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16. Absrrocy

This report describes Vehicle/Track Interaction Assessment Techniques (IAT) which
are developed to provide standardized procedures and tools in order to:

investigate the dynamic performance of railroad vehicles, and

systematically identify and cure dynesmic track interaction problems
acsocisted with a vehicle.

The IAT addresses ten performance issues: nunting, twist and roll, pitch and
bounce, yaw s1d sway, steady-state curving, spiral negotiation, dynamic curving,
steady buff and draft, longitudinal train action, and longitudinal impact. The
report discusses the test and data analysis procedures required for each performance
issue in terms of the control variables from treck inputs that are required to create
the test environment, the response variables to be measured, the extent of data
analysis required, the data handling requirements, the performance indices to be used
in interpreting the test results, and the potential test sites. This report is in
tvo parts. Part I is contained in Volume I and covers the overall process of
determining vehicle performance issues. Part 11, comprised of Volumes II and III,
discusses the detailed procedures to be used in the Vehicle/Track Interaction
Assessment Techniques. .
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PREFACE

This volume 1is the second of three volumes dealing with the
Vehicle/Track Interaction Assessment Techniques (IAT) which were
developed by the Transportation Systems Center (TSC) and its
contractors: Arthur D, Little, Inc. (ADL), Battelle Columbus
Laboratories (BCL), ENSCO Inc., kaman Sciences Corporation (kSC),
Systems Control Technology Inc.(SCT), and The Analytic Sciences
Corporation (TASC).

This information was developed from the Stability Assessment
Facility for Equipment (SAFE) Program. That program had direct input
from the railroad affiliated personnel of the International
Government-lndustry Track Train Dynamics Research Program and the
Federal Railroad Administration, Track Safety Research Division.

The Vehicie/Track Interaction problems addressed by the IAT,
cailed "Performance Issues," are listed below:

Hunting;

Twist and Roll;

Pitch and Bounce;

Yaw and Sway;

Steady State Curving;

Spiral Negotiation;

Dynamic Curving;

Steady Buff and Draft;
Longitudinal Train Action; and
Longitudinal Impact.

These problems have been responsible for compromising rail vehicle
stability in the past and are expected to be important issues for
consideration in future designs,

The IAT has evolved over the past few years through experience
gained in conducting a number of tests dealing with vehicle/ track
interaction. Essentially, the IAT is a systematic approach using a
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standardized set o~ racec.r¢s and tools (i.e., elements) for
identifying, diagnosing and solving stability problems in a rail
vehicle already in revenue service and for assessing the stability of a
new or modified vehicle (freight car, passenger car, or locomotive)
prior to its introduction into revenue service. The primary goal of
the IAT is to provide a means of assessing the adequacy of rail vehicle
stability at a minimum cost. This 1s accomplished by:

® Systematically developing an approach for identifying
stability problems;

e Identifying the test procedures and tools necessary to
assess the stability characteristics of the rail vehicles;

¢ Reducing, through the use of computer models, the amount
of testing required;

® Summarizing the state-of-the-art in tools;

e Standardizing the nomenclature in stability assessment;
and

® Providing the ability to compare data from different
tests.

Altnouygh the IAT can determine the potential for derai Iment as d
result ot excessive motion between the wheel and rail or because of
undesirable levels of wheel/rail interaction torces, it does not
explicity deal with derailments resulting from the ftailure of a
vehicle ur track compunent due to wedr, tatigue, Or excessive stress
Cdused by these torces. Also, the [AT has been developed to assess
the uyndmic pertormance ot most types ot treight cars, lucomotives,
and passenger cars; however, particular type ot vehicle mdy not be
sensitive to ail Pertormance Issues. Therefore, the ]AT
incorporates a procedure tor identifying the principal Performance
Issues ot cuncern tor any venicle design.

The IAT is organized in the form of Assessment Procedures. For
each of three objectives of the IAT, a distinct procedure is identified
and presented in the form of a flow chart. Thus, a procedure is ;
defined for:

iv




¢ The Modified Vehicle Assessment;
® The Vehicle Problem Diagnosis; and
® The Prototype Vehicle Assessment .,

EaCn procedure Fequires 4 rumver ot Steps to be conductea in order
Lu meel the Specitic kssessment (Ubjective. (tten, but not always,
test must be cunducted Lo meet the LSsessment Lbyective., Tnese tests
are distinctly ditterent and comp]ementary to the revenue service
Lesting te which a new or wwditied venicle is generally subjected,
The IAl tests are designed to subject g vehicle or consist to a
Severe service envirunment WHICHh 1S stmulated usnyg test tracks or
laboratory equipinent, In tnis wdy, the range of dynaniic
CharaCleristics of a vehicle could be brought out in a relatively
short time, Achieving the same goal by neans ot q revenue service
testing procedure fay require extensive testing in many miles ot
track,

