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Foreword

It is impossible to imagine the building of our nation’s
commercial and industrial strength without the railroads. The
railroad industry has a proud tradition and it remains an
indispensable part of our economy.

[n recent years, however, the railroad industry has fallen on
difficult times. Return on invested capital is among the lowest
of major industries. Railroad plant and equipment have not
been renewed, and deferred maintenance over the past decade
has accumulated to well over $5 billion.

Much of the relative decline in railroad freight can be
attributed to changes in the American economy as well as to
competition from trucks, barges, and pipelines. Railroad passen-
ger service, in competition with the private automobile, airplane,
and bus, has suffered even sharper declines.

Despite its problems over the last several decades, the rail-
road industry continues to support an extensive network of
track, rolling stock, and ancillary facilities.

The Federal Railroad Administration (FRA) is working
with the railroad industry to help it recover. The FRA has been
addressing such issues as economic regulatory constraints,
federal financial assistance, taxation, competition with other
modes, revision of safety regulations, improved management of
railroad assets, and improvements in railroad technology.

This booklet describes one segment of FRA work — those
programs, projects, and contracts which come under the aus-
pices of the FRA Office of Research and Development.

Federal railroad research, originally carried out in the Office
of High-Speed Ground Transportation, is now the responsibility
of the Office of Research and Development of the FRA. The
initial aim of the federal effort in fixed-guideway technology
was directed toward rail passenger service and high-speed
ground transportation, including such unique developments as
air-cushion vehicles and magnetic-levitation vehicles. Since that
time, FRA's technological research has been redirected to focus
more sharply on near-term conventional railroad issues and
problems. FRA continues to place the highest priority on
safety-related research.

Working closely with the railroad industry, the FRA has
structured its R&D program to develop new technologies and
technigues to solve near-term problems, to coordinate its re-
search with other groups investigating the same problem, to
work with the railroads to put the new technology in practice,
and to develop a forum for the exchange of ideas and informa-
tion between those performing research and those using the
results of that research.

This directory is presented in the interest of information
exchange. If any questions, comments, or suggestions come to
mind while reading it, please do not hesitate to call the techni-
cal contacts listed, or write them at the following address:

U.S. Department of Transportation
Federal Railroad Administration
Office of Research and Development
400 7th St., S.W.

Washington DC 20580
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Introduction

The FRA’s Research and Development program has as its
goals near-term improvements in products and processes which
would enhance safety, improvements in the economic viability
and efficiency of the Nation’s railroad operations, and re-
duction of adverse environmental effects of railroad operations.

The Office of Research and Development has responsibility
for three major programs: 1) Track, Equipment and Personnel
Safety, 2) Railroad Operational Improvements, and 3) Improved
Passenger Systems.

The Track, Equipment, and Personnel Safety Program is
aimed at reducing the number and severity of railroad-related
accidents. In turn, much of the effort of this program has been
to conduct research and development to study the causes of
accidents and to improve rail tracks, rolling stock, wayside
signals, inspection techniques, crew operations and safety, and
grade crossing protection systems.

The Railroad Operational Improvement Program is aimed at
improving freight classification and switching yards, promoting
the exchange of technology and information between railroad
companies, improving intermodal equipment, facilities and
operations, and conserving energy.

The Improved Passenger Systems Program is designed to
emphasize train technology and subsystem development in-
cluding equipment reliability improvements and techniques for
reducing trip time, together with feasibility studies on adopting
the radial axle concept to electrically powered vehicles and on
incorporating a tilt body arrangement. The program is also in-
vestigating the use of chopper propulsion systems for electric
locomotives and is putting a railbus into revenue service to test
the feasibility of this new self-propelled passenger vehicle.

A detailed discussion of the three program areas of the
Office of Research and Development follows. Included in each
discussion is a description of each subprogram, project and its
related contracts and publications.
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SECTION 1

INTRODUCTION

Poor financial performance has caused
many railroads to defer maintenance and
delay capital expenditures for track,
signals, and rolling stock. Deferred main-
tenance had caused, by July 1976, 47,203
miles of track (15 percent of the track
in the country} to be in such poor condi-
tion that orders were issued requiring the
operation of trains at reduced speeds.

Deferred maintenance not only causes
trains to operate at inefficiently low
speeds, but also is directly linked to the
increasing rate of train accidents. As shown
in the figure, the number of accidents per
million train-miles caused by track defects
increased significantly from 1969 to 1979.
Deferred maintenance costs over the
10-year period from 1967 to 1977 totaled
$5.4 billion.

Although a case can be made that this
deterioration of equipment and, there-
fore, of rail safety, is a symptom of more
fundamental railroad problems in such
areas as operating, planning, regulation, and
competition, any decrease in the safety of
rail operations is certainly a major cause
for national attention.

In addition to accidents caused by
track defects, concern has been growing
over the number of injuries and deaths
occurring as a result of grade-crossing
accidents. Interest also has been mount-
ing over the large amount of vandalism
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that has caused rocks, bullets, and bottles
to smash windows and injure railroad
employees and passengers riding on trains
along major right-of-ways.

The FRA has developed, through its
Track, Equipment and Personnel Safety
Program, an extensive effort of research
and development to ensure that America’s
railroads are run as safely as possible. The
FRA is committed to taking preventative
steps before major disasters occur. Many of
these steps are directed toward achieving
immediate results.

The Track, Equipment and Personnel
Safety Program is designed to improve
the safety of rail operations by: 1) reduc-
ing both the likelihood and severity of acci-
dents involving the rail transportation of
hazardous commadities, 2) reducing the
likelihood of accidents resulting from
the structural or mechanical failure of
critical track and rail vehicle component
parts, 3) protecting rail vehicle occupants
from death or injuries resulting from
collisions, fires, or acts of vandalism,
4) reducing the likelihood of accidents
caused by adverse track/train interactions,
and b) improving the quality and perform-
ance of rail vehicle braking and control
systems.

Major accomplishments of the program
in FY80 include completion of a series of
tests which were instrumental in identify-
ing the derailment tendencies of a six-axle
locomotive operated by Amtrak; comple-
tion of a study mandated by Congress on
the effect of freight car size and weight on
railroad safety and efficiency; and the
beginning of construction of the Research
Locomotive and Train Handling Evaluator,
a unique device which will be used to
conduct safety experiments on man/

machine interactions. Use of this device
will emphasize the development of counter-
measures to causes of occupational injuries,
guidelines and procedures of crew vigilance
devices and new cab designs. Work is also
continuing on data collection used to
develop FRA safety regulations to improve
the performance of track and rolling stock
and to reduce accidents at grade crossings.

In past years, the program has devel-
oped: 1) performance specifications and
design guidelines to decrease the probabil-
ity of serious injury to occupants involved
in a collision, 2) performance specifications
for locomotive, passenger, and caboose
windows to protect occupants from injuries
caused by vandals, 3) prototype wayside
vehicle inspection stations to anticipate
and prevent derailments by sensing wheel
cracks, axle cracks, and dragging equip-
ment, 4) performance specifications for
shelf couplers, head shields, and tank car
insulation material, 5)the FAST track,
6) development of preliminary track per-
formance safety standards, and 7) track
inspection systems.

The Track, Equipment and Personnel
Safety Program has seven subprograms:

1) Equipment Safety

2) Improved Track Structures
) Dynamic Analysis

) Inspection and Test Support
) Human Factors

) Grade Crossing

) Safety Testing (FAST)

Descriptions of each subprogram, pro-
ject, supporting contracts and publications
follow.

~N OO~ W

TESTS ON “PERTURBED TRACK SHOW THE OUTER
LIMITS OF STABILITY AT VARIOUS SPEEDS OF
LOCOMOTIVES AS THEY RUN OVER TRACK
GEOMETRY IRREGULARITIES. THE RESULTING
PERFORMANCE SPECIFICATIONS WILL ASSURE
SAFER RAIL OPERATIONS.



CHAPTER 1
EQUIPMENT SAFETY

The Equipment Safety subprogram is
one of seven subprograms of the Track,
Equipment and Personnel Safety Program
and is a top priority of the Office of
Research and Development. The equipment
safety effort is dedicated to the develop-
ment of new equipment, techniques, and
performance specifications and guidelines
to ensure that train locomotives and cars
are as safe and efficient as possible. The
equipment investigated in this area is used
in  both freight and passenger train
operations.

There are seven projects organized
under the Equipment Safety Subprogram.
These projects include:

1) Hazardous Materials
2) Rail Vehicle Component Failure
Prevention

3) Vehicle Structural Integrity/Occu-
pant Protection

) Rail Vehicle Control Systems

) Truck Design Optimization

) Braking Performance

) Coupling and Braking Systems
Optimization

Each project is carried out by the FRA
through contracts with private and Federal
research organizations. A description of
each project area and associated contracts
is followed by a bibliography of published
reports.
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HAZARDOUS MATERIALS PROJECT

Over the past few vyears, there have
been derailments involving hazardous mate-
rial tank cars. These derailments have
resulted in mass evacuation, injuries, and
fatalities.

In response to the seriousness of
accidents involving hazardous materials,
the FRA’s hazardous materials project
was established. The project was designed
both to reduce the frequency of railroad
hazardous material releases and to reduce
the severity of accidents in which releases
do occur. In researching the causes and
deterrents to hazardous materials acci-
dents, the safety project is geared to the
development of performance specifications
for the manufacture and repair of rail cars
which will be transporting hazardous
materials. The project is also establishing
guidelines for priority routing of trains
carrying hazardous materials and is devel-
oping procedures for railroad and emer-
gency personnel to follow when responding
to railroad accidents involving the release
of hazardous materials.

Past research in the hazardous materials
project concentrated on investigating and
improving the structural safety of large
(class 112/114) tank cars used to transport
liquified petroleum gas and ammonia.
These tank cars were singled out for study
because of the relatively high frequency
and severity of accidents involving the ship-

ment of these highly volatile and toxic
materials in the large tank cars. The FRA
has sponsored research into the structural
integrity of the large tank cars. This re-
search has included full-scale fire tests

and a series of fullscale impact tests
simulating car-to-car impacts often occur-
ring in switching operations.

A HAZARDOUS MATERIALS CLOUD RISES FROM BURNING TANK CARS DERAILED NEAR
CRESTVIEW, FLORIDA. FOURTEEN PERSONS WERE INJURED AS A RESULT OF THE RELEASE
OF POISONOUS GAS, AND 4,500 PERSONS WERE EVACUATED FROM THEIR HOMES.



From this research, performance speci-
fications calling for full steel jackets,
thermal protection, head protection, and
shelf coupler systems were developed for
those tank cars. Tank cars with these per-
formance specifications underwent 90,000
miles of testing at the Transportation Test
Center (TTC). Following the test evalua-
tions, regulations requiring the use of the
new specifications were mandated for
implementation by the railroad industry.

Subsequently, through a study con-
ducted by the Transportation Systems
Center (TSC), the FRA broadened the
scope of the study to include additional
tank cars. The wurgency of addressing
structural changes to smaller tank cars
was highlighted by the consequences
of a derailment and major hazardous
materials release at Crestview, Florida in
early 1979.

Additional research projects are now
underway to ensure the safe transport of
radiocactive, explosive, and toxic cargoes.
This research effort is designed to develop
performance specifications for cars carrying
such hazardous commodities, recommenda-
tions for the switching and placement of
these cars in trains, and emergency re-
sponse guidelines for Federal, state, and
local officials to follow in the event of a
railroad incident involving the release of a
variety of hazardous materials, including
spent nuclear fuel casks.

Specifically, these studies include in-
vestigations into determining the cost and
benefits associated with special routing of
spent nuclear fuel shipments, the develop-
ment of performance specifications for
safety relief valves for cars carrying hazard-
ous materials, and the development of a

plan to prevent, detect and extinguish fires
on rail cars.

A great deal of effort has been under-
taken to reduce the release of hazardous
materials transported by rail. However, it is
likely that some releases will still occur.
Because of this probability, research is un-

derway to determine evacuation guidelines
in the event hazardous materials are re-
leased in an accident. The purpose of

another ongoing effort is to develop guide-
lines for the emergency response and wreck
clearance of accidents involving hazardous
materials.

TANK CAR IMPACT TEST



CONTRACTS

A Study of Methods to Determine Dangerous
States of Hazardous Cargoes During Transport
Contract No.: AR-8196
Funding: $125,000
Schedule: September 1978 — September 1981
FRA Technical Contact: D. Levine
(202) 426-1227
U.S. Army, Ballistics
Research Laboratory

Agency/Contractor:

The U.S. Army’s Ballistics Research Labora-
tory is conducting a research study for the FRA
to develop a means of detecting the release and/or
changed physical state of hazardous materials
while cargo is in transport and before the release
becomes a serious problem. Early detection of the
release of hazardous materials will enable train
crews to take appropriate action to prevent
additional releases or to avoid dangerous
situations.

The study includes the identification of those
hazardous materials that require early detection
and the development of laboratory tests of tech-
niques that might be used to carry out that detec-
tion. A work plan will be developed for field
testing prototypes of detection technigues.

U.S. DOT Hazardous Materials Program
Contract No.: RSPA/DTFR 53-80-x-00104
Funding: $50,000
Schedule: June 1980 — September 1981
FRA Technical Contact: D. Dancer
(202) 426-1227

Agency/Contractor: U.S. DOT/RSPA

The number, variety and possible combina-
tions of hazardous materials carried on single
trains 1s ever growing. This growing and changing
situation makes the establishment of safety

regulations, performance specifications, and
emergency response measures difficult, at best.

In facing the everchanging problems of
transporting hazardous materials, research under-
taken in this contract is designed to determine
what research is needed to support the efforts
of the Materials Transportation Bureau and other
U.S. DOT administrations. The results of the
research  will allow regulations, specifications
and requirements to be established with the
confidence that they will solve the problems
for which they are intended in the most effi-
cient and beneficial way possible.

The study will 1) review past R&D in haz-
ardous materials, 2) develop a multi-year advanced
R&D plan, and 3} conduct preliminary research in
sorne of the areas recommended for examination.

Anhydrous Ammonia Spill Test

Contract No.: AR-8207

Funding: $40,000

Schedule: September 1978 — April 1981

FRA Technical Contact: D. Dancer

(202) 426-1227

Agency/Contractor: U.S. Coast Guard
Anhydrous ammonia is one of the most often

carried and potentially dangerous hazardous

materials transported by rail.

The examination of the dispersal character-
istics of anhydrous ammonia in the atmosphere
is an important step in working out procedures to
minimize harm downwind from a spill. An analyt-
ical methodology will be developed, based on
monitoring 6-ton and 80-ton ammonia spills, to
predict these downwind dispersion patterns.

Results from these tests will allow guidelines
to be developed to aid in the evacuation of area

residents in the event of an ammonia spill. The
study will also develop guidelines for setting safe
distances between populated areas and rail yards
that handle anhydrous ammonia.

Safety Relief Valves for Hazardous Materials
Contract No.: FR-64181
Funding: $416,001
Schedule: August 1975 — May 1981
FRA Technical Contact: D. Dancer
(202) 426-1227

Agency/Contractor: University of Maryland

Many types of hazardous materials, particular-
ly those in gaseous form, build up pressure while
being transported in rail tank cars. Efforts are
underway to ensure that levels of those pressures
do not build to such a point that tank cars are
ruptured.

An FRA research contract with the University
of Maryland was established to develop a method
to ensure that pressures in tank cars do not reach
explosive levels. Work undertaken in this contract
is designed to develop new safety valves which will
provide the required pressure relief capacity
without requiring extensive modifications to exist-
ing tank cars. The study is concentrating on the
analysis and laboratory testing of scale-model two-
phase flow-through valves.

Results of the study will be in the formulation
of performance specifications for pressure relief
valve systems on rail tank cars used to transport
hazardous materials.



Munition Car Fire Tests
Contract No.: AR-9129
Funding: $90,000
Schedule: August 1979 — September 1980
FRA Technical Contact: D. Dancer
(202) 426-1227

Agency/Contractor: Military Traffic Manage-
ment Command
Under this contract, the Military Traffic

Management Command has completed testing on
the effectiveness of a water tank in inhibiting the
progression of a detonation or fire from one
box car to another and on the effectiveness of heat
and smoke detectors and automatic fire suppres-
sion systems in box cars carrying munitions and
other explosives.

The investigation included two full-scale
fire tests. One test used a water tank to suppress
a munitions detonation. The other test used heat
and smoke detectors and an automatic fire suppres-
ston system to supnrass the fire,

Fire Safety Concepts for Railroad Cars Carrying
Class A Explosives
Contract No.: AR-8198
Funding: $125,000
Schedule: September 1978 — August 1981
FRA Technical Contact: D. Dancer
(202) 426-1227
National Bureau of
Standards

Agency/Contractor:

A fire in a rail car can create a disastrous
situation both because the fire can spread from
car to car, to other trains or to buildings, and
because personnel, equipment and water needed
are often not available to extinguish a blaze. A
fire can pose even more of a threat if it breaks
out in or near a rail car filled with such hazardous
materials as Class A explosives.
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Work undertaken in this contract by the
National Bureau of Standards is designed to
reduce the frequency and severity of fires involv-
ing munitions-carrying rail cars.

State-of-the-art technology will be evaluated
for efficiency in improving the fire safety of this
type of rail car. A cost-benefit analysis of alterna-
tive systems and devices which could contribute
to the prevention, detection and suppression of
fires will be performed. A test plan to improve
cost effective technology utilizing both small-
scale and full-scale tests will be established. Per-
formance standards will be formulated.

Emphasis in the guidelines will be placed on
improving, through a systems approach, fire
safety of rail cars carrying explosives.

Hazardous Transportation of Radioactive Materials
Contract No.: AR-8178
Funding: $650,000
Schedule: August 1978 — August 1982
FRA Technical Contact: D. Levine
(202} 426-1227
U.S. Army, Ballistics
Research Laboratory

Agency/Contractor:

Spent nuclear fuels must be transported from
power plants, where they are used, to secure dis-
posal areas. These fuels are still radioactive, al-
though spent, and must be handled with extreme
care.

The Ballistics Research Laboratory is conduct-
ing a study to determine the behavior of casks
used to hold spent fuels in the event the casks are
exposed to fire resulting from a rail accident. The
study will be conducted using full-scale pool and
torch fires of spent fuel casks.

The investigation will describe the relationship
of temperature and burning time to the critical
locations of the casks. Guidelines for responding
to rail car and cask fires can then be developed
from this research.

Statistical Modeling for Hazardous Materials in

Rail Transportation
Contract No.: TSC-1607 (Managed by the Trans-

portation Systems Center)
Funding: $209,177
Schedule: September 1978 — August 1980
TSC Technical Contact: T.S. Glickman
(617) 494-2621
Agency/Contractor:  Arthur D. Little, Inc.

The prevention of railroad accidents and the
resulting release of hazardous materials can begin
only when the causes of the accidents are under-
stood. A major step in understanding the causes is
in determining common circumstances, high-risk
situations and accident probability statistics.

This contract, in analyzing the risk of trans-
porting hazardous materials by rail, was designed
to develop computer models of rail car accident
probability, accident impact, and track network
linkages in high-risk areas. Results of the analysis
will be presented as aggregated and track-related
probability distributions and accident impact and
high-risk area network models.

The study will be used as the starting point in
investigating specific causes of accidents and in
developing strategies 10 avoid or prevent accidents
in the future.

Special Routing of Spent Fuel Shipments
Contract No.: FR-5380-C-00009
Funding: $107,197
Schedule: December 1979 — April 1981
FRA Technical Contact: D. Dancer
(202) 426-1227
Systems Technology
Laboratory

Agency/Contractor:

The transportation by railroad of casks con-
taining spent nuclear fuel may pose, in the event
of an accident, a threat to the residents of commu-
nities through which the train must pass. This re-



search contract is designed to develop procedures
to carry out risk and cost analysis for routing
trains carrying those casks away from highly popu-
lated areas.

Three major tasks are included in this contract:
First, a method will be developed for evaluating
the risks and costs of fuel cask shipments. Second,
seven origin-destination combinations will be
selected to test the method of evaluation that is
developed. Third, the evaluation method will be
tested using the seven origin-destination combina-
tions. The results of this work will be in the
development of procedures for evaluating risks
and costs for special routing of trains carrying
casks with spent nuclear fuel.

Metallurgical Studies

Contract No.: AR-40008

Funding: $572,000

Schedule: October 1973 — July 1981

FRA Technical Contact: D. Dancer
(202) 426-1227

National Bureau of

Standards

Agency/Contractor:

The National Bureau of Standards is conduct-
ing detailed tests to determine the metaliurgical
and mechanical properties of steel used in tank
cars which carry hazardous materials.

The study is using steels taken from the head
plates of tank cars used in switchyard impact tests
at the Transportation Test Center. The steels will
undergo eight separate tests to determine such
characteristics as changes under different tempera-
tures and behavior of various shapes and forms
during impact.

The study is designed to result in the develop-
ment of performance specifications for steel used
in the manufacture of tank cars. New specifica-
tions will help prevent hazardous materials releases
by requiring impact-resistant tank cars.

Thermal Shield Testing
Contract No.: AR-9134
Funding:  $500,000
Schedule: September 1979 — September 1981
FRA Technical Contact: D. Levine
(202) 426-1227
U.S. Army, Ballistics
Research lLLaboratory

Agency/Contractor:

Performance specifications are needed to
ensure that tank cars, commonly used to carry
hazardous materials, are able to withstand a
degree of fire and heat before their contents are
forced into the atmosphere.

This contract supports, in part, the develop-

THERMAL SHIELD TESTING

ment of performance specifications by upgrading
the torch fire test facility at the Transportation
Test Center so that simulated pool and torch
fires of thermal shield systems on tank cars can be
carried out.

Upgrading of the torch fire test facility center
and studying fire protection afforded by existing
insulation on Class 105 tank cars will assist the rail
industry in improving fire protection and thermal
shields of one of the most commonly used con-
tainers for the shipment of hazardous materials.

Results of this contract are directed toward
the development of recommendations for improve-
ing the fire safety of munition-carrying box cars.

M



Guidelines for Railroad Accident Emergency
Response and Wreck Clearance

Contract No.: AR-9157

Funding: $450,000

Schedule: September 1879 — July 1982

FRA Technical Contact: D. Levine
(202} 426-1227
Agency/Contractor: U.S. Air Force,
Rocket Propulsion
Laboratory

The response to the release of hazardous
materials by local, state, Federal or railroad per-
sonnel may endanger those people or may create
a situation more dangerous than the original prob-
lem. Emergency response personnel must be in-
formed of the characteristics of the material(s)
and combination of materials with which they
are faced and the response that is most appro-
priate for the situation. This study is designed to
prevent uninformed action by developing guide-
lines and recommended for use by emergency per-
sonnel in situations involving hazardous materials.

The study will include the investigation of
current hazardous material wreck clearance proce-
dures and will assess the risks inherent in each of
those procedures. Recommendations and guide-
lines will outline the responses that are most
appropriate in specific emergency situations. A
handbook for emergency response personnel will
be prepared which will contain recommendations
and guidelines outlining responses that are most
appropriate in specific situations.
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Support of Fire Tests of Spent Nuclear Fuel
Shipping Casks
Contract No.: AR-8189
Funding: $1,025,000
Schedule: September 1978 — September 1981
FRA Technical Contact: D. Dancer
(202) 426-1227
U.S. Department of
Energy

Agency/Contractor:

The transportation of casks containing spent
nuciear fuel by rail is often a long and time-con-
suming journey. In the event of an accident, the
trip may also pose a threat to the residents of com-
munities through which the train must pass.

in an effort to mitigate the possibility of such
a mishap, the U.S. Department of Energy is con-
ducting a study for the FRA to evaluate the capa-
bility of spent fuel casks to withstand accidents
and fires without releasing dangerous levels of
radiation. The study will involve the design and
fahrication of two small-scale casks and an exami-
nation of their behavior in fires. The study will
also involve reconditioning two full-size casks and
an examination of their behavior in fires.

Results of these fire tests, and results from
other research contracts, will help the FRA in the
formulation of performance specifications re-
quired for spent fuel casks.



RAIL VEHICLE COMPONENT FAILURE PREVENTION

PROJECT

For the past 10 vears, approximately
23 percent of accidents on the railways can
be attributed to failures in the various
components of rail vehicles. The major
components experiencing failure are the
wheels, truck components, coupler and
draft system components, axles and bear-
ings and brakes.

Many accidents could have been
avoided if countermeasures for defective
components had been available. Also,
safety and performance testing of com-
ponents should be regarded as a means of
preventing accidents and improving the
efficiency of the railway system.

The project not only looks at the
structure of vehicle components and
makes laboratory tests, but it also con-

siders the operating environment to be an
important consideration in appraising the
performance of rail car parts. Many of the
characteristics of railroad operations and
surroundings cannot be simulated in a
laboratory. Hence, this project deter-
mines the service environment experienced
by vehicles and critical vehicle components
and recommends changes in vehicles and
their components where problems may
arise. It also develops techniques to identify
components in use which are about to fail.

This project also provides the industry,
FRA and suppliers of components with
guidelines on locomotive suspension sys-
tems, performance specifications for criti-
cal vehicle components and concepts for
on-board component failure detection.
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CONTRACTS

Overheated Bearing and Local Derailment

Detector
Contract No.: AR-44061-54162
Funding: $1,309,000
Schedule: November 1974 — February 1982

FRA Technical Contact: J.C. Mould
(202) 426-1682
Naval Surface Weapons

Center (NSWC)

Agency/Contractor:

In the course of 30 billion miles traveled
each year, the 2 million American railroad freight
cars suffer thousands of derailment accidents.
These derailments are due to numerous causes,
but historically approximately half are due to
failures of eqguipment or roadway. The cost of
these derailments is not accurately known, but
estimates for equipment and roadway-caused acci-
dents total apnroximately $60-85 million for
direct railroad losses, with total losses estimated
at $180-330 million per year.

The largest single category of eqguipment-
caused derailments is due to broken or over-
heated journal bearings (hothoxes), which ac-
counted for $45-75 million in estimated total
damages. Other major eguipment-caused derail-
ment sources are broken truck components and
car dynamics. Similarly, the majority of roadway-
caused derailments are attributable to broken rails,
joints, or switches and to improper maintenance
of the roadway.

This contract provides for special technolo-
gies developed at the Naval Surface Weapons Cen-
ter to be adapted by designing, fabricating and
testing a hot bearing and derailment detector
system. The detectors are located on each wheel
and, when activated, stop the movement of the
whole ftrain. These devices are installed on four
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cars of the DM&IR Railroad, and the system is
undergoing a full operational test.

A Study of the Effects of the Physical Properties
of Nonmetallic Materials on Rail Vehicle
Dynamics

Contract No.: AR-8190

Funding: $246,000

Schedule: September 1978 — March 1981

FRA Technical Contact: D.A. Vaughn
{(202) 426-1227

National Aeronautics and

Space Administration

Agency/Contractor:

This study focuses attention on the types of
nonmetallic materials used in railway applications.
Nonmetallic materials include natural and synthet-
ic polymers such as fabric, paint, and glazing;
fluids and lubricants; and composites exemplified
by brake shoes and fiber-reinforced plastics. Non-
metallic materials represent a very small, but
very essential, part of railway material use, and it
seems likely that this will continue to be the
case. Since railway equipment is engineered
for a long life, the spread of new materials will be
slow. The primary thrust for nonmetallic materials
improvements will come from the reduction of
maintenance requirements brought about by
lengthened service life and predictable perform-
ance characteristics.

This study will determine the effects of vary-
ing the physical properties of certain visco-elastic
materials used in rail vehicle suspension systems on
the characteristics of the dynamic fatigue life of
such systems. This work will be useful to the rail-
road industry. Amtrak, suppliers, the FRA, and
the Office of Safety. [t will allow improvements

to be made in the design and performance of new
SUSpPENSIoN systems.

Track/Train Dynamics/Phase 11

Contract No.: FR-64228

Funding: $2,291582

Schedule: June 1976 — August 1981

FRA Technical Contact: D.M. Dancer
(202) 426-9252

Association of

American Railroads

Agency/Contractor:

The international Government/industry Re-
search Program on Track Train Dynamics is a 10-
year, 3-phase, cooperative rosearch effort directed
towards the alleviation of the adverse effects of
track/train  dynamics, The placement of new
equinment in revenue service and changes in train
makeup practices have freguently led to opera-
tional situations involving complex dynamic inter-
actions which have contributed to an increasing
number of train accidents. Alleviation of the
personal casualties, equipment damage, and lading
damage which result from diverse dynamic inter-
actions will allow the railroad industry to improve
safety records, work at a higher efficiency, provide
more dependable and reliable service, and supply
continuing low-cost transportation services,

Phase Il has as its goal the development of
recommended performance specifications and
relevant design guidelines to assure the safety of
operations through compatibility of equipment,
track structures, and their components with the
operating environment. Part of this work investi-
gates track stress and rail flaws, and part investi-
gates rail vehicle components, especially for heat
effects and wear.



Stress Relaxation Characteristics of Elastomeric
Isolation Pads

Contract No.: AR-8193

Funding: $100,000

Schedule: September 1978 — May 1981

FRA Technical Contact: D.A. Vaughn
(202) 426-1227

D.W. Taylor

Naval Ship R&D

Center

Agency/Contractor:

This contract is for the development of a
predictive capability for determining the life
cycle performance of elastomeric isolation pad
materials currently being built for locomotive
use. This task will: develop a test methodology
for performing stress relaxation tests; prepare
rigid steel fixtures capable of being loaded and
jocked under controlled conditions, evaluate
test specimens of tensile dumbbell type in regards
to its reaction to atmosphere, temperature, expo-
sure time, and life cycle tests. This data will be
analyzed and —ompared to other test specimen
information.

The railroad industry, suppliers of equip-
ment, Amtrak, and the National Transportation
Board (NTSB) will be able to use this informa-
tion to gain an understanding of the behavior of
non-metallic materials in railroad service.

Wheel Failure Studies
Contract No.: FR-5380
Funding: $447,500
Schedule: Aprit 1980 — December 1982
FRA Technical Contact: D.A. Vaughn
(202) 426-1227
National Aeronautics and
Space Administration

Agency/Contractor:

The wheel is one of the most critical compo-
nents of a car or locomotive in that a failure often
results in a major derailment causing significant

damage and operational losses. Moreover, the
railroads are operating today with trains that are
longer, heavier and running at higher speeds on
deteriorating track and structures. The dynamic
Joads imposed on the locomotive and car wheels
have increased tremendously, thereby increasing
the potential for wheel failures. Since a wheel
failure can cause a serious derailment that may
result in injury and huge nonproductive financial
costs, a need exists for determining the extent to
which the wheels can be expected to perform
without failure.

This contract satisfies this need by the devel-
opment of a test facility to evaluate new and exist-
ing wheel designs under simulated operating con-
ditions. A test device, capable of subjecting
wheels to high thermal inputs until failure occurs
is currently being constructed. It will be fully
instrumented to determine temperature-strains and
metallurgical changes. The results of these tests
will be useful in providing guidelines to industry,
the FRA Office of Safety, and the National
Transportation Safety Board (NTSB) for pre-
venting wheel failure.

Locomotive Dynamic Performance Program
Contract No.: AP-64231
Funding: $1,085,000
Schedule: March 1976 — May 1981
FRA Technical Contact: J.V. Mirabella

(202) 426-1227
National Aeronautics and
Space Administration

Agency/Contractor:

This contract will obtain locomotive truck
behavior characteristics at various temperatures
to determine truck stiffness and properties data
as part of an on-going program to understand
truck dynamics. This will involve two-axle loco-
motive trucks and some truck components being
tested at ambient temperature and at reduced

temperature. The locomotive dynamic charac-
teristics will be determined, and a simplified model
will use this data to develop a methodology which
can be used to compare performance of the |Joco-
motives. These characteristics will provide guide-
lines to the FRA Office of Safety and the railroad
industry on locomotive suspension systems and
the results should help in improving the safety
of railroad operations.

Study Techniques to Distinguish Degraded
Performance in Various Rail Vehicle
Components

Contract No.: AR-8187

Funding: $175,000

Schedule: September 1978 — September 1982

FRA Technical Contact: D. Levine
(202) 426-1227

Department of Army/

Ballistics Research

Laboratory

Agency/Contractor:

For the past 10 vyears, approximately 23
percent of the accidents sustained by the nation’s
railroads have been attributable to failures of vari-
ous component parts of rail vehicles. Chief among
these are failures of wheels, followed by truck
components, coupler and draft system com-
ponents, axles and bearings, and brakes. One ap-
proach taken to address this problem has been to
investigate measures for preventing the failures
before they occur. For example, wheel designs
and alloying content have recently come under
investigation in an effort to increase rail car
wheels’ ability to withstand high brake-induced
thermal loads.

This approach has resulted in the develop-
ment of some successful countermeasures. How-
ever, in order to implement a complete system
engineering approach to the problem, investiga-
tions need to be made of concepts that will
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warn of impending degradation of the perform-
ance of various components.

The objective of this contract is to investigate
a wide range of conceptual techniques for dis-
tinguishing abnormal or degraded safety perform-
ance in various rail car component parts. The range
of concepts includes on-board vehicle and track-
based systems. The purpose of these systems
will be to signify, in the appropriate manner,
that the operational performance of a given com-
ponent is degraded to the point where replace-
ment or repair is warranted. The present tasks in-
clude analysis and ranking of component parts
which have failed and resulted in accidents; evalu-
ation of the usefulness of various methods for
detecting degraded performance in rail car com-
ponent parts; and laboratory and field testing of
those methods.

Small-Scale Investigation of Improved Wheels

Contract No.: FR-744-4301

Funding: $385,366

Schedule: September 1977 — June 1981

FRA Technical Contact: J.V. Mirabella
(202) 426-1227

Hlinois Institute of

Technology

Agency/Contractor:

One major cause of train derailments has
been the failure of wheels. This often results
in costly damage to equipment and poses a serious
threat to life, as in the case of freight trains
hauling hazardous materials, or high-speed pas-
senger trains. For example, a broken wheel de-
railed a freight train in Laurel, Mississippi in
1969. The train included tank cars carrying a
liguefied petroleum gas. Most of these cars ex-
ploded following the derailment, igniting dwellings
and buildings as well as inflicting mechanical
damage. Several fatalities and over $3 million
worth of damage resulted. With the current trends
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to greater vehicle capacity and higher speeds, the
incidence of whee! failure may further increase
unless remedial action is taken.

This contract involves the development of a
number of design considerations which will later
be combined into concepts for wheels with im-
proved adhesion characteristics, reduced instances
of derailments due to worn wheels and reduced
instances of wheel failure due to causes associated
with wheel wear. This will include a literature
search for past and present work in the area;
establishment of criteria for evaluating rail wheel
improvements; development of a detailed experi-
mental plan and the design and fabrication of
model rail wheels; design, fabrication of, and
evaluation of small-scale wheels employing the
design features developed; development of new
wheel concepts by combining design features
recommended; design and fabrication of ™odel
rail wheels; test on wheels; combination and
analysis of best designs and recommendations
for concepts for full-scale wheels with improved
characteristics. These concepts for improved wheel
designs will provide performance guidelines for
wheel manufacturers, railroads, and the FRA
Office of Safety.

Quick Response Safety Research
Contract No.: FR-718-4261
Funding: $1,153.850
Schedule: March 1977 — December 1980
FRA Technical Contact: J.V. Mirabella
(202) 426-1227

Agency/Contractor: Arthur D. Little

The contractor developed performance speci-
fications, safety guidelines, and testing techniques
in support of the Office of Rail Safety Research.
Previous outputs have included guidelines for the
testing of FRA rear end marking devices and a
conceptual design of a Wheel Testing Facility.

The output of this contract has been used in
supporting FRA rulemaking and responding to
National Transportation Safety Board recom-
mendations.

Testing and Analysis Support
Contract No.: AR-74340
Funding: $400,000
Schedule: August 1977 — August 1980
FRA Technical Contact: D. Levine

(202) 426-1227
U.S. Army, Ballistics
Research Laboratory

Agency/Contractor:

The tasks assigned under this contract were
limited to seven specific functional areas of R&D:
Experimental Planning and Design; Development
of Test Procedures; Instrumentation Design/
Installation;  Calibration of Instrumentation/
Measurement Systems; Data Acquisition, Reduc-
tion & Analysis; Testing (laboratory and field);
and Feasibility Studies.

This research was beneficial for the FRA
Office of Safety, the operating railroads, NTSB,
Amtrak, and the railroad supply industry.



VEHICLE STRUCTURAL INTEGRITY/OCCUPANT
PROTECTION PROJECT

The Vehicle Structural Integrity/Occu-
pant Protection Project was established to
ensure that the high degree of safety en-
joyed by railroad employees and passen-
gers continues. In FY80, full-scale impact
and fire testing was initiated on both
passenger and crew rail vehicles. The pur-
pose of the testing is to verify the small-
scale testing and analytical work conducted
in prior vears. In addition, the research
results will be used to develop guidelines
for vehicle structural integrity and crash-
worthiness and for vehicle interior design.

Growing public awareness and concern
with all areas of consumer safety, coupled
with the increased use of synthetic fibers
and plastics for vehicle interior components,
have also prompted DOT to consider estab-
lishing fire safety standards for rail passen-
ger vehicles. The majority of the materials
used for interior applications are com-
bustible, to a certain degree. However, a
proper selection and use of interior mate-
rials can reduce the potential fire hazards
to which rail passengers are exposed. The
principal concern is that in the event of a
fire, the source of ignition be localized,
thus allowing adequate time necessary for
the complete evacuation of the vehicle.

The evaluation of combustible material
in terms of fire hazard is an extremely

difficult problem. Sufficient data to pre-
cisely quantify the degree of hazard repre-
sented by burning interior materials does
not exist. Test methods now available
measure only the flammability and smoke
generation of individual materials and do
not explore the total interaction and fire
behavior of materials involved Iin a total
vehicle fire.

Significant factors which must be in-
vestigated include ignition temperature,
rate of flame spread, heat transfer, etc.
Moreover, the behavior of a burning

CRASHWORTHINESS TESTING

material may vary in a specific situation
because of the particular use and location
of the material within the vehicle. En-
vironmental conditions such as air supply,
venting and turbulence should also be
taken into account,

It has been recognized by the FRA that
additional data is needed to provide the
basis for development of reasonable fire
performance requirements for interior
materials. A major research effort cur-
rently underway is intended to produce
this necessary data.
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CONTRACTS

Fire-Flammability of Materials Used in Rail
Passenger Cars
Contract No.: AR-8179

Funding: $675,000
Schedule: August 1978 — August 1982
FRA Technical Contact: D. levine
(202) 426-1227
Agency/Contractor: U.S. Army,
Ballistics Research
LLaboratory

Despite the enviable safety record possessed
by intercity rail passenger travel, the occurrence
of an onboard fire within the rail vehicle interior
presents the potential threat of injury or death to
passengers.

The Department of Transportation is con-
sidering the development of fire safety standards
for materials used within the interior of ihe
vehicles.

Information describing rail interior fires
will be collected as well as pertinent Federal,
state, and local fire prevention regulations and
codes. Existing flammability test methods will
be reviewed to select methods which are applicable
to vehicle interior materials. Flammability of
current interior materials in various categories of
use will be measured using suitable fire testing
methods.

A full-scale test of a typical rail passenger
vehicle interior will be conducted. This test will
allow the evaluation of the complete interaction
between burning materials within the entire
vehicle.

The output of the research effort will be
used in developing fire performance requirements
for materials used within rail passenger vehicle
interiors.
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Scale Model Support for Assessment of

RR Structural Safety Options
Contract No.: TSC-8086 (Managed by the

Transportation Systems Center}

Funding: $463,442
Schedule: June 1980 — June 1983
TSC Technical Contact:  O. Orringer

(617) 494-2419
Southeast Research
Institute

Agency/Contractor:

Engineering support will be provided in the
area of scale model testing for assessment of rail-
road structural safety options.

The efforts of the contractor are expected to
support TSC in conducting rapid evaluations of
the crashworthiness capabilities of the structural
concepts identified by parallel studies as poten-
tially viable vptions.

Locomotive Crashworthiness Safety Options

Study
Contract No.: TSC-RA-7914
Funding: $825,000

Schedule: July 1979 — October 1980
TSC Technical Contact: O, Orringer
(617) 494-2419
U.S. Army, Ballistic
Research Laboratory

Agdency/Contractor:

Support for the Railroad Crashworthiness
Program was provided in this contract through the
identification of locomotive characteristics, the
review of design practices, impact analysis, the
evaluation of existing locomotive cab structures
and performance guidelines for the solution of
locomotive caboose override,



RAIL VEHICLE CONTROL SYSTEMS PROJECT

The objective of the Rail Vehicle
Contrel Systems Project is the reduction
in frequency and severity of railroad
accidents caused by control systems and
procedure failure. Research efforts are
concentrated in the areas of railroad
signals, communications, and control
systems.

The safe and efficient movement of
hundreds of freight and passenger trains
daily is dependent on the correct func-
tioning of signals along the railroad right-
of-way and constant communication be-
tween the train crew and dispatcher control
points.

Although all signal and communica-
tions failures cannot be realistically elimi-
nated, FRA is developing a safety research
and development plan to identify areas in
which potential changes in equipment or
procedures could contribute to an im-
proved level of safety.

Development of Safety Research and
Development Plan for Railroad Signals,
Communications and Control Systems

Contract No.: FR-9025

Funding: $49,978

Schedule: February 1979 — March 1980

FRA Technical Contact: J. Mould

(202) 426-1682

Agency/Contractor: OAOQO Corporation

The safe and efficient operation of freight
train movements within the limited range of a
railroad vyard or across the entire country is
dependent on the correct functioning of track and
vehicle signal control and communications system
and procedures. The results of the work under-
taken for this contract were intended to serve as
the basis for the development of a research and
development program plan which contributes to
safer operations and reduces the probability of
human injury and/or property damage.

The outputs are the identification of hazard-
ous conditions which can develop and possibly
result in accidents and the identification and
evaluation of specific remedies to counteract
each type of failure.
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TRUCK DESIGN OPTIMIZATION PROJECT

As the major component between the
lading and the track, the freight car truck
performs the essential functions of guid-
ance, support, and vibration absorption to o
the freight car. In performing these func- — NN
tions in a dynamic environment, the
standard three-piece truck has performed
remarkably well since its introduction in
the early 1900’s. However, increasing
demands on the rail transportation system,
in the form of heavier car weight, higher
center of gravity, and increasing speed,
coupled with detericrating maintenance of
equipment and track, have indicated that WHEEL & AXLE
improvements to the standard truck are ASSEMBLY __———
required. Z) s

In response to the need of the rail I
industry for a better freight car truck
design, the FRA is sponsoring a broad-
based research program: the Truck Design
Optimization Project (TDOP). Its purpose
is to characterize the behavior of existing
trucks and to generate performance and
test specifications for new truck designs.
Using quantitative performance indices
defined by operational and economic
information, these specifications will not
only provide the technical base for design
innovation, but also facilitate its easy
correlation with the cost of such design

BRAKE -
RIGGING

SUSPENSION
SYSTEM

improvements. ASSESSMENT OF TRUCK DESIGN CHARACTERISTICS
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Phase | of the TDOP was a study of the
Type [, general purpose, three-piece truck.
The standard, three-piece freight car truck,
or its modified versions with basically
similar configurations, is defined in TDOP
as the ""Type |I” truck. The “improved"”
or Type 11 truck is defined as a truck
whose design features bring about func-
tional differences in truck and carbody
behavior. In the context of TDOP, the
main restriction placed on a Type |l
truck is that it preserve coupler height,
but the method of mounting the wheelsets
on the frame and of supporting the car-
body are not specified. In Phase |, two
standard, three-piece trucks (the American
Steel Foundries’ Ride Control truck, and
the Standard Car Truck Company's Barber
S-2 truck) were tested under 70- and 100-
ton carbodies. The data from Phase |
constitute the main basis for character-
izing the performance of the Type | truck.

The TDOP project is now in Phase |1,
having as its objectives:

® Defining the performance of both
Type | and Type Il trucks in
gquantitative terms, represented by
performance indices;

® f[stablishing a plan to collect
economic data on the cost of
acguiring, operating, and main-
taining the standard, Type | truck;

® Determining a guantitative basis to
evaluate the economic benefits to
be derived from Type Il trucks;
and

® (Generating performance character-
izations for Type | trucks and per-
formance and test specifications for
Type |l trucks.

These objectives are being met through
several approaches that include:

® Road testing several Type | and
Type Il trucks;

® Mathematical modeling of freight
car trucks to augment and comple-
ment the comparison of test
results;

® [Determination of wear of Type |
and Type !l trucks in unit train
service over an extended period
of time;

f
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DRESSER DR-1 RADIAL TRUCK (TYPE |l TRUCK EXAMPLE)

Collection of economic data on
truck maintenance and operation,
and correlation of such data with
information on truck performance;
and

Engineering interpretation includ-
ing effect on performance of
eventual wear and deterioration
of truck components.
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Most of these are concurrent activities,
for example: developing and refining a
methodology; field testing of the trucks;
economic data collection and analysis;
and assessment, validation, and use of
computer models. Those activities will
soon culminate in the establishment of a
Type | truck performance characterization
document. A Type |l performance speci-
fication, a test specification for Type |
and |1 trucks, a cost/benefit analysis, and
a final report will be produced at the
conclusion of the project.

[n order to accomplish TDOP goals,
a project methodology was established
in which key terms have been defined in
order to develop performance character-
izations and performance specifications
for the Type | and Type Il trucks, re-

spectively. Secondly, the methodology
shows how testing, data acquisition/
reduction, computer modeling, and en-

gineering analysis will be used to develop
the performance characterization/
specifications.

In addition, the truck performance
must be defined with respect to the truck’s
operating conditions. These conditions
may differ considerably from one rail-
road to another. For example, a railroad
operating primarily in mountainous terri-
tory at relatively low speeds may be con-
cerned with reducing wear of wheels and
rails in curves. On the other hand, a rail-
road operating in flat terrain at high speeds
will require that its trucks have high lateral
stability. Railroads handling fragile cargo
may be concerned with the ride quality
aspect of performance. Safety and stability
of the vehicle system, e.g., harmonic roll,
is the concern of all operators.
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A useful characterization of truck per-
formance thus requires the identification
of specific performance regimes which may
be defined as sets of conditions associated
with predominant features that distinguish
one regime from another. Besides being
distinct and non-overlapping, the set of
performance regimes should be inclusive,

e., identify all aspects of truck behavior.

