarder  shall be operated to  determine capability 
to  brake t h e  t e s t  cars. Such ca r s  mus t  also demonstrate the i r  compatibility with hot box 
detection systems or  be equipped with on-board hot box detection systems. 

11.2.:1..5. JACKING 

Vertical load capable of lifting a fully loaded carlunit shall be applied a t  tiesignated 
jacking locations sufficient t o  lift t h e  uni t  and permit removal of t ruck or  suspension 
a r rangement  neares t  t o  t h e  load application points. 

11.2.3.6. TWIST LOAD 
Loaded carlunit  shall be supported on t h e  side bearings o r  equivalent load points 

only. Diagonally opposite bearing or  load point support shall be lowered through a 
distance result ing from a calculated 3" downward movement of one wheel of t h e  truck 01. 

suspension system support ing it. No permanent  deformation of carlunit s t ruc ture  sh;ill 
be produced by th is  test .  

1 1.2.1. IMl'hCT TESTS 

These recluit.enic?nts apply t,o all cars  except those  exc~mpted by o ther  specification 
I-ecluit.ements. 

The loacled c a r  shall be impacted into a s t r ing  of s tanding ca r s  consisting of' three 
nominal 70-ton capacity cars, loaded to  maximum gross weight on rails :is clesc.rit)c~d in 
p:i~.agraph i!.1..5.17. with sand o r  o the r  g ranu la r  material,  equippcbd with M-!)OlE I ' L I ~ ) ~ )
friction draft  gear  at t h e  stt-uck end and with the  hand brake on t h e  last  car. o n  the. 
non-struck c ~ t i t l  of thcb s t r ing  tightly set.  F ree  slack between ca r s  is to  bcb r.c~movc~d;
howclvcbt., (11-aft gears  a re  not t o  be compressed. No res t ra in t  o ther  than  handbrake on the  
I ;~st  (+:LI. is to  be used. 

( ~ I ' -  
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A series  of impacts  shal l  be made  on t a n g e n t  t r ack  by t h e  s t r ik ing  c a r  at increments  
of two miles per  hour  s t a r t i n g  a t  six miles peth hour  until  a coupler force of 1,250,000 
porrn(ls ot. ;I sp(*(.(l of forrrttrc.n mil(ts ptrt. hou r  h a s  t)c.c!n t.c?ac.hed, whichever occurs first. 

A (.at. consisting of two 01. tno1.c un i t s  mrrst also undet'go impact  t e s t i ng  as outlinc*cl 
above with t h e  leading uni t  of t h e  t e s t  c a r  being empty  for a two-unit  c a r ,  o r  with t h e  
first two uni t s  being empty  for  a t h r e e  (or  more)  un i t  car.  No carbody-suspension 
disengagement  o r  wheel lift is permit ted d u r i n g  t h e  partially loaded impact  tests .  

(Optional-May be performed in lieu of o r  in acldition t o  s ta t ic  enti compression t e s t  if 
~ ~ c l i i e s t c t l  by t h e  C a r  (:onstl.uction ('ommittee.) 

T h e  s t r ik ing  a n d  s t and ing  c a r  g1-oups s h t ~ l l  each  consist of six ca r s ,  in which t h e  t e s t  
caar may be t h e  lead c a r  in e i t he r  group. All ca r s  except  t h e  test c a r  shal l  be as prescribed 
in 11.2.1.2. The  brakes  shall  be s e t  on all s t and ing  ca r s  a f t e r  all slack between c a r s  h a s  
been eliminated. T h e r e  shall  be no precompt-ession of t h e  d r a f t  gear's. T h e  s tant l ing c a r s  
shall be on level t a n g e n t  t rack .  T h e  s t r ik ing  cat-s, coupled toge ther ,  shal l  be ad jus ted ,  if 
necessary, to  restot-e t h e  original conditions. 

A set-icls of impacts  shall  be .made at increments  of two miles per  hou r  s t a r t i n g  at six 
miles pet. hour unt i l  a coupler force of 1,250,000 pounds or  a speed of fourteen miles per  
hour h a s  been reached,  whitrhever occurs  fi rst .  

11.2.5. INSI'ECTION 
A visual inspection of t h e  test cat- shal l  t)e made  a f t e r  each  s t a t i c  t e s t  and  a f t e r  each 

impact. Following t h e  itnpact tes t s ,  t h e  c a r  shal l  be unloatled a n d  inspected. 

Any jwrmanent  d a m a g e  t o  a n y  mqjor  s t ruc tu ra l  pa r t  of t h e  ca r ,  found before o r  a f t e r  
all t e s t s  a r e  completed, will be sufficient cause  for tlisapproval of t h e  design. Damage  will 
be considcl.ed pe rmanen t  when t h e  c a r  ~ . e q u i ~ * e s  shopping for repai1.s. 

1 1.3. TRACK-WORTHINESS ASSESSMENT 

11.3.1. METHOI)OI,O(;Y 
Itegimes a r e  iclentified, t.el)t.esentative of t h e  pel*fi)l.tnance of t he -ca t  in se1.vic.c. l 'c~sts 

a r e  clefined for each  regime. T h e  t-esults of t h e  t e s t s  a r e  a n  indication of t h e  car 's  
tt-ack-wolthiness. I n  most t'egimes, ana ly t ic  methods a r e  also available t o  petamit pl'edic- 
tion to be made of t h e  pe1.formanc.e of t h e  car ,  t o  t h e  d e g ~ . e e  of accuracy required. 

T h e  chal.actel.istic propert ies  of t h e  c a r  body a n d  i t s  suspension,  t-ecluit-ecl for t h e  
analysis, shall t ) c b  suppol.ted by evitlcnce of theit. validity. ( :haracte~. izat ion tes t s ,  such as 
thoscl t l c b f i ~ l c ~ c l  in Appchnclix A, it1.c ~-ccluil~ed t o  verify t h e  values used in t h e  analyses.  

T h e  cr i ter ia  applied t o  t h e  ana lyses  and  t e s t s  a r e  chosen ft-om a consideration of t h e  
pl-ocesses by which Cars  devia te  fl-om normal  a n d  t.ecluil.ed guidance.  They  a r e  also 
sub.ject t o  t h e  t.ecluirement of obset.vat)ility in tests .  Typical of t h e s e  a r e  lateral  and  
vertical forces, t h e  la te ra l  ovel. vet-tical force (LIV) I-atios, dynamic  displacements, and  
accelerations of t h e  masses. These  cl.itet-ia at-e based on consitlerations of t h e  processes of 
wheel climb, rail ant1 t rack  shif t ,  wheel lift,  couple^. and  component  separa t ion  and  
structul'al integrity. 

Thch values chosen for t h e  cl.iteria selectetl have  been used in t e s t s  on c a r s  pt-esently 
in sc1.vic.e. Those inclucied in t h e  body of t h i s  chap te r  a r e  shown in Table 11.1. Values 
wol.scb t h a n  these  a r e  regarclecl as hav ing  a high risk of unsafe  behavior.  Values be t t e r  
t han  thesch a r e  ~*egat.ded as indicating t h e  likelihood of sa fe  c a r  perfol.mance. 
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Table 11.1 Criteria for Assessing the Requirements 

for Field Sewice 

Regime Section Criterion Limiting Value 

Hunt ing  (empty) 11.5.2 minimum critical speed 
(mph) 
maximum lateral 
acceleration ( g )  
maximum sum L N  axle 

Constant  curving (empty and loaded) 11.5.3 95th percentile 
maximum wheel L N  
or 
95th percentile 
maximum sum L N  axle 

Spiral (empty and loaded) 11.5.4 minimum vertical 
load (%) 
maximum wheel L N  

Twist, Roll (empty and loaded) 11.6.2 maximum roll (deg)*** 
maximum sum L N  axle 
minimum vertical 
load (%) 

Pitch, Bounce (loaded) minimum vertical 
load (%) 

Yaw, Sway (loaded) maximum L N  truck 
side 
maximum sum L N  axle 

Dynamic curving (loaded) maximum wheel L N  
or  
maximum sum L N  axle 
maximum roll (deg) **  
minimum vertical 
load (%) 

Vertical curve to be added** ** 
Horizontal curve to be added* ***  

* Not to exceed indicated value for a period g rea te r  t h a n  50 milliseconds per exceedence 
* *  Not to fall below indicated value for a period grea ter  t h a n  50 milliseconds per exceed- 

enctl 
* * * I'eak-to-peak 
****  See the  introduction to section 11.7.1 
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1 I .I. (;l,OSSARY OF TERMS 

Radial misalignment of axles in a truck or car is the  difference in yaw angle in their  
loaded hut otherwise unforced condition. I t  causes a preference to  curving in a given 
direction. 

Lateral misalignment is the  difference in lateral position between axles. I t  causes 
both axles to  be yawed in t h e  same direction on straight track. 

Inter-axle shear stiffness, equivalent to  t h e  lozenge or tramming stiffness in 3-piece 
trucks, is t h e  stiffness between axles in a truck or car found by shearing the  axles in 
opposite directions along their  axes, and measuring the  lateral deflection between them. 

Inter-axle bending stiffness is t h e  stiffness in yaw between axles in a truck or car. 

Bounce is t h e  simple vertical oscillation of the  body on i ts  suspensions in which the  
car body remains horizontal. 

Pitch of the  body is the  rotation about its transverse axis through t h e  mass center. 
Body yaw is t h e  rotation of the  body about a vertical axis through the  mass center. 
Body roll is t h e  rotation about a longitudinal axis through t h e  mass center. 

Upper and lower center roll a re  the  coupled lateral motion and roll of the  body center 
of mass. They combine to give a n  instantaneous center of rotation above or below t h e  
center of mass. When below t h e  center of mass, the  motion is called lower center roll. 
When above, t h e  motion is called upper center roll. 

Sway is the  coupled body mode in roll and yaw and i t  occurs where the  loading is not 
symmetrical. 

Unbalance is used in this chapter to  mean the  additional height in inches, which if 
added to the  outer rail in a curve, at the  designated car speed, would provide a single 
resultant force, due to the  combined effects of weight and centrifugal force on the  car,  
having a direction perpendicular to  the  plane of the  track. Thus, the  unbalance (U) is 
defined as: 

V ~ D  Unbalance U = - - H 
1480 

where, D is the  degree of the  curve. 
V is the  vehicle speed in mph. 
H is the  height, in inches, of the  outer rail over the  inner rail in 

the  curve. 

Effective conicity, E, of a wheel on a rail is its apparent cone angle used in the  
calculation of t h e  path of the  wheel on the  rail. I t  is defined as: 

where, A is t h e  angle of the  contact plane,between the  wheel and rail, to  
the  plane of the  track. 