This document, which provides information on test and analysis
Procedures incorporated in the IAT, is divided into two parts. The
first part introduces the IAT and provides the basic information on
various Assessment Procedures and the steps to be taken in performing
them. The second part consicts ot t fteen sections, each detailing one
aspect of the Assessment Techniques. In this way, a potential user
need only read Part 1 to understand the key aspects of the IAT; the
details provided in the second part can be studied later while the user
is gaining further knowledge of the IAT or before actually utilizing
the IAT for Vehicle Performance Assessment.

This document was developed under the guidance of the 1SC, with
the following principal contributing individuals:

(ADL) A. B. Boghani, Pp. Mattison, D. W.. Palmer, C. Snyder;

(BCL) D. R. Ahlbeck, J. M. Tuten; (ENSCO) J. K. Kesler; (ksC)

J. J. Angelbeck, B. W. Baxter; (SCT) s. E. Shladover; (TASC)

F. B. Blader; (TsC) H. Ceccon, R. Ehrenbeck, M. E. Hazel,

J. H. Lamond, S. M. Polcari, H, M .Wong.

The organizations involved in developing the document are shown on the
next page.
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_ This volume, the second of a three volume set, ncludes the
« following sections of Part I1:

A. Resources Available for Investigating Performance Issues
B. Accident History Investigation

C. Vehicle/Track Simulation Models

D. Kail Vehicle Model Validation

E. Test Plan Summaries

F. lest Facilities

Track Geometry Perturbations

I o

Rail/Track Stiffness Measurements, Variations, and Simulations

I. Performance Indices
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SECTION A
RESOURCES AVALLABLE FOR INVESTIGATING PERFORMANCE ISSUES

The importance of performing a }iterature search was discussed in
Subsection 2.1 and illustrated in Figure 2-1, This section cnntains a
list of literature pertinent to each Performance Issye. Included in
this literature are reports and technical Papers describing each issue
and  various field and  laboratory test programs investigating
vehicle/track interaction, Through 14 use ot past documentation, a
user may be better able tg understand and isolate the symptoms of a
dynamic prob lem,

A great deal of research nas been done in the area of vehicle
track interaction. Theoretical studies, analytical solutions .ad test
results have been documented for each of the following issues: hunting,
twist and roll, pitch and bounce, yaw and Sway, steady state curving,
spiral negotiation, dynamic curving, steady buff and draft,
lTongitudinal train action and longitudinal impact. Since the quantity
of literature available to a reader is massive, this section isolates
those documents that would be of particular interest to a potential
user, with an intention to provide a reference list and indicate what
performance issue(s) each reterence addresses (see Table A.1). The
Papers and reports selected for this list are classical papers on the
subject, and documents describing a field test or an analytical
solution that had been tested. Additional literilure is cited in the
AAR Track/Train Dynamics Bibliographies (Volumes 1, 2, 3) or can be
found by performing an additiona] literature search according to the
Procedure described in A.2. Document availability is discu-sed in
A.3, with particular emphasis on the major organizations a cilential
user would need to access,

It should be noted that each section in Part 2 contains a
bibliography documenting the reference literature. While these lists
Way overlap, they are oriented to the subject area addressed by the
particular section.
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A.1 Reference Documents

Table A.1 catalogues the reference documents with respect to the
performance issue(s) that they address. Knowing the performance issue
of interest, Table A.1 can be used to easily locate the relevant
references. The reference list contains three types of material:

1. background documents that give a better understanding of the
nature of the problem;

2. studies describing recent research into the solution of the
problem; and

3. descriptions and analyses of field tests.

Because hunting is strongly dependent on creep and wheel/rail
contact stresses, the literature on these two phenomena 1s identified
under “Hunting".

A.2 Literature Search

Additional 1literature can be found tarcugh the process of a
computer search, which provides a fast way of localing a large quantity
of literature pertaining to a particular subject. Access to a data
base 1s required in order to perform a literature searci.. There are
three primary vendors of data bases: Lockheed (DIAL0OG), Systems
Uevelopment Corporation (ORBIT) and Bibliography Retrieval Service.
These vendors have a variety of data base types which they present in
standardized format, update and then train users in implementation
techniques. Some of the data bases that verdors have purchased the
rights to are: Transportation Research Information Services (TRIS),
National Technical Information Service (NTIS), Engineering index
(COMPENDEX), Information Service in Mechanical Engineering (ISMEC) and
Science Citation Index (SCISEARCH). There are other less technical
data pases that contain references to magazine ana newspaper articles,
as well as governivent publications.