In order to make possible the quantita-
tive evaluation of truck performance, both
absolute and comparative, each perform-
mance regime must be associated with per-

formance indices, by which is meant
measurable quantities typical of that
regime. Examples are critical speed of

hunting, lateral wheel load in curves, and
minimum dynamic vertical wheel load.

Common terms used in the TDOP

are defined below.

Lateral Stability (Hunting)
Hunting is a self-excited lateral and yaw
oscillation of the truck and carbody that

—
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occurs above a certain speed (the "‘critical
speed”’’).

Curve Negotiation

The ability of a freight car truck to
negotiate a curve with minimum resistance
is treated in this regime.

Trackability

Trackability refers to the ability of
the truck to maintain an adequate load on
all four wheels under a range of track con-
ditions, and the dynamics of the vehicle
resulting from transient or periodic changes
on these conditions.

Ride Quality

Ride quality denotes a standard of
performance rather than a performance
regime. It is generally taken to refer to the
acceleration environment in the carbody
and thus reflects the capability of the
truck to isolate the carbody from track
irregularities.

TRUCK DESIGN TESTING ON UNION PACIFIC RAILROAD WITH DIFFERENT TRUCKS



CONTRACTS

Truck Design Optimization Project (TDOP),
Phase |1
Contract No.: DOT-FR-742-4277
Funding: $4,006,244
Schedule: September 1977 — March 1981
FRA Technical Contact: N. Tsai
(202) 426-0855
Agency/Contractor: Wyle Laboratories

Wyle Laboratories is conducting a study for
the FRA in response 1o the need of the rail in-
dustry for a better freight car truck design.

The objectives of this study are to:

1} Provide a truck evaluation methodology,
including benefit/cost analysis;

2) Characterize the dynamic and wear
behavior of existing trucks; and

3) Develop performance and test specifica-
tions of new freight car trucks.

To achieve the aforesaid objectives, TDOP
is conducting engineering analysis, field testing
and economic data collection and analysis for both
existing and seven improved truck designs. The
first two objectives have been completed. The
performance specification of the new truck designs
will be prepared upon the completion of the
performance and wear testing programs.

The outputs of this project are the technical
reports on truck characterization and an eco-
nomic-based performance specification. To inform
the users of these reports, TDOP has conducted
four industry-wide in-progress review rmeetings
where reports of project progress were discussed.

TRUCK DESIGN OPTIMIZATION PROJECT

OBJECTIVE

® |MPROVE FREIGHT CAR TRUCK PERFORMANCE THROUGH THE DEVELOPMENT OF SYSTEM-TYPE
SPECIFICATIONS THAT INCLUDE ENGINEERING, ECONOMIC AND OPERATIONAL CONSIDERATIONS

APPROACH
e MULTI-PHASE PROGRAM

® CHARACTERIZATION OF GENERAL PURPOSE AND SPECIAL SERVICE TRUCKS THROUGH TESTING AND
ANALYSIS

e ECONOMIC ASSESSMENT AND ESTABLISHMENT OF METHODOLOGY FOR DETERMINING TRUCK COSTS AS
RELATED TO TECHNICAL PERFORMANCE INDICES

® DEVELOPMENT OF MATHEMATICAL MODELS FOR INDUSTRY USE AND DATA ANALYSIS
e DEVELOPMENT OF PERFORMANCE AND TESTING SPECIFICATIONS
e [NDUSTRY PARTICIPATION TO INSURE IMPLEMENTATION OF RESULTS

PAYOFFS
¢ HIGHER LEVEL OF IN-SERVICE PERFORMANCE
e EQUIPMENT THAT IS LESS COSTLY TO PROCURE, OPERATE AND MAINTAIN
o DECREASED LADING DAMAGE
e MORE PROFITABLE OPERATION
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QUANTITATIVE
PERFORMANCE
CHARACTERISTICS

v

IDENTIFICATION OF
ENGINEERING FACTORS

WITH ECONOMIC IMPACT

ECONOMICS
EVALUATION
OF VALIDITY

lCONFIRM

RE-EVALUATE

EVALUATION OF
PARAMETRIC CONTRIBUTIONS
TO ENGINEERING FACTORS

ECONOMICS

COST/BENEFIT
EVALUATION

REJECT

IDENTIFY TRUCK PARAMETERS OF INFLUENCE

PRELIMINARY ENGINEERING ANALYSIS
AND/OR
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PERFORMANCE SPECIFICATIONS INDICES

DEVELOP GUIDELINE PERFORMANCE

SPECIFICATIONS

ENGINEERING/ECONOMICS INTERFACE
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BRAKING PERFORMANCE PROJECT

The objective of the Braking Perform-
ance Project is to investigate the total
behavior of a freight train brake system in
order to develop performance guidelines to
support Freight Car Safety Standards.

The primary tool for the safe control
of train operation is the brake system,
which is responsible for controlling both
the speed of the train as well as the dynam-
ic forces within the train. Brake action also
has a pronounced effect on wheels and the
dynamics of the wheel/rail interface.

Freight trains have an automatic brake
system which is a pneumatic control sys-
tem with a dual-purpose brake pipe sup-
plying power to the brake valves and trans-
mitting commands to the brake valves on
individual cars. Brake valves must cor-
rectly interpret pressure signals transmitted
by the brake pipe. Difficulties occur due to
leakages existing throughout the length of
the train. Furthermore, faulty brake ap-
plications occur, resulting in casualties, de-
railments, and equipment damage.

While the train air brake system has
achieved maturity of design, it has yet to
gain from the technical understanding we
have today. The National Transportation
Safety Board (NTSB) has expressed the
need for brake system research in the area
of brake shoe composition, forces, and en-
vironmental variations. In addition, the

FRA Office of Safety has requested that
the Office of Rail Safety Research provide
a basis for the development of brake system
performance standards by considering such
components as propagation of air, valve
operation, rigging  efficiency, brake
shoe  wvariations, and  environmental
considerations.

Eight tasks have been identified for
research in order to achieve precise under-
standing of the train air brake system for
improvement of train safety:

Task 1 — Assessment of Safety Benefits for
Implementation. Analyze accidents that
might have been avoided by achieving
shorter stopping distances and identify
human errors.

Task 2 — Fluid Mechanical Analysis. Ana-
lyze pressure/flow characteristics for a
comprehensive picture of the brake pipe.

Task 3 — Leakage Detection/Location.
Develop procedures to locate concen-
trated leakage in the brake pipe.

Task 4 — Brake Rigging Efficiency. Design
and perform a series of experiments to
determine dynamic brake rigging efficiency.

Task 5 — Net Braking Ratio. Analyze rela-
tionship of variations in Net Braking Ratio
as related to in-train forces and their poten-
tial to cause accidents.

Task 6 — Brake Shoe Materials. Review
brake shoes in current use to provide in-
herent characteristics and associated prob-
fems of each; also, assess brake shoe mate-
rials with reference to life and safety of
commonly used wheel and evaluate safety
implications of off-tread braking.

Task 7 — Environmental Considerations.
Examine the cumulative effects of pro-
longed temperature extremes and pro-
longed application (e.g., snow brake, drag
brake).

Task 8 — Brake Performance Standards.
Develop a set of criteria for performance
requirements of train brake systems.
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CONTRACTS

Freight Train Brake Systems Safety/Study A
Contract No.: DTFR53-80-C-00088
$181,512

June 1980 — June 1983

D.A. Vaugh
(202) 426-1227
[llinois Institute of
Technology Research
Institute

Funding:
Schedule:
FRA Technical Contact:

Agency/Contractor:

The objectives of this contract are to develop
concepts for improved stopping distances for
freight trains, to study effect of irregular car brake
forces on in-train forces, and to evaluate brake
shoe characteristics and the effect of shoes on
wheel life.

An assessment of the safety benefits that
would accrue by achieving shorter stopping
distances will be done. Brake rigging efficiencies
will be measured. Data developed under other
contracts will be used to assess the inherent
characteristics and associated problems of each
type of brake shoe.

The results and recommendations of the study
will be used for subsequent work to develop brak-
ing systems performance guidelines in support of
Freight Car Power Brake Regulations.

Freight Train Brake Systems Safety/Study B
Contract No.: DTFR53-80-C-00103
Funding: $238,205
Schedule: July 1980 — July 1983
FRA Technical Contact: D.A. Vaughn
(202) 426-1227
Bolt, Beranek and Newman,
Inc.

Agency/Contractor:

The objectives of this contract are to formu-
late characterization of brake pipe air flow, to
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develop comprehensive computer models of the
air brake system to be used as a tool to address
outstanding NTSB brake questions, and to develop
brake shoe data to be used in brake shoe
evaluations.

The air flow through the brake pipe will be
analyzed mathematically to determine pressure/
flow characteristics. Tests of a simulated freight
train brake pipe will be conducted. Brake shoes
will be tested on a dynamometer to determine
the coefficient of friction under environmental
conditions.

The outputs of this contract will include
train brake testing technigues to assure adequate
brake force, and recommendations concerning
brake shoe operation in various environments.



COUPLING AND BRAKING SYSTEMS
OPTIMIZATION PROJECT

Whether an advanced railroad com-
ponent or system is suitable for imple-
mentation, development, or research de-
pends on whether it shows sufficient
promise to be cost-effective. Determining
this involves a multi-stage process. First,
a realistic assessment must be made of the
future stream of anticipated costs and
benefits. Costs are usually assessed in terms
of monetary outlays, but benefits will tend
t0o appear as reduced time for crews to
perform certain functions, greater safety
of operation, or extended component life
times. To facilitate a comparison of costs
and benefits, these factors must all be
reduced to the same financial basis. How-
ever, these costs and benefits occur uneven-
ly over time (costs invariably precede
benefits) and must also be reduced to
common terms through a net present
value technigue to discount future cash
flows. Once this has been done, costs and
benefits can be compared as a ratio which
provides a measure of the attractiveness
of a particular candidate system.

The Coupling and Braking Systems
Optimization Project was initiated to
develop systems that will improve railroad
efficiency, productivity and, concomitantly,
profitability. Emphasis is therefore placed
on evaluating, strictly in monetary terms,
the costs and benefits of a broad range of
possible systems. Underlying much of the
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SCHEMATIC DIAGRAM OF A LOAD-PROPORTIONAL BRAKING SYSTEM

study is therecognition that recent advances
in electronics, communication, and control
technologies could be applied to braking
and coupling systems with dramatically
beneficial results. Indeed, combined benefits
on the order of abillion dollars a year may
ultimately be realized.

The purpose of this project is to
determine a future course of R&D for rail-
road braking and coupling systems. The
systems investigated in this study are
classified as mechanical or electrical and
according to whether their principal func-
fion 1s to improve operating efficiencies
(mainly in yards) or the dynamics of train
performance (mainly over the road).

The methodology for evaluating the
costs and benefits of each system involves
estimation of incremental equipment costs
per car, and the estimation of maximum
allowable costs per car. Financial analysis
of these estimates is based on a specified
implementation scenario in which the
future stream of costs and benefits is to be
realized, and on such financial parameters
as discount rate, depreciation schedule,
and tax rate.

The resulting cost/benefit figure of
merit is expressed as the ratio of the esti-
mated cost to the allowable cost. When
this ratio is less than unity, it indicates
that the system is favorable; when it is
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greater than unity, the return on invest-
ment is insufficient to justify its cost.

The results of this study lead to several
important conclusions. Of the nine mech-
anical systems evaluated, only wide-range
couplers and high strength knuckles appear
promising. The coupler could have a
particularly large impact, primarily because
it speeds the assembly of trains in classifica-
tion vyards.

Most ot the electrical systems show
promise of substantial financial benefits.
The connectors and wiring are the frame-
work upon which other systems are to be
built. Remote-controlled couplers are very
attractive if their implementation is accom-
panied by a crew-size reduction of one
member. Remote-controlled brake locks
replace the use of hand brakes in many
situations and can result in significant
annual savings. The ultrasonic brake con-
troi system, applied to cars reguiring spe-
cial handling (about 5 percent of the fleet)
can save significant classification time and
an undetermined amount of loading dam-
age. The train condition monitor, by
speeding the power brake test, could poten-
tially save considerable amounts of expend-
iture in labor and equipment utilization.

Of the remaining electrical systems
{those designed to improve dynamics), only
the electronic brake system shows much
potential. It can probably be made for less
cost than the conventional pneumatic
system. Even at $120 per car set, electronic
load sensors do not appear ready for fleet-
wide use, but may be appropriate for cars
with  unusually high gross/tare  weight
ratios.
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CONTRACTS

Braking and Coupling Systems Design

Optimization — System Engineering
Contract No.: DOT-FR-8091
Funding: $291,782
Schedule: August 1978 — March 1981
FRA Technical Contact: N. Tsai

(202) 426-0855
Agency/Contractor: Bolt, Beranek and
Newman, Inc.

The objectives of this contract are to assess
the likelihood that advanced braking and coupling
systems will ultimately be incorported by the rail-
road industry and to develop recommendations for
further research in the most promising areas for
improvement in contemporary systems.

A cost/benefit analysis methodology and data
base will be developed to evaluate existing and
innovative concepts. As a result of this evaluation,
systems for further development will be recom-
mended, and a plan for implementing an R&D pro-
gram will be developed.

Sixteen advanced railroad braking and coup-
ling systems have been evaluated in terms of costs
and benefits. Most of the benefits result from
improved classification vyard efficiencies, with
secondary benefits accruing through reduced
accident rates, road delays, and maintenance
related to component wear and failure. The most
promising systems are couplers with wide gather-
ing ranges, a brake condition monitoring system,
and a remote-controlled brake locking system. In
addition, ultrasonic brake control on cars presently
requiring special handling and direct electronic
brake control all show promise of improving
railroad productivity.

WABCO DISC BRAKE
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EQUIPMENT SAFETY BIBLIOGRAPHY

The following alphabetical list contains
reports and papers prepared for the sub-
program shown above from 1975 through
September 1980. Many of these reports are
available to the public through the National
Technical Information Service (NTIS),
5285 Port Royal Road, Springfield, Virginia
22161. To order reports from NTIS, use
the order number (”'PB” number) listed
following the report citation. Inquiries
about the availability or price of these
reports should be addressed by writing to
NTIS, rather than the FRA, or by calling
the NTIS Order Desk at (703) 487-4650.

The lack of a PB number following the
citation means that the report may not
have been published in sufficient quantity
for general distribution or had not yet been
entered into the NTIS system when this
publication went to press. However, they
may be obtained by writing or calling the
persons listed as the technical contacts for
the contracts.

Finally, additional reports relating to
the research in this chapter will become
available during the upcoming year. For
information on these reports and for
suggestions on additional reference mate-
rials, call or write the technical contacts
associated with each project.

Analysis of Findings of Four Tank-car Accident
Reports

National Bureau of Standards

C.G. Interrante, et al

Report No. FRA/ORD-75/50

PB 251-097
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Jan. 1975

Brake System Design Optimization: A Survey and
Assessment — Vol. 1

A.T. Kearney, Inc.

L.L. Eshelman, et al

Report No. FRA/ORD-78/20

PB 284-080

March 1978

Calculation of the Thermodynamic Properties of
Propane, Propylene, Nu-Butane and Ethyiene

University of Maryland

Report No. FRA/ORD-76/300

PB 80-189061

The Cause of Thermal Fatigue Cracking in Metro-
liner Wheels

G.F. Carpenter

Report No. FRA/ORD-77/17

PB 265-751/AS

March 1977

Comparison of Thermally Coated and Uninsulated
Rail Tank Cars Filled with LPG Subjected to
a Fire Environment

Ballistic Research Labs, Aberdeen Proving Ground

Wiltiam Towsend, et al

Report No. FRA/ORD-75/32

PB 241-702

Computer Simulation of Tank Car Head Puncture
Mechanisms: Classification Yard Accidents

Washington University, School of Engineering and
Applied Science

K.H. Hohenemser, et al

Report No. FRA/ORD-75/23

PB 250-409

Feb. 1975

Cost/Benefit Analysis of Head Shields for
112A/114A Series Tank Cars

Calspan Corp.

D.E. Adams, et al

Report No. FRA/ORD-75/34

PB 241-298

Cost/Benefit Analysis of Thermal Shield Coatings
Applied to 112A/114A Series Tank Cars

Calspan Corp.

D.E. Adams

Report No. FRA/ORD-75/39

PB 241-295

Coupling System Design Optimization — A Survey
and Assessment of Automatic Coupling
Concepts for Rail Freight Cars, Volume 1:
Executive Summary

A.T. Kearney, Inc.

A.E. Nyquist, et al

Report No. FRA/ORD-78/11.1

PB 284-159

May 1978

Coupling System Design Optimization
Vol. 2 — Final Report and Appendices

A.T. Kearney, Inc.

G.D. Boydston, et al

Report No. FRA/ORD-78/11.2

PB 284-546

May 1978

Development of Analytical Fire Models

Systems, Science and Software Inc.
[Quarterly Progress Report)

L. Schalif, et al

Report No. FRA/ORD-75/53

PB 250-731

Development of a Computer Program for Model-
ing the Heat Effects on Railroad Tank Cars

Calspan Corp.

K.W. Graves

Report No, FRA/ORD-75/33

PB 241-365



Development of a System to Display and Record
Slack Action in Freight Trains

Transportation Systems Center

J.D. Vrabel, et al

Report No. FRA/ORD-77/53

PB 272-944

Aug. 1977

Dynamic Behavior and Residual Stresses In Rail-
road Wheels
G.F. Carpenter, et al

Report No. FRA/ORD-78/54 April 1980

The Effects of a Fire Envionment on a Rail Tank
Car Filled with LPG

Ballistic Research Laboratories, Aberdeen
Proving Ground

Chares Anderson, et al

Report No. FRA/ORD-75/31

PB 241-358

Effects of Longitudinal Impact Forces on Freight
Car Truck Bolters

Milton R. Johnson

Report No. FRA/ORD-75/10

PB 244-225

Effects of Rail Vehicle Size: A Special Bibliography
Railroad Research Information Service
Report No. FRA/CRD-79/49

PB 80-122955

Nov. 1979

Enhancement of Train Visibility
Transportation Systems Center
John B. Hopkins

Report No. FRA/ORD-74/15
PB 223-899

Sept. 1973

Evaluation of the Costs and Benefits of Advanced
Braking and Coupling Systems

E.K. Bender, L.E. Wittig, and H.A. Wright

Report No. FRA/ORD-80/49 Oct. 1980

Evaluation of Prototype Head Shield for Hazardous
Material Tank Car

1T Research Institute

Milton R. Johnson

Report No. FRA/ORD-75/96

PB 262-430

Dec. 1976

Feasibility of Flaw Detection In Railroad Wheels

Using Acoustic Signature
K. Nagy and R.D. Finch
Report No. FRA/ORD-79/290
PB 263-248/AS

Oct. 1976

Field Evaluation of a Ballast/Subgrade Radar
System

Association of American Railroads

AAR-R-428

Contract No. DOT-FR-64228

Fracture Resistance of Railroad Wheels
C.S. Carter and R.G. Caton

Report No. FRA/ORD-75/12

PB 243-638/AS

Sept. 1974

Fracture Resistance and Fatigue Crack Growth
Characteristics of Railroad Wheels and Axles
C.S. Carter, R.G.Caton, J.L. Guthrie

Report No, FRA/ORD-77/50 Nov. 1977

Fragmentation and Metallurgical Analysis of Tank
Car RAX 201

Ballistic Research Laboratories, Aberdeen Proving
Ground

Charles Anderson and E.B. Norris

Report No. FRA/ORD-75/30

PB 241-254

Freight Car Truck Design Optimization Analytical
Tool Assessment Report
Wyle Laboratories

Report No. FRA/ORD-79/36 Aug. 1979

Freight Car Truck Design Optimization Interim
Reports — Introduction and Detailed Test
Plans Series 1, 2 and 3 Tests — Phase |

Southern Pacific Transportation Co.

Technical Research and Development Group

Report No. FRA/ORD-75/59 Oct. 1975

PB 248-632

Freight Car Truck Design Optimization Interim
Reports — Detailed Test Plan, Series 4 Tests —
Phase |

Southern Pacific Transportation Co.

Technical Research and Development Group

Report No. FRA/ORD-75/60

PB 246-389

Freight Car Truck Design optimization Interim
Reports — Detailed Test Plan, Series 5 Test —
Phase |

Southern Pacific Transportation Co.

Technical Research and Development Group

Report No. FRA/ORD-75/82 Nov. 1975

PB 248-631

Freight Car Truck Design Optimization Interim
Reports — Economic Analysis Report —
Phase |
Southern Pacific Transportation Co.
Technical Research and Development Group
Report No. FRA/ORD-76/287.1 July 1976
PB 259-366

Freight Car Truck Design Optimization Interim
Reports — Literature Search — Vol. 1

Southern Pacific Transportation Co.

Technical Research and Development Group

Report No. FRA/ORD-75/81A July 1975

PB 248-351

Freight Car Truck Design Optimization Interim
Reports — Literature Search — Vol. Il

Southern Pacific Transportation Co.

Technical Research and Development Group

Report No. FRA/ORD-75/81B July 1975

PB 248-351
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Freight Car Truck Design Optimization Interim
Reports — Literature Search — Vol. 11l

Southern Pacific Transportation Co.

Technical Research and Development Group

Report No. FRA/ORD-75/81C Aug. 1975

PB 248-352

Freight Car Truck Design Optimization Interim
Reports — Methodology for a Comprehensive
Study of Truck Economics

Southern Pacific Transportation Co.

Technical Research and Development Group

Report No. FRA/ORD-75/58 April 1975

PB 248-832

Freight Car Truck Design Optimization Interim
Reports — Survey and Appraisal of Type II
Trucks

Southern Pacific Transportation Co.

Technical Research and Development Group

Report No. FRA/ORD-76/05 Dec. 1975

PB 248-633

Freight Car Truck Design Optimization interim
Reports — Truck Economic Data Collection
and Analysis

Southern Pacific Transportation Co.

Technical Research and Development Group

Report No. FRA/ORD-75/58A March 1976

PB 251-400

Freight Car Truck Design Optimization
Vol. 1 — Executive Summary
Federal Railroad Adminijstration Officeof Research
and Development
G.R. Fay and A .J. Bang
Report No. FRA/ORD-78/12.3
PB 278-698/6WT

Feb. 1978

Freight Car Truck Design Optimization

Vol. Il — Phase I, Final Report
Southern Pacific Transportation Co.
Technical Research and Development Group
Report No. FRA/ORD-78/12.11 Feb. 1978
PB 278-699/4WT
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Freight Car Truck Design Optimization

Vol. lll — Phase I, Frequency Domain Model
Southern Pacific Transportation Co.
Technical Research and Development Group
Report No. FRA/ORD-78/12.111 Feb. 1978
PB 278-700/0WT

Freight Car Truck Design Optimization
Vol. IV — Critique of Frequency Domain
Model
MITRE Corp./Metrek Div.
N.E. Sussman
Report No. FRA/ORD-78/12.1V
PB 278-701

Feb. 1978

Freight Car Truck Design Optimization
Vol. V — Critique of Frequency Domain
Model — Equations of Motion
MITRE Corp./Metrek Div.
J.D. Muhlenberg
Report No. FRA/ORD-78/12.V
PB 278-702/6WT

Feb. 1978

Freight Car Truck Design Optimization
Vol. VI — Critique of Phase |. Test Series
Results Reports
MITRE Corp./Metrek Div.
J.D. Muhlenberg
Report No. FRA/ORD-78/12.VI
PB 278-703/4WT

Feb. 1978

Freight Car Truck Design Optimization

Vol. Vii — Results Report for Test Series 1
Southern Pacific Transportation Co.
Technical Research and Development Group
Report No, FRA/ORD-78/12.VIII Feb. 1978

Freight Car Truck Design Optimization
Vol. VIII — Results Report for Test Series
2and 5
Southern Pacific Transportation Co.
Technical Research and Development Group
Report No. FRA/ORD-78/12. VIl Feb. 1978
PB 290-663

Freight Car Truck Design Optimization
Vol. VIII — Results Report for Test Series
2and 5
Southern Pacific Trasnportation Co.
Technical Research and Development Group
Report No. FRA/ORD-78/12 V11| May 1978
PB 290-663/4WT

Freight Car Truck Design Optimization

Vol. IX — Results Report for Test Series 4
Soutbhern Pacific Transportation Co.
Technical Research and Development Group
Report No. FRA/ORD-78/12.1X March 1978

Freight Car Truck Design Optimization
Vol. X — Results Report for Test Series
3and 5
Southern Pacific Transportation Co.
Technical Research and Development Group
Report No. FRA/ORD-78/12.X March 1978

Freight Car Truck Design Optimization
Vol. XI — Performance Guidelines for Type |
Trucks
Southern Pacific Transportation Co.
Technical Research and Development Group
Report No. FRA/ORD-78/12 X1 March 1978

Freight Car Truck Design Optimization

Vol. XIl — TDOP Postprocess Program Manual
Southern Pacific Transportation Co.
Technical Research and Development Group
Report No. FRA/ORD-78/12.X11 March 1978

Friction Snubber Force Measurement System
{FSFMS) Test Report

Wyle Laboratories

D. Gibson

Report No. FRA/ORD-79/24 Sept. 1979

Hazardous Materials Tank Cars: Evaluation of
Tank Car Shell Construction Material
National Bureau of Standards

G.E. Hicho and C.H. Brady
Report No. FRA/ORD-75/46
PB 250-607

Sept. 1975



Impact Properties of Steels Taken from Four
Failed Tank Cars

National Bureau of Standards

C.G. Interrante

Report No. FRA/ORD-75/51

PB 255-854

June 1976

Issues and Dimensions of Freight Car Size: A
Compendium

Report No. FRA/ORD-79/56

PB 80-116998

Lightning and Its Effects on Railroad Signal
Circuits

Lowell Technological Institute Research
Foundation

F. Ross Holmstrom

Report No. FRA/ORD-76/129

PB 250-621/06A

Dec. 1975

Locomotive/Caboose Crashworthiness
Transportation Systems Center

Pin Tong

Report No. FRA/ORD-76/289

PB 261-110

Oct. 1976

Locomotive to Automobile Baseline Crash Tests
Ultrasystems, Inc.

Dynamic Systems Division
R.L. Anderson

Report No. FRA/ORD-76/03
PB 250-564

Aug. 1975

Major Railroad Accidents Involving Hazardous
Material Release; Composite Summaries,
1969-1978

Transportation Systems Center

Theodore S. Glickman, Technical Monitor

Report No. FRA-RRS-80-04 July 1980

Measurement of Friction Snubber Forces in
Freight Car Trucks

Wyle Laboratories

K.L. Cappel

Report No. FRA/ORD-78/69 Dec. 1978

Measurement Plan for the Characterization of the
Load Environment for Crossties and Fasteners

Battelle Columbus Laboratories and Bechtel
Incorporated

R.H. Prause, H.D. Harrison, and R.C. Arnlund

Report No. FRA/ORD-77/03 April 1977

PB 271-393

Mechanical Properties of AAR M-128-69-3 Steel
Plate Samples Taken from Insulated Fire-
Tested Tank Car RAX 202

National Bureau of Standards

J.G. Early

Report No. FRA/ORD-76/74

PB 255807

June 1976

Mechanics of Train Collision
Transportation Systems Center
Pin Tong

Report No. FRA/QRD-76/246
PB 258-993

April 1876

A Metallurgical Analysis of Five Steel Plates Taken
from a Tank Car Accident Near Crescent City
IL

National Bureau of Standards

C.G. Interrante, et al

Report No. FRA/ORD-75/48

PB 250-530

A Metallurgical Analysis of Eleven Steel Plates
Taken from a Tank Car Accident Near Callao
MO

National Bureau of Standards

C.G. Interrante, G.E. Hicho, and D.E. Harne

Report No. FRA/ORD-75/49

PB 250-544

Metallurgical Analysis of a Steel Shell Plate Taken
from a Tank Car Accident Near So. Byron NY

National Bureau of Standards

C.R. Interrante, et al

Report No. FRA/ORD-75/47

PB 250-063

A Metallurgical Investigation of a Full-Scale
Insulated Rail Tank Car Filled with LPG
Subjected to a Fire Environment

National Bureau of Standards

J.G. Early and C.G. Interrante

Report No. FRA/ORD-75/52

PB 250-587

Jan. 1975

Methodology for Evaluating the Cost and Benefit
of Advanced Braking and Coupling Systems

Bolt, Beranek and Newman, Inc.

E.K. Bender, et al

Report No. FRA/ORD-79/57

PB 80-153042

Nov. 1979

Non-Destructive Impact Between Railroad Cars:
Experimentation and Analytical Study

Washington University School of Engineering and
Applied Science

David A. Peters and Sheng K. Yin

Report No. FRA/ORD-76/247

PB 263-187

Jan. 1977

Odometers for Rail Application
Transportation Systems Center
Frederick M. Seekel

Report No. FRA/ORD-75/70
PB 244-460

May 1975

On-Board Failure — Protection Requirements for
Railroad — Vehicle Equipment
Richard L. Smith and John L. Frarey

Report No. FRA/ORD-78/72 March 1979

An Operational Demonstration of Trailing End
Visibility Enhancement Devices for Commuter
Railroad Trains

{llinois State Dept. of Transportation Office of
Research and Development

Dean B. England

Report No. FRA/ORD-76/292

PB 259-901

June 1976
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Preparation of the BRL Tank Car Torch Facility at
the DOT Transportation Test Center, Pueblo
co

Ballistic Research Laboratories, Aberdeen Proving
Ground

William Townsend and Richard Markland

Report No. FRA/ORD-76/12 Nov. 1975

PB 251-151

Prevention of Roller Bearing Initiated Burnoffs in
Railroad Freight Car Journals

G.E. Allen, J.R. Lucas, and F.H. Tomlinson

Report No. FRA/ORD-78/16 Jan. 1979

Program MULTI: A Multi-Purpose Program for
Computing and Graphing Roots and Values
for any Real Function: Users/Programmers
Manual

Transportation Systems Center

Russell Brantman

Report No. FRA/ORD-76/143

PB 261-121

May 1976

Properties of Nonmetailic Materials Used in
Railroad Rolling Stock

E.F. Cuddihy, C.P. Kuo, R.F. Landel, W.A.
Mueller, S.T.J. Peng

JBL Publication 80-47 March 1980
Rail Safety/Equipment Crasworthiness,
V.1, A System Analysis of Injury
Minimization in Rail Systems
Boeing Vertol Co.
M.J. Reilly, et al
Report No. FRA/ORD-77/73.1 July 1978
PB 289-147

Rail Safety/Equipment Crashworthiness
V.2, Design Guide

Boeing Vertol Co.

M.J. Reilty, et al

Report No. FRA/ORD-77/73.2

PB 289-148
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July 1978

Rail Safety/Equipment Crashworthiness,
V.3, Proposed Engineering Standards

Boeing Vertol Co.

M.J. Reilly

Report No. FRA/ORD-77/33.3

PB 289-149

July 1978

Rail Safety/Equipment Crashworthiness
V.4, Executive Summary

Boeing Vertol Co.

M.J. Reilly

Report No. FRA/ORD-77/73.4

PB 289-150

July 1978

Railroad Car Roller Bearing Temperature Measure-
ment and Analysis
Naval Surface Weapons Center

Thomas V. Peacock, et al

Report No. FRA/ORD-80/43
PB 80-193758

April 1980

Railroad Tank Car Fire Test: Test No. 6

Ballistic Rescarch Laboratories, Aberdeen Proving
Ground

Charles Anderson, et al

Report No. FRA/ORD-75/36

PB 241-207

Railroad Tank Car Fire Test: Test No. 7

Ballistic Research Laboratories, Aberdeen Proving
Ground

Charles Anderson, et al

Report No. FRA/ORD-75/37

PB 241-145

Report on the 5th International Wheelsets Congress
Don E. Bray
Report No. FRA/ORD-77/65
PB 287-144

Jan. 1978

A Report on Investigation into Rail Passenger
Safety

Report No. FRA/ORD-80/65

PB 80-116196

Results and Analysis of the Switchyard Impact
Tests

Transportation Systems Center

Oscar Orringer and Pin Tong

Report No. FRA/ORD-80/6

PB 80-162266

Jan. 1980

Review of Proposed Specifications Relating to the
Shipment of Ethylene in Tank Cars at
Eryogenic Temperatures

Calspan Corp.

F.A. Vassalo, et al

Report No. FRA-ORD-75/41

PB 241-380

SDP-40F/E-8 Locomotives Test Results Report.
Dynamic Performance Testing. Volumes | and
I

ENSCO, Inc.

K. Kesler and T.L. Yang

Report No. FRA/ORD-79/11.1 and .2 Sept. 1977

PB 296-294/AS — Volunie i

PB 296-295/AS — Volume |

Selected Topics in Railroad Tank Car Safety
Research
V1, Fatigue Evaluation of Prototype Tank Car
Head Shield

ITT Research Institute

Milton R. Johnson

Report No. FRA/ORD-78/32.1

PB 289-253

Aug. 1978

Selected Topics in Railroad Tank Car Safety
Research
V.2, Test Plan for Accelerated Life Testing
of Thermally Shielded Tank Cars
ITT Research Institute
Milton R. Johnson and Owen J. Viergutz
Report No. FRA/ORD-78/32.2 Aug. 1978
PB 289-254



Stress Measurement in Railroad Wheels via the
Barkhausen Effect

Southwest Research Institute

R.R. King, J.R. Barton, and W.D. Perry

Report No. FRA/ORD-77/11

PB 271-216

Feb. 1977

Structural Adequacy of Freight Car Truck Castings
and Wheels

ITT Research Institute

Milton R. Johnson

Report No. FRA/ORD-77/51

PB 278-034

Oct. 1977

Tank Car Head Puncture Mechanisms

Washington University, School of Engineering and
Applied Science

D.A. Peters, et al

Report No. FRA/ORD-76/269

PB 80-181142

April 1980

Test Plan for a Prototype Radial Passenger Car
Truck
ENSCO, Inc.

Contract No. DOT-FR-64113 Aug. 1977

Tests of the Amtrak SPD-40F Train Consist Con-
ducted on Chessie System Track

Transportation Systems Center

Report No. FRA/ORD-79/18 and 19

PB 297-941/AS Executive Brief

PB 297-711/AS Full Report

May 1979

Theoretical Manual and User’s Guide:
Longitudinal-Vertical Train Action Model
Washington University, School of Engineering and

Applied Science
Sheng K. Yin
Report No, FRA/ORD-76/278
PB 80-180557

April 1980

Thermal Sensing Unit Test for Railroad Car
Journal Bearings
Mary E. Donely

Report No. FRA/ORD-80/76 Oct. 1980

Thermodynamic Properties of Liquified Petroleum
Gases

University of Maryland

Report No. FRA/ORD-76/299

PB 80-189053

Track Structure Design Using Mathematical
Models

Association of American Railroads,
Research and Test Department

Report No. FRA/ORD-78/08

PB 282-357/3WT

June 1978

Train-to-Train Rear End Impact Tests
V.1, Pre-Impact Determination of Vehicle
Properties
Ultrasystems, Inc., Dynamic Science Division
R.L. Anderson and P.L. Cramer
Report No. FRA/ORD-76/303.1
PB 274-416

March 1977

Train-to-Train Rear Impact Tests

V.2, Impact Test Summaries
Ultrasystems, Inc., Dynamic Science Division
R.L. Anderson and P.L. Cramer
Report No. FRA/ORD-76/303.2
PB 274-417

March 1977

Train-to-Train Rear End Impact Tests
V.3, Appendix A: Impact Test Data,
Appendix B: Report of Inventions
Ultrasystems, Inc., Dynamic Science Division
R.L. Anderson and P.L. Cramer
Report No. FRA/ORD-76/303.3
PB 274-418

March 1977

Truck Design Optimization Project Analysis Plan
Wyle Laboratories

Report No. FRA/ORD-80/31 March 1980

Truck Design Optimization Project
Phase | — Data Evaluation
Wyle Laboratories

Report No. FRA/ORD-78/52 Aug. 1978

Truck Design Optimization Project
Phase | — Data Evaluation and Analysis Plan
Wyle Laboratories

Report No. FRA/ORD-78/34 Sept. 1978

Truck Design Optimization Project
Phase Il — Introductory Report

Wyle Laboratories

Klaus Cappel

Report No. FRA/ORD-78/53

PB 288-739/6WT

Nov. 1978

Truck Design Optimization Project (TDOP)
Phase 11 — Interim Report

Wyle Laboratories

G. Sheldon, et al

Report No. FRA/ORD-80/59 June 1980

Two-Phase Flow Model Test Facility

Maryland University, Department of Mechanical
Engineering

Dirse W, Sallet, et al

Report No. FRA/ORD-76/298

PB 80-181647

April 1980

Ultrasonic Detection of Plate Cracks in Railway
Wheels

Battelle Pacific Northwest Laboratories

F.L. Becker

Report No. FRA/ORD-76/277

PB 262-644

July 1976

Wayside Derailment Inspection Requirements
Study for Railroad Vehicle Equipment

Shaker Research Corp.

John L. Frarey, Richard L. Smith, and Allan I.
Krauter

Report No. FRA/ORD-77/18

PB 271-244

May 1977
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CHAPTER 2

IMPROVED TRACK STRUCTURES

The Improved Track Structures subpro-
gram is designed to reduce track-related
accidents on existing structures and to
improve the performance of track systems
by increasing track life and developing
better maintenance practices.

The underlying challenge of track
research activities is to develop a level of
understanding and knowledge base which
can lead to the development of improved
track structures that can safely tolerate
longer periods of heavier utilization before
requiring costly maintenance.

To date, the major accomplishments of
the Federal Railroad Administration’s Im-
proved Track Structures subprogram have
been in the areas of:

1} Analyzing service loads and rail

capacity;

2} Understanding rail failure behavior;
and

3) ldentifying critical vehicle/track

interaction processes.

The six projects included in the Im-
proved Track Structures subprogram are:

1) Track Standards Development;

2) Track System Safety Studies;

3} SAFE Development Support;

4) Track Performance and Safe Life;

5) Performance Standards Mainte-
nance Requirements; and
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6)

Each project

Federal

MOW Equipment and Techniques

Evaluation.

Railroad Administration

is carried out by the
(FRA)

through contracts with private and Federal
research organizations. Descriptions of each
project area, supporting contracts and a
bibliography of published reports follow.




TRACK STANDARDS DEVELOPMENT PROJECT

In order to minimize the potential
threat to public safety and reduce the
costs of track and equipment damage
resulting  from derailments and other
accidents, the FRA has initiated the Track
Standards Development project.

In 1972 and 1973, the FRA established
specific classifications for the various kinds
of track within the national rail network.
These classifications were based on in-
dustry maintenance standards. As a result,
the track requirements were written, to a
large extent, in design language.

The current Track Standards Develop-
ment project was established to develop
performance-based track safety standards
reflecting what the track needs to do rather
than what the track should look like. The
thrust of the standards development re-
search is therefore directed at quantifying
the demands of train operations and defin-
ing the lower bounds on tolerable track
functions. The potential for safety im-
provement resulting from these perform-
ance standards is significant and would
allow the rail industry more flexibility in
meeting safety requirements. The key as-
pect of functional performance standards is
their direct derivation from the essential
elements of the mechanics of track struc-
tural and vehicle-track interaction dy-
namics. Each major mode of track-caused
derailment can be related to one of the

principal proposed performance standards
of functional track specifications.

The four major areas for these perform-
ance standard applications are 1) rail
integrity, 2) rail vehicle dynamics, 3) rail
restraint, and 4) track panel restraint.

!

Work on these areas is progressing at this
time. Research underway for the rail in-
tegrity standard emphasizes the develop-
ment of technigues and strategies for pre-
venting rail service failures. The basic
approach of the rail/vehicle dynamics

TYPICAL THERMALLY-INDUCED LATERAL TRACK SHIFT (BUCKLE)




standard development is to view the inter-
action of rail vehicles and track as a dynam-
ic system. Safe limits of this dynamic
interactive system are being formulated in
terms of track deflection under load, track
geometry and the speed-affected response
of certain car types. The emphasis of the
rail restraint performance standard devel-
opment is the evaluation of the structural
capacity required of the track to reliably
and safely restrain the service loads which
train operations produce. Track panel
restraint research is addressing the ability
of the rail/tie system to be held in place
by the ballast when the track is subjected
to thermally-induced longitudinal forces
and to train loads.

A spectrum of research will be used to
ensure that the proposed standards are on a
technically sound basis and that the in-
tended users are convinced of their validity
and effectiveness. The reguirements for
each standard are being established through
an analysis of both the failure mechanism
associated with each major cause of derail-
ment as well as the degree to which the
failure mode is identifiable in current
FRA railroad accidents/incident reports for
the last 3 years. Emphasis on standards,
in general, parallels the rank order of these
causes, first by number of reported acci-
dents and secondly by damage potential.
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CONTRACTS

Analysis of Service Stresses in Rail
Contract No.: TSC-1663 (Managed by the
Transportation Systems Center)
Funding: $326,819
Schedule: March 1979 — November 1980
TSC Technical Contact: O. Orringer
(617)494-2419
Agency/Contractor: Battelle Memorial Institute
Track failure, due to rail fatigue or other
rail defects, has caused a significant number of
freight train derailments. The purpose of this con-
tract was, therefore, to provide data on rail stress
cycles necessary to compute the growth behavior
of rail defects in service in order to prevent such
failure. An evaluation of the sensitivity of flaw
growth behavior, under varying load support
conditions and rail properties, was conducted.

The results of this research will be used in
formulating the Rail Integrity Standard.

Rail System Dynamics Parametric Study

Contract No.: TSC-1302 (Managed by the
Transportation Systems Center)

$804,840

December 1976 — January 1981

H. Weinstock

(617) 494-2459

Analytic Sciences Corp.

Funding:
Schedule:
TSC Technical Contract:

Agency/Contractor:

The dynamic interaction between a locomo-
tive or rail car and the track can cause the derail-
ment of a train. The main objective of this re-
search effort was to gain a clear understanding of
track/train dynamics which will permit the devel-
opment of track and vehicle response specifica-
tions relating to different levels of track geometry
and quality, and vehicle speed. Another desired
output was the identification of track pertubation

limits to avoid service-related track, vehicle and
lading damage.

Track geometry variations were investigated
to determine their effects on vehicle safety, wear,
levels of riding comfort, and damage to vehicle
components, track, and lading.

Track Structural Testing
Contract No.: TSC-1541 (Managed by the
Transportation Systems Center)

Funding: $316,190
Schedule: January 1979 — May 1981
TSC Technical Contact: J. Herlihy

(617) 494-2579
Association  of  American
Railroads (AAR)

Agency/Contractor:

A test program is required to evaluate the
structural capacity required of the track to reliably
and safely restrain the service loads which train
operations produce.

The controlled-environment facilities of the
AAR Track Laboratory are being utilized to
investigate the mechanics of track lateral and
vertical restraint and rail restraint.

Evaluation of Factors Influencing Rail Load
Capacity
Contract No.: TSC-1575 (Managed by the
Transportation Systems Center)
Funding: $55,370
Schedule: July 1978 — September 1980
TSC Technical Contact: D. McConnell
(617) 494-2506
Agency/Contractor: Tufts College
The formulation of a clear relationship of
rail defect initiation to the track environment is

necessary for the success of rail and track restraint
tests. This contract was designed to provide an
evaluation of structural loading trade-offs to
determine the load capacities of track. A pilot
fatigue-based evaluation of rail life was included.

Track/Vehicle Systems Structure Support

Contract No.: TSC-80110 (Managed by the
Transportation Systems Center)

$485,003

June 1980 — June 1982

A. Kish

(617) 494-2649

Battelle Memorial

Institute, Inc.

Funding:
Schedule:
TSC Technical Contact:

Agency/Contractor:

This contract will provide short-notice re-
sponse to the demand for engineering support
services in the areas of quantification of ser-
vice environment, analysis of track/vehicle system
and components, experimental validation and
feasibility assessment.

Track Structures Metallurgy Support
Contract No.: TSC-1708 {(Managed by the
Transportation Systems Center)

Funding: $420,056
Schedule: May 1879 — June 1982
TSC Technical Contact:  O. Orringer

(617) 494-2419
Battelle Memarial
Institute, Inc.

Agency/Contractor:

The objectives are to: 1) establish, by use
of metallurgical analyses, the characteristics of
selected metallic track components which influ-
ence safety and serviceability; 2) using fatigue
damage criteria and concepts of cumulative
damage, make life predictions of track com-
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ponents under service environments considering
pboth the initiation and growth, and based on
these, conceive of one or more effective inspec-
tion rationales; and 3) design and implement ex-
periments and/or studies refated to material be-
havioral  characteristics (and analyze data
therefrom) generating information supporting im-
proved track component safety and serviceability.

Vehicle Derailment Studies
Contract No.: TSC-8062 {Managed by the
Transportation Systems Center)
Funding: $488,123
Schedule: May 1980 — April 1982
TSC Technical Contact: H. Weinstock
(617) 494-2459
Agency/Contractor: The Analytic Sciences Corp.
Engineering support will be provided in the
areas of car component characterization, track
geometry and structure characterization, com-
puter simulation of rail/car dynamic response
characteristics, and analysis and simulation of
track /train dynamic interaction.

Fabrication of a Track Strength Measuring Vehicle
Contract No.: FR-30051
Funding: $627,259
Schedule: June 1973 — February 1983
FRA Technical Contact: W. O'Sullivan

(202) 426-4377
Battelle Columbus
Laboratories

Agency/Contractor:

Originally, the effort supported by this con-
tract was intended to develop equipment capable
of continuously measuring the dynamic mechan-
ical impedance of the track structure. This proved
to be an extraordinarily difficult technical task, a
fact now recognized in the IJ.S. and abroad.
While FRA and the contractor were wrestling with
impedance measurement system design problems,
it became apparent that very useful information
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could be obtained by investigating the gross
strength properties of the track structure, rather
than dwelling on frequency-related track evalu-
ation. After observing preliminary, confirmatory
tests, the thrust of the effort was re-directed
toward obtaining a vehicle-borne system that will
assess the lateral and vertical strength character-
istics of railroad track at speeds of up to 50 mph.