R w  is the  transverse profile radius of t h e  wheel. 
RR is the  transverse profile radius of the  rail. 

The effective conicity of the  modified Heumann wheel of Figure 8.1 on AREA 132 :Lb 
rail, under conditions of tight gage, is between 0.1 and 0.3. 
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'1'hr.c.c. r i~ t ios  of' I:~tc.ral ( I , )  to  vctrtical ( V )  f'orcc!s arc? uscat1 a s  cr.itc.ria i t1  the  :~ssc~sst ,~c. t~
of' c a r  pc+rforrnanc.e. 'I'ht~sct :ire: 

(1, The individual wheel LIV, (or wheel L/V). This is defined as  the  ratio o f  thcl latcr;il 
force t o  the  vertical force between t h e  wheel and rail on any individual whet.1. It is 
used to  assess t h e  proximity of the  wheel to  climbing t h e  rail. 

(2) The instantaneous sum of the absolute wheel L/V's on an axle, (or  sun1 L/V axle). This  
is defined a s  t h e  sum of t h e  absolute values of t h e  individual wheel LN's  on the  
same  axle, as given in t h e  following algebraic equation. They mus t  be n~easul.ect a t  
t h e  same  time. 

Sum L/V axle = LIV (left whl) + L N  (right  whl) 

I t  is used to assess the  proximity of t h e  wheel to  climbing the  rail and  is 1nc)l.r 
appropriate where  t h e  angle of at tack of the  flanging wheel t o  the  rail does not 
result  in full slippage at t h e  a r e a  of contact. 

(3 )  The truck side LIV, (or L/V t ruck side). This  is defined a s  the  total  sum of t h e  lateral  
forces between t h e  wheels and rails on one side of a t ruck divided by the  total  sum of 
t he  vertical forces on t h e  same  wheels of t h e  truck, as given in the  followii~g 
algebraic expression. 

Truck side LA' = X M s i d Q  
V (truck side) 

I t  is used to  indicate t h e  proximity to moving t h e  rail laterally. 

11.5. SISGLE CAR ON L'NT'EKTUKBEI) TKACK 

The regimes described in th is  section a r e  chosen to  tes t  t h e  track-worthiness of' thtl 
ca r  running on premium track. They a r e  required to  establish t h e  safety of t h e  ca r  from 
derai lment under  conditions basic t o  its performance in service and  a r e  carried o u t  i ~ n d e ~ .  
operat ing conditions similar to  those found in normal service, but  without t h e  effects of' 
dynamic variations due  to  adjacent  cars  or  large perturbations associated with j)oor 
track. 

The  parameters  used in t h e  analysis shall be confirmed in characterization tthsts 
described in Appendix A. The  resul t s  of t h e  following analyses a n d  tes ts  shall be inclutitvl 
for t h e  consideration of approval by the  Car  Construction Committee. 

11.5.2. LATEKAL STAHI1,ITY ON TANGENT TKACK (HUNTING) 
This requi rement  is designed to ensu re  t h e  absence of hunting,  which can 1-thsitlt 

from t h e  t ransfer  of energy from forward motion into a sustained lateral  oscillatiotl of' 
t he  axle between t h e  wheel flanges, in certain ca r  and suspension designs. The  analyses 
and tes ts  a r e  required to  show t h a t  t h e  resulting forces between the  wheel and rail 
remain within t h e  bounds necessary to  provide a n  adequate margin of safety from :ir~y 
tendency t o  derail. 

11.5.2.1. I'KE:I)I('TIONS .AND ANALYSES 
An analysis shall be made of t h e  critical speed a t  which continuous full tlangc. 

contact is predicted to  commence, using h validated mathematical model and t h t ~  
parameters  measured for t h e  empty t e s t  car. This analysis shall include predictions on 
tangent  and  on 112 and  1 degree curves. 

t  
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'1'11th analytic ~-tvluirth~nent is t h a t  no hunting be predicted for t h e  empty  c a r  below 70 
111il(ls I ) ( ~ I '  ~ O I I I -  assulrllng ;I coc~f'fic.ic*l~t of' friction of' 0.5 ancl a n  offective conicity of'O.15, f'or 
t h e  n~odifiecl t ieumann wheel profile given in Figure 8.1 of Chapter  V111, on new AREA 
1:N It ) .  rail, for axle lateral  displacements u p  to + I -- 0.2 in. on track with s tandard  gauge. 

The  empty tes t  c a r  shall be placed at t h e  end of t h e  tes t  consist, behind a stable 
buffer car ,  and operated at speeds u p  to  70 miles per  hour on t angen t  class 5 o r  be t te r  
track, with dry  rail. 

All axles of t h e  lead uni t  o r  c a r  shall be equipped with modified Heumann  profile 
wheels as shown in Figure  8.1 of Chapter  VIII, with t h e  machining grooves worn smooth 
on t h e  tread. 

The  rail profile shall be new AREA 136 lb. or  a n  equivalent  which, with t h e  Heumann 
wheel specified, gives a n  effective conicity of at least  0.15 for lateral  axle displacements 
of +I- 0.2 inch from t h e  t rack  center .  T h e  t rack  gage  may be adjusted in order to  
achieve this  minimum effective conicity. If hun t ing  is predicted for curved track in 
section 11.5.2.1, a special hun t ing  tes t  in  shallow curves may be requested. 

11.5.2.:1. INSTRUMENTATION AN11 CRITERIA 
The leading axle of both trucks on a n  end unit  o r  car, o r  each axle on a n  end uni t  or 

car  with single-axle trucks, shall be equipped with instrumented wheelsets, and each 
truck location on t h e  end unit  o r  c a r  shall be equipped with a lateral  accelerometer on 
t h e  deck above t h e  center  of t h e  truck. 

Sustained truck hun t ing  shall be defined as a sustained lateral  accele~.ation g rea te r  
t han  1 g peak-to-peak for at least  20 consecutive seconds. No occurrences of g rea te r  t h a n  
1.5 g peak-to-peak a r e  permitted within t h e  same  time period. The  ins tantaneous  sum of 
t h e  absolute values of t h e  L N  rat ios shall not  exceed 1.3 on a n y  instrumented axle. 
Components of t h e  measured accelerations and forces having frequencies above 15 her tz  
a r e  to  be filtered out. 

The  ca r  shall not experie'nce sustained t ruck hun t ing  dur ing  t h e  test.  A record of 
maximum lateral  acceleration and t h e  wheel LN ' s  on t h e  same  axle, agains t  speed, at 
t h e  worst location, shall be submitted as required t e s t  da ta .  

11.5.5. OPERATION IN CONSTANT CURVES 

This requirement is designed to  ensu re  t h e  satisfactory neaotiation of t rack  curves. 
The analyses and tes ts  a r e  required to  show t h a t  t h e  resulting forces between t h e  wheel 
and rail a r e  safe from any  tendency t o  derail and to  confirm o the r  predictions of t h e  c a r  
behavior relating to  t h e  guidance of t h e  c a r  and absence of interferences. 

An analysis shall be niade of t h e  wheel fotvces and axle lateral  displacements and  yaw 
angles on a single cat., empty  and fully loaded, using a validated mathematical  motlt.1. 
The model shall inclutle a f u n d a n ~ e n t a l  t-epresentation of t h e  rolling contact  for-ces using 
the  geometry of t h e  profiles of t h e  wheel and rail, and  c a r  parameters  from t h e  
mtb:tsu~-cnients clcsc~.ibetl in Appendix A. 

k;it11c1* thth itidivitlual wht.c.1 IJV shall be less t h a n  0.8 on a11 wheels nieasuretl~, 01. t h e  
inst.itlitillit~ol~s sum of t h e  al)solute wheel 1JVs on a n y  axle shall  be less t h a n  1 .:A for a n y  
cu~.ve u p  to 15 tieg1.ct.s. T h e  Ib;tnge of unbalance assumed shall  be -:I inches to + :{ inches, 
with a coefficient of friction of 0.5 and modified Heumann profiled wheels on new AREA 
132 Ib. o r  136 lb. rail. 
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, 1 % 

1 1 ~ .  t,c.st (.;\I. st~:ill I ) ( .  oy)c~t.atc~tl a t  cor is tant  sl)ecltls ecluivalent t o  unt)alanc.c~s of' :;, 0,  
; i r l f l  I :: itic.Clc.s. 'I'll(. t.casts sC1a11 I N .  I-1111 wi th  the* tcbst c;ita in t)oth clm1)ty ant1 t'rllly lo;iclc~tl 
c . o ~ ~ ( l i t i o t ~ s ,  Ilc.t.wc.c.l~ t.wo 11cl;ivy l)~rl'l'c.~. c.iil.s, ollc1 01' which may  I ) ( .  ~.c.l)l;ic-cvl l)y ;in i l i s t l - ~
r i ~ c ~ t ~ t ; i t i o l ~  (.;it.. il ( .OI I I I ) I ( .~ (>  scht oI'tc.sts sl~iill I ) e b  c:il.l.icvl o u t  i l l  I ~ o t l i  tlilxbctiot~s ;in(/ \vitli t l lc~
tc.sf. consis t  trct.lic~cl i l l  e a c h  tlil.cction, o n  city rail. 

'I'hc. whcc.ls of '  the* t e s t  c a t  sha l l  h a v c  Ichss t h a n  5000 miles  w e a l  on t h c  nclw 1)t.otilcs 
s l ) c ~ c ' i f i c . t l  for  ~)rotltlc.tion, cb.ucc,l)t t h a t  those. o n  inst t -umentet l  whc~c~lsc t s  sha l l  have 1notlitic.cl 
II(~uti~:it ln 1)l.olilcs. 'l'hch rail l)l.olilc1s shal l  h a v c  a wid th  at t h e  t o p  of the1 hc.atl no t  Icss t h a n  
!)5 l)cht.cclit 01' t h c  ol.igilial value1 w h c n  new. T h e  test cutave sha l l  I)e of n o t  lcss tI1:iti 7 
clcgt~.cbs with  a I)al:incca s l ) c ~ c ~ t l  01' 2 )  t o  ::O 1111)11, an(1 wi th  cI;tss 5 ot- I)cttcbt* t1.tic.k. 