In order to use a data base, a searcher can choose any or ali
three of the £31lowing methods to “talk" to the computer:

° Control vocabulary;
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Background
Field Test

Laboratorv Invest igation

Analvtical

Legend

Work

Study
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Table A.l (continued)
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Table A.1 (continued)

PERFORMANCE ISSUES

Joedu] TeuypnaySuoy

uorloy
utea] JeuypniySuoq

1jeaQ pue jjng Lpwais

3urain) oyweudq

UoyleT3089N TeRIYdg

8urainy ajeag Apeaag

demg pue me}

3dunog pue Y34

1104 pue 1sTAML

L

3uyrjuny

CATEGORY

A,F

L,F,A

L,A

L,A

B,A

REFERENCE

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

A-6



[ Natural language (free text);
. Identifiers,

“Control vocabulary" varies for each data base. It consists of
predesignated terms used by indexers to describe each entry. '"Naturel
language" is anything a :earcher chooses to use. It can appear in the
text, title, descriptor or identifier fields--or it may not appear at
all. “Identifiers" are non-control words that, according to the
indexer, are highly relevant to the article.

Typically, the individual requiring the literature search, and the
one performing the search are not the same. Therefore. for an adequate
search good commurication is vital. The requester must have a clear
idea of what is required. If the subject is technical, an explanation
of the terminology &nd the purpcse of the searcn will enable the
searcher to iocate the appropriate control vocabulary. Additionally,
the requester should indicate how far back in time he or she wishes to
look, if there are language restrictions, and whether or not titles are
sufficient or abstracts are required.

Another technique for performing a literature search is through
bibliographic listings. This method can be used by itself or in
conjunction with a computer search. Typically, a paper or report
contains a reference list used by the author. These reference lists
can lead one to other pertinent documents. Additionally, there are
several publications that contain lists of abstracts to existing
reports and papers. Examples include the AAR Track Train Dynamics
Bibliography (AAR/TTD), Railroad Research Information Service (RR1S),
and National Technical Information Service (NTIS). Needless to say,
this technique is lengthier than a computer search, but it is valuable
in certain situations (e.g., when a computer is not easily accessible).

A.3 Document Availability

Three primery data base vendors were discussed in A.2. Their
addresses may be useful to a user who does not currently participate in
such a service. At this time, one can only purchase the previously
mentioned data bases (TRIS, NTIS, COMPENDEX, etc...) through a vendor.
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l.ockheed

Dialog Information Service, Inc.
Marketing Department

3460 Hillview Avenue

Palo Alto, CA 94304

Systems Development Corporation
2500 Colorado Avenue
Santa Monica, CA 90406

Bibliography Retrieval Service
1200 Route 7
Latham, NY 12110

Information pertaining to the publications containing report
abstracts can be obtained from the following sources:

Association of American Railroads
Technical Center

3140 South Federal Street
Chicago, I1. 60516

Railroad Research Information Service
Transportation Research Board
National Academy of Sciences

2101 Constitution Avenue, N.W.
Washington, D.C. 20418

National Technical Information Service
5285 Port Royal Road !
Springfield, VA 22161

An availability statement is usually included with each abstract .
and in the data base abstracts. To aid a potential user in obtaining ?

desired literature, the names and addresses of several organizations
from which documents can be ordered is given below:

Association of American Railroads
1920 L Street, N.W.
Washington, D.C. 20036

American Railway Engineering Association
2000 L Street, N.W.
Washington, D.C. 20036

American Society of Civil Engineers b
M5 East 47th Street o
New York, NY 10017
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Canadian Institute of Guided Ground Transport
Queen's University

Kingston, Ontario K7L 3N6

Canada

Engineering Societies Library
345 East 47th Street
New York, NY 10017

Superintendent of Documents
U.S. Government Printing Office
Washington, DC 20402

Railway Progress Institute
700 North Fairfax Street
Alexandria, VA 22314

Transportation Research Board
Publications Office

2101 Constitution Avenue, N.W.
Washington, DC 20418

Transport and Road Research Laboratory
Crowthorne, Berkshire RG11 6AU
England

International Union of Railways
Office for Research and Experiments
Oudenoord 60

Utrecht, Netherlands
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