Track Structure Failure Studies

Contract No.: TSC-1595 (Managed by the
Transportation Systems Center)

$604,760

September 1978 — September 1980

D. McConnell

(617) 494-2596

Battelle Memorial Institute

Funding:
Schedule:
TSC Technical Contract:

Agency/Contractor:

The contractor was responsible for providing
quick-reaction, rapid turn-around investigations of
specific problems in track safety and performance.

Longitudinal Rail Force Measurement
Contract No.: DTFR53-80-C-00043
Funding: $66,000
Schedule: February 1980 — August 1981
FRA Technical Contact: W. O'Sullivan

(202) 426-4377
National Academy of
Sciences (National Materials
Advisory Board)

Agency/Contractor:

Measurement of track strength includes an
evaluation of the imminence of lateral track buck-
ling or the probability of rails pulling apart at
welds or other junctures. Buckling is generally
associated with warm temperatures and wheel/
rail interaction particularly related to uni-direc-
tional traffic. Conversely, pull-aparts usually occur
in cold weather. Both effects involve longitudinal
rail force, either compressive or tensile. No means
exist today to conveniently measure the absolute
longitudinal force level in the rails at a location
of interest.

At the request of FRA, the National Materials
Advisory Board assembled a panel of experts
familiar with the various techniques for non-
destructively assessing stress metals.
From the continued deliberations of this panel
will come recommendations that can guide future
FRA development of one or more techniques
specifically applicable to railroad environment
use.

fevels in

Track Buckling Test Support

Contract No.: TSC-8076 (Managed by the
Transportation Systems Center)

$35,1956

May 1980 — March 1981

A. Kish

(617) 494-2649

Southern Railway Co.

Funding:
Schedule:
TSC Technical Contact:

Agency/Contractor:

The necessary field support will be provided
10 implement the track buckling tests designed to
develop the relationship between buckiing load
and safe temperature increase.

Track Structure Failure Studies
Contract No.: TSC-1596 (Managed by the
Transportation Systems Center)

Funding: $399,025
Schedule: September 1978 — September 1980
TSC Technical Contact:  D. McConnell

(617) 494-2596
Foster-Miller
Associates, Inc.

Agency/Contractor:

The contractor was responsible for providing
quick-reaction, rapid turn-around investigations of
specific problems in track safety and performance.

The railroad industry and FRA have shown
strong, sustained interest in the development of
track performance rather than design standards.
The present effort will produce equipment, the
use of which can establish procedural guidelines
for determining one aspect of track performance:
the ability to contain applied wheel loads.



TRACK SYSTEM SAFETY STUDIES PROJECT

The Federal Railroad Administration
(FRA) is completing the research needed to
create new track standards for use by the
railroad industry based on performance
requirements rather than physical design
specifications. One aspect of this research is

to provide the ability to assess the impact
on the rail industry of implementing these
standards and/or other Federal government
policy options concerning track and inspec-
tion requirements.

The results of the research effort will
be the development of an analytical capabi-
lity to assess industry impact, a requisite
data base and the understanding of indus-
try decision processes in determining
maintenance-of-way expenditures.

LECEND

(Number of Accidents o' Q2

RAIL ACCIDENTS DUE TO TRACK GEOMETRY — 1978
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CONTRACTS

Development of Systems Dynamic Model of Rail-
road Industry
Contract No.: TSC-1561 (Managed by the
Transportation Systems Center)
Funding: $113,849
Schedule: June 1978 — September 1980
TSC Technical Contact: R. Smith
(617) 494-2155
Pugh-Roberts
Associates, Inc.

Agency/Contractor:

Many railroad systems are finding it extremely
difficult to maintain track to government and
industry standards or correct year-to-year wear
resulting from freight traffic.

A computer simulation model has been
developed to assist in understanding the broad
range of influences on track wear and mainte-
nance costs. Factors considered include freight
volume, revenues, numerous categories of ex-
penses, operating practices, and the various govern-
ment policies which affect all of them.

An improved understanding of the nature
and influences of the interaction between railroad
track maintenance and the safety, operational,
and financial characteristics of national freight
service will result.

Analysis of Railroad Maintenance-of-Way
Expenditures
Contract No.: TSC-1675 (Managed by the
Transportation Systems Center)
Funding: $85,098
Schedule: April 1979 — January 1981
TSC Technical Contact: M. Hollyer
(617) 494-2599
Pennsylvania State
University

Agency/Contractor:

Current track safety standards, implemented

42

in 1973, set forth minimum safety requirements
for specific track conditions. The effectiveness
of these standards in reducing track-related acci-
dents was examined in terms of the selection of
operating speeds and maintenance-of-way (MOW)
costs. The decision making process used to deter-
mine MOW expenditures was investigated and
guantified. How this process may or may not be
affected by Federal safety regulations and -pro-
cedures in existing or proposed forms was
explored.

User's Manual for a Computerized Track Mainte-

nance Simulation Cost Methodology
Contract No.: TSC-1594 (Managed by the

Transportation Systems Center)
Funding: $79,000
Schedule: July 1979 — September 1980
TSC Technical Contact: R, Smith
(617) 494-2155

Agency/Contractor: Shaker Research Corp.

The actual cost of maintaining a segment of
railroad track is extremey difficult to quantify.
Materials used for track repair represent only a
small fraction of overall maintenance expenses.
Costs of delivery, installation and operations
delays are all other important factors which
must be considered in order to evaluate track
maintenance costs. Moreover, the costing of an
existing or proposed maintenance policy or prac-
tice is complicated by the fact that there are
almost as many maintenance practices as there
are railroads which perform them.

The work completed under this contract
produced a methodology for computer simulation
of track maintenance procedures and costs.

The simulation model provides for the graphic
representation of the maintenance system under

examination, the costing of proposed alternate
maintenance plans or procedures, the listing of
all annual track maintenance costs and the ability
to output maintenance costs at any desired instant
during the time simulation. An important feature
is the capability to choose the specific kinds of
maintenance costs to be included depending on
the particular requirements of a particular railroad.

Railroad Maintenace-of-Way Data Profile
Contract No.: TSC-1704 {Managed by the
Transportation Systems Center)

Funding: $28,688
Schedule: April 1979 — September 1981
TSC Technical Contact: M. Hollyer

(617) 494-2599
Boston and Maine
Railroad

Agency/Contractor:

Sufficient information is not available at this
time to analyze the complex decisions used by rail
carrier managers in allocating funds for mainte-
nance-of-way (MOW). This contract was designed
to define typical allocation procedures for MOW
expenditures, develop average unit costs for labor,
materials and equipment, and explore the priorities
perceived between top-down and bottom-up
oriented personnel.

Track Safety and Maintenance Data Base Analysis
Contract No.: TSC-1664 {Managed by the
Transportation Systems Center)

Funding: $119,263
Schedute: June 1879 — December 1980
TSC Technical Contact: R. Smith

(617) 494-21565
Association of American
Railroads

Agency/Contractor:

The purpose of this contract was to review the
data requirements of the Federal government and



railroad industry to determine what data are
needed, whether common data needs exist, and if
these requirements can be met by a coordinated
data collection effort with a minimum cost and
imposition to the nation’s railroads.

Analysis of the Behavioral Relationship of Rail-
Road Maintenance Spending

Contract No.: TSC-1679 (Managed by the
Transportation Systems Center)

$101,384

April 1979 — July 1980

M. Hollyer

(617) 494-2599

Dynatrend, Inc.

Funding:
Schedule:
TSC Technical Contact:

Agency/Contractor:

The extent of impact on maintenance-of-way
(MOW) expenditures of existing or future Federal
regulations was investigated under this contract.
A hypothesis of MOW expenditure behavior was
developed and tested. A statistical study was
performed and a series of hypothetical decision
problems were designed and solved.

The output of this effort will help predict
the impact of changes in Federal track safety
regulations on overall MOW expenditures by
Class | railroads.

Industry Impact Assessment of Rail Safety
Regulations

Contract No.: TSC-1802 (Managed by the
Transportation Systems Center)

$169,822

September 1979 — September 1981

R. Smith

(617) 494-2155

Dynatrend, Inc.

Funding:
Schedule:
TSC Technical Contact:

Agency/Contractor:

Investigative support and data will be pro-
vided to TSC technical staff by accomplishing
individual task specifications which in turn sup-
port the objectives of:

a) Quantifying the impact that regulations
have upon the economics of the rail-
road industry;

b) Measuring the expected effectiveness of
proposed safety alternatives;

c} Describing the level of funding that
would be required to accomplish spe-
cific programs; and

d) Developing a rank ordering of R&D
alternatives, based upon their influence on
the reduction of track-related accidents.

Technical Support for Rail Related Analysis Tasks
Contract No.: TSC-8085 (Managed by the
Transportation Systems Center)
Funding: $999,024
Schedule: April 1980 — April 1983
TSC Technical Contact: R. Smith
{617) 494-2155

Agency/Contractor: Dynatrend, Inc.

This is a task-order contract to provide sup-
port in the form of studies and analysis for rail-
related tasks.

Characterization of Rail Distribution in the
National Track System

Contract No.: DTFR53-80-C-00119

Funding: $74,300

Schedule: September 1980 — October 1981

FRA Technical Contact: W. O’Sullivan
(202) 426-4377

Texas A&M Research

Foundation

Agency/Contractor:

As part of developing a new recommendations
for track performance safety standards, it is neces-
sary to assess future impact were such standards
to become effective. In the case of a proposed re-
guirement affecting the inspection, detection and
disposition of defective rail, it would be of use,

for example, to know how rail is distributed
throughout the national running track network in
terms of size, age, authorized train speed, occur-
rence on curves or grades of varying severity,
etc. From such a characterization it would be
possible to determine the impact on the railroad
industry were a certain rail class to become a can-
didate for specific regulatory treatment due to a
hypothetical proneness to defect.

The contractor has access to track charts and
operating time-tables from most Class | railroads.
The information that will enable the expression of
rail quantities by track-mile, in terms of the dis-
tribution factors cited above, is being extracted
from this data base.

The contents of the FRA Office of Safety
track inspection reports will be correlated to track
segments of Section 503 of the 4R Act. Network
abstractions will be demonstrated. Main line track
defects can then be discretely located within the
national railroad system.

Data files containing the above-described
correlations will be provided.
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SAFE DEVELOPMENT SUPPORT PROJECT

The objective of this project is to
support the development and construction
of the Stability Assessment Facility for
Equipment (SAFE) at the Transportation
Test Center (TTC). This facility, intended
for research testing of vehicles and track,
will benefit both the railroad industry and
the government.

SAFE will be developed as both an
assessment process and a permanent facility
incorporating the capabilities of the Rail
Dynamics Laboratory (RDL) and a new
dedicated track layout. The dedicated track
loop will have various representative track
sections (e.g., tangents, spirals, curves, etc.)
with superimposed geometric perturbations.
Vehicles to be tested will be operated on
the track to collect data on actual response
t0 pre-established track perturbations.
SAFE will thus coalesce a combination of
analytical modes, laboratory testing, and
track operations to assess the dynamic
response characteristics of a railroad
vehicle.

The problems and costs encountered
in over-the-road derailment tests of the
E-8 and SPD-40 locomotives emphasized
the need for a dedicated facility to assess
the dynamic response characteristics of
railway vehicles. The track/vehicle inter-
action derailments, whether caused by the
track being unable to contain the vehicle-
imposed loads or by excessive vehicle mo-
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tion, can be investigated by using a set of
known ftrack perturbations superimposed
on a variety of track geometry conditions.

A temporary pilot test version of SAFE
was conducted during late 1978 and early
1979 at the TTC. The Perturbed Track Test
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used the Train Dynamics Track and Rail-
road Test Track at TTC to test the SDP-40
and E-8 locomotives and a part of the
Facility for Accelerated Service Testing
(FAST) freight consist. The test demon-
strated the technical feasibility of the con-
cent of SAFE.

A coordinated program has been estab-
lished with the appropriate parts of indus-
try. The program uses the Track Train
Dynamics Steering Committee for industry
participation in the program management
and for industry-supported working groups
for technical design inputs.

The scope of the activity includes: the
establishment of a SAFE Program Office at
TSC for the day-to-day management of the
development activities; the support of the
various technical areas with in-house or
contractor expertise; the definition of the
technical and programmatic requirements
for SAFE to allow the architectural and
engineering design to progress; the monitor-
ing and coordinating of the architectural
and engineering design and facility con-
struction; the development of test and data
analysis/management requirements; and the
conducting and/or sponsoring of checkout,
acceptance and demonstration tests of the
completed facility. After acceptance, the
facility will be turned over to'the TTC 10
operate. The Track Research program will
then become a potential user of the facility.
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CONTRACTS

Perturbed Track Test Data Analysis
Contract No.: TSC-1671 {(Managed by the
Transportation Systems Center)
Funding: $274,443
Schedule: January 1979 — September 1980
TSC Technical Contact:  R.P. Brantman
(617) 494-2210

Agency/Contractor: Arthur D. Little, Inc.

The SDP-40F locomotive was introduced
into Amtrak passenger service during the period
June 1973 to August 1974. Since then, 150 of
these locomotives have been used in all parts of
the country. It is one of the heaviest locomotives
in use today and is similar to the SD-40-2, which
is used for freight. By January 1978, passenger
trains powered by the SDP-40F locomotive had
been involved in 21 derailments at speeds of 30
mph or greater. This derailment record caused
concern among various safety interests. Various
tests were performed on operating locomotives
and these after-the-fact tests of a perceived safety
problem demonstrated the need for before-the-
fact guidelines for assessing new equipment prior
to introduction into the revenue service. In the
after-the-fact tests, different methodologies were
employed and it also became apparent that stand-
ardized test and analysis methodology should be
developed. To achieve this objective the SAFE test
facility was proposed. The perturbed track test
demonstrates the feasibility of such a concept
and provides data and guidelines for the further
design of such a facility.

This contract was designed to evaluate exist-
ing and alternative data collection systems, parti-
cularly as they can be applied to SAFE. Post-
test data analysis was included to assess the
dynamic performance of the locomotives being
tested and to develop pilot testing and design
specifications for SAFE.
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Support for the Perturbed Track Test of
Locomotives at the Transportation
Test Center

Contract No.: DOT-FR-64113 (Task 642)

$1,762,075

June 1978 — September 1980

R.T. Liang

(202) 426-1682

ENSCO, Inc.

Funding:
Schedule:
FRA Technical Contact:

Agency/Contractor:
This contract demonstrated the capability

of controlled, perturbed track testing to deter-
mine vehicle safety-related performance and

provide design data for SAFE; established a
basis for simulating revenue service track respon-
ses; obtained information for the validation of
locomotive dynamic performance analytical
models; and provided data for the validation of
analysis specifying track safety standards.

Test series have been conducted at TTC
since August 1978 as a cooperative industry/FRA
effort. Investigations have covered the behavioral
response of track containing a series of different
instrumented perturbations types and the respon-
ses of two locomotive types and a baggage car
negotiating the perturbed zones at speeds between

PERTURBED TRACK TESTING AT THE TRANSPORTATION TEST CENTER



35 mph and 75 mph. Also studied was the input
to the perturbed track zones of a freight consist
of 4 locomotives and up to 30 loaded cars, mostly
100 ton net, operating between 30 and 65 mph.

Extensive data collections were made and
analyses conducted. Preliminary findings of
interest include the occurrence of lateral track
shift on a curved track test zone under a loco-
motive at 75 mph. It was determined from the
data collected using the fully-instrumented wheels
of one truck, a first use instance in the U.S,
that the total truck force required to move what

was essentially excellent track several inches
lateratly approximated 1100,000 lbs.
Two technical reports will be published.

The first is an organized data base of test results
with a user's manual that describes how to apply
this data base to future evaluations. The second
will consist of a series of test planning documents,
operational test plans and data analysis procedures
that will be used to evaluate the dynamic response
of railroad rolling stock. Both of these will be
directly implemented in the design and opera-
tion of SAFE.

Support for TTC Committee for SAFE

Contract No.: TSC-RA-7910 (Managed by the
Transportation Systems Center)

Funding: $100,000

Schedule: July 1979 — July 1981

TSC Technical Contact:  E. Sarkisian

(617) 494-2485

Federal Railroad

Adm_, Transportation

Test Center

Agency/Contractor:

The objective is to obtain TTC support for
planning and developing the SAFE program. The
contractor will perform a short-term mini-
experiment, test and calculations.

Engineering & Management Support for SAFE
Program

Contract No.: TSC-1797 (Managed by the
Transportation Systems Center)

$131,619

September 1979 — September 1987

M. Hazel

(617) 494-2651

The Analytic Sciences Corp.

Funding:
Schedule:
TSC Technical Contact:

Agency/Contractor:

Engineering support services will be provided
on demand in the areas of rail vehicle and track
dynamic characterization, safety assessment test
development, and track facility design.

Engineering & Management Support for SAFE
Program

Contract No.: TSC-1799 (Managed by the
Transportation Systems Center)

$126,523

September 1979 — September 1981

M. Hazel

(617) 494-2651

Kaman Sciences Corp.

Funding:
Schedule:
TSC Technical Contact:

Agency/Contractor:

Engineering support services will be provided
on demand in the areas of rail vehicle and track
dynamic characterization, safety assessment test
development, and track facility design.

Engineering & Management Support for SAFE
Program

Contract No.: TSC-1798 {Managed by the
Transportation Systems Center)

$133,861

September 1979 — July 1981

M. Hazel

(617) 494-26561

Ensco, Inc.

Funding:
Schedule:
TSC Technical Contact:

Agency/Contractor:

Engineering support services will be provided
on demand in the areas of rail vehicle and track

dynamic characterization, safety acceptance test
development, and track facility design.

Test Requirements, Data Reduction and Analysis
for SAFE

Contract No.: TSC-80111 (Managed by the
Transportation Systems Center)

$438.640

June 1980 — June 1984

R. Ehrenbeck

(617) 494-2233

Arthur D. Little, Inc.

Funding:
Schedule:
TSC Technical Contract:

Agency/Contractor:

The objectives are to provide quick response,
to develop test requirements, reduce and analyze
data from multiple instrumented rail/vehicle
inputs and produce dynamic and operational
characterization of normal and degraded vehicles
by analysis of test data.
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TRACK PERFORMANCE AND SAFE LIFE PROJECT

The objective of this project is to con-
duct research needed to achieve increased
safe life and productivity from the track
system with reduced maintenance and
rehabilitation requirements. The approach
being used is to identify the most impor-
tant requirements based on government
and industry expert perceptions, and to
conduct research on the highest priority
projects identified. A recently completed
study has resulted in the identification of
20 ranked areas of needed research and
develcpment. Programs are being initiated
in response to this study.

During fiscal year 1980, in conjunction
with a National Science Foundation grant,
an investigation into the use of a large
pulsed electrical power supply for the
field welding of railroad rails was initiated.
This process is known as Homopolar Pulse
Resistance Welding (HPRW). If this study
is successful, it will have a significant
impact on the identified needs in mainte-
nance and rehabilitation.
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CONTRACTS

Failure Characteristics of Rail Joint Welds
Contract No.: TSC-15667 (Managed by the
Transportation Systems Center)

Funding: $34,998
Schedule: April 1979 — August 1981
TSC Technical Contact:  J. Morris

(617) 494-2011
Agency/Contractor: University of Arizona

An increasing percentage of track segments
within the national rail network is being replaced
with continuous welded rail. The elimination of
conventional rail joints contributes to lower
maintenance costs.

However, weld failures can occur and cause
derailments. The purpose of this contract is to
establish the optimum thermite welding proce-
dures applicable to premium rails being tested at
the Facility for Accelerated Service Testing
(FAST).

Improved Track Structures Information Dis-
semination and Conference Support
Contract No.: DOT-FR-9044 Task 2
Funding: $43,475
Schedule: September 19738 — January 1981
FRA Technical Contact: N. Ahmed
(202} 426-0955
H. Moody (Technical
Monitor)
(202) 426-4377
Agency/Contractor: Unified Industries,
Incorporated

Support was provided to Improved Track
Structures Research Program managers in the areas
of planning, report preparation, information
dissemination and other associated tasks.

A report of proceedings of a conference on

Nondestructive Techniques for Measuring the
Longitudinal Force in Rail has been prepared.
Assistance was provided in preparation for and
preparing conference proceedings on Symposium
on Railroad Electromagnetic Compatibility.

Homopolar Pulse Resistance Welding Process
Contract No.: DTFR53-80-x-00099
Funding: $35,000 (Total grant $343,345)
Schedule: June 1980 — March 1982
FRA Technical Contact: H. Moody
(202) 426-4377

Agency/Contractor: National Science

Foundation

In 1974, the Center for Electromechanics
was formed at the University of Texas at Austin
to develop large pulsed electrical power supplies
for use in experiments concerned with thermo-
nuclear fusion. The center was able to build a
homopolar generator as proof-of-principle ex-
periment. This generator operates on a prin-
ciple of first storing rotational kinetic energy in a
spinning rotor and then developing that energy in
the form of a large electrical current pulse. It has
been found that such a generator could have a
number of possible industrial applications, among
them the resistance welding of large cross sections
of metal.

The Federal Railroad Administration (FRA)
contracted the National Science Foundation to
develop this process for use in welding railroad
rails. To date a rail-welding fixture design has been
made. This project is also scheduled to determine
the cost of making in-track rail welds using the
homopolar pulse resistance welding process.
Additionally, weld samples will be made and
evaluated microstructurally and mechanically for
several types of joint designs.
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PERFORMANCE STANDARDS MAINTENANCE
REQUIREMENTS PROJECT

The Federal Raifroad Administration
(FRA) is presently formulating new track
standards which will be based on functional
performance rather than design require-
ments. This work is described within the
Track Standards Development project.

An important result of these standards
will be the increased flexibility of the rail
industry in addressing safety concerns
while at the same time maintaining track
in a cost effective manner. In order to en-
sure the practical implementation of these
standards, supporting cost effective
maintenance-of-way information must be
developed.

The work undertaken for this project
will allow the rail industry to make in-
formed and cost effective decisions relative
to track maintenance requirements. A set
of guidelines will be produced to provide
an understanding of the standards, compli-
ance measurement techniques, remedial
actions and cost/performance trade-off
information on acceptable design, and
maintenance intervals and requirements.

In order to evaluate railroad embank-
ments and obtain necessary data on which
to base cost effective maintenance-of-way
decisions, information must be obtained
on subsurface conditions, foundation re-
sponse to loads and history of loading.
Traditional approaches to subsurface explo-
ration have proven time-consuming and
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expensive. A research effort is underway The design and maintenance of the
to develop alternative methods which will  track substructure components are crucial
allow extensive field surveys at greatly  to assuring reliable, safe operations.
reduced costs.

THE WES'S TRAILER-HOUSED VIBRATOR ON-SITE ON THE ROCK ISLAND RAILROAD IN
ARKANSAS



CONTRACTS

Evaluation of Techniques to Improve Subgrade
Support to Rail Systems
Contract No.: TSC-RA-7641 {Managed by the
Transportation Systems Center)
Funding: $880,000
Schedule: September 1976 — December 1980
TSC Technical Contact: P. Mattson
(617) 494-2431
Agency/Contractor: U.S. Army Corps. of
Engineers, Waterways
Experiment Station

The Transportation Systems Center is inves-
tigating innovative rational technigues for assess-
ing potential maintenance and safety problems
for existing roadbeds and embankment structure.
This contract with the U.S. Army Corps. of
Engineers was established to develop non-
destructive test methods and equipment for use
on rail embankment evaluation.

The output is intended as a means to quickly
and inexpensively identify real or potential prob-
lem areas in the subsurface and foundation
conditions.

Ballast and Subgrade Requirements Study
Contract No.: TSC-1527 (Managed by the
Transportation Systems Center)

Funding: $326,000
Schedule: July 1978 — April 1981
TSC Technical Contact: J. Lamond

(617) 494-2544
Agency/Contractor: Goldberg, Zoino and

Associates

The purpose of this contract is to develop a
sound engineering basis for improving the safety,
reliability and integrity of the railroad track
support structure. A framework of track sub-

structure criteria will provide opportunities to
reduce maintenance costs and increase the safety
and reliability of track ballast, subgrade, and
foundation. Alternative technologies and en-
gineering practices utilized for the design and
construction of airfields and highways will be
reviewed for potential railroad applicability. A
similar review will be performed to determine
whether related subgrade stabilization method-
ologies can also be utilized. Review of soil and
ballast material testing and acceptance methods
applicable to the railroad environment will be
provided.

Railway Construction Systems Engineering Data
Contract No.: TSC-1539 (Managed by the
Transportation Systems Center)

Funding: $250,703
Schedule: May 1978 — June 1980
TSC Technical Contact: A, Sluz

(617) 494-2431
Agency/Contractor: Haley & Aldrich, Inc.

Engineering data services were provided in
the multi-disciplinary areas of geotechnical engi-
neering, instrumentation, railway design analysis,
soil stabilization, roadway drainage, construction
and maintenance  of  elevated  structures,
maintenance-of-way planning and equipment,
and cost estimation and economic analyses.

Contractor efforts supported all phases and
aspects of railway design, construction, and
maintenance.
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MOW EQUIPMENT AND
TECHNIQUES EVALUATION PROJECT

The objective of this project is to
develop long-range maintenance-of-way
(MOW) requirements and technigues so as
to achieve improved performance and
safety. An analytical model will be devel-
oped utilizing a track geometry car, physi-
cal track information, and traffic data.
Also, improved MOW equipment and tech-
niques will be reviewed and analyzed.

A cooperative program with Conrail
has resufted in the development of five
Track Quality Indices, and a predictive
track degradation equation. Cther efforts

have produced a study of track renewal
machines and the economics of re-using
wooden railroad ties.

Every railrcad must decide where to
utilize its limited MOW budget to perform
basic maintenance and programmed or re-
habilitation maintenance in the most cost-
effective manner without allowing deterior-
ation of track into unproductive and unsafe
conditions. The Office of Research and
Development of the Federal Railroad
Administration has been sponsoring re-
search to devclop analytical technigques to

aid railroad MOW planning and thereby
utilize the MOW resources in the optimum
manner, as well as reduce deferred mainte-
nance and slow orders and thereby improve
the quality of rail service and overall safety.

This project is comprised of two sep-
arate research and development contracts.
The first deals with MOW Model Develop-
ment Using Track Geometry Cars, and the
second is investigating the economics of
track renewal maintenance.

CANRON P-811 TRACK RENEWAL MACHINE
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CONTRACTS

Research and Technology Sharing Support Service
— Task 4 Track Equipment

Contract No.: FR-8044

$177,747

August 1979 — April 1981

C. Orth

(202) 755-1877

Unified Industries, Inc.

Funding:
Schedule:
FRA Technical Contact:

Agency/Contractor:

The objective of this research was designed to
investigate the major operational and economic
advantages and disadvantages associated with the
track renewal method (TRM]) of railroad track
maintenance. TRM is being compared to conven-
tional, selective track maintenance in North
America. Under favorable conditions, benefits of
the track renewal method include a major reduc-
tion in track time required for maintenance,
reduced labor requirements, improved track struc-
tures, safe track maintenance operations at night,
reduced long-term maintenance costs, completely
rebuilt track for low additional first-year cost,
savings for concurrent ballast cleaning and a
capability for special applications.

The disadvantages of this method seem to
include an increase in the long-range planning
reguired by the maintenance of way department,
carefully coordinated logistics requirements, im-
proved personnel training, investment in expen-
sive equipment, changing of rails concurrent with
tie replacement, and in most cases, an additional
cost during the first year.

While the full range of favorable conditions
is not known, it appears that most large railroads
and at least some smaller railroads could benefit
from adopting the track renewal method for at
least some of their lines.

MOW Model Development — Using Track
Geometry Cars
Contract No.: FR-64113, Task 437

Funding: $469,215
Schedule: March 1978 — October 1980
FRA Technical Contact: A. Gross

{202) 755-1877
Agency/Contractor: ENSCO, Inc.

The objective of this contract was to develop
techniques for long-range track maintenance

planning that will better utilize the limited MOW
resources and improve the quality of rail service
and overall track safety. This FRA/Conrail coop-
erative research and development program utilizes
data from FRA’'s track geometry cars operating on

part of two Conrail division test tracks. Tonnage,
speed data, track structure, and maintenance data
are to be obtained together with statistical and
engineering analysis to develop techniques and
tools for track maintenance planning.

The final objective of this contract was to
show the feasibility of using automated track
geometry cars along with other track-related data
in long-range track maintenance planning. Track
Quality Indices (TQI) figures of merit have been
established that objectively quantify the condj-
tions of the track. Additionally, it has been found
that there exist well defined relationships between
TQl’s and certain physical parameters which affect
track condition.
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IMPROVED TRACK STRUCTURES BIBLIOGRAPHY

The following atphabetical list contains
reports and papers prepared for the sub-
program shown above from 1975 through
September 1980. Many of these reports are
available to the public through the National
Technical Information Service (NTIS),
5285 Port Royal Road, Springfield, Virginia
22161. To order reports from NTIS, use
the order number ("'PB’" number) listed
following the report citation. Inquiries
about the availability or price of these
reports should be addressed by writing to
NTIS, rather than the FRA, or by calling
the NTIS Order Desk at {703) 487-4650.

The lack of a PB number following the
citation means that the report may not
have been published in sufficient quantity
for general distribution or had not vyet
been entered into the NTIS system when
this publication went to press. However,
they may be obtained by writing or calling
the persons listed as the technical contacts
for the contracts.

Finally, additional reports relating to
the research in this chapter will become
available during the upcoming year. For
information on these reports and for sug-
gestions on additional reference materials,
call or write the technical contacts associ-
ated with each project.

Analysis of Kansas Test Track Beam Response
MITRE Corp.

J.R. Anderes

Report No, FRA/ORD-77/31
PB 271-412

June 1977
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An Analysis of Thermal Track Buckling in the
Lateral Plane

Princeton University

Arnold D. Kerr

Report No. FRA/ORD-76/285

PB 267-938

Sept. 1976

An Analytical and Experimental Evaluation of
Concrete Cross Tie and Fastener Loads

Battelle Columbus Laboratories

Robert H. Prause, et al

Report No. FRA/ORD-77/71

PB 279-368/5WT

Dec. 1977

The Application of Quasi-Line Linevization
Techniques to Rail Vehicle Dynamic Analysis

Massachusetts Institute of Technology

J.K. Hedrick, N.K. Cooperrider, and E.H. Law

Report No. FRA/ORD-78/56 Nov. 1978

PB 289-849

A Bibliography on Rail Technology
TSC/Battelle Columbus Laboratories
Walter E. Chapin, et al

Report No. FRA/ORD-77/15

PB 275-046

May 1977

Computational Methods to Predict Rail Car
Response

TSC/Massachusetts Institute of Technology

B.E. Platin, et al

Report No. FRA/ORD-70/293

PB 272-676

Sept. 1976

Concrete and Wood Tie Track Performance at
FAST

Battelle Columbus Laboratories

Published by Transportation Test Center

Report No. FRA/ORD-78/60

Correlation of Statistical Representation of
Track Geometry with Physical Appearance

ENSCO, Inc.

J. Corbin

Report No. FRA/ORD-79/35

PB 80-126881

June 1979

A Description of the Tests Conducted and the
Data Obtained During the Perturbed Track
Test

ENSCO, Inc.

Michael Coltman, Russel Brantman, and Pin Tong

Report No. FRA/ORD-80/15 June 1980

PB 80-165822

Design and Analysis of a Track Compliance
Measurement System

Battelle Columbus Laboratories

W.D. Kaiser, H.C. Meacham, and J.M. Tuten

Report No. FRA/ORD-78/57 Nov. 1978

PB 297-055

Development of a Structural Model & Materials
Evaluation Procedure

Q.L. Robnett, et al

Report No. FRA/ORD-76/255

PB 262-987

Nov. 1975

Dynamic Loads on the Under Carriages of Freight
Cars

Izdatel'stvo, Moscow

N.N. Krudryavtsev

Report No. FRA/ORD-79/33 July 1979

Economics of Concrete and Wood Tie Track
Structures

Battelle Columbus Laboratories

D.W. White, R.C. Arnlund, and R.H. Prause

Report No, FRA/ORD-78/30 Aug. 1978

PB 231613



The Effect of Imperfections on the Vertical
Buckling of Railroad Tracks

Princeton University

Yehia M. EI-Aini

Report No. FRA/ORD-76/09

PB 259-389

June 1976

Effect of Torsional Fastener Resistance on the
Lateral Response of a Rail-Tie Structure

Princeton University

Arnold D. Kerr

Report No. FRA/ORD-78/35

PB 290-734

Sept. 1978

The Effects of Accelerated Ballast Consolidation
ENSCO, Inc.

E.G. Cunney, J.T. May, and H.N. Jones

Report No. FRA/ORD-76/274 March 1977
PB 266-477/AS

Embankment Support for a Railroad Test Track
Shannor & Wilson, inc.

R.J. Dietrich and J.R. Salley
Report No. FRA/ORD-76/258
PB 264-403

Dec. 1976

Evaluation of Improved Track Structural Com-
ponents Under Sub-Arctic Conditions

Portland Cement Association, Construction
Technology Laboratories

John W, Weber

Report No. FRA/ORD-79/01

PB 291-376/2WT

Jan. 1979

An Evaluation of Performance Requirements for
Cross Ties and Fasteners

Battelle Columbus Laboratories

Robert H. Prause, James C. Kennedy, and Robert
C. Arnlund

Report No. FRA/ORD-78/37

PB 294-431

Dec. 1978

An Experimental Evaluation of Techniques for
Measuring the Dynamic Compliance of Rail-
road Track

Battelle Columbus Laboratories

G.L. Nessler, R.H. Prause, and W.D. Kaiser

Report No. FRA/ORD-78/25 July 1978

PB 285-559

FAST Ballast & Subgrade Materials Evaluation
University of Illinois

M.R. Thompson

Report No. FRA/ORD-77/32
PB 281-167

Dec. 1977

FAST Track Structures Performance
FRA/TSC

A. Kish, et al

Report No. FRA/ORD-77/29

PB 275-177

Sept, 1977

Fatigue Crack Propagation in Rail Steels

Battelle Columbus Laboratories

G.E. Feddersen, R.D. Bucheit, and D. Broeck
Report No. FRA/ORD-77/14 June 1977
PB 272-062

Feasibility Study for Railroad Embankment
Evaluation with Radar Measurements

Waterways Experiment Station

Jerry R. Lundien

Report No. FRA/ORD-79/08 Feb. 1979

Flaw Detection in Rails

University of Oklahoma (translating agency)

A.K. Gurvich, et al

Report No. FRA/ORD-77/10 Dec. 1978

Friction Creep and Wear Studies for Steel Wheel &
Rail

Ilinois Institute of Technology

K.C. Karamchandani, et al

Report No. FRA/ORD-76/272

PB 264-873

May 1975

Handbook for Railroad Track Stabilization Using
Lime Slurry Pressure Infection

University of Arkansas

Original By James R. Blacklock and Chris H.
Lawson, revised by Richard H. Ledbetter

Report No. FRA/ORD-77/30 June 1977

Rev. April 1979
PB 272-721

The Kansas Test Track Vol. | & Vol. i
Portland Cement Association

Claire G. Ball, et al

Report No. FRA/ORD-79/22

PB 80-128390 I; 80-134502 1|

Nov. 1979
Nov. 1979

Laboratory Investigation of Lateral Track Shift
Association of American Railroads

J. Choros, A.M. Zarembski, and |. Gitlin
Report No, FRA/ORD-80/27

PB 80-2239238

Aug. 1980

Laboratory Investigation of Track Gage Widening
Characteristics

Association of American Railroads

J. Choros, A.M. Zarembski, and |. Gitlin

Report No. FRA/ORD-80/33

PB 80-222003

Aug. 1980

Lateral Resistance of New and Relay Red Oak
Crossties

Forest Products Labs-U.S.D.A.

Joesph F. Murphy

Report No. FRA/ORD-79/3

PB 80-127012

Sept. 1979

Lateral Resistance of Railroad Track
Chessie System, Baltimore, MD

I.A. Reiner

Report No. FRA/ORD-77/41

PB 275-166/7WT

Aug. 1977
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Lateral Stability of Ballast-Ballast and Foundation
Materials Research Program

University of lllinois

W.W. Hay, et al

Report No. FRA/ORD-77/61

PB 275-035

Sept. 1977

Materials Evaluation Study — Ballast and Founda-
tion Materials Research Program

University of Illinois

R.M. Knutson, et al

Report No. FRA/ORD-77/2

PB 264-215

Jan. 1977

Measurement and Correlation Analysis Plan for
Concrete Tie and Fastener Performance
Evaluation

Battelle/University of Massachusetts

F.E. Dean, et al

Report No. FRA/ORD-79/51

PB 80-183882

Nov. 1979

Measurement of Wheel/Rail Loads on Class 5
Track

Battelle Columbus Laboratories

Donald R. Ahlbeck, et al

Report No.FRA/ORD-80/19 Feb. 1980

Measurement Plan for the Characterization of the
Load Environment for Crossties and Fasteners

Battelle Columbus Laboratories

Robert C. Arnlund, et al

Report No. FRA/ORD-77/3

PB 271-393

April 1977

Mechanical Impedance Evaluation of the Kansas
Test Track — Pre-Traffic and Post-Traffic
Tests

Waterways Experiment Station

Stafford S. Cooper

Report No. FRA/ORD-79/10 Nov. 1979
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Methods for Joining of Rails Survey Report
Battelle Columbus Laboratories
Daniel Hauser

Report No. FRA/ORD-77/16
PB 272-066

July 1977

Modern Concrete Crosstie Experience in France
and Mexico

Federal Railroad Administration

A. Prud’homme, et al

Report No. FRA/ORD-79/2

PB 205-715

March 1979

Non-Destructive Measurement of Longitudinal
Rail Stresses — Part |, Part |1

University of Oklahoma

D.M. Egle and D.E. Bray

Report No. FRA/ORD-77/34

PB 281-164.1;281-1166/.2

Jan. 1978

Non-Destructive Measurement of Longitudinal
Rail Stresses

University of Qklahoma

D.M. Egle and D.E. Bray

Report No. FRA/ORD-76/270

PB 272-061

June 1975

Non-Destructive Techniques for Measuring the
Longitudinal Force in Rails

Unified Industries

Report No. FRA/ORD-80/50

On the Stress Analysis of Rails and Ties
Princeton University

Arnold D. Kerr

Report No. FRA/ORD-76/284

PB 263-414

Sept. 1976

Parametric Study of Track Response
Battelle Columbus Laboratories

Robert H. Prause and James C. Kennedy
Report No. FRA/ORD-77/75

PB 279-316

Dec. 1977

Plate Instrumented Wheelset for the Measurement
of Wheel/Rail Forces
Transportation Systems Center

W.I. Thompson, ]
Report No. FRA/ORD-80/58
PB81-116113

Oct. 1980

Post-Mortem Investigation of the Kansas Test
Track: Vol I, Vol Il

Waterways Experiment Station

Stafford S. Cooper; Albert J. Bush, I11; Homer C.
Greer, I11; Mark A Vispi; and Melvin M.
Carlson

Report No. FRA/ORD-79/07 1 & 11

PB 80-138316 |; 80-138324 11

Nov. 1979

Preliminary Description of Stresses in Railroad
Rail

Battelle Columbus Laboratories

Thomas G. Johns and Kent B. Davies

Report No. FRA/ORD-76/2%94

PB 272-054

Nov. 1976

Proceedings of Roadbed Stabilization Lime
Injection Conference

Graduate Institute of Technology {University
of Arkansas)

Edited by James R. Blacklock

Report No. FRA/ORD-76/137

PB 251-681

Nov. 1975

Properties of Subgrades, Subballast and Ballast
for AAR Track Laboratory

Association of American Railroads

S.K. Saxena and S.F. Zapata

Report No. FRA/ORD-80/24 April 1880

A Prototype Maintenance-of-Way Planning System
Volume I, Final Report Including -
Appendices A-E

ENSCO, Inc./Rail Engineering Division

A. Hamid, D. Sawyer, and M. A. Kenworthy

Report No. FRA/ORD-80/47 i Nov. 1980



A Prototype Maintenance-of-Way Planning System
Volume I, Appendices F-H

ENSCO, Inc./Rail Engineering Division

A Hamid, D. Sawyer, and M.A. Kenworthy

Report No. FRA/ORD-80/47 .1 Nov. 1980

A Prototype Maintenance-of-Way Planning System
Volume 111, Software Documentation

ENSCO, Inc./Rail Engineering Division

A. Hamid, D. Sawyer, and M.A. Kenworthy

Report No. FRA/ORD-80/47.111 Nov. 1980

Rail Transport Research Needs

Transportation Research for the Federal Railroad
Administration, U.S. Department of Transpor-
tation, and the Association of American
Railroads

National Academy of Sciences

Special Report 174 1977

Railroad Track Technology in the USSR: The
State of the Art

Sergei G. Guins, et al

Report No. FRA/ORD-76/12

PB 252-199

Oct. 1974

Refurbishment of Railroad Cross Ties, A Technical

and Economic Analysis
Stanford Research Institute
AV Loomis and T. Anyos
Report No. FRA/ORD-77/76
PB 283-447

Dec. 1977

Report on the U.S.-USSR Track-Metallurgy
Information Exchange

Elgin, Joliet, and Eastern Railway Co.

Richard F. Beck

Report No. FRA/ORD-77/19

PB 266-368

March 1977

A Review of Measurement Techniques Require-
ments, and Available Data on the Dynamic
Compliance of Railroad Track

Battelle Columbus Laboratories

Willard D. Kaiser, et al

Report No. FRA/ORD&D-76/70

PB 250-547

May 1975

Sleeve Expansion Bolt Holes in Railroad Rail
Boeing Commercial Airplane Co.
D.V. Lindh, R.Q. Raylor, and D.M. Rose

Report No. FRA/ORD-80/05 Feb. 1980

Statistical Representation of Track Geometry
Vol. | — Main Text

Vol. Il — Appendices

TSC/ENSCO, Inc.

John C. Corbin

Report No. FRA/ORD-80/22, 1, Il March 1980

Study of Friction and Creep Point Between
Steel Wheels and Rail
IHinois Institute of Technology

C. Sciarmmarella, et al
Report No. FRA/ORD-76/271
PB272-713

July 1976

Study of Homopolar Pulse Resistance Welding
Parameters for Railroad and Automotive
Parts

R.E. Keith

Grant No. I1SP-8005918 Oct. 1980

A Study of Railroad Ballast Economics

University of Hllinois

WW. Hay, R. Bangher, and A.J. Reinschmidt
Report No. FRA/QRD-77/64 Sept. 1977
PB 275-102

Summary Report — Ballast and Foundation
Materials Research Program

University of lllinois

M.R. Thompson, W.W. Hay, and S.D. Tayabji

Report No. FRA/ORD-78/10 July 1978

PB 282-348

Technical Data Base Report Ballast and Founda-
tion Research Program

Association of American Railroads/University of
Hlinois

Q.L. Robnett, M.R. Thompson, W.W. Hay, et al

Report No. FRA/ORD-76/138 July 1975

PB271-771

Technique for Improving the Railroad
Maintenance-of-Way Equipment Evaluation
Process

Deleuw, Cather & Company

R.L. Shipley, D. Burns, and E. Bisutti

Report No. FRA/ORD-79/14 April 1979

Thermal Buckling of Straight Tracks —
Fundamentals Analysis and Preventive
Measures

Princeton University

Arnold D. Kerr

Report No. FRA/ORD-78/49

PB 291-029

Sept. 1978

Track and Bridge Maintenance Research
Requirements

Parsons, Brinckerhoff, Quade and Douglas, Inc.

Reece H. Wengenroth, and Harry P. Clapp

Report No. FRA/ORD-80/11 March 1980

PB 80-207855

Track Component Property Tests

Vol. I, Rails, Ties and Fasteners
Association of American Railroads
A.M. Zarembski, J. Choros, and |. Gitlin
Report No. FRA/ORD-79/32
PB 80-142367

Nov. 1979

Track Component Property Tests

Vol. I, Rails, Ties, Joint Bars and Fasteners
Association of American Railroads
J. Choros and |. Gitlin
Report No. FRA/ORD-80/25
PB 80-218977

June 1980
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Track Rehabilitation and Maintenance Research
Requirements

MITRE Corp.

Marcel J. Zobrak

Report No. FRA/ORD-80/09

PB80Q-161169

Jan. 1980

Track Rehabilitation Research Requirements:
A Basis for Program Planning

MITRE Corp.

Robert E. Martin, et al

Report No. FRA/ORD-80/10

PB 80-210495

March 1980

Track Renewal System and Wood Tie Reuse
Analysis

Unified Industries Incorporated

Federal Railroad Administration

Report No. FRA/ORD-80/63 1980

Track Renewal Systems: A Survey Report

Unified Industries Incorporated

Federa! Reailroad Administration

Report No. FRA/ORD-79/43 1979
PB 300-866

Track Stiffness Measurement System Evaluation
Program — Final Report

ENSCO, Inc.

G. Hayes, P. Joshi, and J. Sullivan

Report No. FRA/ORD-79/30

PB 80-165293

Dec. 1979

Track Structure Design Using Mathematical
Models

Association of American Railroads

W. So

Report No. FRA/ORD-78/08

PB 282-357

June 1978

Track Support Systems Parameter Study
University of [llinois

S.D. Tayabji and M.R. Thompson
Report No. FRA/ORD-76/256
PB 263-370
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March 1976

U.S.-USSR Rail Inspection Information Exchange
Battelle Pacific Northwest Laboratories
F.L. Becker

Report No. FRA/ORD-77/35

PB 272-612

June 1977

User’s Manual for Asymmetric Wheel/Rail
Contact Characterization Program

Arizona State University and Clemson University

R. Heller and N. Cooperrider

Report No. FRA/ORD-78/105

PB 279-707

Dec. 1977

Vertical Track Modulus: Test Results and Com-
parison of Analysis Techniques

Association of American Railroads

J. Choros, A. Zarembski, I. Gitlin

Report No. FRA/ORD-79/34

PB 80-165624

Nov. 1979

Wood Tie Reuse: A Survey Report

Unified Industries Incorporated

Federal Railroad Administration

Report No. FRA/ORD-79/44 1979
PB 114-044



CHAPTER 3

DYNAMIC ANALYSIS

The objective of the Dynamic Analysis
subprogram of the FRA is to ensure a more
effective U.S. rail transportation system
through the safe, reliable and effecient
performance of its rail vehicles and their
components.