'I'tic Icatling a s l c  ot' I)oth tl.ucks on ;in c~n(l  un i t  0 1  cat., ot. e a c h  a x l e  o n  a n  cn(l  u n i t  or. 
c a r  \vith singlcl-a.ulc1 tl.ikcks, sha l l  IN. eclrlippcbtl wi th  instt .umc~ntctl  whec~lsets .  'l'hc~ latc>t.al
ant1 vc1ltical l'ol.cc>s ant1 thcbil. ~.;itio. IJV, sha l l  1)c. me:isul.cd  ti)^. t h e  l e n g t h  of the. I~otly o f  
t h v  c.ul.vcl, which m u s t  I)e. ; ~ t  l e a s t  .500 ft., anel theit .  m a x i m a  a n d  m e a n s  c ~ n ~ p u e c
M(*:istll.c>tl 1'ol.c.c. coml)oncbnts h a v i n g  t'l.c*clucncic~s a b o v e  15 h e r t z  a r e  t o  be filtc.l*ccl ou t .  

F:itlic.l- tl~cb illtli\~itlual whc~bl 1,IV sha l l  I)c. lcss t h a n  0.8 o n  all  whee l s  measu l . c~ l ,  01. the. 
instalit;illcborls stlln ol'tllc1 ;il)solute whc~c~l  1,IVs on a n y  a x l e  sha l l  1)c lcss  t h a n  1.:;. A i.c~col+
ol' IAi17 o n  t)oth whc.c.ls o t ' thc~  instl~icn1c~ntc~tl ;i.ulc~s, t o t  e a c h  t e s t  r u n .  shal l  be su1)nl i t tc~l  :is 
1 x 1 ( l t 1 i l x ~ ( l  t v s t  (l:it;i. 

'I'his ~.cbcl~lit.c*liicbl~t is (I(bsig11cv1 t o  ~ n s u l - e  t h e  s;itisf;ictol.y negot ia t ion of spii-als l c ~ ; i ( l i

in to  :i11(1 ;iw;iy I ' I Y I I ~ I  c.tll.vcls. 'I'hc a n a l y s c ~ s  ant1 t c ~ s t s  a r c  ~.c~cluil*cvl t o  s h o w  t h a t  t l ~
i.c.s~llting lf'o~.c~cls I)c~t\vc~c.li t h e  w h c ~ ~ l  ant1 rail  show a n  atlccluate nlargin of sa fe ty  fl.olii ally 
t(bl~(l(>ti(.y to  (I(ll.;iil, ( ~ s ~ ) ( ~ c i ; i I I y  i1t1(1(~1. ~*c~(Iuccvl w h c ~ ~ l  lo;icling. a t ~ ( l  t o  colltil-m otllc*~. ~)r.cbtlic.-
t io11s of' t I I ( Q  c :~ I .  l)c~li:iviol~. 

,411 ;ill;ilysis sll:ill I K .  c.;il.l.icvl o u t  of t h c  I:itc>l.;il ancl vc>lhtical whccl  f'or-c.c~s 011  ;i s11lgIc1

(.;it.. lvitll tllcb cat. Ioatlc.tl : i s y l i ~ n ~ c ~ t l . i c ~ ,  c.onsistc~nt wi th  A A I t  loiitling ~.itl(hs, t o  g ivc~
111;isi I H ~ I I I ~  \ v I i ( ~ ~ l  t i t i  Ioa(1 ilix. 

r I 7 I ) ( .  ~)l.(vlictc~tl l : i t ( ~ ~ ~ ; i I - t ~ - v e ~ ~ ~ t i ( ~ ; i I  f'ol.ce: l.;itio sIi;iII no t  c~xcc~c~tl 0.8. ancl no  vcal.tic;il \ r l l c ~ c ~
10;itl sll;ill I ) ( ,  Ithss tlr;ill 10 I ) ( ~ I . C ( ~ I I ~  o l ' i t s  s t a t i c  value), i l l  ;i t )uncI~ct l  sl)il.>il, wi th  a cha l~gc .  i t 1  

stll)(.l.c~l(.vatic,ll 01' I illc.l~ i l l  cbvc11. 20 f't, Ic*;itling illto a cut~vcl of' a t  Ichast 7 clcgi.c~c~s : t t l t l  a 
~ l l i ~ l i ~ ~ ~ i ~ n l  01' :; i~ lc l l c~s  s t ~ l ) ( ~ ~ ~ ( ~ l ( ~ \ ~ : i t i o t ~ .  

'I'his test may  I)e cat.1.it.d o u t  concul 'rently wi th  t h e  previous t e s t ,  p a r a g r a p h  Il..',.:3.2. 
'I'llt> t e s t  cat. sha l l  1)e operatetl ,  e lnp ty  a n d  fully loaded, between t w o  h e a v y  buffbet. cii1.s. 
one. of which m a y  l)e a n  i n s t r u m e n t a t i o n  ca r ,  a t  c o n s t a n t  speeds  equ iva len t  t o  am 
unt )a lance  ol' ;3, 0 ,  ant1 :3 inches  a t  t h e  maximum c u r v a t u r e .  

'1'Iic~ \vllclc.ls 01' t l i c l  tchst (.;it. sl1;ill I1;ivc. Icss t h a n  .JOOO miless weal.  o n  the. ilcl\v 1)1.ofilcbs
sl)c.cific~tl l'ot ~)l.o(lrlct ioll, c1scchl)t t h a t  tlloscb 011  i n s t ~ ~ u m c ~ n t c ~ t I  w t ~ t ~ ~ l s c t s  sha l l  h a v c  nloclificvl 
I l(81llilanll ~)l.olilc.s. 'I'I1c~ rail 1)l.olilcs s11;ill have. a witlth a t  t l lc  t o p  of thth h e a d  11ot Icss tliall 
!Ir) ~ ) ( ~ I I . o I I ~  01' tl~cb ol.igiilal valrlch \vllthn ncb\v. 
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' I ' l l ( .  r t ~ ; i . u i t t t ~ c t ~ ~  c.\ct.vatrrt.(. st~all I)(. rlot I(1ss t h a n  7 tlc~gr.c~c*s, with :i nlinira~urn of':: inches 
s~cl~~t.(*Ic.v;itiorl. A t)rct~c.t~c~cl sl)ir.:il, with a chatlgc. in superctlcvation of' not  loss t han  1 inch 
i r l  cmvc.t.y 20 I't., is t.c~cluir.c~(l. 'I'hcb t rack  shall t ) c a  c lass 5 o r  tjettet. and  dry.  Tes ts  shall t)e run  
i t 1  I M ) ~ . I I  clir.c.ctiotts a t ~ ( l  wit11 t h c ~  consist tul'nc~tl. 

'The leading axle on both tl-ucks on a n  end uni t  o r  car ,  01. each  axle on a n  end uni t  o r  
car  with single-axle tt.uc.ks, shall be equippet1 with ins t rumented  wheelsets. 

'I'hc* latcl-at and  vertical fi)l.ces anti the i r  ratio, L N ,  shal l  be measured continuously 
tht.ough the  t)unched spiral,  i n  both directions, ant1 the i r  maxima a n d  minima computed. 
hlcasut~etl force components  having f~.ecluencies above 15 her tz  a r e  t o  be filtered out.  

'I'hc maximum 1 . N  rat io on a n y  wheel shall not  exceed 0.8, and  t h e  vertical wheel 
loatl shall not be less t h a n  10 percent  of ' the  mcasu~*etl  s ta t ic  value. A record of LIV's and  
ve1*tical f'or.ces on both wheels of' t h e  two wol-st axles in a car ,  a n d  c a r  body 1 ~ 1 1  angle, for 
each tcst ,  shall t)e sut)mitted as t.eclui~.ed t e s t  da ta .  

'I'hc. analyses ancl tests  tlcscl.ibcd in th is  section a r e  designed to establish the  t rack- 
wet-thinclss of t h e  c a t  untlci. conditions associatetl with variat ions in t h e  t r ack  geometry. 
'1'hc.y inclu(1c t h e  clyn;irnic, response tlue to  pe~. tu~. t )a t ions  in t h e  t rack  but  exclude t h e  
tlyn;imic cbf'f'c1cts clue to co r l l ) l i n~  with adjacent  cars .  

I I r hc* investigations arc. tlesigncd t o  demons t~ . a t c  t h a t  t h e  ca r  design pi.ovides a n  
;iclc.cluatcb margin of saf'csty flsorn stt.uctul.al (1:inlage and from a n y  tendency to  derail. 

'I'hcl tes t s  sh:ill I)ch coml)letchtl and  the i r  I-esults found satisfactory by t h e  AAR 
ol)sc~~.vc~t.s. 'I'he ~ , c su l t s  itlchntificd sh:ill be. adtled as ~.eclui~.ed d a t a  for t h e  conside~.ation of 
thch (':LI. (:onstr.icction (:ommittec. 

t I .(i.2. HESI'ONSE TO VARYIN(; (:ROSS-I,EVEI, (TWIST AN]) KOLl,) 

'I'his t.cclrli~.c~rnc~nt is clclsignc~cl t o  clnsut.e t h e  satisfactory negotiation of oscillatory 
c~t.oss-l(.vc~l c~scitation of' cat.s, such a s  occu~.s  on staggel-ed jointed rail, which may lead t o  
lat.gc1 (.;it. 1.011 ancl twist :inlr)litutlcs. l 'he analyses and  t e s t s  a r e  required to  show t h a t  t h e  
t.c&sulti~lg f'ot.cc*s t)cbtwc~cln t h e  \vhcvhl and  rail show a n  adequate  margin of safety from a n y  
tc~litl(bnc.y to clct.:iil. 

11.6.2.1. 1'KEI)ICTIONS ANI) AIVALYSES 
A review shall be made  of any  t e s t s  and  analyses for t h e  na tura l  frequency a n d  

(lamping of t h e  c a r  body, in t he  roll and  twist  modes, in t h e  empty a n d  fully loaded 
conditions, a n d  a n  es t imate  made  of t he  speed of t h e  ca r  at each resonance. 

l'he maximum ampli tude of t h e  carbody in roll and twist,  t h e  maximum ins tanta-  
neous sum of t h e  absolute values of t h e  wheel L N  rat ios on any axle, t h e  minimum 
vet.tic:il wheel load, and  t h e  number  of cycles t o  reach them, shall be predicted a t  
resonant  speed of 70 mph o r  below, on t angen t  track, with s taggered jointed rails of 39 ft. 
lenj.!<h. and  a maximum cross-level at t h e  joints of 0.75 in. as shown in Fig. 11.1. 

The  ins tantaneous  s u m  of t h e  absolute values of t he  wheel L N  rat ios on any  axle 
shall be less t h a n  1.3, t h e  predicted roll angle of t h e  carbody shall not  exceed 6 degrees 
peak-to-pe:tk, and t h e  ve1.tical wheel load shall not  be less t h a n  10 percent of i t s  s ta t ic  
value*, within 10 rail lengths,of  t h e  s t a r t ,  at any  speed at o r  below 70 mph. 
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11.6.2.2. TEST I'K0CEI)IJKE ANI) C0NI)ITIONS 

The tes t  c a r  shall be between two ca r s  chosen for the i r  s table  performance. l'cssts 
shall I)(. cal.l.ic~l ou t  with t h e  t e s t  car' empty  and fully loaded. 

k0.06 in. 