Large increases in freight car size and
train weight over the last 10 years have
tended to increase the wear and mainte-
nance expenses on freight cars and tracks,
as well as the amount of lading damage
and number of train accidents experienced
by railroads. The Dynamic Analysis subpro-
gram is developing the basic information
needed to predict and, if economically
justified, reduce the forces exerted on vehi-
cles, track, and lading.

Excessive rocking and bouncing of rail
cars and erratic behavior of locomotives are
problems which limit the nation’s railroad
and urban transit systems. Poor interaction
between wheel and rail not only causes
rough rides for passengers, but is also
responsible  for accidents, derailments,
lading damage, and excessive maintenance
costs.

The Rail Dynamics Laboratory (RDL),
located in Colorado at the Transportation
Test Center (TTC) is investigating the many
dynamic factors affecting vehicle perform-
ance and safety through the use of two
highly advanced test machines: the Roll

Dynamics Unit (RDU) and the Vibration
Testing Unit (VTU). Both machines re-
create the effect of rails under a vehicle and
include features to accommodate a wide
variety of vehicle sizes and weights for test-
iNg puUrposes.

There are four projects organized under
the Dynamic Analysis subprogram. These
projects include:
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Rail Dynamics Laboratory;
Equipment Analysis;
Equipment Evaluation; and
Lading Loss and Damage.

e WHEEL/RAIL
® VEHICLE/LADING
e TRUCK CHARACTERISTICS

DYNAMIC ANALYSIS AND EVALUATION
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RAIL DYNAMICS LABORATORY PROJECT

The Rail Dynamics Laboratory (RDL)
Project began in 1974, at the Transportation
Test Center (TTC) at Pueblo, Colorado.
The TTC, established in 1971, is a facility
where research is conducted to develop and
improve railroad and transit technology.
The newest railroad and transit vehicles
and the latest ideas in railroad technology
are tested here. As a result, many rail-
related problems have been solved through
performance and reliability testing on the
Center’s major tracks.

However, (rack iesis cannol provide
all the answers. Consequently, a controlled
environment designed 10 test rail vehicle
dynamics under laboratory conditions be-
came necessary to conduct vehicle research
efficiently. The RDL provides two highly
advanced test machines, the Roll Dynamics
Unit (RDU) and the Vibration Test Unit
(VTU). The RDU is applied in studies of
acceleration, adhesion, braking, and the
hunting phenomenon — the tendency for
trucks to swivel, yaw, and/or warp exces-
sively. It simulates forward vehicle motion
on rollers rather than on conventional rails.
The RDU can also apply rotating forces to
or absorb forces from the wheels of a pow-
ered vehicle. Vehicle speeds in excess of
140 mph can be simulated. Four advan-
tages of RDU testing of railway vehicles
are: 1) test conditions can be accurately
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controlled and measured; 2) surface con- changed and their effect studied; and
tamination can be reduced to a minimum, 4} random road bed disturbances including
or controlled; 3) parameters may be easily  rail profile variations are eliminated.

THE RAIL DYNAMICS LABORATORY (RDL) AT THE TRANSPORTATION TEST CENTER. THE RDL
CONTAINS TEST RIGS WHERE RESEARCHERS CAN OBSERVE THE REACTIONS OF RAILROAD AND RAIL
TRANSIT VEHICLES IN PLACE AS IF THE VEHICLES WERE MOVING ALONG RAILROAD TRACK. THE
ROLL DYNAMICS UNIT RECREATES THE EFFECT OF A RAILCAR MOVING ALONG NEAR-PERFECT
TRACK, WHILE THE VIBRATION TEST UNIT RECREATES THE EFFECT OF A RAILCAR ON PERTURBED
TRACK.



The VTU provides the capability of
subjecting a stationary 320,000-b rail
vehicle to controlled vertical and lateral
vibration inputs on the wheels, creating the
dynamic effects of perturbed track on a
vehicle. The VTU is designed to vibrate a
railcar to simulate the action of rail mis-
alignment by using a hydraulic shaker
system. Suspension characteristics and rock
and roll tendencies of rail vehicles, compo-
nent and vehicle natural frequencies, and
component fatigue can be studied on the
VTU.

The RDL has begun testing under a de-
monstration program, funded by the Office
of Research and Development and the
Association of American Railroads Track/
Train Dynamics Program, to test the
dynamics of a 100-ton high-side gondola
car on the VTU and a 70-ton TTX 89-foot
flatcar on the RDU. The RDL will then be
used to test the state-of-the-art transit car
for the Urban Mass Transportation Admin-
istration {(UMTA), a high-cube boxcar lad-
ing damage program, and a Metropolitan
Atlanta Rapid Transit Authority (MARTA)
subway car.

The RDL is available for use by govern-
ment and private organizations, such as rail-
roads (both domestic and foreign), car
builders, locomotive manufacturers, trade
associations, and universities. The objective
of safe, reliable and efficient performance
of rail vehicles can be realized through
investigation of the dynamic factors affect-
ing vehicle safety. The RDL provides test-
ing to identify improvements for railroad
and transit systems in order to assure
safety, ride quality, and stability.

Three contracts for FRA research
and development efforts at the RDL are
described.
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SYSTEM NETWORK

THE VIBRATION TEST UNIT

A TECHNICIAN MONITORS THE PROGRESS OF A TEST ON A RAILCAR FROM THE CON-
TROL CONSOLE OF THE ROLL DYNAMICS UNIT (RDU). OBSERVING THE REACT/ON OF
TEST VEHICLES WILL ENABLE RESEARCHERS TO DETERMINE HOW RAILCARS, LOCOMO-
TIVES AND TRANSIT CARS CAN BE GIVEN INCREASED RIDE QUALITY, STABILITY AND
SAFETY.
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RDL — VIBRATION TEST UNIT
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CONTRACTS

Rail Dynamics Laboratory (RDL)

Contract No.: FR-64200

Funding: $10,984,236

Schedule: July 1975 — September 1980

FRA Technical Contact: A. Gross
(202)755-1877

Agency/Contractor: Wyle Laboratories, Inc.

The TTC in Pueblo, Colorado was established
in 1871 to conduct research for the development
and improvement of railroad and transit tech-
nology. Since it is necessary to test rail vehicle
dynamics under controlled laboratory conditions,
a Rail Dynamics Laboratory {RDL) was developed

= W

for the FRA. RDL has facilities to perform tests
on full-scale locomotives, passenger and freight
trains, and transit vehicles, under computer-
controlled conditions.

The Roll Dynamics Unit (RDU) and the
Vibration Test Unit {VTU} machines, which com-
prise the RDL, result in the most technically
advanced railroad and transit research laboratory
in the world.

The RDL program provides controlled con-
ditions in a track-related in-service environment
to isolate causes and determine the solution of
dynamic operating problems encountered in the
railroad and transit industry.

ol
i

AN 89-FOOT TOFC (TRAILER-ON-FLATCAR) IS POSITIONED ON THE ROLL DYNAMICS UNIT (RDU) FOR
TESTING. THE RDU RECREATES TRACK MOVEMENT FOR RAILCARS, LOCOMOTIVES AND TRANSIT
CARS BY ROLLING THEM IN PLACE UNDER CAREFULLY CONTROLLED LABORATORY CONDITIONS.

Roll Dynamic Unit (RDU) Wheel/Rail
Correlation Study

Contract No.: Purchase Order 9116

Funding: $7500

Schedule: July 1979 — September 1980

FRA Technical Contact: A. Gross
(202)755-1877

Agency/Contractor: Arizona State

Arizona State is conducting an analysis for
the FRA of the dynamic behavior of a test vehicle
on the RDU. The RDU is used to investigate the
wheel/rail dynamics of acceleration, adhesion,
braking, and truck-hunting.

This study will investigate the contact con-
ditions existing between the RDU roiler and
vehicle wheel, or rail creep/force theories, with
regard to their applicability for use in RDU
analysis as well as comparisons when a wheel
set runs on track.

RDL/RDU and VTU Demonstration Program

Contract No.: PR4498

Funding: $74,533

Schedule: December 1979 — May 1981

FRA Technical Contract: A. Gross
(202)755-1877

Agency/Contractor: Transportation Test Center

The TTC in Pueblo, Colorado will examine
the capabilities of the RDLL/RDU and VTU to test
and evaluate the dynamic stability characteristics
of a typical freight vehicle.

The RDU test program will have four objec-
tives: 1) to demonstrate the use of the RDU
facility for determining hunting characteristics of
a TTAX flatcar; 2) to provide data for correlation
of a truck hunting mathematical model developed
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by Track Train Dynamics (TTD)/AAR personnel
with test data; 3) to explore the effect of operat-
ing and design parameters on truck hunting be-
havior; and 4) to obtain track test data for com-
parison of truck hunting dynamics on tangent
track verses RDU.

The VT Utestprogramwill havethreeobjectives:
1) 1o demonstrate the use of the VTU facility for
determining the dynamic characteristics of a freight
car {100-ton high side gondola car) and to reduce
the experimental data for design purposes; 2) to
provide test data for comparison with responses
obtained with mathematical models developed by
the track/train dynamics (TTD) program, and with
selected field tests; and 3) to establish the range of
strains occurring during dynamic conditions for
estimates of the fatigue life of critical structural
elements.

Upon completion of the RDU/VTU tests,
TTC will prepare technical test reports and a short
color movie on testing. At contract completion,
TTD will prepare final test/analysis reports.

64



EQUIPMENT ANALYSIS PROJECT

Large increases in freight car size and
train weight over the last 10 years have
tended to increase the wear and mainten-
ance expenses on freight cars as well as the
amount of loss, damage and number of
train accidents experienced by railroads.
This project addresses some of the prob-
lems found by examining freight car
behavior, with actual testing taking place
at the Union Pacific Railroad and the
Transportation Test Center (TTC).

The equipment analysis attempts to
develop analytical techniques to deter-
mine the freight car parameters that con-
tribute to derailments, increased vehicle
maintenance, 1oss, and damage. Several
analytical models have already been devel-
oped and validated to provide simple and
accurate predictive methods to analyze
freight car behavior under various opera-
tional conditions. Six of these describe
freight car truck hunting and two, freight
car lading response. In addition, surveys
and evaluations have been completed on
all  current railroad-related  analytical
models.
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CONTRACTS

Review and Summary of Computer Programs

for Railway Vehicle Dynamics

Contract No.: FR-8076

Funding: $30,000

Schedule: August 1978 — September 1980

FRA Technical Contact: N. Tsai
(202)426-0855

Agency/Contractor: University of Virginia

All available rail/vehicle dynamics computer
program were identified and classified as Lateral
Stability; Curving Dynamics; Vertical Dynamics;
Freight Dynamics and Analog/Hybrid Simulations.

Suitable authorities on each of these were
chosen 1o evaluate available programs, and user's
responses were obtained to provide recommenda-
tions regarding validation of selected programs.

Improved Wheel Measurement Instruments

Contract No.: PR-45056 & PR-4521

Funding: $37,000

Schedule: February 1980 — September 1980

FRA Technical Contact: D.E. Gray
(202)755-1877

Agency/Contractor: Transportation Test Center

Wheel wear is one of the key research topics
under study at the FAST track. Based on analysis
of previous data it became evident that measure-
ment inaccuracy was contributing significantly
to the unexplained variability in the data and, in
particular, to the limited value of analysis of the
rim wear data.

The FRA determined that one way to reduce
inaccuracy would be to develop a more accurate
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instrument to replace the standard Association of
American Railroads (AAR) finger gage currently
in use. This instrument could result in more
comprehensive and reliable data analysis and could
provide considerable savings over the costs associ-
ated with the prevailing practive (using relatively
large wheel samples and extensive test periods).

Unified Industries, Incorporated developed a
prototype wheel instrument that measures flange
thickness, rim thickness and flange height to a
thousandth of an inch. Validation tests were
carried out at the Transportation Test Center
and the instrument is replacing the AAR finger
gage at FAST.

This project also investigated the adaption of
existing wheel profilometer designs for future use
at FAST.

Freight Car Dynamics

Contract No.: 0S-40018

Funding: $342,067

Schedule: June 1977 — August 1980

FRA Technical Contract: N, Tsai
(202)426-08556

Agency/Contractor: Clemson University

Clemson University conducted the Freight Car
Dynamics Study in order to develop mathematical
models to understand the dynamic behavior of
freight cars and the effects on various truck, car,
and track design parameters.

This study developed computer programs to
simulate freight car dynamics, prepared user’s
manuals, and documented six computer programs
for submission to the National Technical Informa-
tion Service.
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EQUIPMENT EVALUATION PROJECT

Freight car truck performance research
has been conducted for several years by the
Office of Freight Systems. Phase | of the
Truck Design Optimization Project (TDOP)
was a study of the Type I, general purpose,
three-piece truck. Performance characteri-
zation of the Type | truck was completed
in Phase 1. A study was begun of the Type
[, special purpose or premium truck, with
the objective of developing performance
and testing specifications for the Type |l
truck.

The Equipment Evaluation Project has
as its objective the assessment of the rela-
tive service performance characteristics of
single-axle trucks and trucks under an
articulated connector joining two ratlcar
sections.

Work on single-axle trucks and trucks
under an articulated connector (railcar) was
delayed for two reasons: 1) the complex-
ity and variety of two-axle trucks falling
into the category of the Type |l truck, and

2) lack of equipment at the outset of
Phase I for the single-axle trucks and
trucks under an articulated connector.

Because recent developments have
made available to FRA single-axle and
articulated-connector equipment for study
on a limited scale, a study project is being
planned as an adjunct to TDOP. One auto-
guard car will be made available to FRA by
the Southern Railway System for the study
of single-axie truck performance. A six-
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section, articulated, intermodal railcar
prototype to be provided by the Budd
Company, Railway Division will make it
possible to study the performance of a
standard American Steel Foundries {ASF)
three-piece truck under an ASF articulated
connector,

In the above two studies, the cars will
be equipped with instrumented wheelset
and other measurement devices to measure
wheel/rail load, displacement and truck/
carbody motions during the field testing
over the mainline track of Richmond,
Fredericksburg and Potomac Railroad
(RF&P). Data will be analyzed and com-
pared with conventional freight car truck
performance data. The Equipment Evalua-
tion project will develop data and test
requirements and methodologies to meet
TDOP basic data needs and special require-
ments of other project participants.

Charcterization of Articulation and
Single-Axle Suspension Systems

Contract No.: DOT-FR-64113

Funding: $315,000

Schedule: June 1980 — June 1981

FRA Technical Contact: N. Tsai

(202)426-0855
Agency/Contractor: ENSCO, Inc.

ENSCO, Inc. is conducting a research study
for the FRA to determine the performance charac-
teristics of innovative, single-axle trucks and trucks
under an articulated connection joining two rail-
car sections.

Data obtained in Phases | and 11 of the Truck
Design Optimization Project (TDOP) will be
augmented by the knowledge acquired from the
study. Road tests conducted during this study and
analysis of test data will prove helpful in compar-
ing the performance of the innovative systems
with more contemporary suspension systems.
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LADING LOSS AND DAMAGE PROJECT

Damage to goods during transit can
result in various costs. There are the raw
claims costs, the costs of litigation, claims
processing costs, insurance costs, delayed
sales and lost future sales, cost of larger
inventories, and the interruptions to the
production process resulting from unrelia-
ble shipments.

The costs of preventing such damage
often seem high when compared to just the
claims costs, but many of the costs of
damage are subtle and hidden. To reduce
these costs over ihe iong period, ine
Federal Railroad Administration (FRA) has
a continuing program to investigate the
causes of damage to goods. This program
has examined many facets of damage and
now has developed complex simulation
models to provide a relatively inexpensive
method of providing solutions to the causes
of damage in shipments. In addition,
special research facilities have been devel-
oped at the Rail Dynamics Laboratory
(RDL) to test, under laboratory conditions,
the effects found on actual track.

[t is easy to visualize the types of vibra-
tions and shocks that packages experience
while traveling along a railroad, and it is
obvious how much damage can occur.
There is the general sliding of cargo as a
train accelerates or decelerates, the end-to-
end collision of cars during coupling and
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TESTING FOR “FRATE” MODEL VALIDATION

slack and buff train action, the ambient
vibration from movement, the rock and roll
motion of traveling over jointed track, and
the shifting of the car carriage along the
wheel axles as the body follows the move-
ment of the gage. These, and other causes

of damage can be treated as continuous or
single vibrations and these can cause pack-
ages to walk, bounce or vibrate in sympa-
thy. The science of packaging attempts to
provide methods of loading, stacking and
protecting that work with or against these



forces to prevent damage to the contents.
In addition, engineers attempt to improve
the ride quality and reduce some of these
forces by improved rail geometry, different
types of suspension mechanisms, couplers,
etc. All this work is oriented toward reduc-
ing the costs of damage in transportation
and preventing accidents.

The packaging will also be different for
different types of products. For some
causes of damage certain speeds must be
maintained to avoid damage. As an ex-
ample, the type of cushioning required for
a particular product will vary with the pro-
duct, depending on how the product re-
sponds to vibrations. The amount of cush-
ioning will also vary with the route being
traversed. Depending on the type of vibra-
tion problems being encountered, a certain
amount of cushioning can damp vibrations
making for a more comfortable ride or,
under different conditions, can exaggerate
the bounce being felt within a car and
consequently cause more damage.

The complexity of this subject has
required the setting up of tests to check on
the vibrations actually found in different
types of wvehicles and, because of the
expense of this type of testing and the
costs of constructing alternatives, a compu-
ter simulation program has been extensive-
Iy used and is continually being redesigned
to account for different types of load con-
figurations and vehicle types. This type of
analysis allows for theoretical testing of
new design or lading features before any
actual model or full-scale test prototype
need be developed. All this work should
help to reduce shipping damage and there-
fore will improve the service quality of the
railroads.
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CONTRACTS

Rail Freight Dynamics

Contract No.: FR-54090

Funding: $371,000

Schedule: March 1977 — August 1979

FRA Technical Contact: C.L. Orth
(202)755-1877

Agency/Contractor: MITRE Corp.

Physical damage occurs to railroad freight dur-
ing transit. It is possible to reduce this damage by
reducing the forces experienced by the freight.
A computer program (FRATE) has been devel-
oped to study the dynamic response characteristics
of freight cars. It assumes that freight car motion
causes wear on the car, the track and the roadbed,
causes damage to commodities carried, and can
result in derailment. Today, it costs in excess of
$10 billion annually to maintain rolling stock,
track and roadbed and to defray the cost of lading
damage settlements. A small increase in the ride
quality can create large savings.

The use of computer analysis techniques helps
innovation in car design and Jading protection
techniques. They can be performed more quickly
and at less cost than development testing. This
saves time and money and results in a better final
product.

This contract has examined various track and
car characteristics that result in car motion which
could cause vehicle, track and lading damage.
These include a rock and roll analysis (the re-
sponse of the car to joints between rails}), a hunt-
ing analysis (the movement of the car between
the gage as the car body follows the wheel move-
ment) and a vertical pulse analysis {movement
resulting from irregularities in track profile such
as uneven settling of the roadbed or elevated hard
spots found at road crossings or switch blocks). It
concludes with a series of recommendations for
improving ride quality.
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Railcar Lading Damage

Contract No.: FR-54090

Funding: $334,295

Schedule: February 1978 — March 1981

FRA Technical Contact: C.L. Orth
(202)755-1977

Agency/Contractor: MITRE Corporation

This contract is a continuation of the "‘Rail
Freight Dynamics’ contract and is part of the
"Lading Model Validation Test/Evaluation” being
conducted at the TTC. The FRATE model pre-
viously developed for a trailer-on-flatcar (TOFC)
has been modified for a boxcar with compliant
lading.

Vibration tests will be performed on a 70-ton
boxcar with lading on the RDL vibrations test
unit to validate the revised FRATE model. Anal-
yses will be performed tc obtain the response of
boxcar elements and compliant lading to several
track profile and body hunting conditions.

Packaging Dynamics of Freight Lading Study
Contract No.: FR-76-74323
Funding: $122,753
Schedule: September 1977 — September 1980
Technical Contact: C.L. Orth

(202)755-1877
Agency/Contractor: Rutgers University

Proper packaging and stacking of products
can reduce transport damage. Proper packaging
can vary from product to product depending on
its density. This contract has been pursued to
determine the responses of certain product/
package ladings to a range of shock and vibration.
Various tests were made on cans of three products
(with different densities) packed in corrugated
cardboard shipping containers and under several

PACKAGE DYNAMICS TESTING—-RUTGERS
UNIVERSITY



stacking and palleting configurations. Attempts
were made to simulate the lading conditions
found on freight cars, trailer-on-flatcars, and
container-on-flatcars.

Rail Car Performance Based Track Geometry
Descriptors

Contract No.: FR-54090

Funding: $35,000

Schedule: July 1980 — March 1981

FRA Technical Contact: A. Gross
(202)755-1877

Agency/Contractor: MITRE Corporation

Reduced track maintenance usually results
in increases in the number of severity of derail-
ment and lading loss. The profitability of rail-
road operations can be determined by the balance
between these two costs. This contract provides
a set of criteria for evaluating the performance
levels of track and a sound basis for budgeting
track maintenance expenditures.

Criteria of track geometry and quality have
been redefined to account for the response of
various types of moving vehicles. These new indi-
ces can be used to provide a list of critical defects
requiring immediate maintenance. Track quality
indices related to specific levels of performance
can be used to assign priorities in a maintenance
budget.

Descriptors of track geometry and quality
based on vehicle performance levels are to be
derived from a computer graphics program and
were then tested with actual data. They are to be
defined so that track areas not exceeding the
threshold values had little derailment risk and
areas flagged as high-risk exceeded the threshold
values. A statistical computer package of track
quality indices is to be generated to examine exist-
ing track geometry. These future vehicle indices
can then be usefully incorporated into a mainte-
nance-of-way budget strategy.

Lading Package Materials Evaluation

Contract No.: PR-4531

Funding: $25,000

Schedule: August 1980 — June 1981

FRA Technical Contact: C.L. Orth

(202)755-1877

Agency/Contractor: Michigan State University

School of Packaging

Boxes of cans resonating in boxcars often
result in damage to both the cans and the car.
Work is currently underway to identify the causes
of lading damage in railcars, and as part of this
program tests will be made to compare the cur-
rently used corrugated fibreboard boxes and on
alternative material.

Lading Model Validation Test/Evaluation

Contract No.: PR-4513

Funding: $108,112

Schedule: March 1980 — September 1981

FRA Technical Contact: C.L. Orth
(202)755-1877

Agency/Contractor: Transportation Test Center

This contract provides funds to obtain a
70-ton boxcar and to set up the Vibration Test
Unit for tests on lading damage and validation
of the FRATE model. These tests are described
in the contracts for "Lading Package Material
Evaluation’” and ‘Railcar LLading Damage."

MITRE Corporation has modified the Freight
Car Response Analysis and Test Evaluation
(FRATE) computer simulation model to simulate
a 70-ton boxcar with rigid and compliant lading.
This project will validate the modified model.
Tests will take place on the Vibration Test Unit
at the Rail Dynamics Laboratory (RDL) in Pueblo,
Colorado. The resutts will be useful in reducing
transportation damage to shipments of canned
goods.

Support Services — Rail Freight Systems

The objective of the tasks described is to
accumulate information from a wide variety of
sources to aid to Office of Freight Systems in
R&D activities.

The following contracts provide support to
all of the subprograms: Equipment Safety, Safety
Testing, Improved Track Structures, Dynamic
Analysis, Energy/Environment, and Freight Sys-
tems Technology in the Office of Freight Systems.

As a result, the final reports, test plans, etc.
will be related to the specific subprogram for
which each task order is issued.

C.L.Orth
(202) 755-1877

FRA Technical Contact:

Task |

Contract No.: FR-9082

Funding: $181.484

Schedule: May 1979 — May 1983

Agency/Contractor: SRI International

System definition, feasibility, and technology
assessment studies associated with the formation
of research plans will be provided.

Task 11

Contract No.: FR-9048

Funding: $270,817

Schedule: April 1979 — April 1982
Agency/Contractor: Dynamic Science, Inc.

Test and evaluation criteria for test plans and
procedures will be developed.
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Task 111

Contract No.: FR-9049

Funding: $322,716

Schedule: April 1979 — April 1983
Agency/Contractor: 11T Research Institute

Instrumentation, data collection, processing
and management systems will be established.

Task IV& V

Contract No.: FR-9050

Funding: $303,370

Schedule: May 1979 — May 1983
Agency/Contractor: Systems Control, Inc.

Technical assistance in developing modeling
and simulation tools for ground vehicle mechanics
and dynamics will be provided.

Technical assistance in conducting various
technical and operational studies requiring special-
ized expertise in the engineering and systems
sciences will also be provided.

Task VI

Contract No.: FR-9051

Funding: $145,830

Schedule: April 1979 — April 1983
Agency/Contractor: A.J. Kearny, Inc.

The purpsose is to aid the Government in

transferring R&D research to private industry and
encourage implementaton of feasible results.
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DYNAMIC ANALYSIS BIBLIOGRAPHY

The following alphabetical list contains
reports and papers prepared for the sub-
program shown above from 1975 through
September 1980. Many of these reports are
available to the public through the National
Technical Information Service (NTIS),
5285 Port Royal-Road, Springfield, Virginia
22161. To order reports from NTIS, use
the order number ('PB’" number) listed
following the report citation. Inquiries
about the availability or price of these
reports should be addressed by writing to
NTIS, rather than the FRA, or by calling
the NTIS Order Desk at (703) 487-4650.

The lack of a PB number following the
citation means that the report may not
have been published in sufficient quantity
for general distribution or had not vet
been entered intc the NTIS system when
this publication went to press. However,
they may be obtained by writing or calling
the persons listed as the technical contacts
for the contracts.

Finally, additional reports relating to
the research in this chapter will become
available during the upcoming year. For
information on these reports and for sug-
gestions on additional reference materials,
call or write the technical contacts associ-
ated with each project.

TOFC Lading Response Analyses for Several
Track Profile and Hunting Conditions

MITRE Corp.

George Kachadourian

Report No. FRA/ORD-80/3

PB 80-178171

April 1880

Analog and Digital Computer Simulations of
Coulomb Friction

Clemson University

R. Heller, J. Tuten, P. Kadala, and E. Law

Report No, FRA/ORD-78/07 Dec. 1977

PB 279-465

Analytical and Experimental Determination of
Wheel-Rail Constraint Relationships

Clemson University and Arizona State
University

N.K. Cooperrider, et al

Report No. FRA/ORD-76/244

PB 252-290

Dec. 1975

Contact Stresses on Bodies with Arbitrary
Geometry, Applications to Wheels and Rails

University of Pennsylvania

B. Paul and J. Hashemi

Report No. FRA/ORD-79/23 April 1979

Contact Stresses for Closely Conforming Bodies —
Application to Cyclinders and Spheres

University of Pennsylvania

B. Paul and W. Woodward

Contract No. DOT-TST-77/46

PB 271-033

Dec. 1976

Dynamic Hopper Car Results Report, FAST
ENSCO Corp.

M. Kenworthy, Jones, Kessler

Report No. FRA/ORD-78/61

FRATE (Freight Car Response Analysis and

Test Evaluation)

Vol. 1, User’'s Manual
MITRE Corp.
G. Kachadourian, N.E. Sussman, and J.R. Anderes
Report No. FRA/ORD-78/59 Sept. 1978
PB 291-206

General Models for Lateral Stability Analyses
of Railway Freight Vehicles

Arizona State University, Tempe, Dept. of
Mechanical Engineering

E.M. Law, et al

Report No. FRA/ORD-77/36

PB 272-371

June 1977

General Models for Lateral Stability Analyses of
Railway Freight Vehicles

Clemson University

E.H. Law, J.A. Hadden, and N.K. Cooperrider

Report No. FRA/ORD-77/36 June 1977

PB 272-371

An Improved Numerical Method for Counter-
formal Contact Stress Problems

University of Pennsylvania

B. Paul

Report No. FRA/ORD-78/26 July 1977

An Investigation of Techniques for Validation
of Railcar Dynamic Analysis
Arizona State University, Tempe, Dept. of
Mechanical Engineering
W.J. Fallon, N.K. Cooperrider and E.H. Law
Report No, FRA/ORD-78/19 March 1978
PB 279-996

Mathematical Modeling Report for DODX
Railcars

ENSCO, Inc.

C.J. Jones

Report No. FRA/ORD-77/47 Aug. 1978

Response Analyses of a Boxcar with Compliant
Loading for Several Track Profile and Hunting
Conditions

G. Kachadourian and E. Sussman

Report No. FRA/ORD-80/4

PB 80-177637

April 1980
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A Review of Rail-Wheel Contact Stress Problems
University of Pennsylvania

B. Paul

Report No. FRA/ORD-76/141
PB 251-238

April 1975

User’s Manual for Asymmetric Wheel/Rail
Contact Characteristics Program

Arizona State University and Clemson University

R. Heller and N. Cooperrider

Report No. FRA/ORD-78/05

PB 279-707

Dec. 1977

User’s Manual for Kalker’s “’Exact’” Nonlinear
Creep Theory

Clemson University

J.G. Goree

Report No. FRA/ORD-78/50

PB 287-472

Aug. 1978

User's Manual Tor Kaiker’s Simplified Nonlinear
Creep Theory

Clemson University

J.G. Goree and E. Law

Report No. FRA/ORD-78/06

PB 279-503

Dec. 1977

User’s Manual for Lateral Stability Computer
Programs for Railway Freight Car Models

Arizona State University, Dept. of Mechanical
Engineering

E.H. Law and N.K. Cooperrider

Report No. FRA/ORD-80/30

User’s Manual for Program for Calculation of
Kalker’'s Linear Creep Coefficients

Clemson University and Arizona State University

I. Hague, E.H. Law, and N.K. Cooperrider

Report No. FRA/ORD-78/71 March 1979
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User’s Manual for Program CONFORM
(CONFORMal contact stress problems)

University of Pennsylvania

B. Paul and J. Hashemi

Report No. FRA/ORD-78/40

PB 288927

June 1978

User’s Manual for Program CONTACT (COUNTer-
formal contACT stress problems)

University of Pennsylvania

B. Paul and J. Hashemi

Report No, FRA/ORD-78/27

PB 288927

Sept. 1977

Vertical Shaker System Demonstration Project
Part {, System Performance Evaluation

Wyle Laboratories

Report No. FRA/ORD-78/43 July 1978

Vertical Shaker System Demonstration Program
Part 11, Model Development and Data Analysis

Wyle Laboratories

D. Gibson and M. Healy

Report No. FRA/ORD-78/43A Feb. 1979



CHAPTER 4

INSPECTION AND TEST SUPPORT

The number of derailments resulting
from defective vehicle and track compo-
nents and unsafe train/track dynamics is a
major concern of the FRA. Derailments
account for the vast majority of significant
accidents and related losses, including the
costs associated with track, vehicle and
lading damage, site cleanup, and repairs.
Improved inspection and testing are needed
to locate defects before they cause cata-
strophic accidents.

The goal of Inspection and Test Support
is to improve the quality and capability for
inspection, test and assessment of track and
rolling stock for defective conditions. The
major objectives are: 1) development and
evaluation of track inspection devices,
2) development of improved concepts and
technigues for rolling stock and compo-
nents inspection, and 3) development of a
plan for safety life cycle testing of rolling
stock components and systems.

Four project areas have been defined
to accomplish these objectives:

1) Rail Vehicle Inspection Systems;
2)
3) Safety Life Cycle Testing; and
4)

Track Inspection Systems;

Automated Wayside Inspection
Systems.

To ensure that defect detection sensor
systems and concepts for evaluation will be
responsive to railroad industry needs, the
FRA coordinates its research activities with
railroads, industry groups, other researchers,
and rail equipment suppliers.

Each project is carried out by the FRA
through contracts with private and Federal
research organizations. Descriptions of each
project area, supporting contracts and
bibliography of published reports follow.
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RAIL VEHICLE INSPECTION SYSTEMS PROJECT

Under legislative authority established
in 1970 and 1974, the Federal Railroad
Administration (FRA) was charged with
formulating and enforcing a set of safety
standards for railroads. A critical element
of safety improvement is the reduction of
rail vehicle-caused accidents. In order to
achieve accident rate reduction in this area,
the FRA initiated research to support the
development of inspection equipment and
techniques which can be used by FRA and
railroads in performing more extensive
inspections and in increasing their thorough-
ness and reliability. The use of these tech-
niques and equipment throughout the life
cycle of the rail vehicle will result in signif-
icantly improved safety and economic
benefits. These will be realized by minimiz-
ing premature replacement of components
and assemblies and by timely replacement
of critically defective components.

To date, there are no reliable inspection
programs which can effectively detect
problem areas existing throughout the life
cycle of a rail vehicle. As a result, the fol-
lowing objectives were established for the
rail vehicle inspection project:

® Plan and implement R&D projects
10 support the development of new
and/or improved rail vehicle inspec-
tion systems;
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& Demonstrate and evaluate the util-
ity, technical and economic attrac-
tiveness of new and/or improved
rail vehicle inspection systems;

® FEstablish a data base to support
policy development;

® Provide an integrated structured
program 10 support, evaluate and
demonstrate continuing research
and development activities; and

e |dentify and characterize various
types of safety systems and devices
beneficial to railroad operating
safety.

To achieve these objectives, four proj-
ect areas of inspection were chosen to
cover the life cycle inspection effort: 1)
Components, 2) Yards, 3) On-Board, and
4) Wayside. The fourth effort, automated
wayside inspection, a separate project
activity, will be discussed later in this
report. A brief description of the first
three project areas follows:

“"Component |nspections’’ seek to pro-
vide improved and new inspection methods,
hardware and software for the inspection
of wvehicle components at the manufac-
turers, in repair shops and on repair tracks.
A primary objective of this effort is to
perform inspections on components in
operational assemblies and operating in a
dynamic mode.

“"Yard Inspections’” uncover more than
50 percent of defects and irregularities
which do not conform to established
standards. It is believed that a higher per-
centage of defects and irregularities can be
detected by updating present procedures
and including more and better handheld or
portable inspection equipment. Evaluation
and improvement efforts for yard inspec-
tion have been initiated to establish auto-
mated methods for inspecting roller bear-
ings as a part of Yard Inspections.

“On-Board Inspection’ is intended to
provide information directly to the consist
crew or consist safety systems as to the
“’safe conditions’ of the vehicle and vehicle
components functioning under full opera-
tional conditions of loads, speeds and
environments.



TRACK INSPECTION SYSTEMS PROJECT

In 1978, track-caused accidents resulted
in over $100 million in direct damage
which corresponded to nearly 40 percent
of all railroad-related direct damage. This
cause of accidents has consistently exceeded
all other major causal factors both in num-
ber of accidents and resulting dollar dam-
ages. For this reason, the FRA’s Office of
Research and Development has, for the last
6 years, carried out intensive efforts to:

1} Improve FRA’s capability (speed
and accuracy) to inspect track
structures;

2) Improve the state-of-the-art in track
inspection methods and systems;
and

3) Develop systems capable of inspect-
ing additional track parameters.

These efforts share a common objec-
tive: to reduce the number and severity of
track-caused accidents through improved
inspection of track structures and improved
detection of critical track defects.

Work in the track inspection project to
date addresses two major areas: Inspection
for 1) track geometry defects and 2) rail
flaws. These two areas accounted for 16.7
percent and 14.1 percent, respectively, of
all train accident damages in 1978.

The track inspection project has devel-
oped track geometry inspection methods to
measure gauge, crosslevel, alignment and

profile within the accuracy constraints im-
posed by the Federal Track Safety Stand-
ards at regular track speeds. These methods
are in use on the FRA Office of Safety’s
Automated Track Inspection cars. In the
future, geometry inspection improvements
may be required to improve inspection
through improved reliability, and to extend
the measurement range as required by the
expected change to more comprehensive
track standards.

FY80 efforts in the track geometry
area were directed in the following areas:

1)

Development of a self-propelled
heavy rail inspection vehicle capable
of main line, track-speed geometry
inspections was underway for the
FRA's Office of Safety's Auto-
mated Track
(ATIP);

Inspection Program

TRACK GEOMETRY SURVEY VEHICLES ARE NOW OPERATED OVER EVERY MAJOR RAILROAD IN THE

RAIL NETWORK BY THE FRA OFFICE OF SAFETY TO DETERMINE TRACK SAFETY BY COMPARING
ACTUAL TRACK MEASUREMENTS AGAINST FEDERAL TRACK SAFETY STANDARDS.
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2) Further development of highway-
rail (hy-rail) vehicles (already de-
ployed) with both geometry and
rail flaw detection systems for use
in ATIP. (These hy-rail vehicles
are designed for use on low-speed,
lower class track, where the largest
amount of accident damage s
concentrated); and

3) Development of a low-cost, loco-
motive-mounted track geometry
monitoring system, the Locomotive
Track Hazard Detector (LTHD).
This will provide immediate warn-
ing of track geometry conditions
which threaten safe train operation,
and will also record the geometry
data for future review,

The second major area addressed in the
Track Inspection Project is detection of rail
flaws. Existing inspection methods to de-
tect hazardous rail flaws such as transverse
fissures, vertical and longitudinal split
heads, and weld and bolt hole cracks have
been the subject of continual development.
Magnetic, induction, and ultrasonic technol-
ogies have been applied to this inspection
area. Typically, inspection cars in use today
can inspect up to a maximum speed of 15
mph, and because of the requirement to
stop and verify each defect indication, the
average speed ranges from 2 to 8 mph. Cur-
rent technologies and operating practices
do not consistently find all dangerous rail
flaws.

FY80 efforts to improve rail flaw de-
tection inctuded assessment of existing and
potential methods of detection including

ultrasonic, magnetic, and induction test
methods. An Electromagnetic Acoustic
Transducer (EMAT) system which can
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detect flaws without contacting the rail
surface is also under development.

Planned efforts in the track inspection
area include the development of a system
to inspect wayside track signal systems
from a moving vehicle.

Major outputs of the track inspection
project to date include the three consists
of heavy track inspection vehicles: T-1/
T-3, T-2/T-4, and T-6 and hy-rail R-2 used
by the Office of Safety. These vehicles
were developed and initially operated
under this project. Hy-railer R-1 is in use t0
monitor track geometry and rail flaws at
the Transportation Test Center. Hy-railer
R-3 is in use as a test bed for new systems
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HY-RAIL RAIL FLAW DETECTION VEHICLE

development. The LTHD was tested in late
1980, and will be made available to the
railroad industry in the future.

In conclusion, the successful comple-
tion of the Track Inspection Systems proj-
ect will provide FRA with a modern,
efficient fleet of high-speed rail bound and
low-speed hy-rail track inspection vehicles.
In addition, the improved technology will
provide a direct economic benefit by re-
ducing accident frequency and improving
inspection productivity. This higher pro-
ductivity is expected to have a direct
positive impact on the viability of rail
transportation.



CONTRACTS

Track and Inspection Research: Rail
Flaw Detection System; and
Loran-C Automatic Vehicle
Positioging Monitoring
Contract No.: DOT-FR-64113
Funding: $1,071,000
Schedule: April 1978 — September 1980
FRA Technical Contact: R.J. McCown
(202) 426-1227
Agency/Contractor: ENSCO, Inc.
This contract is divided into two task areas,
as described below.

Rail Flaw Detection System.: The objective
of this effort is to develop an automated rail flaw
detection system suitable for operation at medium
speeds.

The effort began with an extensive study of
rail flaw detection systems used by the railroad
industry. The study revealed that the average
inspection speed of these systems was about
5 mph, limited by the requirement to stop and
hand verify all defects detected by the system. It
was determined that improvements were needed
to provide the type of performance and utility
needed to support FRA inspectors in performing
their regulatory duties.

To satisfy both near-term requirements and
long-term objectives, the FRA turned to a two-
system approach: first, a hy-rail system to meet
the immediate needs of the FRA Office of Safety;
and second, the development of an automated rail
flaw detection system to provide a rapid, uniform
inspection capability in the future. To accormplish
this automated rail flaw detection capability,
efforts were directed toward three areas: improved
sensor performance, automated control, and the
addition of automated data processing.

Loran-C: The purpose of this task was to
evaluate automatic rail vehicle position monitor-
ing using LORAN-C in order to determine its
utility in the railroad environment. A test program
was conducted to exercise the system in the rail-
road environment and compare LORAN-C posi-
tion fixes with known locations along the test
route.

This study has found that the concept of
locating railroad vehicles by means of LORAN-C
radio navigation is feasible, but technical problems
associated with receiver design and with radio-
wave propagation must be addressed if the
LORAN-C system is to be placed in widespread
use.

Development of Electromagnetic Acoustic
Transducers (EMAT) for Rail Flaw

Detection
Contract No.: DTFR53-80-C-00121
Funding: $944,000
Schedule: September 1979 — April 1980
(Phase A)

R.J: McCown
(202) 426-1277
Rockwell International

FRA Technical Contact:
Agency/Contractor:

This contract was designed as an investigation
of the application of electromagnetic acoustic
transducers {EMAT) to detection of flaws in rail-
road rails. The FRA’s Track Safety Standards
define rail defects and conditions which inspec-
tions must detect. The work in this contract
used samples of flawed rails and laboratory EMAT
equipment to determine whether the EMAT
technology is capable of detecting critical rail
defects with sensitivities comparable to those of
existing piezoelectric systems. EMAT has the
advantage of not requiring surface contact or a

fluid coupling agent between the sensor and rail,
which the existing systems require. Sperry Rail
Service assisted Rockwell International in defin-
ing requirements for operational inspection
systems, and in supplying flawed rails with piezo-
electric analysis data for comparison with EMAT
results.

The EMAT devices used in this work consist
of a flat electromagnetic coil suspended in a strong
static magnetic field close to the rail to be in-
spected. Radio frequency pulses in the EMAT
coil generate eddy currents in the rail surface. The
interaction of the eddy currents and the static
magnetic field generates ultrasonic energy which
can be beamed within the rail, and produces
echo signals from cracks and other irregularities
in the rail. The returning echoes interact with the
magnetic field at the rail surface, creating an echo
pulse in the EMAT coil which can be used to
determine the presence and magnitude of defects
encountered by the beam.

If interim goals are accomplished, a prototype
system will be constructed and tested on an
inspection car,

Development of Locomotive Track Hazard
Detector, Track Signal Inspection System
and Engineering Support on TX Development
Contract No.: DOT-FR-54090

Funding: $1,020,000

Schedule: March 1977 — January 1981

FRA Technical Contact: R.J. McCown
(202) 426-1227

Agency/Contractor: MITRE Corp.

This contract was divided into three task
areas. Each will be described as a separate effort.
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Locomotive Track Hazard Detector (LTHD):
The objective of the LTHD task was to develop
a low-cost, locomotive-mounted system capable
of automatically monitoring track geometry and
identifying conditions which threaten safe opera-
tion. The LTHD concept was designed to utilize
a relatively simple and inexpensive set of acceler-
ometers to obtain data related to track geometry
conditions. A preprogrammed on-board data pro-
cessing package was developed to monitor the data
to identify conditions which threaten the safe
operation of the train. The operating crew can
be notified immediately of severe conditions;
less severe conditions can be recorded for later
attention by maintenance-of-way forces.

Track Signal Inspection System (TSIS): The
objective of the TSIS task was to develop a system
capable of monitoring and evaluating the in-track
electronic signals transmitted by wayside block
signal and crossing protection systems. The TSIS
will allow FRA inspectors to determine the
operability of the wayside electronic systems auto-
matically from a moving vehicie.

Track Geometry Measurement Vehicle (TX)
Development Support: The objective of the TX
engineering support task was to supply the Office
of Rail Safety Research with the necessary engi-
neering resources to monitor and evaluate the
progress of the TX prime contractor in completing
the TX Program. Engineering support on the TX
Program included review of complex designs and
analyses, and independent projections of cost and
schedule estimates  to assist the Office of Rail
Safety Research in monitoring the TX Program
completion.
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Track Geometry Measurement Vehicle T-10
Contract No.: DOT-FR-9112

Funding: $1,773,000

Schedule: August 1979 — March 1981

FRA Technical Contact: R.J. McCown
(202) 426-1227

Agency/Contractor: ENSCQO, Inc.

The objective of this contract is to design,
fabricate and test a self-propelled track geometry
measurement vehicle for FRA.

The basic vehicle is an SPV-2000 manufac-
tured by The Budd Company. The vehicle is
equipped for operation in either direction at
speeds up to 80 mph. Structural modifications
to the vehicle were required to provide track in-

spector and crew support facilities and track
geometry instrumentation installation.

The T-10 Track Geometry Measurement
System (TGMS) is designed to measure track gage,
curvature, cross level (superelevation), profile and
alignment. Provisions are incorporated for measure-
ment of distance, automatic location detection,
and manual entry of supplemental information.
The T-10 TGMS is equipped with a computer to
analyze the track data and to immediately produce
printed reports of exceptions to the FRA Track
Safety Standards (TSS) at speeds up to 70 mph.

The T-10 system will be delivered to the FRA
Office of Safety in March, 1981, to begin service
in the Automated Track Inspection Program.