--- 
WAVELENGTH 

Figu1.c 11.1. 

TRACK CROSS LEVEL FOR T H E  TWIST AND ROLL TEST 

The t e s t  shall be on  t angen t  t rack  with staggered 59 ft. rails on  good t ies  and ballast, 
shimmed to  a cross level of 0.75 in., low a t  each joint as shown in Fig. 11.1, over a tes t  
zone leng$h of 400 ft., but  otherwise held to class 5 or' better. 

The  tes t  shall be cat-ried ou t  at cons tant  speed, increasing in 2 mph s teps  from wcll 
below any  pl-etlictetl resonance until  it is passed, or. approaching it from a slwed at)ovc. 
t h a t  expected to give a resonant  condition. The  t e s t  shall bcb stoppecl if a n  unsafth 
condition is encountel-ed o r  if t h e  maximum of 70 niph is reached. I t  shall be rthgar(lcd a s  
unsafe if a wheel lifts or  if t h e  c a r  body 1.ol1 angle exceeds 6 degrees, peak-to-peak. 

11.6.2.3. INSTRUMENTATION AND CRITERIA !. 

T h e  leading axle of both t rucks  on a n  end unit or car, or each axle on a n  end unit or  
c a r  with single-axle trucks, shall be equipped with instrumented wheelsets. The  c a r  body 
roll angle shall also be measured at a minimum of each end of a n  end unit.  

The  wheel forces, t h e  mean roll angle and difference in roll between ends  for each 
unit,  shali be measured continuously through the  t e s t  zone. Measured force components 
having frequencies above 15 her tz  a r e  to  be filtered out. 

The  sum of t h e  absolute values of wheel L N  on any  instrumented axle shall not  
exceed 1.3, t h e  roll angle of t h e  carbody of any unit  shall not  exceed 6 degrzes 
peak-to-peak and  t h e  vertical wheel load shall not  be less t h a n  10 percent of i t s  s tat ic  
value at any  speed tested. 

A t*ecot.d of the  vet-tical loads measured at the  axle with t h e  lowest nieasut.ed vcl.tical 
load, and the  1.ol1 angles measul-ed a t  each entl of t he  most active unit  of t h e  car., tukcn a t  
t he  resonant speeds for each c a r  load, shall be submitted a s  ~.ecluired t e s t  data.  

11.6.3. KESI'ONSE TO SlrKk'.A('E VAK1.ATION (I'IT(:H .AN11 l<OI'N(:E) 
This requil.ement is designed to  ensu re  t h e  sntisfacto~.y negotiation of the  car  over 

t rack which pt.ovides a continuous or t rans ient  excitation in pitch and bounce, and in 
part icula~.  the negotiation of grade  cl.ossings and bl-idges, where changes in vertical 
track stiffness m a y  le;id to sud(1en changes in t h e  loaded track pt.otilcb beyond thosch 
n~clasured d u ~ - i n g  inspection. The  analyses and tes ts  a r e  recluil*t~d to show t h a t  t h e  
t.c~siilting fol-ces t)cbtwcben t h e  wheel and )-ail show a n  adecluate margin of safety from any 

C-11-407 
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A t.eview shall be made  of a n y  t e s t s  and  analyses for t h e  na tu ra l  frequency and  
damping of t h e  c a r  body, fully loaded, in t h e  rnodes of pitch and bounce, and  a n  es t imate  
made of t h e  resonant  speed of t h e  c a r  when excited by a t rack  wavelen~*h of 3'3 feet. 

The  vertical wheel load shal l  be predicted at these  speeds o r  at 70 mph, whichever is 
g~.eatel., for a continuous nea r  sinusoidal excitation with a vertical ampli tude t o  t h e  t rack  
surface of0.75 inches peak-to-peak and a single symmetric  vertical bump in both rails, of 
t he  shape  and amplitucle shown in Fig. 11.2, p1.eclictecI vertical wheel load shall not be 
less t h a n  1 0  percent  of its s ta t ic  value a t  any  I-esonant  speecl at o r  below 70 mph,  within 
10 rail lengths o f t h e  s t a r t  o f ' t hc  continuous sinusoid o r  following t h e  single bump. 

SINGLE VERTICAL BUMP 
(BOTH RAILS) v - 24 ft. 

39 ft. - 
CONTINUOUS DIPS AT SYMMETRIC POllUTS 

0.75 in. -c 0 . 0 6  in. 

I 1 . 6 . .  TEST I'K0(1EI)l1KE . l N I )  ( 'ON I I ITIONS 
Thch fully loaclcbtl t e s t  cat- shall t ) c b  tchstecl 1)etwcc.n two light ca r s  t h a t  have at Icbast  45 

f't. t1.11c.k centcat spacing. 

'1'c.sts shall be c:it.~.ic(l o u t  on t angen t  t rack  with sut-face deviations p1.oviding i.1 I 
continuous, near sinusoidal. excitation with a vcl.tical amplitucle t o  t h e  t rack  surfaccb of' 
0.75 invhcls pc~:tk-to-p~;lk ant1 ;I singlcn syinlnct1.i~ vc.t.tical 1)unip in both rails of t h e  shape  
; t t ~ t l  ; intplit~~clc shown in Fig. 11.2. 'l'hcsc~ tcs t s  may be c.ui.t.ied out  separately,  or  togethct., 
witli ;I sc.l)ai.;ttioij 01' at Icast 100 f'c~cht. l 'he t rack  shall othcbt.wise be held to  class 5 or 
I)(.tt('l.. 

' I ' t ~ s t i n ~  shall s t a l t  a t  cons tant  speecl well below any  pl.edictetl ~ . e sonan t  spcecl, 
inc.t.casing in .5 ni11h s t eps  until :in unsafe. contlition is encountet.ed, t h e  resonanceh is 
p;isscd. or  the  tnasinium of $0 n ~ p h  is I-eachecl. 'l'he speetl at which I-esonance is expectecl 
m a y  appl.oachetl f't.om a highel. sl)c~tbd, using s teps  t o  tlect'ease t h e  speed. i t  shall 1)c 
~.egal.detl as unsafe if any  wheel lifts. 
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I . . .  INSTKI'Mk~N'I'A'I'ION AN11 (:HI'I'EICIA 
'I'hc~ Icatling axle1 on tjoth tt-ucks on ari end  u n i t  o r  car .  01' e a ch  ax le  on a n  entl un i t  or

(.;it. with srrigIc~-:ixlc~ tl.ucks, sha l l  I)ca c~cluil)l)c~tl wlth inst l .un~cntc~cl  wheelsets .  'The vct*tic.a
L V I I ( ~ ~ I  l ' o t ~ ~ ~ s  s11;iIl I ) ( &  I ~ I ( ~ ; ~ S I I I Y V ~  ( .orit~rtuousIy t h ~ ~ o u g t ~  tti(l tvs t  zoticb. bI(~:is~i~.(v! I ' o t
c.ol,il)oltcbrtts tr:ivit~g l~~c~cliioric.ic~s al)ovcb 15 Iic~r.tz arc1 t o  t ) c b  l i l t c~ l - ( ' ( 1  ou t .  

'l'hc. \~c~l.tical wh(>cl  lo:itl shal l  no t  t)c lcss t h a n  1 0  pel-cent of' tts s t a t i c  va luc  o n  a n
wt~c~el  a t  ally s1)eecl t (> s t c~ l .  A 1.ecot.cl of' the. vc~l.ticnl loads n~e : i s i r~ .~ t l  on  t h e  a s l c ~  with t l i c

Io~v(3st vcll.tic:il Io;t(l sh:iIl I)(' suI)iiltttc~(l :is ~.e(~uIt 'e t I  t e s t  tlcita. 

'I'liis t~c~c~ui l~c l i i c~~r t  is c l c h s i g l i c ~ t l  t o  clrisul.cb t h e  satis1':ictoty rtc~gotiatioli 01' tlicb c;ir ovcll
t t ~ i c k  with t i l is : t l i~nr~icnts  which r)~.oviclc excit;ition in yaw  alttl sway.  'l'hc~ ana ly sc s  ; t l i t l

t ( .sts ;t~.(. ~.c~clui~.cacl t o  show t h a t  t h e  ~ .c~su l t i l ig  f'ot.c.es I)etwccn the. whc.cl ant1 t x i l  sliow :it1

;i(lcclrr:itc margin of' s;ifitty t'~.om a n y  tcrrttlcllicy fc)r thea e:i~. f'o1.c.o~ t o  niovcb the. t1'ac.k 01. ~.;i
(11. to  give intc.t.I'(.~.c~ticc~ citlic~t. t)c~twc~c~ti s i r I ) sys tc~n~s  of' the. cat. o l  I)etwecn t h c ~  cat
( . O I I I ~ ) O I I ~ ~ I ~ S  ant1 t1,ac.k. 

A t.cvic>w sh;ill t ) c b  ~itatlck of' t h e  p ~ ~ c ~ v ~ o u s  t e s t s  ant1 ana lyscs  for  t h e  natut.ul 1'1.c1cliic.tic
; i r ~ t l  t l ; in i l~ir~g o f t he*  cat. t)otIy, fully Ioa(lc~tl, in  the. yaw  ant1 1.011 niotlcs. l 'hc~sc niay co11il)in
i t 1  a 11atur.al motion ~.cf'chi.r.~tl t o  as sway ,  which, if '  I)r.esc.nt, m u s t  be inclutlc~tl 111 t h i
;in;ilysis. IJslng the. v:ilucbs ti11 ft-ecluc~ncy and  tlaniping itlentific~tl, a n  es t i lna tc~  sli;ill I)c
~ i ~ ; i ( l ( b  of' tli(a ~ x ~ s o ~ i ; i ~ i t  s l )~~cvl  01 t t ie  c;i~., i t1  c~:icti titotlc~. 