TRACK GEOMETRY INSPECTION INSTRUMENTATION SYSTEM
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BUDD SPV-2000 DESIGNATED FRA T-10, THE FIRST SELF-PROPELLED ATIP VEHICLE, WILL
STREAMLINE THE TRACK GEOMETRY MEASUREMENT PROCESS WHILE ADDING A
REDUNDANT DATA PROCESSING SYSTEM AND ENHANCING SYSTEM RELIABILITY.
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SAFETY LIFE CYCLE TESTING PROJECT

The objective of the Safety Life Cycle
Testing Project is to apply safe life methods
to rail vehicle operations in order to con-
trol the risk of accidents. Safe life methods
involve the development of life cycle
prediction techniques based on the identifi-
cation of critical parameters in the system
operating environment; determining system
component capabilities; determining prob-
able failure mechanisms; and determining
the consequences of single or multiple
failures on system operation over the
entire system life cycle. Primary concern
has been given to innovative vehicle or
compenent designs which have no service
history, where analysis and prediction
techniques are the only available means
of projecting system performance. When
properly applied, this process allows
the estimation, with reasonable confidence,
of the period during which the system will
continue to function properly without en-
dangering the safety of operations. An
outgrowth of this testing was to develop
appropriate safety life cycle prediction
techniques. These techniques are now
undergoing validation. Although this ap-
proach to safety research is applicable to
any vehicle, this project is applying it
specifically to locomotives.
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Safewy Life Cycle Methodology Development/

AEM-7 Assessment
Contract No.: AR-74316
Funding: $1,591,000
Schedule: April 1877 — October 1981
FRA Technical Contact: R.J. McCown

(202) 426-1227
Agency/Contractor: Aerospace, Inc.

The research under this contract was designed
to study the applicability of safe-life methods to
railroad vehicle systems and components in order
to develop a methodology for determining the safe-
life of rail vehicle systems.

This work is being conducted in three phases:
development of the methodology, development of
safety-life guidelines, and application of the
methods of a prototype locomotive. In the first
phase, the activities included a study of rail
vehicle component integrity, an assessment of the
applicability of the Facility for Accelerated
Service Testing (FAST) for safety life cycle
testing, and general methodology development.
The second phase activities included a failure
analysis of the SD series of locomotives using
actual accident data, preparation of safety life
cycle prediction models based on fracture me-
chanics and locomotive dynamic performance con-
siderations, and preparation of guidelines for
safety life monitoring and testing of rail vehicles.

The third phase activity, now underway, is 1o
obtain performance data on the "break-in" period
of the new Amtrak AEM-7 locomotive, and to use
the data to initiate validation of the prediction
models developed in the project.



AUTOMATED WAYSIDE INSPECTION SYSTEMS PROJECT

The Federal Railroad Administration is
currently engaged in research directed to-
ward development of improved inspection
techniques to enhance railroad safety
through reduction of derailments and
inspection costs. The Automated Wayside
Inspection Systems effort, begun in 1977,
addresses detection of railcar component
defects and load problems which account
for approximately 20 percent of all derail-
ments and 25 percent of the associated
total costs.

Existing inspection technigues are
mostly manual/visual with limited applica-
tion of the few sensor systems currently
available (primarily hotbox detectors and
dragging equipment detectors). As used,
the installations are mostly stand-alone and
are, for the most part, incompatible with
each other. As employed, this not only
makes each installation expensive, but the
techniques are not adequate to address the
spectrum of derailment-causing defects,
and are deficient for identifying unsafe
dynamics and improper loading. The Way-
side effort is therefore focused on the
application of existing technologies and
equipment for detection of the most signi-
ficant causes of derailment. These major
causes of derailment were identified in the
1977 report, "Wayside Derailment Inspec-
tion Requirements Study for Railroad
Vehicle Equipment,” which investigated

broken and cracked wheels, worn flanges
and loose wheels, defective brakes, over-
heated bearings, and dynamics (including
overload and load imbalance problems).
These defects cause deterioration of track
and roadbed, thus contributing indirectly
to derailment conditions.

The specific objectives of the FRA
Automated Wayside Inspection Systems
effort are to:

® |mprove safety of railroad person-

nel, equipment, and movement of
hazardous materials through popu-
lated areas;

® Develop practical solutions to rail-
road safety problems by maximiz-
ing the use of existing and new
defect detection sensors;

® Reduce cost, frequency, and com-
plexity of inspection;
® |mprove range and accuracy of
defect detection techniques;
® |mprove timeliness of defect identi-
fication and reporting; and
® Provide capability which can be
adapted to individual user needs.
In order to meet these objectives, the
approach adopted for development of a
wayside detection capability includes:
® Utilization of existing sensor tech-
nology and equipment to minimize

unnecessary development time and
COSt;

® |ncorporation of sensor capabilities
into an overall system to provide
integration of defect detection
capabilities and consolidated defect
reporting;

® Development of new real-time
inspection capabilities by combin-
ing and assessing data from various
sensor combinations;

® Physical integration and shared
utilization of components common
to various sensor systems to reduce
procurement and operating costs;

® Development of modular design to
permit system capabilities to be
added as user and site requirements
dictate; and

® (Coordination with the railroads and
the railcar equipment supply indus-
try to ensure that development is
compatible with user needs.

The Wayside Detection effort will
accomplish its objective of improving
inspection techniques by applying existing
technologies in three phases.

Phase [ (in three stages — feasibility,
expansion and standardization; device
evaluation; and data base expansion) —
Development of an Automated Wayside
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Detection Research Facility (WDRF) to
evaluate the automated, integrated modular
approach to component fault detection,
and to serve as an eventual testbed for
evaluation of detection technologies and
equipments.

Under this phase it is necessary to con-
duct exploratory development of concepts
for braking inspection, cracked plate detec-
tion and wheel size/flange height measure-
ments. These three concepts are essential
to the detection of the major vehicle
causes for derailments.

Phase /I — Construction and evaluation
of a multi-sensor field service Wayside
Detection Facility that will provide for
Composite Analysis of Railcar Safety and
Components with Automatic Notification
(CAR-SCAN).

Phase I/l — Evaluation of the effective-
ness and cost-benefits of CAR-SCAN facil-
ities depioyed in a network configuration.

Phases 1l and |l will overlap the Phase |
testbed stage.
The FRA Office of Research and

Development has constructed and s
operating a Wayside Detection Research
Facility (WDRF) at the Transportation
Test Center in Pueblo, Colorado, to detect
rail car defective equipment and unsafe
conditions while the car is in motion.
Related objectives are to:

1) identify the location of defect(s);

2) report the defects and locations in
near real-time and in a digitized
format;

3) detect and report defects faster and
more accurately than current prac-
tices; and

4) detect defects not amenable to
current inspection practices.
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This facility incorporates a Research
Data Van with a central electronic complex
which integrates responses from various
types of sensor systems installed on a test
track siding. The WDRF is being developed
to have capabilities for detecting over-
heated wheels and bearings, loose wheels,
broken flanges, cracked wheel treads,
dragging equipment, braking conditions for
each wheel, high wheel| flanges, and exces-
sive and/or uneven wheel wear, as well as
capability for in-motion measurement of
rail car weight and load distribution.

The WDRF central electronics complex
is configured to permit test and evaluation
research to determine operating character-

istics of various sensor systems. Initially,
the eight types of sensor systems previously
discussed will be evaluated over representa-
tive ranges of sensor calibration settings,
consist speeds and other controlled or
monitored conditions, such as weather.

Experiments are conducted utilizing
railcar components with fabricated defect
conditions to permit controlled testing and
data analysis. To date, the first series of
tests has been conducted to determine the
operating characteristics of the Ultrasonic
Cracked Tread Detector (UCTD) and the
Acoustic Cracked Plate Detector (ACPD).
Series |, characterization testing, is cur-
rently underway for a Braking Inspection
System (BIS).
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Each series of tests for a sensor sys-
tem(s) will investigate the system(s) res-
ponse to a significant set or class of condi-
tions, such as defect type, defect size,
defect location, speed variation, system
modification, etc. Test reports for each
series, sensor or group of sensors will be
published. In addition, an executive sum-
mary report will be published which identi-
fies key elements of progress toward the
evolution from the WDRF to a CAR-SCAN
field facility.

[t is anticipated that an eventual pro-
duction version of CAR-SCAN will offer
a significant cost/benefit advantage over
current inspection techniques and will
incorporate modularity to permit railroads
to configure their facilities to satisfy
individual site requirements.
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CONTRACTS

Wayside Detection Research Facility (WDRF),

Phase |
Contract No.: Interagency Agreement AR-74355
Funding: $3,202,000
Schedule: October 1977 — September 1983
(Phase 1)

FRA Technical Contact: J.D. Ferguson
(202) 426-1682
Agency/Contractor: Aerospace Corporation

The Aerospace Corporation is providing
systems engineering and technical coordination
for establishing and operating the automated
Wayside Detection Research Facility (WDRF) at
the Transportation Test Center (TTC) in Pueblo,
Colorado, to detect in-motion rail car defective
equipment and unsafe conditions. The WDRF has
capabilities to detect in-motion rail car defective
components, identifying defect locations, generat-
ing real-time digital reports of the defects and
locations and detecting defects not amenable to
current-day inspection practices, i.e., braking
performance, wheel plate cracks and skewed
axles.

The development schedule for this facility is
as follows: FY77 was used to study the need for
the automated multi-sensor wayside inspection
approach. A Wayside Detection Facility concept
was developed and preliminary planning was com-
pleted. FY78 was devoted to design, construction
and equipment jnstallation at the TTC research
facility. FY79 testing involved evaluation of the
Cracked Tread Detector System and preliminary
testing of the Loose Wheel/Broken Flange Detec-
tor, Wheel Presence Detectors, Wheelsize and
Flange Height Measurement, and Braking Inspec-
tion Systemns. FY80 primary activities focused on
test and evaluation of the basic braking inspection
and cracked wheel plate, and initiation of the
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alarm logic development. In addition, the measure-
ments and design for grounding and power separa-
tion were scheduled for completion. FY81 activi-
ties will be devoted to completion of testing on
wheel defects in support of developing alarm
algorithms for braking inspection. Testing will
include 1) cracks in wheel tread, flange and plate;
and 2) sticking brakes, excessive or inadequate
braking, no brakes, dragging brake shoes and
dropped brake rigging. Power and grounding
separation will be completed together with the
development of an automated data management

&:-—-

system and improved integrated system controls.
FY82 activities will include integration of cracked
plate and braking inspection systems with all other
facility sensors, evaluation of weight-in-motion
measurement, and testing of individual and com-
bined sensor capabilities for 1) overheated bear-
ings, 2) dynamic overload and excessive load
imbalance, and 3) improved reliability of detec-
tion of wheel cracks. FY83 activities will include
the completion of Phase | testing {including CPD,
BIS and HB/HW systems).
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Brake Inspection System

Contract No.: DOT-FR-8079

Funding: $114,000

Schedule: June 1978 — September 1980

FRA Technical Contact: J.D. Ferguson
(202) 426-1682

Agency/Contractor: Novatek, Inc.

Air braking systerns on railway cars have
traditionally been inspected by trainmen walking
the length of a consist while visually and/or
manually checking the performance, adjustment
and condition of the braking components,

A PROTOTYPE WAYSIDE BRAKE INSPECTION SYSTEM

The objective of this contract was to develop
concepts into a wayside brake inspection system
capable of evaluating railcar braking performance
in a dynamic mode.

An effective brake inspection system, if
widely deployed, should result in a significant
decrease in railway accidents due to brake failures.

A two-phase effort was undertaken to study
the feasibility of one particular brake inspection
concept. The concepts utilized and evaluated
consisted of the following: reaction rail force
detectors, infrared detectors, car counters, and
support electronics and hardware.

s T iy

Feasibility Study on the Utilization of a Modified
Pitless In-Motion Railway Scale to Detect
Faulty Components and Component Systems

Contract No.: DOT-FR-8003

Funding: $24,160

Schedule: August 1978 — April 1980

Technical Contact: J.D. Ferguson

(202) 426-1682

Agency/Contractor: S.H. Raskin Corp.

The objective of this contract was to develop

a detailed feasibility plan that could utilize a

Modified Pitless-In-Motion Railway Scale system

to detect faulty components and component

systems.

This plan includes detecting critical com-
ponents and performance conditions such as:
lateral and vertical rail forces, defective wheels,
brakes and bearings, centerplate friction, consist
speed, hunting, creep, rock and roll.

The feasibility plan considers:
1) Data acquisition and management;

2} Recommended site (existing railroad

facility) for data acquisition;
3)  Manpower requirements;

4) Specification of modification to existing
(on-site} eguipment and software pro-
grams;

5) Analysis of methodology vs. reliability
for optimum data sample;

6) Recommended milestones; and

7) A description of all testing, test facilities
and data analysis.

A final report recommended the implementa-
tion of the Feasibility Study Plan with any rail-
road company that meets the required site, scale,
and operating criteria described in the plan re-
quirements,
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Operation and Maintenance of the Wayside
Detection Research Facility (Task 468)

Contract No.: DOT-FR-64113

Funding: $347,515 (Estimated Completion

Value)
Schedule: March 1979 — September 1980
FRA Technical Contact: J.D. Ferguson
(202) 426-1682
Agency/Contractor: ENSCO, Inc.

The objectives of this contract were to pro-
vide detailed engineering and installation support
for the Automated Wayside Detection Facility
and to provide operations and maintenance of the
Wayside Research Facility.

ENSCO provided qualified personnel and
material to operate and maintain the Wayside
Detection Research Data Van (WRV) and the in-
rail instrumentation (IR1) installed on the Wayside
Detection/Safety Research Siding at the Trans-
portation Test Center (TTC). This work included
all normal engineering activities associated with
the operation of the WRYV and the IR!.

ENSCO maintained the data records collected
during the tests, including information in the form
of recorder charts, video magnetic tape, digital
magnetic tape, magnetic disc cartridges and com-
puter printouts.
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INSPECTION AND TEST SUPPORT BIBLIOGRAPHY

The following alphabetical list contains
reports and papers prepared for the sub-
program shown above from 1975 through
September 1980. Many of these reports are
available to the public through the National
Technical Information Service (NTIS),
5285 Port Royal Road, Springfield, Virginia
22161. To order reports from NTIS, use
the order number (”"PB"” number) listed
following the report citation. Inquiries
about the availability or price of these
reports should be addressed by writing to
NTIS, rather than the FRA, or by calling
the NTIS Order Desk at (703} 487-4650.

The lack of a PB number following the
citation means that the report may not
have been published in sufficient quantity
for general distribution or had not yet
been entered into the NTIS system when
this publication went to press. However,
they may be obtained by writing or calling
the persons listed as the technical contacts
for the contracts.

Finally, additional reports relating to
the research in this chapter will become
available during the upcoming year. For
information on these reports and for sug-
gestions on additional reference materials,
call or write the technical contacts associ-
ated with each project.

Design, Fabrication, and Evaluation of Proto-
type Wayside Brake Inspection Sensors

Novatek, Inc.

David B. Spaulding, et al

Report No. FRA/ORD-80/20 June 1980

Development of an Inertia
Profilometer

ENSCO, Inc.

Report No. FRA/ORD-75/15

Development of the Locomotive Track Hazard
Detector
MITRE Corp.

Development of a Prototype EMAT System for
Inspection of Rails

Rackwell International

G. Alers, et al

Report No. FRA/ORD-80/45 Sept. 1980

Feasibility of Flaw Detection in Railroad
Wheels Using Acoustic Signatures

University of Houston

Report No. FRA/ORD-76/290

Feasibility of LORAN-C In Determining the
Position of Rail Vehicles in Transit

ENSCO, Inc.

J. Donahue and J, Conner

Report No. DOT-FR-80/32 Aug. 1980

Interim Data Report for the Ultrasonic Cracked
Tread Detector Tests at the Transportation
Test Center

Aerospace, Inc.

George J. McPherson, Jr. July 1980

On-Board Failure-Protection Requirement for
Railroad-Vehicle Equipment

Shaker Research Corp.

R.L. Smith and J.L. Frarey

Report No. FRA/ORD-78/72 March 1979

Operational Parameters in Acoustic Signature
Inspection of Railroad Wheels
University of Houston
D. Dousis and R.D. Finch
Report No. FRA/ORD-80/21 April 1980
Prevention of Roller Bearing —
Initiated Burnoffs in
Railroad Freight Car
Journals
SKF Industries, Inc.
G.E. Allen, et al
Report No. FRA/ORD-78/16

Rail Car Component Defect Detection Using
Pitless Railway Scales (A Feasibility Study
Plan)

S.H. Raskin Corp.

S.H. Raskin

Report No. FRA/ORD-79/50 Sept. 1980

Rail Inspection System Analysis
and Technology Survey

Report No. FRA/ORD-77/39 Sept. 1877

Review of Measurement Techniques,
Requirements, and Available Data
on the Dynamic Compliance of
Railroad Track

ENSCO, Inc.

Report No. FRA/ORD-76/70

Track Geometry Measurement System
for Hi-Railer Application

ENSCOQO, Inc.

Report No. FRA/ORD-80/80 Nov. 1980

Track Geometry Measurement Vehicle

MITRE Corp.
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Use of Automatically Acquired Track Geometry
Data for Maintenance-Of-Way Planning

ENSCO, Inc.

G. Hayes, et al

Report No. FRA/ORD-80/44 June 1980

Wayside Derailment Inspection Requirements
Study for Railroad Vehicle Equipment

Shaker Research Corp.

J.L. Frarey, et al

Report No. FRA/ORD-77/18 May 1977
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CHAPTER 5

HUMAN FACTORS

From 1976 to 1978, the total number
of casualties sustained by on-duty person-
nel during train operations rose 12.4
percent, with casualties in 1978 totaling
65,193. During this period, rail activity
actually declined when measured in terms
of annual train miles run and employment.

To improve railroad safety through
crew operations, the Federal Railroad
Administration (FRA) is developing a
sophisticated research tool, the Locomo-
tive and Train Handling Evaluator. The
evaluator has the capability to simulate
actual locomotive operations under a
variety of operating conditions. Research
in this area includes train handling, train-
ing, and safety programs.

The objective of the Human Factors
subprogram is to reduce the safety hazards
experienced by the engine crew, improve
train handling and limit occupant casualties
through improved design of locomotive
interiors.

The two projects included in the
Human Factors subprogram are:

1} Crew Operations, and
2) Employee Personnel Safety.

Each project is carried out by the FRA
through contracts with private and Federal
research organizations. Descriptions of each
project, associated contracts and biblio-
graphy of published reports follow.
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CREW OPERATIONS PROJECT

A majority of the causes of train
derailments and collisions can be attributed
to human causative factors. Costly damage
and serious personal injury often result.
The objective of this project is to reduce
the occurrence of such accidents through
improved crew operations.

Personnel behavior, human/machine
interaction, and environmental conditions

INTERIOR OF SD-45 EMD LOCOMOTIVE
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have been identified as particular areas in
which countermeasures can and should be
developed.

A locomotive and train handling simu-
lator is currently being developed which is
intended to provide a rapid evaluation of
crew performance in response to changes
in these areas. Specific considerations

include variations in cab environment,
different training methods, improved train

handling techniques and devices, and
proposed equipment and procedural
revisions.

The data obtained from the operation
of the locomotive simulation will be
utilized in safety improvements, systems
development, and reduction in costs.




CONTRACTS

Research Locomotive and Train Handling
Evaluator
Contract No.: FR-9142
Funding: $8,260,000
Schedule: September 1979 — September 1982
FRA Technical Contact: D. Levine
(202) 426-1227
Teledyne Ryan
Aeronautical

Agency/Contractor:

The focus of this contract is the development
of a Locomotive and Train Handling Evaluator.
The evaluator will simulate operating conditions as
realistically as possible and provide data concern-
ing the response and performance of the train crew
in controlling the train. The effects of different
operator procedures, operator aids, locomotive
cab environments and work cycles on engine crew
performance will be determined.

State-of-the-art computer models will be
utilized. More realistic visual and sound producing
systems will be developed. Tests of operating pro-
cedures, equipment, etc., not currently in use will
be provided.

Research Locomotive and Train Handling
Evaluator Support
Contract No.: FR-5380
Funding: $225,000
Schedule: January 22, 1980 — April 22, 1983
FRA Technical Contact: D. Levine
(202) 426-1227
Joint Cruise Missile
Project Office

Agency/Contractor:

The objective of this contract is to help main-
tain the schedule and cost estimates of the basic

contract with Teledyne Ryan involving the devel-
opment of the locomotive evaluator by the review
and analysis of subsystem specifications, block
diagrams and schematics, software development
data and reliability and maintenance designs.

RESEARCH LOCOMOTIVE EVALUATOR

Monthly reviews of cost data to analyze
expenditure rates will be performed.

Master work schedule, cost plan, monthly
progress reports and a final report containing
conclusions and recommendations will be provided.

RESEARDH L OCOMITTIVE AND TRAIN HAMDLIEG EVALUATIR
PREPARED FOR
FEDERAL RAJLROAD ACMIS TRATION
OFFICE OF AAL SAFETY RESEMDH
w

TURP STSTEMS CO.
SEPULVEDA, CALIFDRIIA
| T NPT O
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EMPLOYEE PERSONNEL SAFETY PROJECT

Accident/Incident Bulletins issued annu-
ally by the FRA contain data analyses
which indicate the rail safety for the rail
employee deteriorated during the period
between 1976 and 1978.

Rail safety is a major concern of the
FRA, and studies which look into safety
programs and procedures 1o uncover
the underlying causes of rail casualties have
been set up.

The Employee Personnel Safety Project
is involved in research studies to improve
the work environment for crew members
working on board trains, and for those
working on and around railroad cars.
Past research investigated the in-cab envi-
ronment for fumes and noise, methods of
reducing hazards to employees working
on and around trains, and the problem
of railroad vandalism. Performance specifi-
cations were developed for glazing material
to be used in locomotives, cabooses, and
passenger cars. [hese specifications have
since been incorporated into an FRA
regulation.

The FRA has conducted research to
study these three areas of importance in
rail safety:

1) A Human Factors Engineering
Systems Analysis of the design of
equipment such as ladders, hand-
holds, grab irons, breakwheels,
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brake platforms, etc., found on
typical U.S. rail rolling stock and
suspected of being, in part, respon-
sible for incidents resulting in
personal injuries;

2) ldentification of the degree of
personal injury hazard associated
with certain rail operations and
railroad job classifications; and

3) Recommended safety appliance de-
sign modifications intended to en-
hance their effectiveness.

This study acknowledged the subjective
element in assessing injury severity data
during Getting On/Off incidents. Hence,
there was a search for an injury classifica-
tion and severity rating scheme. Finally, it
was decided to combine this approach with
that of using the average number of work
days lost per injury as a measurement of
the injury’s severity.

Combining these two approaches re-
sulted in injury profiles based on major
occurrence in each functional area which
will be of considerable use to those form-
ulating and implementing rail safety pro-
grams, practices, and procedures.

Both the FRA and the Atchison,
Topeka and Santa Fe Railway Company
provided data on major occurrences in each
functional area: getting on and off, uncoup-

ling cars, disconnecting hoses, and operating
handbrakes. These areas were then cross-
referenced with appliances in order to
identify each safety appliance which then
could be studied and evaluated as to physi-
cal design characteristics.

Another area of major concern is
identifying man/machine interfaces in
order to be able to design safety equipment
which will reconcile the simultaneous
requirements of an operational/technical
nature with those of a functional/human
nature.



CONTRACTS

Analysis of Engineer Performance

Contract No.: DOT-FR53-80C 00096

Funding: $49,589

Schedule: May 1880 — May 1981

FRA Technical Contact: D.A. Vaughn
(202) 426-1227

B&M Technological

Services

Agency/Contractor:

B&M Technological Services is conducting a
task analysis for the FRA of the locomotive engi-
neer in order to determine areas where potential
exists for improved safety.

National Transportation Safety Board (NTSB)
recommendations and other data will be analyzed

to develop trends in engineer performance which
affect his train handling capability.

Analysis of Personal Injury Hazards

Contract No.: FR-8012
Funding: $344,451
Schedule: March 1978 — March 1981

FRA Technical Contact: D.A. Vaughn
(202) 426-1227
Agency/Contractor: Dynamic Sciences, Inc.
Dynamic Sciences, Inc. is conducting a human
factors engineering systems analysis for the Federal
Railroad Administration {FRA) of the designs of

existing U.S. rail cars in order to assess whether
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EVALUATION OF PROTOTYPE SAFETY APPLIANCES ON A MODIFIED CAR

or not those designs contribute to employee per-
sonal injury accidents.

It has been noted that train and engineer
transportation workers are subjected to a large
number of injuries in and around or on locomo-
tives or rolling stock.

Four tasks are to be accomplished in this
study, as described below.

Task 1: Comparative Analysis — Review of
the design of U.S. and foreign rail cars and loco-
motives (European and Japanese).

Task 2:  Development of Human Engineering
Safety Assessment Methodology — Develop a
methodology for analytically performing an em-
ployee personal injury hazard assessment.

Task 3:  Development of a Hazard Index for
Covered Hopper Cars — Determine overall em-
ployee personal hazard index for covered hopper
cars using Task 2 methodology.

Task 4. Validation of Countermeasure Safety
Effectiveness — Study the effectiveness of Task 3
countermeasures.

Railroad Vandalism

Contract No.: AR-8038
Funding: $225,000
Schedule: March 17, 1978 — September 30, 1981

D. Levine
(202) 426-1227
Ballistics Research
Laboratory

FRA Technical Contact:

Agency/Contractor:

The Ballistics Research Laboratory is con-
ducting a research study for the FRA to assess
the extent of vandalism to urban area railroads.
This study will determine the degree to which an
improved communications network improves the
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effectiveness of the various railroad police forces
in reducing vandalism, as well as the desirability of
expanding this approach to other large urban areas
inthe U.S.

This effort has been divided into five tasks:
Task 1 — Assessment of current vandalism status;

Task 2 — Improved communications network;

Task 3 — Implementation and utilization of an im-
proved communications system unifying all sur-
veillance efforts;

Task 4 — Collections of data; and

Task 5 — A final report on the results of thisstudy.

A ERESL RO I, Ao,
e e A g e

TESTING OF VANDAL — RESISTANT WINDSHIELDS
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A Study of the Relationship Between Railroad
Employee Safety Program Context and
Methods of Implementation

Contract No.: AR-8082

Funding: $195.400

Schedule: July 1978 — June 1980

FRA Technical Contact: D. Levine
(202) 426-1227

Ballistics Research

lLaboratory

Agency/Contractor:

A review of railroad safety program goals,
context, emphasis areas and approach indicates
that there is a general lack of uniformity/categori-
zation among programs. The degree to which

B
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scientific categorization, uniformity, or upgrading
of program context and approach to implementa-
tion will increase safety within the railroad indus-
try must be assessed. BRL has successfully com-
pleted Phase | of this study for the FRA.

The BRL has reviewed responsible railroad
personnel and determined the factors perceived
to have the greatest influence on employee pro-
gram success. An in-depth survey was conducted
for the Safety Directors of 18 railroads. The BRL
and the Association of American Railroads (AAR)
selected a subset of two railroads for an in-depth
management and labor study. The performance of
the railroad’s safety program was assessed.



HUMAN FACTORS BIBLIOGRAPHY

The following alphabetical list contains
reports and papers prepared for the sub-
program shown above from 1875 through
September 1980. Many of these reports are
available to the public through the National
Technical Information Service (NTIS),
5285 Port Royal Road, Springfield, Virginia
22161. To order reports from NTIS, use
the order number ("“PB” number) listed
following the report citation. Inqguiries
about the availability or price of these
reports should be addressed by writing to
NTIS, rather than the FRA, or by calling
the NTIS Order Desk at (703) 487-4650.

The lack of a PB number following the
citation means that the report may not
have been published in sufficient quantity
for general distribution or had not yet
been entered into the NTIS system when
this publication went to press. However,
they may be obtained by writing or calling
the persons listed as the technical contacts
for the contracts.

Finally, additional reports relating to
the research in this chapter will become
available during the upcoming year. For
information on these reports and for sug-
gestions on additional reference materials,
call or write the technical contacts associ-
ated with each project.

Locomotive Cab Design Development: V.1,
Analysis of Locomotive Cab Environment
and Development of Cab Design Alternatives

Boeing Vertol Co.

J. Robinson, et al

Report No. FRA/ORD-76/275.1

PB 262-976/AS

Oct. 1976

Locomotive Cab Design Development: V.2,
Operator’s Manual

Boeing Vertol Co.

J. Robinson

Report No. FRA/ORD-76/275.2

PB 264-114

Oct. 1976

Locomotive Cab Design Development: V.3,
Design Application Analysis

Boeing Vertol Co.

J. Robinson

Report No. FRA/ORD-76/275.3

PB 264-115/AS

Locomative Cab Design Development: V.4,
Recommended Design

Boeing Vertol Co.

J. Robinson

Report No. FRA/ORD-76/275.4

PB 290-214

Nov. 1978

Maintaining Alertness in Railroad Locomotive
Crews

Transportation Systems Center

C.B. DeVoc and C.N. Abernathy

Report No. FRA/ORD-77/22

PB 266-273

March 1977

Personnel Safety on Electrified Railroads
Transportation Systems Center
J.D. Abbas, et al

Report No. FRA/ORD-80/36
PB 80-2208568

June 1980

Proposed Qualification Requirements for Selected
Railroad Jobs

Dunlap and Assoc., Inc.

A. Hale and H.H. Jacobs

Report No. FRA/ORD-75/44

PB 251-115

May 1975

Research Locomotive and Train Handling
Evaluator Definition: Concept 1

M.B. Associates

S. Hubert, et al

Report No. FRA/ORD-77/46

PB 276-362 (set)

Aug. 1977

Research Locomotive and Train Handling
Evaluator Definition: Concept 1

M.B. Associates

S. Hubert, et al

Report No. FRA/ORD-77/46

PB 276-363

Aug. 1977

Research Locomotive and Train Handling
Evaluator Definition: Concept 1, V.1, Eval-
uator Performance Specification

M.B. Associates

S. Hubert, et al

Report No. FRA/ORD-77/47 .1

PB 276-364

Sept. 1977

Research Locomotive and Train Handling
Evaluator Definition: Concept 1, V.2,
Detailed System Studies

M.B. Associates

S. Hubert, et al

Report No. FRA/ORD-77/47 .2

PB 276-365

Aug. 1977

Research Locomotive and Train Handling
Evaluator Definition: Concept 1, V.3,
Estimated Costs

M.B. Associates

S. Hubert, et al

Report No. FRA/ORD-77/47 3

PB 276-366

Aug. 1977
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Research Locomotive and Train Handling
Evaluator Definition, Concept 2 Interim
Report

Turpin Systems Co.

Report No. FRA/ORD-77/55 Aug. 1977

PB 276-491

Studies of Freight Train Engineer Performance
Transportation Systems Center

E.D. Sussman & D. Ofsevit

Report No. FRA/ORD-76/306 Dec. 1976
PB 267-622

Train Generated Air Contaminants in the Train
Crew’s Working Environment

Transportation Systems Center

J.R. Hobbs, et al

Report No. FRA/ORD-77/08 Feb. 1977

PB 265-355
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CHAPTER 6

GRADE CROSSINGS

Grade crossing accidents persist in
being the major cause of fatalities in rail-
road operations. The goal of the grade
crossing subprogram is to reduce the
number and the severity of such accidents
by:

1) improving the credibility of motor-
ist warning devices at crossings;

2} demonstrating improved systems
for alerting the motorist to the
presence of trains; and

3) developing practical means for
protecting motorists and crew mem-
bers from serious injury and death
when involved in grade crossing
accidents.

Grade crossing research is jointly con-
ducted by the FRA and the Federal High-
way Administration (FHWA). Areas of
research include on-board devices, motorist
warnings, and train detection. New con-
cepts are developed and provided to the
supply industry so that appropriate hard-
ware can be developed. Performance
specifications and guidelines for improved
motorist warnings can be used by states,
local governments, and railroads to achieve
maximum effectiveness of motorist warn-
ing devices.

Descriptions of contracts for this area
follow.

IMPROVEMENTS BEING MADE AT A RAIL-HIGHWAY GRADE CROSSING
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CONTRACTS

Grade Crossing Accident/Injury Minimization
Study

Contract No.: FR-8197

Funding- $97,096

Schedule: September 1978 — January 1981

FRA Technical Contact: J.V. Mirabella
(202) 426-1227

H.H. Aerospace

Design Company

Agency/Contractor:

The purpose of this contract was to evalu-
ate alternatives for minimizing injuries to motor-
ists, train passengers, and crew members resulting
from grade crossing accidents.

The contractor reviewed, identified, and
investigated grade crossing injury minimization
concepts and equipment. Included in this analysis
were a compilation of data concerning the degree
of injury for given accident conditions and speed
conduct, and a cost/benefit analysis of the various
injury minimization concepts and equipment.
The goal of this study was to minimize the degree
of injury in those accidents which cannot be
avoided.

Constant Warning Time Concept Development
for Motorist Warning at Grade Crossings

Contract No.: FR-8042

Funding: $321,391

Schedule: April 1978 — July 1980

FRA Technical Contact: J.V. Mirabella
(202) 426-1227

Systems Technology

Laboratory

Agency/Contractor:

The objective of this contract was to identify,
evaluate and demonstrate the feasibility of con-
cepts upon which a system can be based to provide
motorist warnings at grade crossings, independent
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of the speed of the approaching train, without
having the warning device activated by railroad
switching movements near a grade crossing.

The contract was divided into two phases.
Phase | focused on contacting other groups in-
volved in the manufacture and research of safety
warning devices and reporting on concepts pro-
viding constant warning time to motorists, em-
phasizing innovative and new techniques rather
than improvements on existing systems.

Phase I included an analysis of the con-
cepts selected for study and a concept demon-
stration test plan for each, identifying the effects
of using new types of locomotive controls on train
detection.

Investigation of Grade Crossing Accident Counter-
measures and Research Requirements
Contract No.: AR-8088
Funding: $95,000
Schedule: August 1978 — July 1981
FRA Technical Contact: J.V. Mirabella
(202) 426-1227
National Aeronautics and
Space Administration

Agency/Contractor:

The probable causes of railroad grade cross-
ing accidents will be studied through the identifi-
cation of potential research and its assessment.
The goa!l of this study is to reduce the number
and severity of railroad grade crossing accidents by
providing measures which will prevent such
accidents.



GRADE CROSSINGS BIBLIOGRAPHY

The following alphabetical list contains
reports and papers prepared for the sub-
program shown above from 1975 through
September 1880. Many of these reports are
available to the public through the National
Technical Information Service (NTIS),
5285 Port Royal Road, Springfield, Virginia
22161. To order reports from NTIS, use
the order number (“PB” number) listed
following the report citation. Inquiries
about the availability or price of these
reports should be addressed by writing to
NTIS, rather than the FRA, or by calling
the NTIS Order Desk at {703) 487-4650.

The lack of a PB number following the
citation means that the report may not
have been published in sufficient quantity
for general distribution or had not vyet
been entered into the NTIS system when
this publication went to press. However,
they may be obtained by writing or calling
the persons listed as the technical contacts
for the contracts.

Finally, additional reports relating to
the research in this chapter will become
available during the upcoming year. For
information on these reports and for sug-
gestions on additional reference materials,
call or write the technical contacts associ-
ated with each project.

A Communication-Link Approach to Actuation
of Grade Crossing Motorist Warning Systems

Transportation Systems Center

John B. Hopkins, et al

Report No. FRA/ORD-75/80

PB 244-584

July 1975

Field Evaluation of Locomotive Conspicuity
Lights

Transportation Systems Center

D.B. Devoe and C.N. Abernathy

Report No. FRA/ORD-75/54

PB 244-532

May 1975

Guidelines for Enhancement of Trains at Grade
Crossings

Transportation Systems Center

John B. Hopkins and A.T. Newfell

Report No. FRA/ORD-75/71

PB 244-551

May 1975

ldentification and Evaluation of Off-Track Train
Detection Systems for Grade Crossing
Applications

GARD, Inc.

E.E. Nylund, et al

Report No. FRA/ORD-80/32

PB 80-186430

April 1980

Improvement of the Effectiveness of Motorist

Warnings at Railroad-highway Grade Crossings
Transportation Systems Center
John B. Hopkins and E. White
Report No. FRA/ORD-77/07
PB 266-784

Feb. 77

Innovative Concepts and Technology for Railroad-
highway Grade Crossing Motorist Warning
Systems
V.1 Overview and Concept Generation and
Analysis

Cincinnati Electronics Corp.

[.H. Raab, et al

Report No. FRA/ORD-77/37 .1

PB 273-354

Sept. 1977

Innovative Concepts and Technology for Railroad-
highway Grade Crossing Motorist Warning
Systems
V.2 The Generation and Analysis of Alterna-
tive Concepts

Tracor Jitco, Inc.

D.D. Peterson and D.S. Boyer

Report No. FRA/ORD-77/37.2

PB 273-355

Sept. 1977

A Methodology for Determination of Grade-
Crossing Resource-Allocation Guidelines

Transportation Systems Center

John B. Hopkins and Morris E. Hazel

Report No. FRA/ORD-76/04

PB 259-005

Aug. 1975

Operational Testing of Locomotive-Mounted
Strobe Lights

Transportation Systems Center

John B. Hopkins

Report No. FRA/ORD-80/48

PB 80-224348

June 1980

Potential Means of Cost Reduction in Grade Cross-
ing Automated Gate Systems
V.1 Overview and Low Cost Railroad-highway
Grade Crossing Gate Systems
MB Associates
Andrew St. Amant
Report No. FRA/ORD-77/06.1
PB 265-724

Feb. 1977

Potential Means of Cost Reduction in Grade Cross-
ing Automatic Gate Systems
V.2 Improved Gate Arm Concepts for
Railvoad-highway Grade Crossings

Report No. FRA/ORD-77/06.2

PB 265-725

Feb. 1977
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Potential Means of Cost Reduction in Grade Cross-
ing Motorist-Warning Control Equipment
V.1 Overview Technology Survey, and Relay
Alternatives

Storch Engineers

C.L. DuVivier, et al

Report No. FRA/ORD-77/45.1 Dec. 1977

PB 277-946/AS

Potential Means of Cost Reduction in Grade Cross-
ing Motorist-Warning Control Equipment
V.2 Comparison of Solid State and Relay
Devices and Techniques

Lowell University Research Foundation

F.Ross Holmstrom

Report No. FRA/ORD-77/45.2 Dec. 1977

PB 277947

Standby Power for Railroad-highway Grade Cross-
ing Warning Systems

Lowell University Research Foundation

F. Ross Holmstrom

Report No. FRA/ORD-76/286 Sept. 1976

PB 263-592

104



CHAPTER 7

SAFETY TESTING (FFAST)

The Facility for Accelerated Service
Testing (FAST) track is a research tool
which, for the first time, provides the U.S.
railroad community with a means of testing
track and equipment components in a sim-
ulated service environment. FAST is a
means of evaluating components which
show promise in laboratory testing prior
to their evaluation in revenue service, This
evaluation can be accomplished readily
under tightly-controlled test conditions.

FAST has now been in successful
operation since 1976. A great deal has been
learned; much remains to be accomplished.
FAST continues to operate in the spirit
of cooperation which enabled a highly
complex research facility to be approved,
assembled, and made fully operational in
well under a year. Support for this project
has come from an industry-wide base:
the railroads, the railroad supply industry,
the Railroad Progress Institute, the Associa-
tion of American Railroads (AAR), the
Federal Railroad Administration (FRA),
and the Transportation Development
Agency of Canada.

FAST commenced operations in 1976
to answer the need for a full systems
approach to track structure and rail vehicle
research.

The first of its kind in the United
States, FAST evaluates the performance

of track structures and components 7 to
10 times more rapidly than conventional
test applications. This reduction in test
time is achieved by operating a train con-
sisting of 4 locomotives and 75 freight cars
over a closed track loop for 15 hours a day,
5 days a week, thereby permitting the rapid
accumulation of tonnage.

The FAST subprogram is a cost-sharing,
cooperative effort with the railroad in-
dustry, which has donated all of the rolling
stock, track test specimens, training,
power, and shop labor. This participation
is equivalent to more than 20 percent of
the total FAST cost.

Through FY80, FAST has exceeded
540 million gross tons of track service
and 302,000 miles of train operation,
The FRA anticipates that FAST will prove
to be a vital element in providing timely
data for improvement of railroad opera-
tions in the areas of track, rolling stock,
control and surveillance equipment mainte-
nance and operating practices.

Several ftrack-related experiments at
FAST are supported through the Improved
Track Structures Research Subprogram.
These include studies on rail, wood and
concrete ties and fasteners, ballast and
subgrade. Support is accomplished by
either direct involvement in the project
through the Experiment Manager (EM)

process or through contracts with outside

organizations. The EM is an important
part of the FAST organization, being
responsible for experiment preparation,
management, data analysis, and report
writing.

Significant among the many accom-
plishments of this project are the following
FAST research findings.

Wheels: Results from the first wheel
experiment indicate 'that the flange life of
heat-treated wheels (Grade C) is 2 1/3
times longer than untreated wheels (Grade
U). Unit train operators are increasing the
use of Grade C wheels. Other variables (cast
wheels as opposed to wrought wheels, CN
profile as opposed to AAR profile, 14-inch
center plate as opposed to 16-inch center
plate, and constant friction snubbing truck
as opposed to variable friction snubbing
truck) indicate a slight improvement in
flange life.

Car Structure: Fatigue cracks developed
in certain car designs. FAST Test results
discovered the cause of the cracks, and
determined the best method of preventing
the cracks in the future. C&0O and CNW
will incorporate the FAST method of fix-
ing the cracks if they develop on their
lines. The car manufacturer is also aware of
the results.
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Fatigue Guidelines: The results of the
Fatigue Test have indicated the conserva-
tive nature of the Fatigue Design Guide-
lines utilized by the industry, and have
suggested certain changes that should be
made to the guidelines to make them more
realistic.

Track Lubrication: A recent evalua-
tion of track lubrication practices at FAST
revealed differences in distribution patterns
of silicone and petroleum-based greases.
Also, the two locations and the output of
track lubricators which provide uniform
lubrication of the FAST Loop were
identified.

Radial Trucks: Initial results from the
Radial Truck Experiment indicate that
radial trucks may improve wheel flange
life by 22 to 4 times over conventional
trucks. Also, the radial trucks appear to be
sensitive to initial axle alignment and wheel
profile.

Variable Axle Load: Initial results from
the Variable Axle Load Experiment indicate
that for a 100-ton car, flange wear rate
as a function of car lading does not in-
crease significantly above 80 tons {from
80 to 110 tons). This result requires
further investigation.

Concrete Tie Track: Results from the
first experiment indicate that concrete
tie track has higher lateral stiffness than
waood tie track.

Rajl Wear: From the wear results of
the first two rail metallurgy experiments,
premium rail metallurgies exhibit better
wear resistance than standard rail in un-
lubricated track conditions; but the rela-
tive improvement decreases when the track
is lubricated.
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CONTRACTS

FAST Operations and Maintenance
Contract No.: PR 4491
Funding: $8.064,000
Schedule: October 1979 — September 1980
FRA Technical Contact: D.E. Gray

(202) 755-1877
Transportation Test Center
(TTC)

Agency/Contractor:

This funding provides for the day-to-day
test operations and maintenance support of the
facility at TTC. This includes the technical and
management labor, fuel and materials required
to support 16 hours of test operations and 8 hours
of track maintenance and measurements daily.
In addition, test planning, data collection, test
measurement equipment, major track maintenance
equipment and data analysis and preparation of
test report services are provided 1o support current
and planned experiments.

Improved Track Structure Research
Contract No.: DOT-FR-54090

$95,000

July 1979 — September 1980
H. Moody
(202) 426-4377
MITRE Corp.

Funding:
Schedule:
FRA Technical Contact:

Agency/Contractor:

The objective of this contract was to assist the
FAST Experiment manager in planning, designing
and analyzing FAST experiments,

Under this contract MITRE Corporation had
a wide range of objectives. They included prepar-
ing experiment test plans; reviewing test specifica-
tions; recommending to the experiment manager
measurement techniques, data analysis methodol-
ogies, data formats, data quality control and

reporting requirements; analyzing reduced test
data and reporting results; periodically providing
status reports on each assigned experiment; pre-
paring summary reports which state when and by
what means experiment objectives were met; and
evaluating and coordinating the analysis and re-
porting of any unigue requirement.

Research and Technology Sharing Support

Services, Task 3 FAST Test Support
Contract No.: FR-9044
Funding: $110,197
Schedule: August 1979 — April 1981
FRA Technical Contact: D.E. Gray

(202) 755-1877
Agency/Contractor: Unified Industries, Inc.

The Research and Technology Sharing con-
tract will enable the FRA to monitor and evaluate
the railroad wheel wear experiments conducted
under the FAST program. Recently, the wheel
data collection procedures were reviewed and the
quality of the data analyzed. Experiment managers
monitored and evaluated on-going experiments in
FAST to ensure that overall experimental objec-
tives were being met and to provide analysis of
data and preparation of reports.

This contract will continue to provide data
analysis and associated technical reports and
experiment plans for the second FAST wheel
experiment currently in progress and on other
wheel-related tests and mechanical experiments
which will occur in the near future. The second
wheel experiment includes harder steel wheels
and returned wheels. Other projects in the future
include investigation of axle weight versus wear
and metal content versus wear.

Metallurgical Evaluation of FAST Rail
Contract No.: TSC-1551 (Managed by the
Transportation Systems Center)
Funding: $45,168
Schedule: February 1979 — May 1981
TSC Technical Contact: J. Morris
(617) 494-2011

Agency/Contractor: University of Connecticut

The objective of this contract is to generate
information characterizing the rail materials cur-
rently in test at FAST, as well as those materials
which may offer potential for future inclusion in
FAST testing. This effort will encompass the gene-
ration of mechanical behavior, chemical analysis,
and microstructural information characterizing
existing as well as candidate rail steels for FAST
testing. Where candidate materials are involved,
there will be inclusion of such unigue untried
modification of metallurgical structures as may be
expected to improve rail safety and performance.

Field Thermite Welding Study
Contract No.: DOT-TSC-1567 (Managed by the
Transportation Systems Center)
Funding: $35,000
Schedule: April 1979 — March 1981
TSC Technical Contact: J. Morris
(617) 494-2011

Agency/Contractor: University of Arizona

The objective of this contract is to evaluate
thermite welds from FAST. The reliability of
thermite welds at FAST has always been poor.
By thoroughly analyzing failed weldments from
FAST, a means to improve the weld process
might be determined.
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FAST Data Management and Support
Contract No.: FR-9159
Funding: $2,115,430
Schedule: September 1979 — September 1981
FRA Technical Contact: T.P. Larkin

(303) 545-b660 X291
Association of American
Railroads

Agency/Contractor:

This contract will provide a data management
base for the FAST test data, and fulfill all ap-
proved requests for such data by users. This effort
will be accomplished by the use of the DEC-20/50
computer system located at the Association of
American Railroad’s (AAR) computer center in
Chicago with AAR personnel in Chicago and at the
Transportation Test Center (TTC) in Colorado.

A data storage support system will be main-
tained to respond to data requests and raw test
data processing in preparation for storage in the
FAST management system.

FAST Track Test Design and Analysis
Contract No.: TSC-1554 (Managed by the
Transportation Systems Center)
Funding: $364,4560
Schedule: September 1978 — September 1981
TSC Technical Contact: H.D. Reed
{617) 494-2220
Agency/Contractor: H.H. Aerospace, Inc.
Technical capability is being provided in the
fields of testing, analysis, surveying, component
evaluation, metallurgy, soil mechanics, plan
procedure and report preparation, and in the
field of railroad engineering and maintenance-of-
way practices.
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Tie/Fastener Performance Verification Studies
Contract No.: DOT-TSC-1652
Funding: $323,384
Schedule: February 1979 — May 1981
FRA Technical Contact: H. Moody

(202) 426-4377
Battelle Columbus
Laboratories

Agency/Contractor:

The objectives of this contract are to evaluate
and quantify the performance of specific track
components at FAST and to determine perform-

ance requirements for rail/tie fastening systems.

Specific experimentation will be done in four
areas. There will be reports on FAST tests such
as concrete ties and lateral track strength, evalua-
tion of a means of measuring longitudinal rail
stress, conduct of fastener field performance
measurements, and evaluation of different wood
and concrete tie systems in the laboratory.

Reports on each of these items will be issued
periodically as each task is completed.

TIE/FASTENER PERFORMANCE VERIFICATION STUDY



Concrete Tie and Fastener Performance Analysis

and Correlation Analysis
Contract No.: DOT-FR-8164
Funding: $1,102,000
Schedule: September 1979 — January 1982
FRA Technical Contact: H.Moody

(202) 426-4377
Agency/Contractor: Battelle Columbus
Laboratories

The concrete tie and fastener research con-
tract is expected to provide data which will be of
use in correlating revenue service tests with those
done at FAST.

The scope of this contract includes develop-
ment of an instrumentation, inspection, and
analysis test plan; pretest calibration and labora-
tory testing to determine instrumentation tech-
niques, configuration, and life expectancy of the
instrumentation; instrumentation of four concrete
tie test sites and at least four field inspections;
tests of a similar nature on a wood tie control
section at one location; post-test laboratory testing
as required to verify calibration; evaluation and
analysis of government furnished data from FAST:
and correlation analysis with FAST test results.
This will establish a level of confidence in the use
of FAST data to predict results of performance in
revenue service,

DEVICE WHICH MEASURES SERVICE LOADS FOR CONCRETE TIE AND TRACK WHICH IS
UTILIZED FOR LONG TERM PERFORMANCE MEASUREMENT

109



Wheel Rail Load Test
Contract No.: PR 4471
Funding: $83,000
Schedule: June 1979 — July 1980
FRA Technical Contact: D.E. Gray
(202) 755-1877
Transportation Test Center
Transfer

Agency/Contractor:

FAST has been in operation for over 4 vyears
and has accumulated over 500 million gross tons
of traffic. With the exception of one small test in
1977, comprehensive tests have not been run to
determine the FAST wheel/rail load environment.

This contract has examined all the variables
affecting loading. Four instrumented test cars
were operated over the FAST track and the Rail-
road Test Track (RTT) in various car and consist
configurations while dynamic on-board data was
recorded for wheel/rail vertical and lateral loads,
car body and truck accelerations, consist speed,
position, and time.

This test will provide a large amount of data
that will assist FAST experiment managers in
interpreting the results of FAST experiments in
evaluating the current 100-ton car test at FAST
when considering future tests.

Analysis of FAST Wheel/Rail Loads
Contract No.: DTFR53-80-C00078
Funding: $21,632
Schedule: April 1979 — August 1980
FRA Technical Contact: H. Moody
(202) 426-4377
Battelle Columbus
Laboratories

Agency/Contractor:

The objective of this contract was to expand
the FAST test results data base and provide assis-
tance to experiment planners in designing future
tests. This was accomplished by identifying differ-
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ences in wheel/rail loads due to changes in operat-
ing conditions, axle load, and car types. Analysis
was also done to demonstrate the effects on
parameters such as speed, car weight, center plate
diameter and truck type.

Once completed, this information was to be
incorporated into a technical report. This report
will afford the FRA an opportunity to better plan
for future tests at FAST.

FAST/CONSIST WITH DOT-003, ALASKA RAILROAD AND UNION PACIFIC LOCOMOTIVES



SAFETY TESTING (FAST) BIBLIOGRAPHY

The following alphabetical list contains
reports and papers prepared for the sub-
program shown above from 1975 through
September 1980. Many of these reports are
available to the public through the National
Technical Information Service (NTIS),
5285 Port Royal Road, Springfield, Virginia
22161. To order reports from NTIS, use
the order number (”“PB” number) listed
following the report citation. Inquiries
about the availability or price of these
reports should be addressed by writing to
NTIS, rather than the FRA, or by calling
the NTIS Order Desk at (703) 487-4650.

The lack of a PB number following the
citation means that the report may not
have been published in sufficient quantity
for general distribution or had not vyet
been entered into the NTIS system when
this publication went to press. However,
they may be obtained by writing or calling
the persons listed as the technical contacts
for the contracts.

Finally, additional reports relating to
the research in this chapter will become
available during the upcoming year. For
information on these reports and for sug-
gestions on additiona! reference materials,
call or write the technical contacts associ-
ated with each project.

Analysis of Data from the First Wheel Experiment
at the Facility for Accelerated Service Testing
(FAST)

Unified Industries, Inc.

K.W. Larsen

Report No. FRA/TTC-79/01 July 1979

PB 299-433

Concrete and Wood Tie Track Performance
Through 150 Million Gross Tons
Report No. FRA/TTC-80/02 March 1980

Dynamic Hopper Car Test
Report No. FRA/TTC-80/01 March 1980

Freight Car Fatigue Analysis Test on FAST
Report No. FRA/TTC-80/04 July 1980

Functional Requirements for a Facility for
Accelerated Service Testing (FAST)

Association of American Railroads, Research and
Test Department

G.C. Martin, S.K. Punwani, and J.R. Lundgren

Report No. FRA/ORD-76/139 Sept. 1976

PB 263-605

Note: A large number of technical notes and
memoranda on experiments performed
at FAST are available directly from the
Transportation Test Center. For a list of
these publications, contact:

Technical Documentation Section
Transportation Test Center

Code 0-16

P.O. Box 11008

Pueblo, CO 81001
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RAILROAD OPERATIONAL
IMPROVEMENTS PROGRAM

SUBPROGRAM PROJECTS

8. Freight Systems Technology Intermodal Systems Technology
Intermodal Freight Service Operations
Classification Yard Technology
Systems Analysis/Technology Assessment

9. Energy/Environment

10. Electric Traction/Electrification Catenary
Chopper Locomotive
AC Traction
Traction Studies
PCB Transformer Coolant Substitution
Electrification Studies
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SECTION 2
INTRODUCTION

The Railroad Operational Improve-
ments program is committed to the con-
tinued viability of the nation’s railroads.
The objectives of the program are:

1) tmprovements in rail freight serv-
ice  reliability and operational
efficiency;

2) ldentification and resolution of
performance problems associated
with classification yards;

3) Acceleration of intermodal freight
service growth through improve-
ments in  equipment terminals,
operating practices, management
information systems and marketing
techniques;

4) Effective exchange of technical
information between the railroad
community here and abroad;

5) Identification and ranking of R&D
requirements; and

6) Assessment of railroad electrifi-
cation.

Descriptions of each subprogram, proj-
ect, supporting contracts and bibliography
follow.
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CHAPTER 8

FREIGHT SYSTEMS TECHNOLOGY

The Freight Systems Technology sub-
program is designed to identify, develop
and evaluate technology and operating
techniques which will improve service and
reduce costs of railroad freight operations.
This subprogram addresses improvements
in cost of railroad operations, reliability
and service aspects, petroleum dependence
and environmental protection in the fol-
lowing areas: train operations, classifica-
tion yards, intermodal systems, and inter-
modal service operations.

In addition, a continuing evaluation of
R&D projects is conducted through Systems
Analysis/Technology  Assessment  tech-
niques. This subprogram also provides for
railroad technical information exchange,
both domestically and with foreign rail-
road interests.

There are four projects organized under
the Freight System Technology subpro-
gram. These include:

1) Intermodal Systems Technology;

2} Intermodal Freight Service Opera-
tions;

3) Classification Yard Technology;
and

4) Systems Analysis/Technology As-
sessment.

Each project is carried out by the
Federal Railroad Administration (FRA)
through contracts with private and Federal
organizations. Descriptions of each project,
associated contracts, and a bibliography of
published reports follow.
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INTERMODAL SYSTEMS TECHNOLOGY PROJECT

For a number of vears, a great deal of
attention has been focused on the concept
of intermodal freight transportation (i.e.,
using rail/highway/water). This attention
comes from a belief that a rather significant
cost savings can be realized by using the
flexibility of highway transportation at the
origin and destination of a trip on combi-
nation with the cost and energy advantage
of rail transportation for line-haul move-
ments. In this way, the "best” features of
various modes could be combined to form
a more efficient freight transportation
system.

For the past several years, annual
intermodal revenues have exceeded a
billion dollars and annual carloading in-
creases in the area of 12-15 percent have
been experienced. Despite these gains,
experience has shown that even more wide-
spread use of intermodal transportation is
likely. Two recent studies have forecast a
2 to 4 times increase in the demand for
intermodal service by the 1990's. Several
impediments to this growth have been
cited, however.

For example, some believe that inter-
modal growth has been retarded by reluc-
tance on the part of motor carriers and
railroads to join forces as part of a single
system. Others believe that the marketing
efforts necessary to obtain the line-haul
portion of the motor carrier's haul have
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not been adequately addressed. Still others
maintain that inefficiencies exist in the
present intermodal system which render it
less cost and/or service competitive than
motor carriage in short- and medium-haul
markets.

Recognizing the need for greater re-
search in intermodal systems, the FRA (in
1977) initiated an effort to analyze this
area from a systems engineering approach
in order to assess strengths and weaknesses
and to suggest actions which would result
in improved efficiency and increased mar-
ket share and profitability for railroad
intermodal systems. A great deal was
learned from the initial investigation which
included an analysis of the present inter-
modal system and identification of areas
where improvements could be made.

Based upon this initial work, the FRA
has concentrated on selected "'high payoff"
areas. These are characterized by three
common attributes: 1) they can be imple-
mented quickly, 2) they require only
modest capital expenditures, and 3) they
will exert a high degree of leverage so that
sizeable payoffs will be realized compared
with their implementation considerations.

These R&D efforts are targeted at two
specific areas, service competitiveness and
cost reduction.

Rail intermodal service performance
must equal or beat that of the motor car-
riers on a shipper-to-consignee basis. Total
dock-to-dock performance is what counts,
and the measures are in terms of cost, time
and reliability. That means no delays in the
freight flow, whether built-in, planned, or
accidental. Smooth, consistent service is
most critical in the short-haul markets and
these markets have the potential of doubling

the annual intermodal volume within a few
years.

With respect to the cost target, rail-
roads have a high consciousness of cost
issues; and efforts are to be directed at
boosting the efficiency and capacity of
the existing plant. The goal is to widen the
gap between the incoming revenues and the
cost of providing the transportation service.

The two principal areas identified and
which have been targeted by FRA for pri-
mary R&D considerations are 1) terminals
and 2) line-haul.

Terminal areas are especially interesting
because they must be able to provide
smooth overall performance out of a series
of discontinuous and frequently independ-
ent activities. A number of opportunities
exist in terminals, and a special project has
been formulated to provide improvement
guidelines. The emphasis of the FRA ter-
minal project will be on those opportuni-
ties that require only modest capital
expenditures.

Several opportunities also exist for
improving intermodal line-haul operations.
Fuel consumption is the key area of
research here, and the payoffs are poten-
tially quite significant. Specifically, the
focus for FRA R&D will be in analyzing
the potential impacts of specific new equip-
ment designs as well as alternative opera-
tional procedures such as trailer orienta-
tion and placement, priority unit trains,
single locomotives and more frequent
departures.

Contract work in these two areas was
underway in FY80 and future work in
FY81 will include R&D in developing
intermodal terminals and wind histogram
experiments.
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CONTRACTS

Intermodal Freight Systems Engineering
Contract No.: TSC PPA #RR 157 [(formerly
RR0O16)
Funding: $118,000
Schedule: June 1980 — December 1981
FRA Technical Contact: J.R. Blanchfield
(202) 426-0855
Agency/Contractor: Transportation Systems
Center (TSC)

The results of an extensive study of the
intermodal freight system are being evaluated
and supplemented with additional work in key
subject areas. These are based on the needs of
intermodal carriers and shippers as well as depart-
mental planning and policy activities. The purpose
of this contract is to develop a group of concise
reports, each addressing a specific subject area.

Definitive information will be developed on
line-haul operations with assessment of the impact
of new rolling stock configurations and train
handling technigues on energy consumption and
travel time. Operations between major city pairs
will be studied utilizing newly refined simulation
models for both the rail and highway modes.

Operational recommendations concerning ter-
minal areas will be formulated with attention to
shipper-oriented aspects important to market share
growth. Differences between motor carrier and
railroad intermodal pick-up and delivery activities
are to be evaluated in the process of formulating
the recommendations.

The outputs of this work will be a number of
brief reports, each addressing a specific topic.

A NEW ERA FOR SHIPPING TRAILERS BY RAIL ISATHAND AS INTER-
MODAL TRAFFIC GROWTH SETS NEW RECORDS AND RANKS SECOND
ONLY TO COAL AS A SOURCE OF RAILROAD TRAFFIC. MORE THAN
3MILLION TRAILERS A YEAR MOVE BY RAIL.
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Intermodal Freight Terminal Model System -—

Requirement Definition
Contract No.: DOT-FR-9050
Funding: $45,000
Schedule: May 1980 — February 1981
FRA Technical Contact: J.R. Blanchfield

(202) 426-0855
Agency/Contractor: Systems Control, Inc.

The need for increasing the capacity and
productivity of the nation’s intermodal terminals
has been well documented. This need will assume
more importance in the future as energy considera-
tions force significant modal shifts from highway
to piggyback. The objective of this contract is to
accomplish the first step toward establishing com-
prehensive terminal improvement and develop-
ment guidelines for the public and private sectors.
Specifically, it involves the definition of functional
and technical requirements for a computer-assisted
intermodal terminal modeling system capable of
identifying and diagnosing design and operating
problems in existing terminals; evaluating pro-
posed changes in terminal layout, equipment or
operating procedures; developing methods of
responding to abnormal situations; training ter-
minal personnel; and highlighting interdependen-
cies between intermodal and other railroad
departments.

The system will utilize a physical representa-
tion of the terminal of interest, in combination
with a computer. Various layouts, equipment com-
binations, and operational alternatives can be
imposed upon the system and evaluated in terms
of key measures of performance using the compu-
ter as a recordkeeping and scoring device. The user
of the system will be responsible for all decision-
making logic, to simplify the computer applica-
tion and improve the likelihood of innovation.

The present activity is to formulate the
functional and technical requirements for the
model system, documented in a form suitable for
its subsequent development.

The intermodal terminal model system would

be disseminated to railroads, local governments,
shippers, labor groups and the investment commu-
nity through purchase, time sharing and rental
arrangements.

SIMULATION MODELS CAN BE USED TO EVALUATE INTERMODAL TERMINAL DESIGNS. THE FRA IS
STUDYING HOW SUCH MODELS COULD BE USED IN BOTH PLANNING NEW FACILITIES AND INCREASING
THE CAPACITY OF EXISTING TERMINALS.
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INTERMODAL FREIGHT SERVICE OPERATIONS PROJECT

In addition to the R&D work on
intermodal line-haul equipment and ter-
minals, the FRA has also been exploring
a variety of measures intended to improve
operations using existing cars, motive
power, and terminal facilities. Efforts have
been directed toward nonhardware-related

aspects of intermodal service such as
marketing, sales, pricing, train operating
practices, crew scheduling, equipment

utilization, management information sys-
tems, and operating control systems. Al-
ways, the objective has been to improve
profitability by raising the productivity
of labor and capital already in place.

The major component of this project
was a demonstration to provide an oppor-
tunity for railroads to experiment with
these commercial aspects, but shoulder
only a part of the financial risk during the
start-up period of new operations. Repre-
sentatives of major railroads, suppliers,
carbuilders, labor organizations, and truck-
ing subsidiaries all participated in the
planning and implementation phases of the
demonstration.  The  Association of
American Railroads (AAR) became FRA's
contractor, and in conjunction with the
Task Force on Rail Transportation, the
AAR Research and Test Department was
responsible for the planning, coordination,
reporting, and evaluation of the demonstra-
tion service.
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There were several requirements for
candidate demonstration operations. First,
the trailers (and containers) must move in
solid, dedicated trains handling intermodal
traffic only. Second, the trains should

originate and terminate directly at TOFC
terminals, and not require the transfer of
cars to other yards, nor involve any switch-

ing enroute. Third, the trains must be used
primarily for loads only, with no more than
10  percent empty return movement.
Further, more than one departure a day
should be offered. These requirements
lead to radically different operating policies
on many railroads not accustomed to oper-
ating numerous short, fast trains.

SEVERAL RAILROADS NOW OPERATE PROFITABLE LONG DISTANCE PIGGYBACK TRAINS.
THE FRA INTERMODAL FREIGHT SERVICE OPERATIONS PROJECT FOCUSED ON
EXPANDING THE SERVICE TO SHORTER-HAUL MARKETS.



The choice of locations for a demon-
stration involved consideration of both
route length and potential traffic volume.
There are many important routes with
line-haul in the 300- to 400-mile range and
with significant traffic volumes; most of
this traffic now moves by highway. In
these shorter distances, railroads seldom
compete successfully, but the potential for
profit is there if sufficient volume can be
developed to spread out the terminal
fixed costs.

The demonstration finally selected was
an operation between Chicago and St. Paul
over the Milwaukee Road. It began operat-
ing in June 1978, as the ""Sprint” service,
with three round trips per day. FRA partic-
ipated for 2 years, and the railroad is
continuing the service of a self-sustaining
basis.

As railroad intermodal service con-
tinues to expand, the need for effective
management tools becomes stronger. An
Intermodal Management Information Sys-
tem (IMIS) has been developed in a modu-
far fashion by an FRA contractor working
with two railroads. The system includes
three independent components dealing
with equipment control, repetitive way-
billing and rating, and profitability analy-
sis. IMIS was developed for use by rail-
road intermodal departments on a mini-
computer, with all programs written in
COBOL to enhance the system’s transfer-
ability to other types of hardware config-
urations. Following a 5-month test period
on a major railrocad, all documentation
was made available to the industry.

Still another FRA contract assessed
the feasibility and economics of an exclu-
sive intermodal terminal roadway in
Chicago connecting many of the railroad
terminals scattered throughout the city.
To avoid delay, trailers interchanged
between connecting carriers must be un-
loaded from incoming piggyback cars and
taken to other yards over the city streets.
This is a costly process which becomes
more and more unacceptable to the com-

I o . e

munity as traffic increases. The ultimate
solution would be a single consolidated
terminal serving all Chicago railroads —
an extremely expensive undertaking. One
alternative would be a roadway on avail-
able railroad property once used for
trackage and facilities no longer needed
for passenger train service. The same
approach might be applicable in other
"gateway’ cities where many trailers
must be interchanged.

- : 'a -M.._

LOADING TRAILERS ON BOARD A SPRINT TRAIN ON THE FIRST DAY OF SERVICE
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CONTRACTS

Intermodal Freight Program — Phase |1:
Demonstration Management
Contract No.: DOT-FR-708-5169
Funding: $4.,223.,427 (originally $8,597,731)
Schedule: January 1977 — September 1980
FRA Technical Contact: W.D. Edson
(202) 472-1014
Agency/Contractor: Association of American
Railroads

The demonstration experimented with fast,
frequent, all-piggyback train service, focusing on
relatively short-distance markets (400 miles) where
railroads seldom compete successfully with motor
carriers. FRA shared up to 60 percent of operating
losses during the time required to develop suf-
ficient traffic for the service to become self-
sustaining.

Starting in June 1978, the Milwaukee Road
operated three round trips daily {later four)
between Chicago and St. Paul. The railroad per-
formed as subcontractor to AAR. Traffic handled
by the new Sprint trains grew to over 1700 trailers
per week, mostly ex-highway. Low operating costs
reflected productivity improvements in crew
assignments and equipment utilization. Revenue
exceeded direct costs almost from the start, with
orofitability on a full-cost basis achieved during
periods of heavy traffic volume.

Part of the demonstration was a comparative
test of fuel consumption for both the Sprint
service and competing trucks. Results favored the
Sprint over 2.5 to 1 on the basis of trailer-miles
per gallon, and exactly 2 to 1 considering revenue
ton-miles per gallon.
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THE MILWAUKEE ROAD’S FIRST SPRINT TRAIN FROM ST. PAUL, ON JUNE 5, 1978



Intermodal Management Information System
Contract No.: DOT-FR-741-5157
Funding: $1,451,936
Schedule: September 1977 — Decembper 1979
FRA Technical Contact: W.R. Brooks

(202) 426-7574
Agency/Contractor: Planning Research Corp.

A specialized management information system
was long ago identified as an essential feature of a
successful  intermodal operation. The system
developed under this contract is designed to facili-
tate improvements in the following functions:

® Trailer handling in terminals and trains;
®  Processing loss and damage claims;

® (Collecting revenue due;
.

Utilizing salesmen and terminal person-
nel; and

® Utilizing trailers, cars, and terminal
equipment.

The Intermodal Management Informatjon
System (IMIS) consists of three modules that can
be readily transferred to the railroad industry.
They are as follows.

1) Intermodal Equipment Control System
(IMECS) — This system has been designed
to provide control of intermodal trailers
in the terminals and in the customer’s
hands, generating adeguate records for
responsible detention billings.

2) Repetitive Waybilling and Rating System
(RWRS) — This system applies repetitive
rates to calculate both line-haul and
accessorial charges, printing car move-
ment and/or revenue waybills. It stores
all waybill data, maintaining a compre-
hensive audit trail of waybill activity and
work status that interfaces electronically
with host car movement systems and/or
accounting.

Profitability Analysis System (PAS) —
This is an automated collection of inter-
modal records (from IMECS and RWRS
and other sources), revenues, and costs to
ascertain profitability for use of inter-
modal department managers and top
level management.

The three modules were tested on the Norfolk
and Western, and a post audit was conducted.
Baseline and detailed specifications were then
printed, along with training manuals and computer
procedures, comprising a total system that FRA
can provide to the railroad industry without
charge.

THE INTERMODAL MANAGEMENT INFORMATION SYSTEM WAS DESIGNED TO GIVE
TERMINAL AND OPERATING PERSONNEL BETTER CONTROL OVER THE USE OF

EXPENSIVE EQUIPMENT AND TRAILERS.
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Chicago Intermodal Terminal Roadway

Feasibility Study
Contract No.: FOT-FR-8156
Funding: $253,559
Schedule: August 1978 — November 1980
FRA Technical Contact: W.R. Brooks

(202) 426-7574
Agency/Contractor: Barton-Aschman Associates,
Inc.

This study reviewed the trailer interchange
and street operations of the 13 railroads which
operate 16 intermodal terminals in Chicago. An
analysis was then made to explore the feasibility
of a railroad-owned private roadway connecting
most of these terminals., The objectives were
to reduce the cost of trailer interchange which
now must be performed using the city streets,
or using much slower switching service by rail.
The roadway would obviously relieve street con-
gestion, reduce fuel consumption and air pollu-
tion, and assure better connections for through
trailers.
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THE CHICAGO ROADWAY STUDY INVESTIGATED THE FEASIBILITY OF AN EXCLUSIVE INTERMODAL
ROADWAY ON RAILROAD RIGHT-OF-WAY TO CONNECT INTERMODAL TERMINALS. NOW, TRUCKS
MUST DRIVE OVER CITY STREETS TO REACH THE TERMINALS OF CONNECTING CARRIERS.



CLASSIFICATION YARD TECHNOLOGY PROJECT

It is generally accepted that the best
railroad operating policy is to schedule
trains so that they bypass as many inter-
mediate switching terminals as possible.
However, the wide dispersal of traffic orig-
ination and destination points and the low
car count of the average customer indicate
that most railroad traffic must still undergo
considerable switching and consolidation
before trains can be formed that bypass
terminals. Since the bulk of this switch-
ing and consolidation takes place in termi-
nals, the railroad terminal will remain
an important factor in railroad operations
as long as freight is shipped in carload units
by widely distributed shippers to widely
distributed receivers.

Recent studies on car utilization and
freight service reliability have concluded
that the rail terminal has the largest nega-
tive impact on service reliability, car
utilization, and damage liability. Further-
more, it has been estimated that 25 percent
to b0 percent of the time freight cars spend
in classification yards is closely associated
with deficiencies related to yard layout and
design. This is roughly eguivalent to a loss
of 55 million to 85 million car-days per
year, underutilization of approximately
210,000 freight cars. Conseqguently, it is
apparent that yard designs can have a sub-
stantial impact on the ability of terminals




to process cars when better designs are
implemented.

With cars spending 63 percent of the
car cycle time in the yard, it is obvious that
even minor improvements in the yard can
have significant benefits within and beyond
the yard. This time in the yard certainly
affects car utilization. Also, yard oper-
ating expenses each year have been costing
the industry approximately $4 billion,
more than 1/3 of the total railroad ex-
penses. Even with this high expense, yard
transit times are notorious for being the
prime reason for shipping delays.

Yard projects can represent a huge
investment for the railroad. With a new
yard costing up to $50 million, railroads
cannot afford to use less than the best
technology. With the huge investment
needed and a needed expected return-on-
investment at 25 to 40 percent, railroads
find it most difficult justifying a yard pro-
ject, let alone introducing innovation.
A recent study indicates 200 classification
yards will receive major reworking or will
be newly constructed in the next 25 years.
Hopefully, the FRA involvement in yard
technology can act as a catalyst to increase
the level of innovation for improvements
in these yards. Also, the FRA involvement
in  participative projects (cost sharing
with railroads and suppliers) allows perhaps
enough financial and technical leverage to
introduce innovation. A recent report
prioritizing research needs indicates that
approximately $10 billion savings over a
20-year period can be potentially realized
by improvement — in the technologies
represented in this research program. The
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degree of actual return in savings is, of
course, dependent on the success of the re-
search and the degree of implementation
over the years ahead.

This project has been examining
technologies to improve classification yard
operations. The major objectives are to:

® Develop technologies that will
substantially reduce car delays
in yards;

Quantify areas where vyard im-
provements are feasible and de-
sirable;

Evaluate components and systems
that will improve efficiency in
yards, in cooperation with rail-
roads and suppliers; and

Improve the effectiveness of rail-
road communication and control
systems.

A MODERN CLASSIFICATION YARD — SHEFFIELD YARD ON THE SOUTHERN RAILWAY



CONTRACTS

Classification Yard Design Methods: State-of-
the-Art
Contract No.: DOT-TSC-1337 (Managed by
Transportation Systems Center)

Funding: $588,064

Schedule: May 1977 — February 1981

FRA Technical Contact: W.F. Cracker
{(202) 426-0855

TSC Technical Contact:  J.B. Hopkins

(617) 494-2081
Agency/Contractor: SRI International
This contract will establish a set of practical
guidelines and procedures, accompanied by a suffi-
cient amount of data, computer programs and
other resources, to significantly improve the design
and engineering of classification yards. The results
of the contract will also enhance the efficiency of
the design process.

The methodology is applicable to the design
"of new or existing vards, both flat and hump
yards, whether manual or automated. In particu-
lar, the design process has emphasized site selec-
tion, economic analysis, yard geometry and lay-
out, hump grade profile design, yard capacity
determination, trim-end conflict evaluation and
computer systems.

Case studies of yards have been used to verify
the practical relevance of the methodology. The
following railroads have been assisted by the
methodology in the design process: Conrail,
Union Pacific, and the Boston and Maine. In one
case study yard where sufficient economic data
was available, it has been estimated that the
methodology will save the railroad $900,000
annually through reduced car detention time.

Currently, the methodology is being
applied for a design study to assist Richmond,

Fredericksburg, and Potomac Railroad in upgrad-
ing the Potomac yard for computer control. The
industry has been introduced to the methodology

through interaction with the AREA Yards and
Terminals Committee and FRA Yard Workshop
recently conducted in Chicago for 125 attendees.
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New Concepts in Speed Control Systems for

Classification Yards
Contract No.: DOT-FR-8084
Funding: $189,939
Schedule: July 1978 — December 1980
Technical Contact: W.F. Cracker

(202) 426-0855

Agency/Contractor: SRI International

A railroad car is powerless once detached
from its locomotive. Hence, in classification
yards, external power and speed control systems
are needed to perform the classification operation.
In flat yards, the locomotive supplies the power
and "‘kicks” each car into its destination track.
In hump vards, power is provided free by grav-
itational energy and speed control has been
traditionally provided by clasp-type retarders.

Although the fundamental hardware of the
clasp retarders has remained the same for decades,
the control of these retarders has grown from a
manual operation into a very sophisticated com-
puter operation. The computer operation has
no doubt improved the efficiency and safety of
this conventional speed control scheme but it
has also increased the cost and complexity of the
system considerably.

In the meantime, radically new speed control
devices and systems have been developed in many
other countries. There is some question whether
these systems are better and more cost effective
than the method currently used in the United
States. This contract examines these other options
and selects only the most promising car speed
control concepts and technology and recommends
them as candidates for yard integration and test/
demonstration. The most promising concepts and
technology will be selected on the basis of cost
effectiveness, technical stability, and the likeli-
hood for near-term (10 years or less) application in
upgraded or new U.S. vards.
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Study of Freight Car Rollability

Contract No.: DOT-TSC-1762 (Managed by
Transportation Systems Center)

$150,000

August 1979 — July 1981

Funding:
Schedule:

FRA Technical Contact: W.F. Cracker
(202) 426-0855
TSC Technical Contact:  J.B. Hopkins

(617) 494-2081

Agency/Contractor: SRI International

An estimated 300 million freight cars are
classified (i.e., sorted onto different tracks) in
railroad classification yards every year. About 80
percent of these cars are classified in flat yards
and the remainder in hump yards. In hump yards,
freight car classification is performed by pushing
a large group of cars up a slight hill, releasing them
at appropriate intervals and switching them onto
the required track as they roll freely down the hill.

All cars do not have the same characteristics
and rolling resistances (i.e., rollability) and this
poses not only problems in operation but also
in yard design. Information on rolling resistances
is scarce and much guesswork is involved. Because
of the need for and the importance of information
on rolling resistance, the American Railway
Engineering Association (AREA) Committee on
Yards and Terminals and other groups and in-
dividuals within the railroad industry have recom-
mended that a study of rolling resistance be
conducted.

The objective of this contract is to provide
an understanding of rolling resistances at the low
speeds that typically occur in classification yards
(1 to 6 mph). This study, exploratory in nature,
specifically limited itself to the collection and
analysis of existing data and to data that could
easily be obtained using existing yard sensing
devices and computers. Data has been collected at
three vyards on the Union Pacific, Burlington
Northern, and Conrail systems. It is planned to

collect additional data on the Southern and

Santa Fe systems.

Assessment of Approaches to Railroad Yard Car

Presence Detection
Contract No.: DOT-FR-8199
Funding: $206,390
Schedule: September 1978 — February 1981
FRA Technical Contact: W.F. Cracker

(202) 426-0855

Agency/Contractor: Shaker Research Corporation

The current trend of American railroad
classification yard technology is toward automa-
tion of car traffic and inventory control. Yard
automation necessitates accurate knowledge of
railroad car presence throughout the classification
yard. This requirement places increasing demands
on the reliability and accuracy of devices used to

detect the presence of railroad cars. As automation
increases, these presence detectors not only mon-
itor car location but increasingly are used to
activate devices such as weigh scales, turning on/
off closed circuit television, counting devices, in-
ventory control, track movement monitoring
devices and various measuring devices.

This contract will determine the requirements
for car presence detection devices and systems. A
survey will be conducted of the various current
and future car presence detection systems. The
study will examine their probable impact on the
overall track system and likely problems. The
devices will be evaluated as to how they satisfy
the requirements. The best technologies, both
technically and economically, will be evaluated
and tested with performance specifications being
derived. Currently, recommended detector im-
provements are being field tested at yards on the
Grand Trunk Western Railroad.
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SYSTEMS ANALYSIS/TECHNOLOGY ASSESSMENT PROJECT

This project has two objectives. First,
it seeks to promote the exchange of in-
formation regarding railroad technology
research and development (R&D). This
will  facilitate the implementation of
R&D results and minimize the duplication
of prior research. The second objective is to
identify and rank R&D requirements and
projects. The output of this effort will be
utilized by FRA management in structuring
R&D programs, by other government and
industry researchers in planning and con-
ducting their R&D programs, and by rail-
roads in making operational and product
acquisition decisions.

The activities carried out in order to
achieve these objectives include:

e Cost/benefit and trade-off analyses
of potential and ongoing FRA
R&D projects;

® Railroad Research Information Ser-
vice operations;

® International Railroad Technology
Exchange support; and

MEETINGS AND CONFERENCES ON RAILROAD RESEARCH AND DEVELOPMENT ENHANCE
® Conduct of domestic and inter-  rHe INTERCHANGE OF INFORMATION WITHIN THE RAILROAD COMMUNITY.
national technology exchange con-
ferences.
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CONTRACTS

International Railroad Technology Exchange Pro-
gram Support
Contract No.: DOT-FR-0044 (Task 1)
Funding: $94,720
Schedule: August 1979 — April 1981
FRA Technical Contact: N. Ahmed
(202) 426-0955
Agency/Contractor: Unified Industries, Inc.

The objectives of this contract are to support
the implementation of FRA’s bilateral agreements
with foreign agencies and to assist FRA in the
dissemination of technical information received
through these agreements.

The tasks performed include the following.

® Conducting literature searches to identify
U.S. documents of interest to FRA’s
counterparts in foreign countries.

® Reviewing abstracts and cataloging for-
eign documents received by FRA. These
documents and abstracts are subsequently
transmitted to the Railroad Research
Information Service (see previous con-
tract) for publication in Railroad Re-
search Bulletin.

® Translating brief technical documents, ab-
stracts and correspondence.

® Providing logistics support 1o visiting
foreign delegations.

Support of Railroad Reasearch and Dissemination
of Information
Contract No.: DOT-FR-74266
Funding: $440,000
Schedule: January 1977 — January 1981
FRA Technical Contact: N. Ahmed
(202) 426-0955
Transportation Research
Board (TRB)

Agency/Contractor:

The goals of this contract are to support a
continuing FRA effort to identify problem areas
in railroad transportation, recommend areas re-

quiring research and development, and to dis-
seminate research findings to the railroad
community.

The major task consists of making arrange-
ments for the railroad portion of the January
annual TRB meeting in Washington. This in-
volves arranging for presentation of technical
papers and for publishing and disseminating them
to the railroad community.

In addition, TRB establishes railroad com-
mittees and coordinates and supports the work of
these committees on critical areas of railroad
transportation. These committees play a central
role in identifying research needs by keeping an
active dialogue with state DOT’s, academic in-
stitutions, research organizations, and the railroad
community.

Systems Analysis Support to FRA
Contract No.: TSC PPA No. RR-040
Funding: $150,000
Schedule: June 1979 — September 1981
FRA Technical Contact: P. Olekszyk

(202) 426-0955
Transportation Systems
Center

Agency/Contractor:

This effort requires the establishment and
application of a methodology to characterize
and evaluate FRA/RRD research and development
programs. This provides support to the FRA in
prioritizing R&D projects to meet FRA goals
in safety, energy consumption, efficiency and
quality of rail freight and passenger service and
environment.

The studies of R&D projects will include
definition of the potential benefits of R&D
project results applicable to users (e.g., Office
of Safety, railroads, shippers, public, etc.) and
the degree to which the projects meet FRA overall
objectives and responsibilities. Additional factors
that will be evaluated for R&D projects, as appro-
priate, include basic R&D costs, institutional
issues, necessity of industry cooperation or par-
ticipation, technical risks, secondary and qualita-
tive benefits, interaction with other research proj-
ects, and alternative R&D approaches. In an
additional task, support was provided to the 15th
Annual Railroad Engineering Conference.
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Railroad Research Information Service (RRIS)
Support

Contract No.: DOT-FR-74193
Funding: $1,020,000
Schedule: April 1977 — September 1982
FRA Technical Contact: N. Ahmed

(202) 426-0955
Agency/Contractor: Transportation Research

Board

The objective of this contract is to develop,
maintain, and operate a comprehensive source of
railroad information service relating to railroad
R&D. Users of this source are railroad researchers,
policy makers, railroad operators, and the rail-
road community in general.

The contract provides for the acquisition of
documents, their abstracts, preparation of ab-
stracts from documents, and their indexing, cod-
ing, and computer storage. Descriptions of ongoing
research are also acquired and stored. These ab-
stracts are subsequently published in the Railroad
Research Bulletin {(a semi-annual publication), as
well as special bibliographies and indexes. In
addition, when a request for specific information
is received, RRIS records are retrieved as part of
this contract. The current RRIS holdings comprise
over 21,000 records desired from world-wide
sources.
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FREIGHT SYSTEMS TECHNOLOGY BIBLIOGRAPHY

The following alphabetical list contains
reports and papers prepared for the sub-
program shown above from 1975 through
September 1980. Many of these reports are
available to the public through the National
Technical Information Service (NTIS),
528b Port Royal Road, Springfield, Virginia
22161. To order reports from NTIS, use
the order number ("'PB’" number) listed
following the report citation. Inguiries
about the availability or price of these
reports should be addressed by writing to
NTIS, rather than the FRA, or by calling
the NTIS Order Desk at (703) 487-4650.

The lack of a PB number following the
citation means that the report may not
have been published in sufficient quantity
for general distribution or had not vyet
been entered into the NTIS system when
this publication went to press. However,
they may be obtained by writing or calling
the persons listed as the technical contacts
for the contracts.

Finally, additional reports relating to
the research in this chapter will become
available during the upcoming vyear. For
information on these reports and for sug-
gestions on additional reference materials,
call or write the technical contacts associ-
ated with each project.

INTERMODAL SYSTEMS TECHNOLOGY

Lightweight Intermodal Flatcar Evaluation
Program
Vol. |, Modal Analysis of Railcars, an Ex-
planation and Applications Guide
ENSCO, Inc.

Report No. FRA/ORD-80/07.1 Dec. 1979

Lightweight Intermodal Flatcar Evaluation
Program
Vol. 1, Test Results Report {Including
Appendix A - Transducer Locations)
ENSCO, Inc.

Report No. FRA/ORD-80/70.11 Dec. 1979

Lightweight Intermodal Flatcar Evaluation
Program
Vol. 11, Data Appendices B through F
ENSCO, Inc.

Report No. FRA/ORD-80/70.111 Dec. 1979

Low-Profile, Light-Weight Intermodal Railcar
Vol. |, Performance Specification

Systems Control, Inc.

Report No. FRA/ORD-81/04.1

Low-Profile, Light-Weight Intermodal Railcar
Vol. I, Acceptance Test Plan

Systems Control, Inc.

Report No. FRA/ORD-81/04.11

Low-Profile, Light-Weight Intermodal Railcar
Vol. 111, Requirements Definition
A.T. Kearney, Inc.

Report No. FRA/ORD-81/04.111 Feb. 1981

Systems Engineering for Intermodal Freight
Systems
Vol. I, Executive Summaries

A.T. Kearney, Inc. and Peat, Marwick, Mitchell &
Co.

Report No. FRA/ORD-78/24.1

PB 282-370

April 1978

System Engineering for Intermodal Freight
Systems
Vol. Il, Task Results
A.T. Kearney, Inc.
Report No. FRA/ORD-78/24.11
PB 293-757

April 1978

Systems Engineering for Intermodal Freight
Systems
Vol. Ill, Appendices
A.T. Kearney, Inc.
Report No. FRA/ORD-78/24 11}
PB 297-395

April 1978

System Engineering for Intermodal Freight
Systems
Vol. IV, Task Results
Peat, Marwick, Mitchell & Co.
Report No. FRA/ORD-78/24.1V
PB 286-935

April 1978

System Engineering for Intermodal Freight
Systems
Vol. V, Appendices
Peat, Marwick, Mitchell & Co.
Report No. FRA/ORD-78/24.V
PB 286-036

April 1978

Transportation of Vibration Sensitive Equipment
by Highway Trailer on an Intermodal Railcar
Vol. I, Test Results Summary

ENSCO, tnc.

M. Kenworthy

Report No. FRA/ORD-79/05.

PB 301-219

July 1979
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Transportation of Vibration Sensitive Equipment
by Highway Trailer on an Intermodal Railcar
Vol. H, Detailed Test Data

ENSCO, Inc.

Report No. FRA/ORD-79/05.11

PB 80-114655

See also Chapter 9 Bibliography, especially
““Aerodynamic’’ research.

INTERMODAL FREIGHT SERVICE
OPERATIONS

Chicago Intermodal Terminal Roadway Feasibility
Study

Barton-Aschman Associates, Inc.

Report No. FRA/ORD-80/64

Intermodal Freight Program

Phase 11, Demonstration Management
Association of American Railroads
Report No. FRA/ORD-80/69
PB 81-106510

Oct. 1980

Intermodal Management Information System

Phase Il Task [, State-of-the-Art Survey
Planning Research Corp.
Report No. FRA/OPPD-78/8
PB 281-016/AS

March 1978

Intermodal Management Information System
Phase Il Task 2, Interim Report

Planning Research Corp.

Report No. FRA/OPPD-78/12

PB 282-287/AS

April 1978

Intermodal Management Information System

Phase 111 Task 1, Baseline Specification
Planning Research Corp.
Report No. FRA/ORD-79/21
PB 80-107022

Sept. 1979
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Intermodal Management Information System:
Evaluation and Summary Report

Planning Research Corp.

Report No. FRA/ORD-80/26

PB 80-158686

Dec. 1979

National Intermodal Network Feasibility Study
Reebie Associates

Report No. FRA/OPPD-76/2
PB 258-196 and PB 258-197

May 1976

CLASSIFICATION YARD TECHNOLOGY

Flywheel Energy Storage Switcher
Vol. |, Study Summary and Detailed
Description of Analysis
AiResearch Mfg. Co. of California
L.M. Cook, et al
Report No. FRA/ORD-79/20.1
PB 80-121-478

April 1979

Flywheel Energy Storage Switcher

Vol. ll, Field Data
AiResearch Mfg. Co. of California
L.M. Cook, et al

Report No.. FRA/ORD-79/20.11 April 1979

Optical Automatic Car ldentification Field Test
Program

U.S. Department of Transportation, Transporta-
tion Systems Center

H.C. Ingrao

Report No. FRA/ORD-76/249

PB 254-810

May 1976

Optical Automatic Car ldentification
Vol. |, Advanced System Specification
Department of Transportation, Research and
Special Programs Administration
L.E. Long
Report No. FRA/ORD-78/15.1
PB 291-877

Dec. 1978

Optical Automatic Car Identification

Vol. I, Readability and Scanner Performance
Cambridge Systems Corp.
H.C. Ingrao
Report No. FRA/ORD-78/15.11
PB 280-550

March 1979

Optical Automatic Car Identification
Vol. Il1, Optical Properties of Labels

Cambridge Systems Corp.

H.C. Ingrao

Report No. FRA/ORD-78/15.111

PB 294-202

March 1979

Optical Automatic Car Identification
Vol. IV, Systems Alternatives Evaluation
Model
Anthony Kooharian, Consultant
Report No. FRA/ORD-78/15.1V
PB 282-488

May 1978

Proceedings of the Workshop for Classification
Yard Technology

SRI International

E.S. Witt, N. Shedlock

Report No. FRA/ORD-80/17 May 1980

Railroad Classification Yard Design Methodology
Study, East Deerfield Yard: A Case Study
SR International

Report No. FRA/ORD-80/67 Feb. 1980

Railroad Classification Yard Design Methodology
Study, Elkhart Yard Rehabilitation: A Case
Study

SRI International

Report No. FRA/ORD-80/68 Feb. 1980



Railroad Classification Yard Technology —
Assessment of Approaches to Car Presence
Detectors

Interim Report

Shaker Research Corp.

D.S. Wilson

Report No. FRA/ORD-79/25 May 1979

Railroad Classification Yard Technology —
Assessment of Car Speed Control Systems
Report No. FRA/ORD-80/90 Dec. 1980

Railroad Classification Yard Technology — Design
Methodology Study

Phase | Interim Report

SR International

P.J. Wong, et al

Report No. FRA/ORD-78/67 Sept. 1978

PB 80-190-481

Railroad Classification Yard Technology — An
Introductory Analysis of Functions and
Operations

IJ.S. Department of Transportation, Transporta-
tion Systems Center

K.F. Troup, Il

Report No. FRA/ORD-75/55 May 1975

PB 246-724

Railroad Classification Yard Technology — A
Survey and Assessment

SR International

A.E. Moon, R.L. Kiang, and M.W. Siddigee

Report No. FRA/ORD-76/304 Jan. 1977

PB 264-051

SYSTEMS ANALYSIS/TECHNOLOGY
ASSESSMENT

Fifteenth Railroad Engineering
Conference Proceedings
R&D Challenges of the 80’s:
Opportunities and Obstacles
Transportation Systemns Center
Report No. FRA/ORD-80/35 June 1980
PB 80-205206 .
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CHAPTER 9

ENERGY/ENVIRONMENT

The major focus of the Energy/
Environment project is directed at the
future fuel needs and noise considerations
of the railroad industry.