'I'll(. (.;it. sh;ill 1 ) c h  ;issuttrc~cl t o  I ) c b  c1scitc1cl 1)y a symniett.lc, hirlitsoitl:il tt.:ick ; i l i g t ~ ~ i i

tl(.vi:ttlo~i ol'w:ivc~l(.~igth ::!) t i ~ c b t ,  on tangchnt t1.ac.k. l'hc. l x t i o  o f  t h e  sutil 01' the. latc~~.ziIt
t t ~ ; i t  01' ttic vcb~.tic.;il fi)l.cc.s o n  all whccals on otie side of a n y  tt.uck shal l  t)cl l)~'ctlictcvl a
I.cbsotl;incch o r  ;it 70 t i i l~h,  w l i i c h ~ v ~ ~ .  is  g~*e : i t e~~ ' ,  for ii sinus!)itlal tlouhle >iliil)lituclc~ ol' 1 .?.
itlc.li(~s ~)(~;tk-to-l~cl;ik 011  110th rails atitl ;i c o n s t a n t  wi(lc1 n a g e  of 57.5 inches, a s  s t t ow~ i  i l

Ftg. 1 I .:;. 

'I'll(. ~)t.cb(lic~tc.cl tl.rrck s i t l c .  I,iV shal l  no t  c~xcc~c~cl 0.6, ant1 t h e  su tn  of t h e  at )solutc~ v;tltrc
01' I , / \ '  on ; i n .  axle, sli;ill not  c.sccc~ti I.:<, a t  a n y  sl)c~cacl a t  01' I)elow 70 mph,  withiti  5 l.;til

\v;tvc.l(hngths of' the. s t ; t~ . t .  

'I 'll(> f'~rlly Io:itl(.tl tcbst (.;it. sh:ill t)ch ~)l:tctrtl at t h c ~  cncl of' the! t e s t  consis t ,  tjehintl a I~uf't '
(.:it. 01' kit I c ' i i ~ t  f'(vbt tt.ii(+k ( ~ ~ t i t c ~ t ~  sl):ivirlg, cliosc>n for  i t s  st:i1)lcb ~ ) c ~ ~ ~ f o ~ ~ ~ i i : i r ~ c

'I'cbsts ~ 1 1 ; i I l  (.;il.l.i(~(l 0111 011 (11.y t i i ~ i g ~ l ~ ~ t  tl.iicli. wi th  sylii~iie~tt.ic, s11111~oid;~l iillgll-
i t t (111t  tl(bvi;ttlol~s 01' \r;ivcl I~ttgtti :;!b t i h c h t .  :iligtilncnt ;unl)lit~rcle 1.25 i t ~ c h ~ s  p c ~ a k - ~ o - ~ )
; i t t t l  :t c~otist;ilit \vide g:ig1> 01'57.5 inchc~s, ovclt. ;i t t6s t  zoncb of' 21)0 l'chcst as shown in Fig. I I.:;. 
'I't11~ t~.;i(.k sh;tll o t l~ ( l~ . \ v i s (~  1 ~ 1  Ite~I(1 t o  c l i l ~ ~  5 01. 1 ) ~ t t ~ t ' .  

'I't11. w t i c ~ ~ l s  ol' tht .  teast cat. sliall liavc. Icss t h a n  5000 niiles wc1:il. on t h e  ncbw l)l.ofilcs
sl)c.t.ilitbtl for  ~)~.otltrc.tion, ctsc.t~l)t t h a t  those. 0 1 1  i ~ i s t ~ ~ u ~ l i e n t c ~ ( l  whee lse t s  sha l l  h:ivc~ ~noclitic~
I I t~ t r t t t111111 j)l.ofilc~s. '1'111h 1.iiil ~)t.otilc~s sIi;i11 fi:ivc~ ;I width :it t h e  top  of t h e  hc1ad no t  Icss tI1;tn 
!FJ ] ) ( b ~ ~ ~ ~ t i t  01' ttich o~~igiti ; iI  v;tIirch \vIt(~tl tiew. 
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0 

57.5 in. 

L' f ? 0.125 in. 

Figure  1 1.3. 

1'RAC:K A1,lC;NMENT VARIATIONS FOR YAW AND SWAY 

'I'c~sting shall  s t a r t  a t  cons t an t  speetl well 1)elow a n y  predicted resonant  speed, 
increasing in 5 mph s t eps  unt i l  a n  unsafe  condition is encountered,  t h e  resonance is 
~)assccl, 01. t h e  maximum of 70 n ~ p h  is I-eached. I t  shall  be 1-egarded as unsafe if t h e  rat io 
of' total  lateral t o  vet-tical fat-ces, on a n y  t ruck  side measured ,  exceeds 0.6 for a dura t ion  
cbcluival(*nt to  f i  feet of t rack.  

1 1 .6. 1.::. INSI'III'I)1ENT:ITION ANI) CRITERIA 
All a s l e s  on  t h e  t1.uc.k cb~ t i rna t~ t l  to  provide t h e  worst  total  t r uck  side L N ,  o r  each  

a s l c  on ;in entl un i t  01. c a r  with single-axle truc.ks, shall  be equipped with ins t rumented  
whcc.lscbts. Thc. wheel fot.cc~s shal l  he measut-etl continuously t h i ~ u g h  t h e  t e s t  zone. 
hlc.asr~l.cvl f'o1.c.c. components  having  frecluencies above 15 he r t z  a r e  t o  be filtered out.  

'I'll(> tl-uck side. L,/V mc~asut-chtl shal l  not exc.eed 0.6 fol* a dura t ion  equivalent  t o  (i feet  
of' tl.iick. ant1 the. sum of' the' ;il)solutc va lues  of IJ/V on a n y  ax le  shal l  not  exceed 1.3, at 
any  sp(ac.tl a t  o r  I~clow 70 mph.  A ~-c~col.d o f  t h e  latel-al a n d  vertical loatis. measured o n  t h e  
truck with thc* lal.gcbst t1.uc.k sitlc l i V ,  shal l  1)ch submi t ted  as I-equiretl t e s t  da t a .  

11.6.5. AI>I(;NMENT, (;AGE AN11 CROSS-LEVEL VARIATION IN CURVES 
t l)YNA!VII(: CURVING) 

'I'his i.cclr~il*c~nlcnt is clc~signccl t o  ensul=cl t h e  satisfactol.y negotiation of t h e  cat. over  
, i o i~ l t c~ l  t~.ac.k with a coml)ination of misal ignmc~nts  a t  t h e  o u t e r  rail joints  and  crosslc~vel 
t l ~ r c ~  to low joints  on  staggcll*cvl 1.2iils a t  low spetvl. T h e  ana lyses  and  t e s t s  a r e  requit.cd to  
show tha t  t hc  1.c1sulting fol.cc$s 1)c~twc~cn thcx u7hcel and  rail show a n  adequa te  margin  o f  
s;if'cbty t'ronl a n y  tc~ntlc~ncy for thch c a r  fot.cts t o  cause  t h e  wheel t o  climb t h e  ivnil o r  t o  
movcB t he  t rack o r  ~ t i i l  o l  to  give unwanttld intel.f'erence, e i t he r  between subsys tems of 
tllc car .  01. I)c~twccbn the. c a r  colnl)onc.nts ant1 t rack.  

,A ~.c*vicbw shal l  I)(. nl;iclc* of t h c  ~) i .cv ior~s  t e s t s  a n d  ana lyses  for t h e  na tu ra l  frequencies 
;inti ~.c~sl)onsc~ of' thcl cat. I)ocly, ft111y loadc*cl, in t h e  yaw ancl roll n~odes .  

N O  analysis  is pl.cschntly av:iilal)lc, which can  predict t h e  resu l t s  accurately for t h i s  
tchst. 1'01- ;ill ~)ossil)lc clcsigns. I t  is thet.chfolse necessary t o  provide additional safety 
t'c.:itul.c.s in the. runn ing  o f  t h e  t c h s t  pl-ogram t o  prevent  unexpected dera i lments  o r  
unilclcclss;il.y tlamagch.* 

"An:~lysc.s suitul)lc f'ol. ~)l.c.tlictions of' new c i ~ r  ~)el.fol.mance in th i s  t e s t  a r e  u n d e r  development  
and will 1)e uddeti la ter .  
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11.6..5.%. TEST  I 'KO('EI) I I I<E ANI )  ( ~ 0 N I ) I T I O N S  

'I'hcb tclst (.at* sliall  IN^ ol)cll.atcvl I)chtwc~.11 two ca r s  t h a t  :II-C. lo:ltl(.tl t o  ~)l.ovi(lc* t l~ (* t l i  wit11 
il low cc.ntc.t. 01' gravity. I f  suitat)lc~, nli instt .umc~ntation c a r  tnay 1 ) ~ .  uscbtl a s  one 01' thcbsc* 
(.>lI.S. 

Tests  shall be c.a~.t.ied out  on dtsy t x i l ,  in a cut.vc of between 1 0  and  15 deg:.,.clc>s witti a 
balnncc. speed of twtween IT, ant1 25 m p h ,  with t h e  t e s t  catm empty  and fully loadcd. 

The  wheels of t h e  t e s t  c a r  shall have  less t h a n  5000 miles wear  on t h e  new p1.otilcs 
specified for protluction, except t h a t  those on  ins t rumented  wheelsets  shall have  ~noditic~
Heumann profiles. T h e  1.2iil profiles shall have a width a t  t h e  top of t h e  head not less t han  
95 percent of t h e  original value when new. 

The  t rack  shall consist of staggel-ed rails,  39 feet  long, on good ties and  biillilst, 
shimmetl to  pl-ovide a cross level of 0.5 inch, low at each joint,  over  t h e  t e s t  zone len~*h of 
200 feet, a s  shown in Figu1.e 11.4. 

+ 0.06 in. 

WAVELENGTH 

Figu 1.e 1 1.4. 

CROSS L E V E L  FOR DYNAMIC CURVING TESTS 

(:ombinecl gage  ant1 a l ignment  variat ion shall be provided in  t h e  t e s t  zoncb by 
shimming t h e  ou te r  rail in t h e  form of a n  outward cusp, giving a maximum gage  of 57.5 
inches at each outer  rail joint and  a minimum gage of 56.5 inches a t  each  inne r  rail  joint, 
the innel- rail being within class 5 s t anda rds  for al ignment in curves, as given in F i g u ~ .
I 1.5. 

LOW JOINT 

LOW JOINT 

F i g u ~ * e  1 1.5. 