Railroads in the Class | category con-
sume approximately 4 billion gallons
{roughly 100 million barrels) of fuel per
year. One of the major oil companies has
published in a report a projection of fuel
demand in the transportation industry
through 1990*. The accompanying graph
shows total projected demand by mode.
[t should be noted that total petroleum
demand increases 9.3 percent, from 9.7
million B/CD (barrels/crude per day, crude
oil equivalent) to 10.6 million B/CD during
the 1980s. Gasoline consumption, although
not precisely shown in the figure, is proj-
ected to decline due to greater automotive
fuel efficiencies mandated by existing law.
Middle distillate demand, on the other
hand, in transportation is expected to
increase by 1.1 million B/CD during the
decade, an overall increase of 45 percent.
Aviation turbine fuel represents 35 percent
of the increase, diesel fuel used in trucks
and buses about 55 percent, and railroad

consumption 10 percent (0.1 million
B/CD). :
*Source: Locomotive Maintenance Officers

Assoc., Committee on Fuels and Lubricants.
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A number of factors indicate that
between now and 1985, the competition
for available high guality middle distillate
fuel oil will intensify and the price will
increase more rapidly than the price of
gasoline. According to petroleum industry
estimates, the crude petroleum available
from domestic sources by 1985 will de-
crease approximately 2b percent compared
to 1975 production. During the same peri-
od, total transportation demand will in-
crease approximately 30 percent. While
the percentage of transportation needs will
remain approximately 50 percent of total
petroleum demand, the portion required
for gasoline will decrease and middle dis-
tillate demand will increase significantly.
During the same time period, railroads are
expected to require 25 percent more fuel
to operate.

In summary, these projections for the
railroads are as follows:

Million
Barrels
Crude
Year per day % Increase
1980 (current) 0.27 —
1985 0.35 30
1990 0.40 50

The cost of diesel fuel to the railroads
is generally predicted to double over the
1980-1990 decade, rising from $0.85/
gallon in 1980, to about $1.70/gallon in
1990 (1980 dollar). These estimates, how-
ever, tend to be somewhat conservative and
are subject to perturbation beyond the abil-
ity of the forecast to predict direct cause/
effect relationships.
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For example, a large U.S. chemical
company forecast indicates $60/barrel
price for domestic crude oil by 1985. Our
prediction is that this would result in
$2.00/gallon {1980 dcellars) for diesel fuel.
The impact of these price increases on rail-
road operating revenue based on industry
projections indicate a shift from current
15 percent fuel/operating revenue ratio to
about 32 percent in the future.

FRA energy-related research is current-
ly at a funding level slightly over $500,000

per year. The overall objective of the energy
program is to develop improvements in rail-
road equipment, facilities and operations
which can increase energy efficiency. Short-
term objectives include: development of
fuel efficient train operation technigues;
assessment of the potential for a dual-mode
locomotive (diesel-electric/electric); evalua-
tion of potential for use of alternative fuels
in diesel locomotives; and conduct of
energy audits to identify opportunities for
conservation of energy on railroads.
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Previous energy research activities pro-
vide supportive knowledge to the activities
outlined above. Earlier works have included
studies of:

a. Fuel-Efficiency Improvement in
Rail Freight Transportation;

b. Locomotive Multiple-Unit Throttle
Control to Conserve Fuel;

c. Estimation of Fuel Consumption in
Rail Transportation;

d. Resistance of a Train to Forward
Motion;

e. Aerodynamic Forces on

Trains;

Freight

f.  Flywheel Energy Storage Switcher;
g. Wayside Energy Storage; and

h. Locomotive Data

Package.

Acquisition

Once a need is established and a govern-
ment role is deemed appropriate, budget
requests will be submitted to obtain the
required resources. When resources become
available, every effort will be expended to
execute the research through cooperative
arrangements except when this course is
clearly inapplicable. In any event, industry
participation in the process of conducting
research will be encouraged and actively
solicited. Where standing industry com-
mittees exist their review of project pro-
gress shall be solicited. In research of broad
interest, “‘open’’ in-progress reviews will be
conducted.

When research results are obtained
that are deemed to be of significant value
to the industry, conferences and/or work-
shops will be cailed to disseminate the
information and afford the participants
the opportunity to directly interact with
the researchers involved. Technical reports
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of all work will be submitted to the
National Technical Information Service for
public availability. In addition to the
above, other techniques will be employed
to further technology transfer and diffu-
sion. Examples are presentation of papers
at technical society meetings and informal
presentations before various industry or-
ganizations. The use of video tape cassettes
will be employed where a mailable pre-
sentation to many small groups is expected
and the expenditure of travel funds is
otherwise not warranted.

ENERGY/ENVIRONMENT THRUST

® ENERGY AUDIT
® ALTERNATIVE FUELS
® FUEL EFFICIENT TRAIN OPERATIONS

e DUAL-MODE LOCOMOTIVE

This program can influence change in
the industry status quo by contributing
to the overall knowledge base. It can act
as a stimulus to industry action that
might not otherwise occur. Examples of
this are evident in the private sector devel-
opment of the multiple-unit throttle
control and other instrumentation for loco-
motives, several lightweight, low-profile
intermodal railcars and various versions
of Train Performance Calculators/Train
Operations Simulators. All of these de-
velopments, in part, owe their occur-
rence to previous work done under this
program.

In the environment area of this project
it has been recognized that under certain
conditions rail vehicles can generate high
noise levels. However, their generally in-
frequent movement along any given right-
of-way, their long history of service in the
United States and their fow growth in
recent vyears, when compared to other
transportation modes, has contributed to a
widely held opinion that, in any ranking
of transportation noise source impacts,
rail noise is considered to be of relatively
low priority. Rail noise was addressed by
the Department of Transportation (DOT)
to a limited extent in a survey report dated
November 1970. This report was a com-
pilation of railroad noise-related data,
mostly from American and European sour-
ces. Its significant finding was that little
definitive information existed on heavy
rail noise sources.

With the decision by Congress to in-
clude specific railroad noise provisions in
legislation leading to the Noise Control Act
of 1972, the paucity of technical informa-
tion became more acute.

To address this issue, a series of oppor-
tunity measurement programs were con-
ducted along rail waysides and in freight
yards to identify major noise sources,
their levels, speed effects and information
on their frequency of occurrence. Based
on this series of noise measurements and
information submitted by the railroad
industry in response to an Advanced Notice
of Proposed Rulemaking (Docket No.
ONAC 7201001) for Railroad Noise Emis-
sion Standards, later promulgated by the
Environmental Protection Agency (EPA),
important noise sources were identified.
Without regard to any priority ranking,
locomotives, rail /wheel interaction,



whistles and horns, mechanical refrigera-
tion cars and trailer-mounted refrigeration
units on flat cars were determined to be
important noise sources. Noise emitted
from fixed facilities including public
address systems, classification yard retard-
ers, maintenance facilities and loading
equipment was also identified. Coupling
ncise during train make-up has also been
observed to be intrusive.

Because  opportunity-gathered data
does not provide a full description of
these railroad noise sources, DOT proposed
a Cooperative Railroad Noise Research Pro-
gram to members of the railroad industry
through the Association of American Rail-
roads (AAR). The thrust of the program
has been to accurately define through con-
trolled parametric tests: major railroad
noise sources; simple, accurate noise test
procedures; operational noise levels; noise
propagation effects and noise level identifi-
cation problems caused by measurement
site anomalies. Costs of the programs have
been shared between DOT and the railroad
industry through the AAR. The AAR has
provided, through its member roads, dedic-
ated railroad equipment, test sites and
maintenance and operating personnel. DOT
has provided, either inhouse or by contract,
measurement and analysis personnel to per-
form all acoustic and performance data
gathering, analysis, and report prepara-
tion tasks. The information obtained to
date forms the first definitive body of data
on United States rail operations available
for public scrutiny.
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CONTRACTS

Alternative Fuels for Railroad Locomotives
Contract No.: AR-8163 (Interagency Agreement

with DOE)
Funding: $776,000
Schedule: September 1978 — September 1981

FRA Technical Contact: J. Koper
(202) 426-0808
Southwest Research

Institute (SWRH)

Agency/Contractor:

The objective of this contract is to assess
the performance of a medium-speed locomotive
diesel engine on various alternative fuels, diesel

and non-diesel, for the effects on combustion
characteristics, emission levels, and piston ring
wear.

Presently the work involves exploring the use
of alternative fuels for locomotive diesel engines
with a two-cylinder experimental engine at SWRI.
As currently planned, the small engine tests will
be scaled up to test potential fuels in both a two-
cycle and a four-cycle full-size diesel engine.
Current fuels wunder evaluation include off-
specification diesel fuels and non-diesel fuels such
as alcohols and synthetic liquid fuels derived from
coal, shale, or tar sands.

|

TWELVE-CYLINDER FULL SIZE DIESEL ENGINES (GE & EMD) AT SOUTHWEST RESEARCH INSTITUTE
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TWO-CYLINDER EXPERIMENTAL ENGINE AT
SOUTHWEST RESEARCH INSTITUTE



Handbook for Measurement, Analysis and
Abatement of RR Noise
Contract No.: DOT-TSC-1786 (Managed by
Transportation Systems Center)

Funding: $145,980
Schedule: September 1979 — July 1981
FRA Technical Contact: J. Koper

(202} 426-0808
TSC Technical Monitor: R.L. Mason

(617) 494-2443

Agency/Contractor: Wyle Laboratories

The Environmental Protection Agency (EPA)
has promulgated Railroad Noise Emission Stand-
ards for locomotives and rajl cars, and the FRA
has issued complementary compliance regulations
covering these standards. The EPA is presently
under court order to expand these standards to
include railroad facility noise emissions. These
new standards will then be incorporated into the
present FRA compliance regulations. in order
to facilitate the work of FRA safety inspection
personnel charged with enforcing these regula-
tions, railroad personnel who must demonstrate
compliance, and railroad facilities design engin-
eers, a handbook combining existing information
and experience in the field of railroad noise
abatement was determined to be needed.

The contractor has been charged with the
responsibility of producing a handbook which will
be understandable for technicians and designers
untrained in acoustics, to include noise measure-
ment procedures under ideal and non-ideal condi-
tions applicable to railroad operations; existing
data on railroad noise sources; and proven abate-
ment procedures applicable to railroad noise
sources. The handbook will be arranged in a
format to facilitate modifications, improvements
and the introduction of new information as it is
developed.

Energy Management Workshops
Contract No.: DOT-FR-905113
Funding: $14,900
Schedule: August 1979 — February 1980
FRA Technical Contact: J. Koper

(202) 426-0808
Agency/Contractor: A.T. Kearney, Inc.

The objectives of this contract were the
diffusion of technology and utilization from
government to industry contributing to energy
conservation activity.

The initial FRA Energy Management Work-
shop was conducted to demonstrate the utiliza-
tion of computer models and analytical techniques
10 improve train performance prediction method-
ology. The Workshop was attended by invited
railroad industry representatives, consultants and
equipment designers. Participants included FRA,
DOE, MITRE Corp., and TSC.

Locomotive Data Acquisition Package (LDAP)
Contract No.: AR-74348; AR-DOT-FR-53-80-
X-00073 {Interagency Agree-

ments with DOE}
$596,000; $533,000
September 1977 — March 1980;
March 1980 — March 1981
FRA Technical Contact: R. Patel

(202) 426-0855

Lawrence Berkeley
Laboratory/DOE

Funding:
Schedule:

Agency/Contractor:

The objective of this contract is 10 develop
a preprototype semi-portable lLLocomotive Data
Acquisition Package (LDAP) for line-haul data
recording and analysis directly on board the loco-
motive. The system will primarily serve 3as a
research tool to monitor, define, and analyze those

parameters directly affecting locomotive opera-
tional efficiency and reliability. Potential appli-
cations of the LDAP system can encompass the
areas of energy conservation, alternate fuel studies,
train  operations and safety, and locomotive
equipment characterization.

During the first phase of the research the
functional reqguirements were studied. In the
second phase, the LDAP preprototype was de-
signed, built and tested. As a result of the service
testing and an evolving interest in energy con-
servation on the part of the railroads, additional
experiments and field tests are being planned
and conducted. At the end of the field tests, FRA
will be in a position to procure a small number
of improved LDAP’s from a commercial source
should the necessary resources become available.

i “ - q‘
LDAP INSTALLATION ON THE UNJON PACIFIC
RAILROAD, LOCOMOTIVE 3670/SD40-2
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Investigation of the Aerodynamic Characteristics
of Rail Freight Rolling Stock
Contract No.: DOT-FR-8058
Funding: $152,264
Schedule: May 1978 — May 1980
FRA Technical Contact: J. Koper
(202) 426-0808
Agency/Contractor: Andrew G. Hammitt, Assoc.

The objective of this contract was to obtain
information on the aerodynamic characteristics
of a variety of rail freight rolling stock and of
selected configurations nmodified to improve their
aerodynamics. This was accomplished by means
of a series of wind tunnel investigations.

The contractor was to investigate the aero-
dynamic resistance comnonent of rail freight
cars and locomotives in a series of wind tunnel
tests using scale models. A series of block tests
were performed as a continuation of earlier tests
1\ determine the effects of gaps and spacing be-
wween cars. A variety of standard freight carg
were tested both in trains of their own type and
with other cars. Tests were also conducted on
several new cars designed to carry trailers and
containers. The experimental results from this
contract have been used to refine the method-
ology and augment the related research of total
train  resistance and the impact on fuel
consumption.
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Train Resistance in Freight Operation
Contract No.: DOT-FR-54090
Funding: $215,000
Schedule: January 1977 — May 1980
FRA Technical Contact: J. Koper
{(202) 426-0808

Agency/Contractor: MITRE Corp /METREK

Div.

The objective of this contract was to deveiop
techniques to improve railroad fuel consumption
and reduce operational energy costs through
potential design improvements and/or operational
modifications. In addition, the contractor assisted
the FRA Office of Research and Development in
developing an overview of both near-term and
long-range considerations of energy requirements
for improved rail freight service.

This contract was carried out by the in-
vestigation of the resistance components, mechan-
ical and aerodynamic, of freight car rolling stock.
A methodology relating train resistance to fuel
consumption has been developed. This activity
has made active use of ongoing FRA-sponsored
aerodynamic research results. The resultant
computer program has been documented in a
User’s Manual.

Dual-Mode Locomotive (DML}
Contract No.: DOT-FR-53-80-C-00010
Funding: $115,000
Schedule: December 1979 — November 1980
'FRA Technical Contact: J. Koper

(202) 426-0808
AiResearch Manufacturing
Co. of California

Agency/Contractor:

A dual-mode locomotive (DML) is one that
is powered either from an on-board diesel engine
or from a high-voltage catenary via a roof-mounted
pantograph, a concept developed during the
Wayside Energy Storage Study (DOT-TSC-1349).

The proposed DML's advantage is that it is able to
operate from a high-voltage (25 or 50 KV) cat-
enary, while past DML's have been able to oper-
ate only from a low-voltage (600 Vdc) power
source.

A DML that is compatible with mainline
railroad electrification will enhance the economies
and the extension of electrification. One of the
major benefits of railroad electrification is the
improved availability of the electric locomotive
fleet and the increased power available in each

jocomotive. Furthermore, railroads can save
money by using catenary-supplied energy from
coal rather than by burning diesel fuel on board
locomotives.

After initial systems engineering, if it appears
appropriate, subsequent phases of the program
could include the selection of an existing locomo-
tive to retrofit, and detailed design, fabrication
and testing. Several major U.S. and Canadian
railroads have expressed interest in the results of

these studies.

LIGHTNING ARRESTOR

___ CONVERTER
OiL COOLER

PANTOGRAPH

AUXILIARY
ALTERNATOR

i " 4

LGB QO
e ) Aot o

VACUUM CIRCUIT BREAKER

AT
FI§ hs

INDUCTOR
MAIN COMPRESSOR

CONVERTER
ASSEMBLY

MOTOR ALTERNATOR SET

TRANSFORMER

DUAL MODE L OCOMOTIVE — 50 kV DML ARRANGEMENT ON SD-40-2

143



ENERGY/ENVIRONMENT BIBLIOGRAPHY

The following alphabetical list contains
reports and papers prepared for the sub-
program shown above from 1975 through
September 1980. Many of these reports are
available to the public through the National
Technical Information Service (NTIS),
5285 Port Royal Road, Springfield, Virginia
22161. To order reports from NTIS, use
the order number ("“PB’ number) listed
following the report citation. Inquiries
about the availability or price of these
reports should be addressed by writing to
NTIS, rather than the FRA, or by calling
the NTIS Order Desk at (703) 487-4650.

The lack of a PB number following the
citation means that the report may not
have been published in sufficient quantity
for general distribution or had not vyet
been entered intc the NTIS system when
this publication went to press. However,
they may be obtained by writing or calling
the persons listed as the technical contacts
for the contracts.

Finally, additional reports relating to
the research in this chapter will become
available during the upcoming year. For
information on these reports and for sug-
gestions on additional reference materials,
call or write the technical contacts associ-
ated with each project.

Aerodynamic Forces on Freight Trains
Vol. |, Wind Tunnel Tests of Containers
and Trailers on Flatcars
Andrew G. Hammitt Assoc.
A.G. Hammitt
Report No. FRA/ORD-76/295.1
PB 264-304
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Dec. 1976

Aerodynamic Forces on Freight Trains
Vol. Il, Test Results Report, Full-Scale
Aerodynamic Validation Tests of Trailers
On-A-Flatcar (Series 11)
ENSCO Inc.
P.B. Joshi
Report No. FRA/ORD-76/295.11
PB 281-823

March 1978

Aerodynamic Forces on Freight Trains
Vol. I, Correlation Report, Full-Scale
Tests of Trailers on Flatcars and Comparison
to Wind Tunnel Results
Andrew G. Hammitt Assoc.
A.G. Hammitt
Report No. FRA/ORD-76/295 11|
PB 288-137

Sept. 1978

Aerodynamic Forces on Freight Trains
Vol IV, Wind Tunnel Tests of Freight Cars
and New Trailer and Container Car Designs
Andrew G. Hammitt Assoc.
A.G. Hammitt
Report No. FRA/ORD-76/295.1V
PB 80-174899

June 1979

Aerodynamic Forces on Various Configurations
of Railroad Cars for Carrying Trailers and
Containers, Wind Tunnel Tests of Six Scale
Model Configurations

Andrew G. Hammitt Assoc.

A.G. Hammitt

Report No. FRA/ORD-79/39

PB 80-174881

Jan. 1979

Alternative Fuels for Medium-Speed Diesel
Engines
Vol. I, Two Cylinder Off-Specification
Fuel Testing
Southwest Research Institute
Report No. FRA/ORD-80/40.1
(DOE/FRA joint report)

May 1980

An Assessment of Railroad Locomotive Noise
Bolt, Beranek and Newman, Inc.
P.J. Remington and M.J. Rudd
Report No. FRA/ORD-76/142
PB 260-410

Aug. 1976

Dual-Mode Locomotive Systems Engineering
Vol. I, Summary

The Garrett Corporation

L.J. Lawson and L.M. Cook

Report No. FRA/ORD-80/82.1 Nov. 1980

Dual-Mode Locomotive Systems Engineering
Vol. Il, Detailed Description and Analysis

The Garrett Corporation

L.J. Lawson and L.M. Cook

Report No. FRA/ORD-80/82.11 Nov. 1980

Fuel Efficiency Imnrovement in Rail Freight
Transportation: Multiple Unit Throttle
Control to Conserve Fuel

M.E. Jacobs

Report No. FRA/ORD-78/13

PB 279-457

Feb. 1978

Fuel Efficiency Improvement in Rail Freight
Transportation

Emerson Consultants, Inc.

J.N. Cetinich

Report No. FRA/ORD-76/136

PB 250-673

Dec. 1975

Locomotive Data Acquisition Package, Phase |

Lawrence Berkeley Laboratory, University of
California, Berkeley

R.K. Abbott, F. Kirsten, D.R. Mullen, and
D.B. Turner

Report No. FRA/ORD-78/68

NTIS: LBL-45

Sept. 1978



Locomotive Data Acquisition Package, Phase 1
System Development Final Report
Vol. I, System Overview

Lawrence Berkeley Laboratory, University of
California, Berkeley

R.K. Abbott, et al

Report No. FRA/ORD-80/39.1 May 1980

Locomotive Data Acquisition Package, Phase Il
System Development Final Report
Vol. ll, LDR Operations and Maintenance

Lawrence Berkeley Laboratory, University of
California, Berkeley

R.K. Abbott, et al

Report No. FRA/ORD-80/39.11

Measurement and Diagnosis of the Noise from a
General Electric C36-7 Diesel Electric
Locomotive

Bolt, Beranek and Newman, Inc.

P.J. Remington, M.N. Alakel, and N.R. Dixon

Report No. FRA/ORD-79/52 Dec. 1979

PB 80-153042

The Measurement of Locomotive Noise at Existing
Railroad Test Sites

Bolt, Beranek and Newman, Inc.

P.J. Remington, et al

Report No. FRA/ORD-79/55

PB 80-137334

Jan. 1980

Operation of High Speed Passenger Trains in Rail
Freight Corridors

U.S. Department of Transportation, Transporta-
tion Systems Center

R.K. Abbott

Report No. FRA/ORD-76/07

PB 247-055

Sept. 1975

Railroads and the Environment — Estimation of
Fuel Consumption in Rail Transportation
Vol. I, Analytical Model

U.S. Depatment of Transportation, Transporta-
tion Systems Center

J.B. Hopkins

Report No. FRA/ORD-75/74.1

PB 244-150

May 1975

Railroads and the Environment — Estimation of
Fuel Consumption in Rail Transportation
Vol. Il, Freight Service Measurements

U.S. Department of Transportation, Transporta-
tion Systems Center

J.B. Hopkins

Report No. FRA/ORD-75/74 .11

PB 273-277

Sept. 1977

Railroads and the Environment — Estimation of
Fuel Consumption in Rail Transportation
Vol. Itl, Comparison of Computer Simula-
tions with Field Measurements

U.S. Department of Transportation, Transporta-
tion Systems Center

J.B. Hopkins

Report No. FRA/ORD-75/74 111

PB 288-866

Sept. 1978

Resistance of a Freight Train to Forward Motion
Vol. I, Methodology and Evaluation

The MITRE Corporation/METREK Div.

J.D. Muhlenberg

Report No. FRA/ORD-78/04.1

PB 280-969

April 1978

Resistance of a Freight Train to Forward Motion
Vol. Il, Implementation and Assessment
The MITRE Corporation/METREK Div.

J.D. Muhlenberg
Report No. FRA/ORD-78/04.11
PB 80-118326

April 1979

Resistance of a Freight Train to Forward Motion
Vol. Ill, Correlation and Economics

The MITRE Corporation/METREK Div.

J.D. Muhlenberg

Report No. FRA/ORD-78/04.111 Sept. 1980

Resistance of a Freight Train to Forward Motion
Vol. IV, User’s Manual

The MITRE Corporation/METREK Div.

J.D. Muhlenberg

Report No. FRA/ORD-78/04.1V Sept. 1980

Technical Proceedings of the Energy Management
Workshop

A.T. Kearney, Inc.

Report No. FRA/ORD-80/18

PB 80-144975

Train Performance Calculator: A Survey and
Assessment

SR International

S.M. Howard, L.C. Gill, and P.J. Wong

Report No. FRA/ORD-81/02

Nov. 1979

Dec. 1980

Train Performance Calculator: Recommendations
for Research and Development

SRI International

S.M. Howard, L.C. Gill, and P.J. Wong

Report No. FRA/ORD-81/03 Dec. 1980

Wayside Energy Storage Study
Vol. I, Summary

AiResearch Manufacturing Company of
California

L.J. Lawson and L.M. Cook

Report No. FRA/ORD-78/78.1

PB 293-857

Feb. 1979

Wayside Energy Storage Study
Vol. i1, Detailed Description of Analysis
AiResearch Manufacturing Company of
California
L.J. Lawson and L.M. Cook
Report No. FRA/ORD-78/78.11
PB 293-858

Feb. 1979
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Wayside Energy Storage Study
Vol. 11, Engineering Economic Analysis:
Data and Results
AiResearch Manufacturing Company of
California
L.J. Lawson and L.M. Cook
Report No. FRA/ORD-78/78.111 Feb. 1979
PB 293-859

Wayside Energy Storage Study
Vol. IV, Dual Mode Locomotive: Preliminary

Design Study
AiResearch Manufacturing Company of
California
L.J. Lawson and L.M. Cook
Report No. FRA/ORD-78/78.1V Feb. 1979
PB 293-860

Wind Tunnel Tests of Trailer and Container
Models to Determine the Independent
Influence of Height and Gap Spacing and
Trailer Undercarriage Shielding on Aero-
dynamic Forces Occurring During Railroad
Transport

Andrew G. Hammitt Assoc.

A.G. Hammitt

Report No. FRA/ORD-80/51 March 1980
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CHAPTER 10

ELECTRIC TRACTION/ELECTRIFICATION

The goal of the Electric Traction/
Electrification subprogram is to foster the
development and use of cost- and energy-
efficient American traction technology for
use on American railroads. The principal
current activities are described in more
detail in the following pages, and include:

1) Catenary Project;
2) Chopper Locomotive Project;
AC Traction Project;

o bW

PCB Transformer Coolant
Substitution; and

6) Electrification Studies.

)
i Traction Studies;
)

To date, major accomplishments in this

subprogram area include:

® Conclusion of testing of a large ac
propulsion system, originally built
for levitated vehicles and now being

considered for locomotives;

Traction studies for the Northeast
Corridor and the LA-San Diego
line;

Identification of a potential re-
placement for poisonous polychlor-
inated biphenyl which is presently
used as a transformer coolant on
board electric locomotives;

The electrification of the 14-mile
test loop at TTC, which will be
used to test and evaluate electric
locomotives and the catenary de-
sign for the Northeast Corridor
Project; and

A report, submitted to Congress,
providing data on cost, energy im-
plications, and railroad and govern-
ment costs and benefits of railroad
electrification.

Each project has been or is being
carried out by the FRA, in cooperation
with other DOT offices and Federal
research organizations.
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CATENARY PROJECT

The objective of this project is to in-
vestigate and define viable alternative
catenary systems to those In use today.
A consideration of this research will be
10 evaluate the potential benefits versus the
implementation costs. In the final analysis
of course, if the implementation costs
prove 1o be prohibitive, taking into con-
sideration the wide range of potential
benefits, the research will be terminated.

The potential benefits appear at this
time to include eliminating dependence on
one conducting materiai, copper; lighter
supporting structures; and fewer electric
poles. All of these factors can result in
more economical railroad electrification.

The FRA has been investigating various
aspects of railroad electrification. FRA
plans to utilize the electrified Railroad Test
Track (RTT) at the Transportation Test
Center (TTC) in Pueblo, Colorado, for
advanced research and development of per-
tinent electrical systems and associated
component hardware. This has included the
aluminum catenary. This catenary system
consists  of the overhead high-voltage
conductors (contact wire), insulators, and
fittings. The range of voltage is from 11 kV
to b0 kV, nominal. However, prior to the
TTC carrying out their testing, it will be
necessary to specifically define the alumi-
num catenary system hardware, including
preliminary testing, optimize it, and deter-
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mine whether the optimized design shows
a potential for significant benefits.

The work done under this project is a
detailed engineering study, based largely on
hardware activities. These activities include
the design and fabrication of test speci-
mens, the performance of laboratory tests

and preliminary testing of a full-scale
section of the candidate catenary system,
for future adaptation and testing at the
TTC. As part of the study, a direct com-
parison will be made of a new design with
the more conventional catenaries now used,
to determine possible implementation at
the TTC and on operational railroads.




CONTRACTS

Aluminum Catenary System

Contract No.: DOT-FR-9154

Funding: $175,000

Schedule: September 1979 — April 1981

FRA Technical Contact: M. Guarino, Jr,
(202) 426-9665

Agency/Contractor: Alcoa Aluminum

Alcoa’s contract for the aluminum catenary
development is aimed at the investigation and
definition of an aluminum catenary system as a
fundamental and viable alternative to the present
system. It includes the laboratory work required,
prior to full testing at the TTC.

During FY80 Alcoa selected, designed, and
tested required fittings; make comparative wear
tests on a drum of aluminum and compared it
with a drum of copper; and erected a test facility
at the Alcoa plant in Massena, N.Y. to begin
preliminary testing.

On a volume basis, aluminum is 70 percent
lighter than copper, which gives direct advantage
in shipping, handling, and erection cost support
requirements, and catenary/pantograph dynamics.

Since railroad electrification involves rela-
tively high capital expenditures, lowering these
costs becomes a prime consideration for a new
catenary system. Considerable savings can be
realized by using aluminum instead of bronze
and copper, due to the relative costs.

Low-Cost Catenary Concept Analysis
Contract No.: DTFR53-80-C-00045
Funding: $110,000
Schedule: July 1980 — June 1982
FRA Technical Contact: N. Kamalian

(202} 426-9564
Agency/Contractor: American Electric Power

American Electric Power (AEP) has prepared
a candidate catenary system which could poten-
tially lead to a greatly reduced cost of catenary
installation and maintenance for electrified rail-
roads. This system will provide an elevated contact
conductor that is built and maintained very much
as power companies build and maintain transmis-
sion or distribution lines. Preliminary cost esti-
mates provided by the AEP indicate that the new
system has a potential of reducing the cost of
catenary installation to less than 50 percent of
present costs. tf the cost of installation can indeed
be reduced by 50 percent in future electrification
installation, this would provide greater returns to
the railroads on their investment.

In the final analysis, the objective of this
contract is to determine if the electrification sys-
tem described is technically feasible and more
economical to build and construct than conven-
tional railroad electrification systems in order to
improve the railroads’ operating efficiency and to
encourage the application of a transportation sys-
tem independent of petroleum.
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CHOPPER LOCOMOTIVE PROJECT

The objective of this project is to ob-
tain a moderate improvement in the overall
adhesion of an all-electric locomotive as
well as to reduce electromagnetic inter-
ference and to obtain a better electrical
interface with the overhead catenary. This
latter goal would result in a reduction in
current requirements and a drop in voltage.
This research will lead to quantifying the
improvement in power factor and ef-
ficiency that can be made by a chopper
locomotive as compared to a phase-con-
trolled electric locomotive.

Modern electric locomotives such as the
E-60 make use of solid-state, phase-con-
trofled rectifiers to convert ac to dc and
to control the flow of current to the trac-
tion motors. Unfortunately, these devices
produce poor power factor and consider-
able electromagnetic interference.

The General Electric Company has
developed a chopper propulsion system
that promises to correct the poor features
of the phase-control focomotive and pro-
vides individual motor control. The chop-
per propulsion system also promises to
provide an improved power factor over
the total speed range of the locomotive
and, in particular, will be more efficient at
lower speeds. In addition, each motor will
be individually controlled by a chopper,
thus improving the overall adhesion of the
locomotive,
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The project is a cooperative develop-
ment effort between Conrail, General
Electric, and the FRA. General Electric
will  design, manufacture and install a
chopper propulsion system on a Conrail
E-44 Jocomotive and will provide test per-

sonnel and test cars in support of the
project.Conrail will provide an operable
electric locomotive, locomotive mainten-

ance, operating crews, power, and use of
the electrified portion of the railroad for
the locomotive test period.

Chopper Locomotive
Contract No.: DOT-FR-9027

Funding: $1,500,000 FRA, $2,250,000
G.E., $1,500,000 Conrail
Schedule: January 1979 — November 1981

FRA Technical Monitor: M. Guarino, Jr.
(202) 426-9665
General Electric

Company

Agency/Contractor:

During FY80, the cooperative effort between
the Federal Railroad Adminisiration (FRA]}, Con-
rail, and General Electric continued in order to
develop an improved all-electric locomotive.
During the year there were three principle accom-
plishments: the completion of final locomotive-
modifications drawings, the initiation of E-44
locomotive modifications, and the laboratory
testing of a one-axle chopper.

The results of this research will have an im-
pact on the procurement specifications for future
locomotives.



AC TRACTION PROJECT

Railway traction in the United States
is either all-electric or diesel/electric.
Hence, an electric traction system is used
on every single train, and its technological
development should play a key role in the
modernization of our railroads. All motors
and motor controls used operationally
today are variations of the dc motor. This
system is basically an old system, and is
expected to be eventually replaced by a
modern ac (three-phase) system. The prob-
lem that must be overcome is the simpli-
fication and integration of system compo-
nents to reduce their present nearly-
prohibitive initial cost.

The objective of the ac traction project
is to arrive at a practical and economic
system. The principal problem lies with the
PCU (power-conditioning unit, for torque
and speed control) and its integration with
the traction motors, Hence, the ac traction
project focuses on an integrated single-axle
drive (i.e., independent drive for each
wheel axle) for locomotives, both all-
electric and diesel/electric, to meet the
following objectives:

al Maximizing axle power density,
i.e., the usable power per driven
axle for a given axle load;

b) Minimizing the dynamic loading
of the track;

c) Uniform wheel wear;

d) Operation with relatively large
differences in  wheel diameters
(with respect to other wheel
sets);

e) Reduced possibility of derailment;

f) Increased reliability (locomotive
availability);

g) Reduced interference with signaling
and communications (EMI control);

h) High power factor; and

i) Improved braking, particularly, re-
generative braking.

The last three items are significant only
when the drive is used in all-electric sys-
tems. For passenger traffic, higher axle
power density tends to:

® Reduce advantages of MU trains
in favor of the more economical
locomotive-hauled operation, by
reducing axle loads and, thus,
allowing the use of locomotives at
higher speeds;

® Reduce the complexity of MU cars '

by reducing the number of driven
axles; and

® Foster the use of power cars.

For freight traffic, higher axle power
densities tend to:

Reduce the locomotive fleet;

Increase the draw-bar pull at
starting by maximizing the ex-
ploitable adhesion, within the limit-
ations imposed by the prime mover;
and

Foster the use of mixed all-electric
and diesel/electric locomotives for
train consists, on electrified
stretches and steep grades.
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CONTRACTS

TLRV Power-Conditioning Hardware

Utilization Study
Contract No.: DOT-FR-9132
Funding: $342,000
Schedule: September 1979 — September 1981
FRA Technical Contact: M. Guarino, Jr.

{202) 426-9665

Agency/Contractor: Garrett AiResearch

The most advanced and most powerful
electrical traction system ever built is the one
developed for the Tracked Levitated Research
Vehicle (TLRV). This system was developed by
the Federal Railroad Administration (FRA)
under the levitated-systems program and was
partially tested in 1976, before it was dismantled
and stored at the Transportation Test Center
(TTC). Low-speed tests were conducted suc-
cessfully up to 44 mph. These low-speed tests,
originally planned to be followed by tests up to
150 mph, were conducted after the levitated
systems program was terminated because of
the potential application of the system to con-
ventional locomotives.

The contract primarily focuses on the possible
application of the partially tested power condi-
tioning system to conventional locomotives. It
involves system definition for locomotive appli-
cation, system definition for static power source
application, novel control methods for ac traction,
and advanced semiconductor cooling techniques.
The principal accomplishment in 1980 is the pre-
paration of a report on the first phase of the
work.

This contract will establish the R&D ground-
work for ac traction for locomotives and multiple
unit (MU) cars. This type of electrical traction
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maximizes usable power per driven axle. It can,
for example, lead to a reduction in the size of
locomotive fleets.

Parity Simulation Model of Constant Current
Source Motor Drive System

Contract No.: TSC 1646 (Managed by the Trans-
portation Systems Center)

$24,956

April 1979 — April 1880

R. Wlodyka

(617) 494-2143

Agency/Contractor: MIT

Funding:
Schedule:
TSC Technical Contact:

The purpose of the contract was to provide
the FRA with a tool with which to evaluate
power conditioning systems prior to initiating
full-scale traction motor systems development
for locomotives and multiple unit power cars.

Using the Parity Simulator, an evaluation of
the entire Constant Current Source Induction
Motor Drive System was performed. The value
of any component value can be changed and
nearly any fault condition can be investigated.



TRACTION STUDIES PROJECT

The objectives of the Traction Studies

project are:

1) To identify worldwide innovative
traction technology and monitor
its progress;

2) To use specific railroad routes to
guantify the potential benefits of
specific traction innovations to
U.S. railroads;

3) To identify specific R&D activities
in electrical traction, tailored to
meet the unique operational
requirements of North American
railroads; and

4) To establish realistic limits as to
what modern traction can, and
cannot do, to meet operational
plans for specific routes. This
establishes a foundation for cost-
effective hardware R&D.

These studies are being performed for
FRA by the Jet Propulsion Laboratory
(JPL), and are now in their third phase. A
description of Phases | and |l (pre-1980)
follows:

Phase | (FY75to FY77)

JPL carried out a methodical investiga-
tion of foreign traction technology: new
equipment, major R&D activities, trends,
etc. This critical survey and subsequent
selection of the most important articles

was rendered possible by the availability
at JPL of multilingual engineers, with
considerable experience in U.S. electrical
traction. The results of this survey were
published in two reports (1976, 1977),
“A Selected Bibliography of World Litera-
ture on Electric Traction for Railroads”
(with abstracts), as well as two reports,
“Survey of FEuropean Electrified Rail-
roads’" in 1976, 1977.

Phase 2 (FY77 to FY79)

To assess the potential and limitations
of modern traction technology, OR&D
decided to wuse an actual major route
(Northeast Corridor) as a first “vard-
stick”. JPL carried out this task in a
series of system studies. This phase cul-
minated in an Executive Summary Docu-
ment, “‘Traction Studies of Northeast
Corridor Rail Passenger Service”, published
in March 1980.

153



CONTRACTS

Railroad Traction Studies
Contract No.: NASA/DOT AR-84290
Funding: $179,000
Schedule: January 1979 — April 1981
FRA Technical Contact: M. Guarino, Jr.
(202) 426-9665
Agency/Contractor: Jet Propulsion Laboratory

The objectives of this contract are to provide
for a broader basis for the assessment of the
potential and limitations of modern traction
technology. JPL was directed by FRA to initiate
studies of Western railroads, to parallel those
already done for the Northeast Corridor (NEC).
The first study addressed the Southwest Passen-
ger Service Corridor between lLos Angeles and
San Diego; the results of this study are contained
in Letter Report 21, “San Diego Corridor Opti-
mization Study’’. Next, with the cooperation of
the Southern Pacific Transportation Company,
JPL began an in-depth study of the potential
and limitations of modern traction technology
in the streamlining of present operations of
major freight railroads, as well as providing new
operational options (e.g., short- and medium-
length trains). This study is far more complex
than the one for the NEC because of the many
parameters involved. The first year has been
devoted largely to the identification and assess-
ment of the principal problems and parameters.
The concept of ac traction was studied. Two
interim reports, documenting the findings to
date, are being finalized.
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PCB TRANSFORMER COOLANT SUBSTITUTION PROJECT

The objective of this research is to
identify a substitute for polychlorinated
biphenyl (PCB) fluids presently used as
coolants in railroad transformers. The
Environmental Protection Agency (EPA)
has ruled that the PCB level in railroad
transformers must be reduced to 6 percent
by January 1, 1982, and to not more than
1000 ppm by January 1, 1984,

The FRA has been cooperating with
the Southeastern Pennsylvania Transporta-
tion Authority (SEPTA) and Amtrack to
test candidate substitute fluids. Laboratory
tests of Silicone, Iralec, RTEmp, and
Midel fluids have been completed. In-
service tests of both RTEmp and lIralec
fluids in @ DOT transformer on a SEPTA
vehicle have been completed. Testing of
Midel and a second RTEmp fluid on a
SEPTA vehicle will begin soon.

The transformers being used for testing
consist of five DOT transformers which
had been removed from track inspection
cars. The identification of a suitable
flushing technique and a satisfactory fluid
will permit the computer railroads and
Amtrack to replace PCB coolants and
retain existing transformers. It is estimated
that the cost of replacing transformers
would be $70,000,000.

PCB Substitutes

Contract No.: DTFR 53-80-C00002

Funding: $41,000

Schedule: October 1979 — August 1981

FRA Technical Contact: M.C. Gannett
(202) 426-9665

Agency/Contractor: ENSCO, Inc.

The objective of this contract is to identify
a suitable substitute for railroad transformer
coolants containing PCB.

During FY80, the contractor installed instru-
mentation on and monitored the performance of
transformers containing Iralec and RTEmp in ser-
vice on SEPTA lines. Transformers are presently
being prepared for in-service tests of Midel and
RTEmp !l.

Transformer Coolant Flammability Studies

Contract No.: DOT-TSC-1562 (Managed by the
Transportation Systems Center)

$95,000

August 1978 — February 1981

R. Wlodyka

(617) 494-2044

Westinghouse Electric

Company

Funding:
Schedule:
TSC Technical Contact:

Agency/Contractor:

The contractor developed a procedure for
flushing PCB coolant fluid from railroad trans-

formers and retrofilling the drained transformers
with a substitute coolant. The retrofilled trans-
formers were then load tested in the contractor’s
25-Hz test cell. Fluids retrofilled under this con-
tract were Silicone and Midel. The Midel-filled
transformer is the only one of the two types
which tests satisfactorily.

Transformer Coolant, Replacement for PCBs

Contract No.: DOT-TSC-1703 (Managed by the
Transportation Systems Center)

$24 164

April 1979 — January 1980

R. Wlodyka

(617) 494-2044

Factory Mutual

Funding:
Schedule:
TSC Technical Contact:

Agency/Contractor:

The contractor tested samples of Silicone
and RTEmp transformer fluid for flammability
characteristics when contaminated with PCB's.
Pool fires of uncontaminated Silicone and RTEmp
were extinghished with a variety of extinguishing
agents to identify suitable extinguishing agents.
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ELECTRIFICATION STUDIES PROJECT

Prior to World War Il, the United
States led the world in railroad electrifica-
tion with its 2500 electrified route-miles
representing one-fifth of the world total.
After the war, however, a cheap and
abundant supply of diesel fuel led to the
nearly universal adoption of the diesel
locomotive as the power source for U.S.
railroads. At present, less than 1 percent
of U.S. railroad route-mileage is electri-
fied.

The Arab Qil Embargo and the con-

PP N : £ e
tinuing increase in the price of diesel fuel

have made railroad electrification once
more an attractive option. Besides alle-
viating the uncertainties in the cost and
supply of diesel fuel, electrification offers
other advantages. Electric locomotives
are easier to maintain than diesel locomo-
tives and generate more horsepower per
unit. Air pollution may be reduced since
combustion occurs at a stationary source
rather than on a moving source. The goal
of energy independence is furthered by
electrification since railroads can be pow-

ered by non-petroleum energy sources
such as coal, nuclear, or hydroelectric
power.

Other industrialized nations now have
sizable segments of their track electrified.
Due to the experience of these countries,
the technology of electrification is mature,
and its implementation in the United States
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should pose minimal technological risk.
One important technological advance in
electrification allows railroads to use com-
mercial frequency power whereas formerly
CONVErsion was necessary.

The Railroad Revitalization and Reg-
ulatory Reform Act of 1976 (the "‘4-R
Act”’) resulted in a major reassessment of
railroad electrification and its potential

BLACK MESA CONSIST

role in future railroad operations in the
United States. The Act required the
Secretary of Transportation to conduct a
study on the costs and benefits of U.S.
railroad electrification. This study, con-
ducted by the Federal Railroad Admin-
istration (FRA) investigated 1) the tech-
nology of railroad electrification; 2) the
capital and operating cost differential




for electrified and diesel/electric rail-
roads; 3) the energy and environmental
impacts of electrification; and 4) the
options for government participation in
rail electrification. Results of the study
showed that electrification posed no
significant technological barriers and that
the rate of return on investment would be
improved for those railroads with steady,
high-volume traffic markets. The primary
risk of electrification appeared to be
financial. The heavy initial capital expend-
itures will be justified, based on the spread
between diesel and alternative fuel source
costs and if the market for railroad services
holds up over the next 20 and 30 vyears.
The most suitable candidates for electrifica-
tion were identified as those routes with
traffic volumes of 40 million gross tons/
year or greater. Recently, an update of the
study was conducted based on new in-
formation and experience.

The ""4-R Act’ offered loan guarantees
of $200 million to Conrail for electrifica-
tion of portions of its trackage if investiga-
tion proved this to be a financially viable
option. A study was undertaken by Con-
rail of the possible electrification between
Harrisburg and Pittsburgh, Pennsylvania
and between Newark and Trenton, New
Jersey. The FRA is providing technical
assistance to Conrail and will generalize
study findings for application to other
proposed electrification projects. The FRA
is working with the New Jersey Depart-
ment of Transportation in the develop-
ment of cost data for the conversion of
existing electrification on the Erie-Lack-
awanna commuter railroad to new voltage
and frequency levels.

An annual report prepared by the FRA
summarizes current and planned electrifica-
tion activity in the United States. This
year the report will be expanded to include
worldwide electrification activity.

A study, funded by the FRA, in-
vestigated the cost-effectiveness of various
types of research and development related
to railroad electrification. Through a series
of government/industry workshops, a set of
topics was identified worthy of future
research and development activities. Topics
included railroad/utility interface, improve-

AMTRAK E-60 LOCOMOTIVE

ments in catenary (overhead wire) design,
improvements in  electric  locomotive
design, and methods to reduce electromag-
netic interference created in signal and
communication systems.

Another current FRA study is in-
vestigating the types of electrical dis-
tribution systems appropriate for U.S.
railroad electrification considering vari-
ous railroad and utility supply factors.

Descriptions of the FRA's current
research and development contracts related
to railroad electrification follow.
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CONTRACTS

Railroad Electrification — Conrail Electrification
Study Assessment

Contract No.: PPA-032
Funding: $150,000
Schedule: October 1977 — October 1980

FRA Technical Contact: R.A. Novotny
(202) 426-9564
Transportation Systems

Center

Agency/Contractor:

Section 606 of the Railroad Revitalization
and Regulatory Reform Act offered $200 million
in loan guarantees to Conrail for electrification
of portions of its track where conversion to
electricity could be shown to be financially
viable. In response to this legislation, Conrail
contracted to have a study done on the possible
electrification of approximately 600 route-miles.