(;AGE: ANI) ALIGNMENT VARIATION I N  DYNAMIC CURVING 

d 

~  
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I t  I.; t.c~c.ol~~l)lc~lrtl(~cI tIl;it ii gu;11~1 1.riil I)(& us(~(1 to  p~'c.vc.nt unr)t.c.tlic.tcbtl ~Bc1r.:iiln1c~nt; 
tlowc.vc.t., i f  rtrrrst no t  I)(. in c.otrtiic.t wi th  th(.  wh(.c.l tlut.ing normal  tchst running .  T h e  test 
s l r r ~ l l  I)(. c.iir.t.icvl o u t  a t  c.onstiint spec~(ls  rip t o  :; inc.h(*s ~ f ' o ~ c ~ t . l ) ; i l i i n ~ ( ~ ,  incr.cbasing in 2 mph  
stch1)s I ' t ~ ) r l l  wc.ll l)(*lo\v a n y  r)t'c.(lic.tc*(l lowc~t' cclntcbt' 1.011 t.cbson;inctB rrntil it is piissc~cl. 'l'hc 
I X ~ S O I I : I I I ( Y ~  111;iy  IN^ r i~)p t*o : i (~h(~~l  ft.0111 i i  s1)c~vl :I!)~)V(& th:it ) )~x~(I ic t (~( l  to  givch r i  low(h1. (*c*nt(~r 
~.oll I.c1sonih1lcc1. 

T h c  test shall  hc* stoppcl(l if '  rin i lnsafe  conclition is encountel-etl  o r  if t h e  maximum 
u n t ~ a l a n c r ~  is t.cac.h(>d. It shiill he t.e:ga~-clecl a s  unsa f e  if a wheel  lifts, t h e  i n s t an t aneous  
s u m  of' t h e  ahso lu te  I.IV v:ilrre~s of t h e  in(livitlual whee ls  on a n y  ax le  exceeds  1.3, o r  c a r  
t)ocly 1.011 exc.ec~tls ti d t ~ c ~ . e e s .  pchak-to-peak. 

The. l e ad in r~  ax](. on l)otti tt.il(.ks on a n  cmcl u n i t  or car ,  01% each  ax le  on a n  end  u n i t  01. 
cat. wi th  single-axle t t .~lcks.  shal l  IXJ c~c~uil)r)ed wi th  instl-umentecl wheelsets .  T h e  c a r  body 
1.011 ang le  shall a l so  I)(. mc~;is~r~.c~cl a t  ontb entl of' t h e  lead uni t .  T h e  latel-a1 a n d  ver t ical  
wht~c~l  fot.c.c.s a n d  t h e  1.011 iinglc. shal l  l)e mc*asrlrc~cl c.ontinuously t h r o u g h  t h e  test zone. 
hleasut~c~cl . . fotbc.e components  h a v i n c  f~.ec~~lenc. ic~s iihove 1.5 h e r t z  a r e  t o  be filt,eleed ou t .  

I he  mt i s im~rm I-oll ;inglo shal l  not cscc~ecl t i  tlc~gt.ees, peak-to-peak, t h e  vertic.al wheel  
load shrill not  l ~ e  Icss thiin 1 0  ~)c*~.c,c~nt of' i t s  s t a t i c  value.  t h e  individual wheel  L/V shal l  be 
less t h a n  0.8. ancl t h e  instiintiinc~orrs s u m  of t h e  ;iI)solute whee l  1,Ns on  a n y  ax le  sha l l  be 
Ic~ss t h a n  I.:i. ;it iinv tes t  spc~(.ci. 

X 1~bc.o1.(1 of' 1)otti wlicc*l loacts nle:isu~.ecl on t h e  ax le  with t h e  lowest measu red  vel-tical 
1o;i(1 ant1 I;il.ac*st n~c~rrsu~.c~cl I;rtc.ral loiicl. iincl t h e  1.011 ang l e s  measu red ,  t a k e n  at t h e  
t.cBsoniint spc~c*cls for each  c;r 1. Ioatl. sh;ill suI)mittctl  a s  ~.ecluirecl t e s t  da t a .  

Th(.  t e s t s  descl.il)c~tl in t h i s  sr~c.tion will t)c. clesigned t o  es tab l i sh  t h e  t rack-wor th iness  
of' t h c  c a r  rlntlt.1. conclitions iissoci;it~*(I witti the* ~ x ~ a l i s t i c  opelaation of c a r s  wi th in  a t r a in .  
This  lnwy inclucle ~c~vt.1.1~ t~.rinsit*nt fi11.c.e~ clur~ t o  eoulding wi th  ad.jacent ca rs .  These  forces 
may have  a siynitic;int c.ff'ect o n  t h e  strr1)ility of' Cii1.s and  m a y  lead t o  dera i lment .  Th( .  
invc~st igat ions ivill l)e tlcsiantlcl t o  clemonsti*ate t h a t  t h e  c a r  des ign  provides  a n  adequat t l  
mat-gin of' sa fe ty  f~.orn stl .uctutxl t l ; ~ r n a ~ e  ant1 ftoom a n y  t endency  t o  derai l .  

1nvc.stig:itions ii1.e c i ~ l . l . ~ n t l y  irnclt.~.\vwy which will allow t h e  addi t ion of t h i s  sect ion 
i l l  tilt. ncbur f'iltir~.t.. 
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APPENDIX A 
VEHICLE CHARACTERIZATION : 

Adopted 1987 
1.0. GENERAL 

The characteristic properties of the  car  body and its suspension, required for 
analysis of its track-worthiness, must be supported by test  results providing evidence of 
their validity. Forces and motions between suspension components and t h e  body modal 
frequencies of the  car, a s  assembled, can vary significantly from the  values calculated or  
specified in the  design, and may be important to  t h e  safe performance of the  vehicle. 

1.1. TEST CAR 
I t  is important t h a t  characterizations be carried out on the  particular car  in the  

same condition t h a t  i t  is to  be track tested so t h a t  accurate predictions of i ts  performance 
can be made. For cars with more than  one type of suspension, a t  least one of each type 
should be tested. 

The tests  apply to  all new car  suspensions, including trucks retrofitted with devices' 
such as  inter-axle connections, sideframe cross-bracing and additional suspension ele- 
ments, which have not been tested previously. 

Tests for horizontal characteristics of the  suspension of trucks with a t  least two 
axles, may be carried out with the  truck separated from the  body. In  this case static 
vertical loads must be applied to simulate those due to  the  body or  bodies and the  
rotational and lateral characteristics between the  truck and body must be measured 
separately. 

Where connections exist between t h e  truck and body t h a t  may affect t h e  truck 
characteristics, such a s  with a truck steered through links to the  body, and for all cars 
with single axle trucks, the  suspension characteristics must be tested while connected to 
the  body. 

Where the  truck is at the  junction of two articulated bodies, both must be simulated 
or used in the  suspension characterization tests  specified. 

1.2. TEST LOADS 
Modal tests, and tests  for the  horizontal and vertical suspension characteristics a re  

required with vertical loads equivalent to t h e  car  in t h e  loaded condition required for the  
analyses in which the  results will be used. This includes tests  to measure the  alignment 
of the axles to  each other and to other elements in the  system. 

1.3. GENERAL PROCEDURE 
In tests  for the  suspension characteristics, the  recommended procedure is to  load the  

suspension and to measure t h e  load and displacement, or velocity, across the  particular 
suspension element, in the  required direction. These should be recorded up to  t h e  
required maximum and down to the  required minimum identified. 

The loads may be applied, either through automatic cycling a t  a n  appropriate 
frequency or through manual increase and decrease of load through at least two 
complete cycles. If manual loading is used, delays and intermediate load reversals 
between measurements should be avoided. For the  determination of stiffness and 
frictional energy dissipation, the  frequency of cycling must be between 0.2 and 0.5 hertz. 

Graphs of load versus displacement or velocity a re  desirable for the  determination of 
the  required stiffness or damping. 
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2.0. TESTS WITH THE WHEELS KESTKAINEI) 

In the  tests  described in this section, the  wheels a re  rigidly attached to  the rails or  
supporting structure and t h e  frame is moved relative to them. 

The methods described a re  not suitable for trucks having steering links, which 
couple the  lateral or  roll motion of the  body or truck frame to  the  yaw motion of the  
axles. I n  such a case, provision must be made for unrestrained longitudinal movement of 
the  wheels, discussed in section 3. The steering links may be disconnected to  measure t h e  
characteristics of suspension elements in the  unsteered condition. 

All tests require t h a t  the  actuators and restraining links, other than  those a t  the  
wheels, have the  equivalent of ball joints a t  both ends to  allow for motion perpendicular 
to their axis. 

2.2. VERTICAL SUSPENSION STIFFNESS 
For this test, equal measured vertical loads a re  applied across t h e  spring groups in 

the range from zero to 1.5 times the  static load, if possible, and a t  least to  the  static load 
of the  fully loaded car. Vertical actuators a r e  attached to  each side of the  body or  the  
structure simulating it. The load may also be applied by adding dead load o r  a combina- 
tion of both dead and actuator loads. 

Vertical deflections a re  required across all significant spring elements under load. I t  
is important to report any differences in the  measurements taken between each axle and 
frame or  sideframe. 

2.3. TOTAL ROLL STIFFNESS 

A roll test is required if the  roll characteristic between the  body and axle inc1u.d.e~ 
movement a t  or  forces due to  elements other than  the  vertical suspension, such a s  
clearances a t  sidebearings, or  anti-roll bars. 

For the roll test, two vertical actuators a re  required a s  in the  vertical test, but  with 
the  loads in the  actuators in opposite directions. The range of roll moments, in inch- 
pounds, applied to  the  truck should be between plus and minus 30 times i ts  static load, in 
pounds, or until the  wheels lift. The roll angle across all suspension elements may be 
measured directly or deduced from displacements. 

2.4. TOTAL LATERAL STIFFNESS 
The lateral stiffness characteristic may be found by attaching an  actuator to apply 

loads laterally to  the  body or  bodies, which should be positioned a s  if on tangent track. If 
the lateral motion of the  truck frame is coupled to  its yaw through a steering mechanism, 
i t  should be disconnected to  prevent the  yaw resistance of the  frame from affecting the  
measurement of lateral stiffnesses. 

The minimum and maximum lateral loads applied per truck should be minus and 
plus one gfth of the  static load carried. Measurements are  required of the  lateral 
displacements across all suspension elements. 

2.5. INTER-AXLE TWIST ANL) EQUALIZATION 

This test is carried out with only one axle fixed to the  track. One wheel of the  other 
axle in the car or truck is jacked up  to a height of 3 inches, and the  vertical load and 
displacement are measured. The stiffness between the  axles in twist is the  ratio of the  
load to the  displacement multiplied by the  square of the  gage. I t  is a measure of the  truck 
equalization. 
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fl.0. TESTS WITH IIJNRESTRAINEI) WHEELS 

These tests  involvc movements in t h e  suspension system and axles relativc to otha'r 
elements of the  system or t o  o ther  axles, without  res t ra in t  between the  wheel aratl rail, 
but  with t h e  normal s tat ic  vertical load. 

The  shear  resistance between t h e  rail and  t h e  wheel mus t  be eliminated by t h e  
provision of a device having very low resistance, such as a n  a i r  bearing, under  each axle, 

AXLE ALIGNMENT 
Both radial and lateral  misalignments may be deduced frsan measurements of the 

yaw angle of each axle from a common datum.  T h e  radial misalignment b2tween axles is 
half t h e  difference in the i r  yaw angles, taken in t h e  same sense, and t h e  lateral 
misalignment is the i r  mean yaw angle. 

In t h e  case of t rucks  which have  significant clearance between t h e  axle and frame, it 
may be necessary to  establish t h e  axle in t h e  center  of t h e  clearance for t h e  pwpose  oit 
identifying the  mean axle misalignments. 

3.3. LONGITU1)INAL STIFFNESS 

A longitudinal load must  be applied t o  t h e  axle, equivalent t o  a single load at its 
center, and cycled between tension and compression u p  to  half t h e  stat ic  load on t h e  axlet.. 

The load may be applied directly between axles, o r  between t h e  tes t  axle and ground 
through a n  appropriate s tructure,  with t h e  body o r  t ruck f rame restrained. T h e  load may 
also be applied directly between t h e  axle and frame, o r  in t h e  case of a cam. with single 
axle trucks, between t h e  axle and t h e  body. 

The longitudinal deflection across each spring element must  be measured and t h e  
results plotted. 

Where t h e  1 o a d . i ~  applied directly between t h e  axles of a truck or  car, th is  rneasGre- 
ment may be combined with t h e  inter-axle shea r  tes t  in section 3.4., o r  t h e  inter-axle 
bending stiffness tes t  in section 3.5. 

3.1. AXLE LATEKAL AN11 INTER-AXLE SHEAK STIFFNESS 
The inter-axle shea r  stiffness may be found by shear ing  t h e  axles, o r  moving them in 

opposite directions along the i r  axes, and measuring t h e  shea r  o r  iatea.a.1 :leti.ectlr~jr, 
between them. The shea r  force on each axle must  be at least one tenth  of t h e  atat](: 
vertical axle load. 

This test  may be combined with t h e  inter-axle longitudinal tes t  of section 32 . :  where 
the  required load can be achieved. 

In the  case of direct inter-axle loading, t h e  locations of t h e  applied forci. and 
restraint  a re  such t h a t  they  a r e  equal and opposite, diagonally across t h e  truck or  car. 

The actuator  and  restraint  each provide two components of force on the axIe &n 
which they a re  attached. One component lies along t h e  direction of t h e  track and 
provides tension and compression, as in section 3.3., for t h e  longitudinal stiffness. T h e  
other  component lies along t h e  axle and applies t h e  required shea r  force bewteen axles. 
This component may be applied separately with a suitable ar rangement  of actuators and 
restraints. 

Mtwsurements a r e  made of t h e  lateral  niisalignment of t h e  axles dur ing  the load 
cycle. The shear  stiffness is t h e  ratio of shea r  force to  t h e  lateral  rn i~al ignrner~t .  
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For single axle trucks, a tes t  similar to  t h a t  described above may be used to  - 
determine the  lateral stiffness, with force applied laterally between ground and the  axle 
with the  body restrained, or with t h e  truck frame restrained in t h e  case of trucks having 
more than one axle. For trucks which also provide steering through coupling axle lateral 
motion to its yaw angle, this  tes t  may be preferred over the  lateral t e s t  of section 2.4. for 
finding the  lateral stiffness, since t h e  axles a r e  free to  yaw. 

3.5. AXIJE YAW ANI) INTER-AXLE BENDING STIFFNESS 
The inter-axle bending stiffness may be found by yawing the  axles in the  opposite 

tlirc!ctions and measuring t h e  yaw angle between them. The yaw moment applied, in 
inch-pounds, must  be a t  least equal to  t h e  axle load in pounds. 

This test  may be combined with the  inter-axle longitudinal tes t  of section 3.3. If this  
is done, the  tes t  is carried out  by applying a n  effective force on t h e  axle a known distance 
laterally from the  truck centerline. 

In the  case of direct inter-axle loading t h e  restraint  must  be applied to t h e  axle, a t  
the other end of the  car  or truck, on t h e  same side a s  t h e  applied force. The applied and 
restraining forces each provide a longitudinal force and a yaw moment on the  axle to  
which they a r e  attached. The force provides t h e  tension and compression a s  in section 
3.3. for the longitudinal stiffness and t h e  moment is applied between t h e  truck axles in 
yaw. This moment may be applied independently of the  longitudinal force. 

Mc~asurements a r e  made of t h e  resulting radial mis-alignment of t h e  axles during 
the loat1 cycle. The bending stiffness is the  ratio of applied bending moment to the  radial 
misalignment. 

A similar test  of the  axle yaw stiffness may be arranged with forces applied in yaw 
t)chtwc.en a single axle antl ground, with the  body restrained, or with the  truck frame 
~~c~s t~-a inc~ t l  in the  case of trucks having more than  one axle. 

3.6. YAW MOMENT BE:TWE:E:N THE SUSPENSION ANII BOIIY 
The 1.ecluiret1 yaw stiffness antl breakout torque between the  ca r  body and truck 

must \)c. mc~asurecl by applying a yaw moment, using actuators in equal and opposite 
di~.c~c.tions a t  tliagonally opposite corners of the  truck to rotate the  truck in yaw. The ca r  
\)otly must be rest~.ainecl. 

Thc applied yaw moment must be increased until gross rotation is observed, repre- 
senting the breakout torque, or to t h e  limit recommended for the  yaw of t h e  secondary 
suspcbnsion. 

'I'hc~ angle. in yaw bctwc~thn the  car  body and truck bolster or frame must be measured. 

1.0. H1(;11) FI,E:XII1I,E: H 0 I ) Y  MOIIAL CHARACTERISTICS 

Tests arch required to identify the  rigid and flexible body modal frequencies and 
damping. The rigid body modal frequencies may be compared t~ predictions using 
estimated or measured body masses, and inertias and the  suspension parameters mea- 
sured according to the  requirements of sections 2. and 3. Tests  and estimates should be 
made with the car  in t h e  empty and fully loaded state. 
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4.2. TEST CAR BODY 

For cars consisting of more t h a n  one coupled unit, tes ts  for body rncdes are required 
on one of each of t h e  unit  bodies having a different s tructural  design. Dead loads may be 
added to give t h e  required additional loading to  any  shared suspensions. 

Where coupling exists between the  modes of adjacent  bodies, such as in roll or  
torsion, this  may be examined in a dynamic analysis, validated for the  case of tests 
without coupling. 

The frequency and modal damping a r e  only required for t h e  flexible body modes 
which a r e  predicted to  have a natura l  frequency below 12 hertz. 

4.3. GENERAL PROCEDURE 

Transient or  continuous excitation may be applied, using one or more actuators o r  
dropping the  car  in a manner  t o  suit  t h e  required mode of excitation. 

The modal frequency and damping a r e  required for a n  amplitude typical of the  ea r  
running on class 2 track. 

In t h e  case of the  rigid body modes, t h e  actuators must  be located a t  the  rail level or 
the  level of t h e  truck frame with t h e  body free t o  oscillate on i ts  suspension. In the  ease 
of t h e  flexible body modes, the  excitation may be applied directly t o  t h e  body, 

The frequency in her tz  may be determined from t h e  wavelength in t h e  transient  
test, or  from t h e  peak response, or  from t h e  90 degree phase shift between the  response 
and excitation where continuous excitation i s  used. 

The percentage modal damping may be determined using the  logarithmic decrement 
in transient tests  or  t h e  bandwidth of t h e  response from a range of frequencies. 

4.4. RIGID BODY MODES 

The rigid body modes for t h e  ca r  are:  

Body bounce 
Body pitch 
Body yaw and sway 
Lower center roll 
Upper center roll 

In  the case where t h e  normal load on the  body is not centered between t h e  
suspensions, the  body bounce mode may be coupled to  t h e  body pitch. The required 
measurement of bounce and pitch may be achieved by two vertical measurements a t  t h e  
ends of the  car. Their weighted sum provides bounce and their  weighted difference pitch, 
The weighting is dependent on the i r  position relative to t h e  center  of mass. 

Yaw and sway a r e  deduced from lateral measurements made a t  each end of t h e  body, 
a known distance from its  mass center, similarly to the  determination of pitch. 

Measurement of t h e  upper and lower center  roll modes a r e  determined from lateral 
displacements taken at two heights, o r  by a single lateral  displacement and a roll angle 
measurement. 
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?1.5. FI,EXI BI,E BOIIY MOIIES 

'l'o~~siori 
V(.~.tic.al 1)entl ing 
i,ater*al bending 

Iktermination of t h e  frequency and  damping in t h e  torsion mode requires excitation 
ant1 nleasurement of roll at one end of t h e  car. 

The  excitation is similar t o  t h a t  for roll but  resonance occurs a t  a higher frequen- 
cy. T h e  response between t h e  ends  of t h e  c a r  i s  out  of phase for modes number 1,3, 
and in phase for modes number  2,4, although i t  is unlikely t h a t  modes above 2 will be 
significant. 

Vertical o r  lateral bending modes a r e  measured as a response t o  t h e  vertical o r  
latel.al excitation at one end o r  both ends  of t h e  car .  T h e  first bending mode h a s  a 
maximum amplitude at o r  nea r  t h e  c a r  center. T h e  second bending mode h a s  a node o r  
point of minimum rchsponsc at the  center. 

5.0. PAKAMETEK ESTIMATION* 

- - - - - - - -. - - - 

* Tests i1t.c i)rx~scbntly bcinc conducted to examine th is  method. 
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SI'E(:IFICATION FOR INSTKUMENTEI) WHEELSETS 
FOR CHAPTEK XI (M-1001) TESTING 

Adopted 1989 

Instrumented wheelsets t o  be used in acceptance tes t ing  of new and untried ca r s  
under Chapter  XI of AAR Standard  M-1001 mus t  meet  t h e  requirements of th is  specifica- 
tion. Load measuring wheelsets a r e  a critical t ransducer  for  a wide r ange  of t h e  Chapter  
XI vehicle dynamics tests.  Calibrated wheelsets will be required t o  accurzitely measure 
lateral and vertical wheellrail forces, as well as wheel lateral  t o  vertical force ( L N )  ratios. 
A verification of wheelset accuracy is performed through a three-step process consisting 
of calibration, analysis, and field procedures. 

2.0. INSTKUMENTEI) WHEELSET SPECIFICATIONS 
To be accepted for Chapter  XI  testing, a load measur ing  wheelset design mus t  meet  

t h e  following specifications: 

Vertical wheel load measurements  mus t  be within +I-  5 percent of t h e  actual  
vertical load. This  accuracy is to be maintained for loads ranging from 0 t o  200 percent of 
the  stat ic  wheel load. T h e  minimum signal resolution is t o  be no less t h a n  0.5 percent of 
the  stat ic  wheel load. 

Lateral  wheel load measurements  must  be within + I -  10 percent of t h e  actual  
lateral load. This accuracy is t o  be maintained for loads ranging from 0 to 100 percent  of 
the  stat ic  (vertical) wheel load. The  minimum signal resolution is to be no less t h a n  0.5 
percent of the  stat ic  (vertical) wheel load. 

Maintain t h e  above stated accuracy requirements, at all times, for: 

All potential load cases (longitudinal loads of up to  60 percent of t h e  stat ic  (vertical) 
wheel load, lateral loads of up  to  100 percent of t h e  stat ic  (vertical) wheel load, and 
vertical loads of up to  200 percent of t h e  stat ic  wheel load). 

All potential wheellrail contact conditions including full flange contact, outside tread 
contact, two-point contact, and flange contact  a t  high wheelset angles of attack. 

2.3.3. 

An operating speed (for dynamic wheelset output )  of from 5 to  80 mph. 

2.3.-1. 
Signals from 0 to 30 Hertz. 
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2.3.5. 

0vc:r a recommended operating ambient temperature range of 0 to  110 degrees 
Fahrenheit. Any restrictions in the  operating temperature range a r e  to  be noted. 

Wheelset reprofiling or  recalibration requirements due to profile wear are  to  be 
documented. Temperature compensation arrangements and operating limitations due to 
ambient temperature swings a re  to be detailed a s  well. The wheelsets are  to be equipped 
with the  modified Heumann profile shown in Figure 8.1 of Chapter VII I  of AAR Standard 
M-1001. 

3.0. VERIFICATION 
Wheelset accuracy is to be substantiated through calibration, analysis, and testing. A 

minimum number of required wheelset static tests to calibrate and verify wheelset 
output are  described. Since dynamic calibration of load measuring wheelsets has proven 
difficult, further verification of wheelset accuracy relies on required static and dynamic 
analyses. A limited set  of simple experimental procedures a re  then prescribed to confirm 
proper wheelset function under field conditions. 

 3.1. STATIC CALIBRATION 
Static tests to determine the wheelset calibration factors are  required of all instru- 

mented wheelsets. Documentation in support of the  calibration tests is to include a 
complete description of the  calibration stand and the  calibration procedure. Calibration 
for vertical and lateral loads is to include testing for a minimum of six wheel rotational 
positions (0, 60, 120, 180, 240, and 300 degrees). Calibration for vertical loads is to include 
testing for a minimum of three contact point lateral positions (on tape line and one inch), 
respectively, to the  flange and wheel face of the tape line. Each calibration sequence is to 
be repeated a t  least once to verify measurement repeatability. 

 The static calibration tests are  a s  follows: 

Using an  appropriate loading scheme, vertical loads ranging from 0 to 200 percent of 
the static wheel load are to be applied with a minimum of 5 equally spaced inputs (0, 50, 
100, 150, and 200 percent of the  static wheel load). Strain gauge output for both vertical 
and lateral force circuits is to be recorded. 

Using an  appropriate loading scheme, lateral wheel loads are  to be applied a t  the 
wheel tread ranging from - 100 to 100 percent of the static wheel load with a minimum of 
10 equally spaced inputs ( + I -  20,40, 60, 80, and 100 percent). A vertical force equivalent 
to the static wheel load is to  be applied simultaneously. Both vertical and lateral force 
strain gauge outputs are  to be recorded. 

The static calibration report is to include raw measurement values and the derived 
calibration factors. The calibration report must also include a table comparing the 
applied forces and, given the calibration factors obtained during the  testing, the mea- 
sured forces, I t  is assumed here that  the  calibration factors will represent average 
values independent, for example, of wheelset rotational position. 

I

1
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3.2. ANALYSIS 
The following theoretical analyses are  required to verify theoretical wheelset ac- 

curacy for load combinations t ha t  cannot satisfactorily be applied using a conventional 
static loading frame. I t  is assumed t ha t  finite element or similar calculations will have 
been performed beforehand t o  obtain the  theoretical wheelset calibration factors. Any 
yariations in wheelset output or  accuracy due to rotational position are  to  be described. 

Static finite element o r  similar calculations t o  verify theoretical wheelset accuracy 
for the  following scenarios: 

Single point contact a t  one inch toward the  wheel face from the  wheel tape line for a 
vertical load of 50 and 200 percent of the  static wheel load in combination with a lateral 
load of -25 and 25 percent of the static wheel load (giving a total of four load 
combinations). 

Single point contact on the  flange (defined a s  being at a point giving a rolling radius 
one-half inch greater than  t ha t  obtained at the  tape line) for a vertical load of 100 and 
150 percent of the  static wheel load in combination with a lateral load of 25, 50, and 95 
percent of the  static wheel load (giving a total of six load combinations). 

Single point contact at the  wheel tape line for a vertical load equal to  the  static 
wheel load in combination with a longitudinal load of - 50, - 25,25, and 50 percent of .the 
staticwheel load and a lateral load of 10 percent of the  static wheel load (for a total of 
four load combinations). Note t ha t  a negative longitudinal load is defined here as  a load 
directed in the  sense of the  wheel rotation. 

Single point contact at the  flange for a vertical load of 75 percent of the  static wheel 
load in combination with a longitudinal load of -50, -25,25, and 50 percent of the static 
wheel load and a lateral load of 50 percent of the  static wheel load (for a total of four load 
combinations). 

Two-point contact with the  first point of contact a t  one-half inch toward the  wheel 
face from the wheel tape line and the  second point of contact at the  flange and displaced 
-0.5, 0, and 0.5 inches longitudinally from the  mid-plane axis of the  wheelset. The 
loading at the  tread contact is to  be a vertical load of 50 percent of the  static wheel load 
in combination with a longitudinal load of -25 percent and a lateral load of - 10 percent 
of the  static wheel load. The loading at t he  flange contact is to be a vertical load of 75 
percent of the  static wheel load in combination with a longitudinal load of 50 percent and 
a lateral load of 50 percent of the  static wheel load (for a total of three calculation cases). 

Single point contact at the  tape. line for a wheel with a radius one-quarter inch less 
than nominal and a vertical load equal to  t he  static wheel load in combination with a 
lateral load of 10 percent of the  static wheel load. 
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Single point contact a t  t h e  flange for a wheel with a radius one-quarter inch less 
than nominal and a vertical load equal to 75 percent of t h e  stat ic wheel load in 
combination with a lateral load of 50 percent of t h e  stat ic wheel load. 

Results for the  twenty-three static calculation cases described above a re  to be given 
as  the  percent deviation of the  predicted lateral and vertical force values from the  
applied values. 

A single dynamic finite element or  similar calculation to  verify theoretical wheelset 
accuracy under dynamic conditions: 

This calculation is to verify t h a t  no wheelset vibration modes a r e  present with 
natural frequencies below 30 Hertz. If such modes exist, a dynamic calculation is to be 
performed for the  following wheelset input: single point contact a t  the  wheel tape line for 
a vertical load equal to  the  static wheel load in combination with a time varying 
longitudinal load with a n  amplitude of 25 percent and a lateral load with a n  amplitude of 
10 percent of the  static wheel load. The mean longitudinal and lateral force a r e  both to  be 
zero. The calculation is to consider a n  input frequency ranging from 0 to  30 Hertz where 
the lateral and longitudinal force signals a r e  90 degrees out  of phase. The boundary 
condition to be used for both this  calculation and the  wheelset natural  frequency 
calculation is to fix the  wheelset in the  longitudinal, lateral, vertical, and rotational 
sense a t  the bearing centerline (axle top dead center). 

The results of the  dynamic calculation a re  to be given as the  mean value and 
amplitude of the  predicted lateral and vertical forces as functions of the  wheelset 
rotational position. 

:1.3. TEST 1'KOCEI)URES 

The following experimental analyses a r e  required: 
:1.:1. 1. 

A zero speed jacking tes t  to  se t  the  wheelset zero followed by a slow speed roll ( a t  
ten, twenty, and thir ty miles per hour) along tangent  track to verify t h a t  wheel vertical 
load signals a r e  within + / -  5 percent of the  calibrated scale axle load for constant speed 

. operation on level tangent track. Wheelset signals will be evaluated on the  basis of mean 
values for a randomly chosen output segment having a minimum duration of ten 
seconds. 

A steady-state curving tes t  to confirm t h a t  ne t  truck or  ca r  lateral loads a re  within 
+ / -  10 percent of the theoretical value for constant speed operation on constant radius 
track a t  speeds corresponding to +3,  0, and - 3  inches cant  deficiency. Both curvature 
and suj)crclevation of the  track need to  be constant and accurate. Wheelset accuracy is to 
t)c. vcriticd on a sharp  curve (7 degrees curvat.ure and above) for curving with hard flange 
contact. Wheelset signals will be evaluated on the  basis of mean values for a randomly 
chosen output segment having a minimum duration of ten  seconds. 

As a n  alternative to this  tes t  a zero speed jacking tes t  is  suggested using equal and 
opposing lateral loads applied (via a hydraulic jack) to the  wheel backs. Measured lateral 
loads are  to be within + / -  5 percent of the  applied value for loads ranging from 0 to  50 
percent of the static (vertical) wheel load. 
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A steady-state curving test to again confirm that  total truck vertical loads a r e  within 
+I- 5 percent of the  theoretical value for constant speed operation on constant curva- 
ture  track (for the test  curve described above). Wheelset signals will be evaluated on the  
basis of mean values for a randomly chosen output segment having a minimum duration 
of ten seconds. 

The test procedures prescribed above a re  also to  be repeated and recorded at the  
s tar t  of each Chapter XI tes t  series. A record of such results is t o  be kept for each 
Chapter XI certified wheelset. A minimum of the  vertical load accuracy tes t  is to be 
performed at the s ta r t  of each daily test  session. 

4.0. RECORDS 

The theoretical analyses described a re  necessary only once for each wheelset design. 
The static calibration and field procedures must be performed for each wheelset pro- 
duced to  an  accepted specification. 

An instrumented wheelset which has met these requirements will be so certified by 
the designated AAR representative. 

The designated AAR observer for Chapter XI  testing will verify t ha t  the  instru- 
mented wheelsets to be used have been accepted for testing and the  tes t  procedures 
described in Section 3.3 above a re  completed satisfactorily. 
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