The FRA reviewed the study reports in the
areas of civil reconstruction, catenary (overhead
wires), power substations, locomotives, and
energy requirements. Based on this work, the
FRA will publish a report on the costs of elec-
trifying the Conrail study route and an analysis
showing how these costs can be applied to pro-
posed electrification projects in other parts of the
United States.

Analysis of Electrical Supply Configurations for
Electrified Rail Systems

Contract No.: DTRS-57-80-0-0042

Funding: $160,444

Schedule: February 1980 — March 1981

FRA Technical Contact: N. Kamalian

(202) 426-9564

C. Spenny

(617) 494-2614

Electrack Corporation

TSC Technical Contact:

Agency/Contractor:

At the present time, electrification at com-
mercial frequency in the U.S. is limited to a few

158

private coal hauling operations with a combined
length of a few hundred miles. Before large-scale
electrification of freight operations can be con-
sidered, it is first necessary to examine thephysical
and operational characteristics of different rail
routes and electric supply facilities. One such
factor which should be investigated is the voltage
level chosen to be carried inthe catenary — the
overhead wires that supply power to the train.

Accordingly, alternative design configurations

on a site-specific basis will be evaluated in terms
of both railroad and utility requirements.

The analysis will include data collection on
high-density rail routes, i.e., is those routes suit-
able for electrification, and on electric supply
facilities that would service them, Electric distribu-
tion systems that satisfy both railroad and utility
requirements will be identified. Cost estimates
will be developed for alternative distribution
systems.
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Railroad Electrifiction Annual Status Report

Contract No.: PPA-032

Funding: $65,000

Schedule: October 1976 — Ongoing

FRA Technical Contact: R.A. Novotny
(202) 426-9564

Transportation Systems

Center

Agency/Contractor:

Although fewer than 1 percent of U.S. rail-
roads are electrified, there has recently been a
resurgence of interest in rail electrification. In
anticipation of possible conversion to electrifica-
tion, the FRA has undertaken to develop and
maintain a data base for use by government and
industry in their reassessment activities.

The report identified construction and main-
tenance activities in the United States, Canada,
and Mexico on existing electrified railroads.
Electrification planning activites being carried
out by government, railroads, utilities, and govern-
ment agencies are summarized, as are current
private and public research and development
activities related to electrification. The roles
of financial institutions, the domestic supply
industry, and architectural/engineering firms in-
volved in railroad electrification are discussed.

ADVANTAGES

NATIONAL LEVEL
® ENVIRONMENTALLY CLEAN
® CONSERVES SCARCE RESOURCES

® LESSEN IMPACT OF OIL SUPPLY DISRUPTIONS
ON U.S. GOODS TRANSPORTATION

CONRAIL NETWORK

® ENVIRONMENTALLY & ECONOMICALLY SOUND
® CONSERVES PETROLEUM

e COALWOQULD BE PRIMARY POWER SOURCE

RAILROAD INDUSTRY

e SAVE ON LOCOMOTIVE MAINTENANCE

® GREATER SYSTEMEFFICIENCY

e IMPROVE FINANCIAL HEALTH OF RAILROADS

DISADVANTAGES

CAPITAL COST
INFLEXIBILITY OF EQUIPMENT USAGE

FINANCIALLY BEYOND CONRAIL CAPABILITY
COMPETE WITH HIGHER PRIORITY WORK

PROS AND CONS OF ELECTRIFICATION

e DIESEL OIL SAVED ANNUALLY:

SYSTEM SIZE

CONRAIL 560 ROUTE MILE SYSTEM

OF U.S. RAIL INDUSTRY

.6% OF TOTAL U.S. OIL DEMAND

SHORTAGE

NATIONAL 26,000 ROUTE MILE SYSTEM

® 56 MILLION BARRELS REPRESENT >1/2 TOTAL CURRENT CONSUMPTION

e 26,000 MILE SYSTEM REBUCES OIL DEMAND FOR U.S. RAIL SYSTEM T0

e END RESULT IS A BASIC RAIL NETWORK HIGHLY INSULATED AGAINST OIL
SHORTAGES. DRAMATIC FUEL SAVINGS IN THE EVENT OF A SUPPLY

MILLIONS BARRELS SAVED PER YEAR

1.7
56.0

POTENTIAL ENERGY SAVINGS OF ELECTRIFICATION
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Railroad Electromagnetic Compatibility
Contract No.: AR 74311

$552,000 (thru FY81)

February 1977 — ongoing

W.F. Cracker, Jr.
(202} 426-0855
Department of Defense,
Electromagnetic
Compatibility Analysis
Center (Interagency)

Funding:
Schedule:
FRA Technical Contact:

Agency/Contractor:

Electromagnetic compatibility (EMC) is the
capability of electronic (or electrical) equipments
or systems to be operated in their intended opera-
tional electromagnetic environment at designed
levels of efficiency. All operating electrical equip-
ment produce electric and magnetic fields which

may influence other electrical equipment. This
influence can produce a safety hazard, degrauation
of equipment performance, or just be a nuisance.
EMC is becoming increasingly important in view of
the relatively hostile railroad environment and the
introduction of more sophisticated electrical
systems.

This contract will provide an EMC assessment
of railroad systems and identify problems and con-
cerns. Systems will include both mainline and
classification vyard environments. Locomotives,
signaling, communication, and control equipment
will be examined. Recommendations for EMC
improvements and mitigation techniques will be
developed.

ILLUSTRATION OF VARIOUS FORMS OF ELECTROMAGNETIC INTERFERENCE INCLUDING: INDUCTIVE
L) AND CAPACITIVE (C) COUPLING; CONDUCTIVE CURRENTS (1), AND RADIOACTIVE INTERFERENCE
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Electromagnetic Compatibility Test Facility
(EMCTF), Transportation Test
Center (TTC), Pueblo, Colorado
Contract No.: DOT-FR-9048

Funding: $296,000 {not including industry-
provided materials and equipment in
excess of $250,000)

Schedule: February 1980—November 1980

FRA Technical Contact: W._F. Cracker, Jr.

(202) 426-0855

Agency/Contractor:
Construction: Transportation Test Center

Program Code MAA

Kaiser Engineers for Dynamic

Science, Inc.

Design:

The electromagnetic environment surrounding
a railroad is very complex and includes many dif-

MEASUREMENT OF ELECTROMAGNETIC NOISE



ferent types of signals. While many of these sig-
nals are intentionally generated for command,
control or communications purposes, other
signals are extraneously emitted and constitute
noise. |If some electronic equipment or system
emits energy that degrades the design levels of
efficiency of other equipment or systems, it is
considered to be a source of electromagnetic
interference (EMI).

This contract was designed to provide for a
permanent, multi-purpose, electromagnetic com-
patibility test facility (EMCTF) to provide for

12.5/25/50 KV, 60HZ CATENARY

LS,
t 150 MPH RAILROAD &

e ?
=AU, v P,
T 5

e ® sy 80 ‘*:-

ELECTROMAGNETIC COMPATIBILITY
PUEBLO, COLORADO

L . [

SIGNAL & COMMUNICATION
EMC BUNGALOW

TEST FACILITY AT THE TRANSPORTATION TEST CENTER

experiments addressing the concerns of the in-
dustry over EMI. It will be located in a 3-mile
section of the Railroad Test Track and will provide
a laboratory environment where a wide variety of
signal and communications equipment and systems
can be tested in an electrified mainline railroad
situation. The Federal government has provided
for the design and construction of the facility
while industry has provided the bulk of materials
needed. The facility will be available for use by
the industry and initial work will focus on existing
equipment commonly used on American railroads.

,
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ELECTRIC TRACTION/ELECTRIFICATION BIBLIOGRAPHY

The following alphabetical list contains
reports and papers prepared for the sub-
program shown above from 1975 through
September 1980. Many of these reports are
available to the public through the National
Technical Information Service (NTIS),
5285 Port Royal Road, Springfield, Virginia
22161. To order reports from NTIS, use
the order number ('PB’" number) listed
following the report citation. Inquiries
about the availability or price of these
reports should be addressed by writing to
NTIS, rather than the FRA, or by calling
the NTIS Order Desk at (703) 487-4650.

The lack of a PB number following the
citation means that the report may not
have been published in sufficient quantity
for general distribution or had not vyet
been entered into the NTIS gystem when
this publication went to press. However,
they may be obtained by writing or calling
the persons listed as the technical contacts
for the contracts.

Finally, additional reports relating to
the research in this chapter will become
available during the upcoming year. For
information on these reports and for sug-
gestions on additional reference materials,
call or write the technical contacts associ-
ated with each project.

Cost Effectiveness of Research and Development
Related to Railroad Electrification in the
United States

Transportation Systems Center

F.L. Raposa and C.H. Spenny

Report No. FRA/ORD-77/62

PB 276-373
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Dec. 1977

Electromagnetic Interference Impact on Railroad
Classification Yards

W. Cracker and P. Speh

|EEE Technical Paper

No. 78CH13, 45-81A April 1978

EMC Considerations in Classification Yard Design
U.S. Dept. of Defense, Electromagnetic Compati-

bility Analysis Center
Report No. FRA/ORD-80/12
PB 80-176621

July 1980

Energy Costs for Railroad Electrification
Arthur D. Little, Inc.

Edward G. Schwarm May 1977

Engineering Cost Data Analysis for Railroad
Electrification
Arthur D. Little, Inc.

Edward G. Schwarm Oct. 1977

Existing Catenary Condition and Recommenda-
tions for Improvement; Washington DC to
New Rochelle NY

Deleuw, Cather-Parsons and Assoc.

Report No. FRA/NECPO-79/5

PB 291-527/OWT

Dec. 1978

Northeast Corridor High Speed Rail Passenger
Service Improvement Project. Task 5:
Electrification

Bechtel, Inc. Apr. 1975

Northeast Corridor High Speed Rail Passenger
Service Improvement Project. Task 16:
Electrification Systems and Standards

V.W. Pehrson et al

Report No. FRA/NECPO-76

PB 262-237

Dec. 1976

Northeast Corridor High Speed Rail Passenger
Service Improvement Project. Task 17:
Northeast Corridor Rail System Power
Demand Analysis

Transmission and Distribution Associates, inc.

Oct. 1975

Parametric Analysis of Railroad Electrification
Economics. Volume |, Equations and
Assumptions

Booze, Allen & Hamilton

William M. Hart Nov. 1980

Parametric Analysis of Railroad Electrification
Economics. Volume ti, Procedures
Booze, Allen & Hamilton

William M. Hart Nov. 1980

A Parity Simulation Study of A Current

Source Inverter Induction Motor Drive
J.G. Kassakian, D.M. Otien, and B.R. Rhiodes
Contract No. DOT-TSC-1646 July 1980

A Prospectus for Change in the Railroad In-
dustry — A Preliminary Report to the
Secretary of Transportation
Oct. 1978

Railroad Electrification Activity North America —
A Status Report: 1976-1978
John M. Clarke

Report No. FRA/ORD-80/81 Nov. 1980

Railroad Electrification: Areas Which Require
Additional Analysis, Development, or Study
Arthur D. Little, Inc. Oct. 1976

Railroad Electrification: The Issues Conference
held in Washington DC June 13-15, 1977

Transportation Research Board

National Research Council

Special Report 180



Railroad Electrification System for the Trans-
portation Test Center, Pueblo CO. Volume
1, Basis of Design

International Engineering Co., Inc. Oct. 1977

Railroad Electromagnetic Compatibility
Vol. |, Electrification Bibliography
U.S. Department of Defense Electromagnetic
Compatibility Analysis Center
Report No. FRA/ORD-77/77 1 March 1978
PB 281-705

Railroad Electromagnetic Compatibility
Vol. Il, Assessment for Classification Yards
and Electrification

U.S. Department of Defense Electromagnetic
Compatibility Analysis Center

Report No. FRA/ORD-77/77.11 Sept. 1978

PB 287-802

Railroad Electromagnetic Compatibility Asso-
ciated with Locomotive

U.S. Department of Defense, Electromagnetic
Compatibility Analysis Center

%" Video Tape Cassette

Report No. FRA/ORD-80/56

Railroad Electromagnetic Compatibility in
Classification Yards

U.S. Department of Defense, Electromagnetic
Compatibility Analysis Center

%" Video Tape Cassette

Report No. FRA/ORD-80/57

Railroad Electromagnetic Compatibility —
Locomotive
Vol. 1, Summary of E-60 Electromagnetic
Emission Yard Measurements

Report No. FRA/ORD-80/66.1 Oct. 1980

PB 81-117988

Railroad Electromagnetic Compatibility —
Locomotive
Vol. Il, Summary of E-60 CP Road Test
Electromagnetic Emission Measurements
Report No. FRA/ORD-80/66.11 Jan. 1981

A Report on U.S. Railroad Electrification

Unified Industries, Inc.

R.J. Buck, H.B.H. Cooper, P. Elliot, J.N. Martin,
and A. Purcell

Report No, FRA/ORD-77/67 Oct. 1977

Research Plan for Electromagnetic Compatibility
Study of the Communication and Control
Systems in a Railroad Classification Yard,
Appendix to Vol. [l

II'T Research Institute

S. Storonzum, P. Speh

Report No. FRA/ORD-77/44 July 1977

A Survey of Railroad AC Electrification Systems
Throughout the World

Alexander Kusko, Inc.

Jeffrey J. LaMarca, Charles M. King, and Alexan-
der Kusko

Report No, DOT/TSC-1452-3 Jan. 1979

An Update of the Costs and Benefits of Railroad
Electrification

Project Memorandum

C.H. Spenny

Report No. PM-742-C-14-83 April 1980
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IMPROVED PASSENGER SYSTEMS PROGRAM

SUBPROGRAM

11. Train Technology Evaluation

12. Railbus

PROJECTS

AEM-7 Evaluation and Failure Analysis
Tilt Equipment Evaluation

Systems Technology

New Truck Development
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SECTION 3

INTRODUCTION

The Department of Transportation
(DOT) is deeply involved in rail passenger
systems. The Department was instrumental
in preparing the legislative package estab-
lishing the National Railroad Passenger
Corporation (Amtrak); the organization
through which the Federal Railroad Ad-
ministration’s (FRA) national rail passenger
goal is implemented.

The Rail Passenger Service Act of
1970, as amended (84 stat. 1327; 45
US.C 541), created Amtrak to provide
a balanced transportation system by im-
proving and developing intercity passenger
rail service. Amtrak was organized on a
“for profit” basis, with investment capital
and operating losses being supported by
Federal financing.

The FRA oversees the Northeast Cor-
ridor Improvement Project. Mandated by
Congress, this project will provide regularly
scheduled and dependable intercity rail
passenger service between Boston and
New York and Washington.

Within FRA, the Improved Passenger
Systems Program’s objectives are to:

1) Evaluate train technology to sup-
port the Department of Transporta-
tion and Amtrak in eguipment
procurement decisions; and
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2) Develop performance requirements
for intercity railroad passenger
equipment and components.

Descriptions of the subprogram, pro-
jects, supporting contracts and a bibliogra-
phy of published reports follow.



CHAPTER 11

TRAIN TECHNOLOGY EVALUATION

The goal of the Train Technology
Evaluation subprogram is aimed at as-
suring that Amtrak equipment purchases
coniain optimum designs consistent with
their mission, and at reducing the risk
of major error in system development.
R&D will be accomplished in the areas
of equipment reliability Iimprovements,
techniques for reducing trip time, and
system analysis studies. A major effort
will be made to stay abreast of foreign
technological advances to negate the
possibility of duplicating R&D already
accomplished.

To improve operations through lower
maintenance costs for rolling stock and
fixed plant, ride quality tests will be
conducted using radial axle trucks. Radial
axle trucks have the potential of reducing
wheel and rail wear, improving ride guality,
increasing stability and reducing noise in
curves. They also have the potential of re-
ducing dynamic lateral track forces.

Life cycle and reliability testing has
begun at the Transportation Test Center
using AEM-locomotives. The focus of this
study is to reduce major performance
deficiencies and to identify maintenance
cycles for enhanced operating reliability
and reduced maintenance cost. Cost
benefit analysis of vehicle modifications
using tilt-body concepts will be applied to
existing track systems.

Foreign suppliers have new trains in
experimental service which could greatly
reduce development costs provided they
can be modified to operate on existing
U.S. track structure. The next step is to
advance the trade-off studies to develop
design modifications which will satisfy
U.S. requirements. These applications will
then be used to compare new train system
designs against modifications to existing
Amtrak equipment.

Each project s carried out by the
FRA through contracts with private and

#120 X

= N
AMTRAK TURBINE DRIVEN ROHR TURBOLINER (RTL) IN TEST AT TRANSPORTATION
TEST CENTER

Federal research organizations. Descrip-
tions of each project, supporting con-
tracts and a bibliography of published
reports follow.

There are four projects included in the
Train Technology Evaluation subprogram.
These projects include:

1) AEM-7 Evaluation and Failure
Analysis;

2) Tilt Equipment Evaluation;
3) Systems Technology; and
4) New Truck Development.
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AEM-7 EVALUATION AND FAILURE ANALYSIS PROJECT

The AEM-7 is a newly designed
electric locomotive manufactured by Gen-
eral Motors, Electro Motive Division for
Amtrak. In conjunction with the Amfleet
cars, it will provide high-speed passen-
ger service between Washington, D.C.
and Boston at speeds of up to 120 mph.
The electrified sections of the Northeast
Corridor operate on 11 kV, 25 Hz power.
The system is scheduled for conversion to
25 kV, 60 Hz power. Since the conversion
will be gradual, the rolling stock must be
capable of dual-voltage, dual-frequency
operation. The control system of the
AEM-7 locomotive is designed to sense the
voltage and frequency in the catenary, or
overhead wires, and make automatic adjust-
ments. This new feature replaces the
manual voltage changeover presently used
on the electric vehicles operating over the
Northeast Corridor.

In order to test its performance before
operation on Amtrak, the AEM-7 will
undergo testing at the Transportation Test
Center {(TTC) in Pueblo, Colorado. The
train will be tested for conformity with
performance specifications and for endur-
ance. The Railroad Test Track (RTT) has a
catenary system which can provide voltage
differences to test the locomotive’s dual-
voltage capability.
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A Failure Reporting and Analysis
System (FRAS) has been developed to
collect, code, and analyze failure data on
the AEM-7 locomotive during the testing
at TTC. Early evaluation of equipment
failures will allow modifications to the
AEM-7 that will increase the reliability
of its operations on the Northeast
Corridor.



CONTRACTS

Locomotive Failure Reporting and Analysis
System (FRAS)
Contract No.: PPA-032
Funding: $55,000
Schedule: February 1979 — October 1980
FRA Technical Contact: T.P. Woll
(202) 426-9564
Transportation Systems
Center

Agency/Contractor:

In conjunction with the testing of the AEM-7
jocomotive at the Transportation Test Center, a
Failure Reporting and Analysis System (FRAS)
was developed. The purpose was to collect, code,
and analyze the maintenance and operational
history, including failure and repair history, of the
AEM-7 during the endurance testing. This com-
plete service history can then be used to assess
the locomotive’s reliability and to correct chronic
problems. Four types of information were input:
operational data, maintenance data, inventory
data, and accounting data. Discussions with
Amtrak, the Port Authority Transit Corporation
(PATCO), and a locomotive supplier (EMD}
helped determine specific data to be used as input.

The FRAS system devised for the TTC test-
ing involves manual entry and manipulation of
the data. However, the system is designed for
easy computerization for application to large-
scale failure reporting and analysis, such as fleet
maintenance operations. Following the TTC
testing, the FRAS system will be presented to
Amtrak for further tracking of AEM-7 perform-
ance and for possible application to fleet mainte-
nance operations.

AEM-7 Locomotive Testat TTC

Contract No.: Not Applicable

Funding: $1,133,110

Schedule: May 1980 — May 1981

FRA Technical Contact: M.C. Gannett

{202) 426-9665

Agency/Contractor: Transportation Test Center
The testing of the AEM-7 locomotive, begun

in April 1980 at the Transportation Test Center

in Pueblo, Colorado, was conducted using the

Railroad Test Track (RTT) catenary system.

The RTT traction substation was modified to

provide two voltage levels, 12.5 kV and 25 kV,

in order to test the Jocomotive's dual-voltage

capabilitv.

RTT ELECTRIFICATION — AMTRAK AEM-7 LOCOMOTIVE STANDS READY ON RTT TO

BEGIN TEST

Basic locomotive operating characteristics
were investigated as part of the testing. Tem-
peratures of locomotive equipment and compo-
nents were measured, and catenary current har-
monics were analyzed for different operational
conditions. These characteristics tests indicated
the ability of the locomotive to meet performance
specifications.

A 250,000-mile endurance test is being

completed to determine whether the locomotive
and Amfleet cars can operate at high speeds over
the Northeast Corridor for an extended period
of time. A number of equipment failures have
occurred during the endurance testing that require
solutions before the AEM-7 begins high-speed
service on Amtrak.
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TILT EQUIPMENT EVALUATION PROJECT

The Amtrak Improvement Act of
1878 amended the Rail Revitalization and
Regulatory Reform Act of 1976 to require
the Secretary of Transportation to develop
vehicles capable of providing a 2%-hour
trip time between Washington, D.C. and
New York, and a 3-hour trip time between
New York and Boston. A possible interim
step in the development of this scheduled
service is the utilization of the Lightweight,
Rapid, Comfortable (LRC) tilt coaches,
or Amcoaches with tilt modifications in
order to increase allowable speeds in curves
without sacrificing passenger comfort.
Tests of the Canadian LRC were conducted
during the summer of 1980.

In January of 1977, Amtrak signed a
2-year lease/purchase option agreement
with Bombardier-MLW, the LRC manu-
facturing firm for two five-car, LRC tilt-
body trains. The LRC was first proposed
to run in the Vancouver-Portland Corridor
between Vancouver, B.C. and Seattle,
WA Now, however, it is being considered
for prime use in the Midwest and Northeast
corridors.

ASEA, Inc.'s experience in the high-
speed train field goes back to the 195Q0’s,
when it developed a very lightweight ex-
press locomotive. This development was
followed by other high-speed locomotives
and multiple-unit trains and in the late
1960's, the first ASEA tilting vehicle was
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tested. Results from this test program were
so successful that Swedish State Railways
and ASEA signed an agreement in 1973
to modify a multiple-unit train for ex-
tensive high-speed testing on existing track.
This test train was designated the X15and
since 1975, more than 1200 test runs have
been made at speeds of 85 mph and more
on different types of track and with vary-
ing combinations of tilt system para-
meters.

One of the overall objectives of this

project is to evaluate the existing Budd
Company and ASEA, Inc. designs for a
carbody tilt system for the Amcoach.
The evaluation will include testing, data
acquisition, data analysis, and recommend-
ations for improving the design.

The tilt equipment evaluation project
will involve close cooperation between
FRA and Amtrak. FRA will encourage
Amtrak  participation and  assistance
throughout the project in such areas as

project planning, progress reviews, tilt

o
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AMTRAK GENERAL MOTORS/ELECTROMOTIVE DIVISION DIESEL F40PH LOCOMOTIVE IN REVENUE

SERVICE WITH BUDD COMPANY AMCOACHES



system installation and checkout, road will be provided with sufficient informa-

testing, and a review of technical reports tion to allow a waiver for LRC, Amfleet,

and materials, and AEM-7 operation at higher cant
In addition, the FRA Office of Safety deficiencies.

-

AMTRAK GENERAL ELECTRIC E-60 LOCOMOTIVE ALONG WITH THE FRA TEST CAR T-7 AND
BUDD COMPANY AMCOACHES IN TEST ON NEC MILE POST 44.2, SEPTEMBER 28, 1976
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CONTRACTS

LRC Cant Deficiency Test

Contract No.: DOT-FR-64113, Task 475

Funding: $1,257,000

Schedule: February 1979 — December 1980

FRA Technical Contact: M.C. Gannett
(202) 426-9665

Agency/Contractor: Ensco, Inc.

The goals of this contract were to provide
engineering data to be used in the determina-
tion of the maximum safe running speed of
various passenger equipment on the NEC track
structure. Upon reviewing impact of present
NEC passenger train equipment against the man-
dated trip time goals and the cost projections of
track structure realignment, and realizing that all
planned realignments were not possible, the
Northeast Corridor Project (NECP) and Amtrak
agreed that it would be desirable to increase
curve speeds above 1hose now permitied.
Amitrak, NECP, and Office of Research and
Development jointly agreed to run a series of tests
at selected points on the Northeast Corridor
{(NEC) to confirm that safety and comfort would
not be compromised at cant deficiencies in excess
of 3 inches.

Tests were run on NEC trackage between
New Haven, CT and Providence, Rl on a 2-degree
52-minute curve with 5-3/4 inches superelevation,
The test program will be in the following three
phases:

1)  LRC locomotive and Amcoach;
2) LRC locomotive and coach; and
3) AEM-7 locomotive and LRC coach.

Modern passenger trains may be capable of
negotiating curves at higher speeds without com-
promising passenger comfort or safety. Rccent
studies indicate that the cost of straightening the
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curves on the NEC is greater than anticipated,
and that all of the planned curve realignments
in the NEC are not practical. Therefore, the
NECP and Amtrak have recommended that the
feasibility of increasing maximum curve speeds
in the United States be reassessed.

Tilt Systems Design
Contract No.: DOT FR53-81-C-00155
Funding: $85,000
Schedule: November 1980 — June 1981
FRA Technical Contact: A.F. Lampros

(202) 426-9665
Japan Railway Technical
Service (JARTS)

Agency/Contractor:

This effort will result in a feasibility analysis
and a preliminary design for a carbody tilting
system modification for the Amcoach based on
the passive tilting system used by Japanese National
Railways (JNR). Pending results of the study,

LEZ TEST TRAIN

follow-up phases may include hardware develop-
ment and a research test program.

The Budd Company Tilt System Demonstration
Contract No: DTFR53-80-C-00111
Funding: $475,000
Schedule: September 1980 — October 1981
FRA Technical Contract: A.F. Lampros
(202)426-9665

Agency/Contractor: The Budd Company

For any specified lateral acceleration limit, a
tilt-body passenger coach will negotiate a given
curve with greater passenger comfort than a non-
tilt passenger coach. Curve negotiations of passen-
ger trains at speeds higher than presently allowed
are thus possible. For this reason, tilt-body tech-
nology has the potential to significantly reduce
passenger train trip times, not only on the NEC,
but on any passenger route in the country which
possesses a significant number of curves.

e



The Budd Company, under this contract, has
independently conducted analyses of carbody tilt-
ing systems developed by other manufacturers
throughout the world. Their purpose was to deter-
mine if an existing tilt system could be adapted to
Amcoach to increase its curving performance. As
a result of this research, the Budd Company
ultimately developed an independent design having
the potential of simplicity as well as offering
improved curving performance for the Amcoach.
Unlike other tilt systems investigated by the FRA,
it would not reduce the seating capacity of
Amcoach because of equipment volumetric re-
qguirements. The Budd design is an active type,
and is unique in that it is an electrical/pneumatic
systern as opposed to the electrical/hydraulic
type characterizing all other existing active tilt
systems,
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SYSTEMS TECHNOLOGY PROJECT

A wide range of activities are covered
under this project. Its objectives are to
assure that new Amtrak equipment pur-
chases contain designs consistent with their
mission, and to reduce the risk of major
error in systems development. This proj-
ect covers basic research and assessments,
both domestic and foreign, of the state-
of-the-art in railroad technology.

The descriptions of contracts that
follow indicate the variety of research
and development studies being under-
taken by FRA in this project.
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CONTRACTS

Advanced Rail Technology Assessment & R&D

Contract No.: FR-9097

Funding: $69,000

Schedule: September 1979 — October 1981

FRA Technical Contract: N. Kamalian
(202)426-9564

Massachusetts

Institute of

Technology

Agency/Contractor:

The objective of this contract is to provide
FRA with the necessary information that will
allow a technical assessment of the options avail-
able for planning future intercity passenger trans-
portation systems.

One of the primary factors limiting applica-
tions of new systems is the need for large invest-
ments of capital. To make new systems economic-
ally feasible and competitive with existing systems,
it is desirable to reduce the cost of the new sys-
tems by utilizing existing infrastructure, where
possible.

With the wide range of current ground trans-
portation research activities worldwide, it is im-
portant that the FRA remain abreast of these
activities in order to provide the transportation
community with a current analysis of the long-
term research and technology developments.

To make rational choices among alternatives
first requires an assessment of the current state
of technology in the U.S. and other countries and,
second, the development of basic knowledge for
systems for which adequate data does not exist.
Accordingly, this contract will review intercity
ground transportation R&D programs in the U.S.
and abroad, evaluate the technical factors influ-
encing hybrid guideway systems performance, and
provide reports which discuss all activities, data
used and methodologies used along with all re-
sults and conclusions.

Assessment and Evaluation of Signal/Control
System Equipment and Technology
Contract No.: DOT-FR-773-4236
Funding: $739,376
Schedule: September 1977 — September 1880
FRA Technical Contract: T.P. Woll
(202} 4269564
STV, Inc., with
Kentron {LTV) and
T.K. Dyer

Agency/Contractor:

The FRA Signal/Control System program has
been established to support the upgrading of sig-
nalling systems on U.S. railroads.

The Signal/Control System program will
assess present technology, develop a specification
for a state-of-the-art demonstration system, and
certify requirements for cost-effective proposed
systems to be used on intercity passenger rail
routes. The FRA program will also provide for:
1) the fabrication and testing of sufficient hard-
ware/software to determine the operational
characteristics of the system; 2} the design devel-
opment and testing of a demonstration system;
and 3} publication of results and the possibie
procurement by Amtrak of operational systems
for use on railroads over which Amtrak operates.

STV, Inc., in conjunction with Kentron (LTV)
and T.K. Dyer, has completed four of the tasks
of their contract covering the first phase of a multi-
phased program directed at the upgrading of signal
and control systems on Amtrak intercity routes
for high-speed 265-kmph (160-mph) passenger
trains.

The four completed tasks are as follows.

Task 1 — ''Assessment of Signal/Control
Technology and Literature Review’”
Survey and assessment of the technolo-

gies incorporated in current signal and

control practice; literature review and
reference.

Task 2 — ''Status of Present Signal/Control
Equipment”

Review and analysis of the current
signaling systems of the major domes-
tic and foreign railroads; discussion
of candidate systems for adoption by

Amtrak; recommendations for further
activity.

Task 3 — ‘''Standardization, Signal Types,
Titles"”

Analysis with emphasis on standardiza-
tion of domestic operating rules and
equipment, including signal types, as-
pects, titles and standards; analysis of
impact of FRA Rules, Standards and
Instructions (RSI) on development of
improved systems; recommendations for
standardization.

Passenger System Technical Analyses and Develop-
ment of Management Communication

Packages
Contract No.: DTFR 53-80-C-60001
Funding: $24,925
Schedule: December 1979 — December 1980

FRA Technical Contract: T.P. Woll
(202)426-9564

Virginia Research

Institute, Inc.

Agency/Contractor:

This contract was designed to provide the
Office of Passenger Systems with specialized
communications packages on certain programs in
response to specific type inquiries. The contractor
reviewed technical program information as re-
lated to the overall goals and objectives of the
Office of Passenger Systems.
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To meet the information needs of top level
management, both during formal budget and pro-
gram  review, management communications
packages were developed, presenting: 1) the
status of electrification in the United States,
and 2) a fact book on railroad electrification.
This material contains background and descrip-
tion information for railroad electrification in
the United States. Included are benefits and over-
all rationale for railroad electrification including
issues such as energy, cost, research and develop-
ment and envircnmental concerns.

Task 4 ""Electrical Noise Disturbance”
Study of causes of electrical noise dis-
turbance or EMI (Electromagnetic Inter-
ference) as it relates to signaling; recom-
mendations on both rolling stock and
wayside signaling equipment to reduce
and contain EMI radiation to acceptable
levels.

Task 5, 6, & 7 — ("Economic Studies,”
"Specification Development,”” and ’‘Final
Report™) will conclude the findings of
the first phase of this contract.

Fundamental Studies of Phenomena Related to
Wheel-Rail Contact Stresses (File No. 7114)
Contract No.: DOT-0S5-60144

Funding: Phase 1: $67,745
Phase 2: $140,840
Phase 3: $245,482
Schedule: Phase 1: Aug. 1, 1974 — Nov. 1, 1976

Phase 2: July 6, 1976 — Sept. 30, 1980
Phase 3: Oct. 1, 1980 — Sept. 30, 1983
FRA Technical Contract: T.P.Woll
(202) 4269564
Dr. B. Pau!
University of
Pennsylvania

Agency/Contractor:

This project has been conducted by the
University of Pennsylvania as a joint effort with
other agencies.
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The objective of this research is to provide
fundamental information on an important group
of engineering problems relating to stresses at the
wheel/rail interface. That is, it is proposed to
solve problems related to the forces and deforma-
tions at the contract surface between the wheel
and rail. This research is fundamental to solving
problems on wear, fracture, and plastic flow of
wheels and rails. Furthermore, it will aid in under-
standing the dynamic behavior of rail vehicles,
including hunting and stability, ride quality,
derailment, reliability, adhesion, etc. This re-
search will be of prime importance to those
involved in vehicle dynamics research; rail vehicle
manufacturers; railroad operators; wheel, rail,
and track designers; and regulatory agencies
concerned with rail technology safety, reliability,
and maintenance,

A computer program called CONFORM has
been developed, the usefulness of which will be
improved by incorporating a better characteriza-
tion of the creepage forces and including addi-
tional degrees of freedom for penetration of a
wheel into a railhead as well as kinematic coup-
ling effects of wheelset as influenced by various
track perimeters.

Because the most critical stresses (those which
induce fatigue and spalling failure of wheel and
rail) lie just beneath the surface, it is important
to have a means of surveying the stresses at all
points just below the surface of the contact
patch. For this purpose, the Computer Subroutine
Program SUBSIG was developed. This subroutine
can be loaded into the previously developed pro-
gram (CONFORM and COUNTACT) which were
designed to find the contract pressures on the sur-
face of the loaded patch. The new subroutine then
surveys a network of subsurface points, calculates
all six stress components at each such point,
evaluates the severity of the stress state with

respect to plastic yielding, selects the most criti-
cally stressed point, and gives the effective stress
at that point which determines whether or not
plastic yielding occurs.

Additionally, the theory for longitudinal
creepage (the controlled slippage of wheels over
the rails which always accompanies steady rolling)
for closely conforming wheel and rail contact (e.q.,
flange throat contact) has been developed. This
is the first known prediction of the force/creepage
relationship for situations where the contact
patch is known to be non-elliptical.

Specific tasks to be undertaken include the
development of:

® Generalized procedures for finding wheel
force/creepage relations;

® [mprovements In the stability and effi-
ciency of needed calculations;

® Methods to include all necessary degrees
of freedom in wheel/rail penetration;

® A procedure to include the effect on
wheel penetration of coupling between
two wheels of a wheelset;

® Methods to find the extent of subsurface
plastic deformation;

® A procedure to describe the effects of
load history on residual stresses in
wheels; and

® Applications of the research to predict
wheel failure modes (fractures, fatigue,
wear}.

The deliverables of this contract study consist
of technical reports, published papers, and the
development of computer programs. In addition,
oral presentations are made periodically at Pro-
fessional Society meetings (e.g., ASME), and at
special seminars conducted by FRA. All computer
programs developed are made available to the gen-
eral public through the NTIS.



AMTRAK Locomotive Joint Fuel
Consumption Tests
Contract No.: Task 1: DTPR-80-C-40002
Task 2: DTFR-53-80-C-0084
Task 3: RR-032
Task 4: Not available

Funding: Task 1: $30,000
Task 2: $80,000
Task 3: $27,000
Task 4: $24,000
Schedule: Task 1: October 1980 — October 1981

Task 2: October 1980 — October 1981
Task 3: June 1980 — September 1980
Task 4: To be awarded
FRA Technical Contact: T.P. Woll
(202) 426-9564
Task 1: ENSCO, inc.
Task 2: L.T. Klauder &
Associates
Task 3: Transportation
Systems Center
Task 4:

Agency Contractor:

The task objective is to install on an Amtrak
EMD-40 locomotive a system that monitors fuel
consumed as a function of time, speed, throttle
position, tractive power, dynamic braking, shoe
braking, and hotel power. These data will be col-
lected and stored on a magnetic tape. The data
will be reformatted into engineering units via
down stream processing.

Through joint conferences with FRA, Am-
trak and L.T. Klauder & Associates, the minimum
requirements have been established for a fuel
consumption data collection system. Trade-offs
were made with respect to government-furnished
equipment to minimize the cost of assembling the
data collection system. Current status is that the
data collection system interface is being assembled.

FRA's Amtrak train energy measurement
program has been underway for approximately
6 months. Initially, TSC instrumented two F40

diesel locomotives which operated between Boston
and New Haven on a variety of trains during the
summer of 1980. Data were collected primarily to
compare actual fuel consumption with that pre-
dicted by train performance simulators. This pro-
gram was limited as to the route and also as to the
amount of data collected.

Following this work, ENSCO was engaged to
instrument at least one diesel electric locomotive
for system-wide Amtrak energy consumption
measurement. ENSCO has designed the test in-
strumentation and is currently awaiting the
imminent arrival of hardware for application of
the instrumentation package. L.T. Klauder &
Associates began work in September to prepare
for the monitoring of the data collection. Nor-
mally, Amtrak riders will accompany the test
locomotive to manually log significant events

during the run and collect the tapes and fuel
samples. After processing, the reduced data will
be transmitted to L.T. Klauder & Associates
for analysis and eventual development of a report
for each train consist and route.

Concurrent with this effort for the diesel-
hauled trains, L.T. Klauder & Associates have been
investigating the means available for the measure-
ment of energy consumed by electrically propelled
vehicles operating in the Northeast Corridor.
An inijtial review of the instrumentation options
available has disclosed a number of potential
pitfalls and areas of difficulty which must be
avoided in developing this instrumentation
package. Briefly, the typas of instrumentation
available are:

1. Induction Watt-Hour Meter;
2. Recording Dynamometer Watt-Meter;

®

FLOWMETERS INSTALLED ON F-40 PM LOCOMOTIVE TO MEASURE DIESEL FUEL CONSUMPTION
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Direct Recording of Voltage & Current;

4. Analog Multiplication of Voltage &

Current;

5. Three Current Method; and

6. Calorimetric Method.

The problems which may be encountered
which can affect the measurement techniques
and instrumentation are:

a. High concentrations of strong electric
and magnetic fields;

Poor wave shapes;

Low power factor {less than .6}, and

d. Severe mechanical shock and vibration
environment.

oo

Selecting the measurement technique that

ELECTRICAL INSTRUMENTATION FOR MEASURING
SERVICE POWER GENERATED FOR LOCOMOTIVE
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will be least affected by these potential pitfalls
is the target of the current work. At the moment,
it appears that analog multiplication of instant-
aneous voltage and current will provide the most
accuracy. It has also been determined that in
order to be sure that the data are repeatable
and accurate, another method should be used to
validate initial results.

A secondary goal of the program is to validate
certain Train Performance Calculator (TPC) con-
siderations. To this end, a number of TPC pro-
grams have been examined to determine which of
the test parameters used in TPC’s may be easily
collected by the available instrumentation.

Design Criteria for Railroad Test Track (RTT)
Signal/Control (S/C) System at Transporta-
tion Test Center (TTC)

Contract No.: PO #9113

Funding: $10,000
Schedule: August 1979 — May 1980
FRA Technicai Contact: T.P. Woll

(202) 426-9564
Agency/Contractor:  T.K. Dyer, Inc.

This contract has provided the Federal Rail-
road Administration with the design criteria and
costs to install a signal and communications sys-
tem on the Railroad Test Track at Pueblo,
Colorado. The recommended signal and communi-
cations system utilized equipment similar to that
being installed on the Northeast Corridor today.

The purpose of this system is to provide a
test facility to observe the operating character-
istics of a cab signaling system in an electrified
environment simifar to the Northeast Corridor.
From these observations the following items were
to be obtained, developed, or maintained:

® Reliability and safety not to be com-
promised by Corridor environmental
conditions;

® Comprehensive test procedures to be used
for acceptance testing on the Northeast
Corridor Project;

® [Effects of Electromagnetic Induction
(EMI) to be tested on the components
and the subsystems of the signal and
communications systems; and

® Recommended levels of EMI to be main-
tained that would be acceptable on the
signal and communication system.

Although not installed at the RTT, the recom-
mended system would still be of great value to test
equipment to be used in future electrification
projects. It could also be utilized to research and
develop new equipment or refine existing equip-
ment to be or now being used in electrified en-
vironments within the United States and through-
out the world.

Railroad Prime Mover Analysis
Contract No.: DTRF53-80-P-00138
Funding: $9,950
Schedule: June 1980 — June 19871
FRA Technical Contact: N. Kamalian
(202) 426-9564

Agency/Contractor: J.O. Spriggs

Technical expertise will be provided from
FRA in a joint DOT/DOE project which is in-
vestigating technical alternatives to the present
diesel-electric locomotive to conserve petroleum.

This contract is a continuation of a contract
to have Mr. Spriggs available as an expert to help
DOT and DOE during the course of a joint study.
The study is being done by Jet Propulsion Lab-
oratory (JPL) under contract to DOE, and is
designed to investigate afternative fuels for, and
modifications that can be made to, the present
diesel locomotives to conserve petroleum, as well
as all new prime movers that do not use petro-
leum. The FRA involvement in the project is
through the support services of Mr. Spriggs.



NEW TRUCK DEVELOPMENT PROJECT

The objective of this project is to test
and evaluate the radial axle concept for
possible high-speed passenger applications,
determine performance characteristics, and
define specification for future truck devel-
opment. The claimed benefits of the radial
axle, which by the name implies that the
axles would ideally take the position of the
lines of radii in a curve, are less wheel
tread and flange wear, increased high-speed
stability, better ride quality, less rail wear,
less component wear and lower noise
levels in curves.

It is expected that when two radial
axle trucks under one Amcoach have suc-
cessfully completed the running test at the
Transportation Test Center (TTC) and the
fatigue test has been completed on a
separate truck, Amtrak will place the
prototype trucks into a revenue demon-
stration service. A test report will be
prepared.

Several members of the supply industry
have recently started development projects
with alternative design concepts. The FRA
will therefore limit its involvement in this
project to the completion of the single
contract it has injtiated:

RADIAL AXLE TEST TRAIN ON RTT AT TRANSPORTATION TEST CENTER (TTC)
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CONTRACTS

Radial Axle Truck Test and Evaluation
Contract No.: None
Funding: $1,420,000
Schedule: April 1980 — December 1980
FRA Technical Contact: R.L. Scharr
(202) 426-9665
Agency/Contractor: Joint FRA/Amtrak
General Steel Industry,
Inc.

This contract was begun at TTC in April
of 1980. The performance tests were completed
in October 1980. They consisted of shop, shake-
down/cutaway brake tests, and performance
tests. After extensive schedule slips caused by a
series of truck-related irregularities, the radial
truck did perform satisfactorily in a radial man-
ner. An evaluation will now be made to deter-
mine how well it performed in a radial manner
and in relation to a reguiar truck on an Amcoach.

A life test of 100,000 miles is currently
being conducted to determine maintainability of
the radial axle in comparison with regular trucks.
This pair of cars—one with radial axle—one with a
regular axle, are running in the AEM-7 Loco-
motive endurance test at TTC.

180

RADIAL AXLE TRUCK IN TESTING AND EVALUATION ATTTC



TRAIN TECHNOLOGY EVALUATION BIBLIOGRAPHY

The following alphabetical list contains
reports and papers prepared for the sub-
program shown above from 1875 through
September 1980. Many of these reports
are available to the public through the
National Technical Information Service
{INTIS), 5285 Port Royal Road, Springfield,
Virginia 22161. To order reports from
NTIS, use the order number {"’"PB"" num-
ber} listed following the report citation.
Inquiries about the availability or price
of these reports should be addressed by
writing to NTIS, rather than the FRA, or
by calling the NTIS Order Desk at (703)
487-4650.

The lack of a PB number following the
citation means that the report may not
have been published in sufficient quantity
for general distribution or had not yet been
entered into the NTIS system when this
publication went to press. However, they
may be obtained by writing or calling the
persons listed as the technical contacts for
the contracts.

Finally, additional reports relating to
the research in this chapter will become
available during the upcoming year. For
information on these reports and for
suggestions on additional reference mate-
rials, call or write the technical contacts
associated with each project.

AMTRAK Fuel Consumption
Transportation Systems Center
John S. Hitz
Sept. 1880

Contact Stresses for Closely Conforming
Bodies — Application to Cylinders and
Spheres

W. Woodward and B. Paul

Report No. DOT/TST-77/48

PB 271-033/AS

Dec. 1976

Contact Stresses in Bodies with Arbitrary

Geometry, Applications to Wheels and Rails
B. Paul and J. Hashemi
Report No. FRA/ORD-79/23
PB 299-409/AS

April 1979

Evaluation of Signal/Control System Equipment
and Technology — Task 1: Assessment of
Signal/Control Technology and Literature
Review

S.F. Taylor, et al

Report No. FRA/ORD-78/39.1 Dec. 1980

Evaluation of Signal/Control System Equipment
and Technology — Task 2: Status of Present
Signal/Control Equipment

S.F. Taylor, et al

Report No. FRA/ORD-78/39.2 Jan. 1979

Evaluation of Signal/Control System Equipment
and Technology — Task 3: Standardization,
Signal Types, Titles

S.F. Taylor, et al

Report No. FRA/ORD-78/39.3 Dec. 1979

Evaluation of Signal/Control System Equipment
and Technology — Task 4: Electrical Noise
Disturbance

S.F. Taylor, et al

Report No. FRA/ORD-79/41 July 1980

Fundamental Studies Related to Wheel-Rail
Contact Stresses — Final Report

B. Paul

Report No. FRA/ORD-81/05

An Improved Numerical Method for

Counterformal Contact Stress Problems
B. Paul and J. Hashemi
Report No. FRA/ORD-78/26
PB 286-228/AS

Numerical Determination of Contact Pressures
Between Closely Conforming Wheels and
Rails

B. Paul and J. Hashemi

Report No. FRA/ORD-79/41

PB 80-120462

Operation of High Speed Passenger Trains in Rail
Freight Corridors

DOT/TSC

R.K. Abbott

Report No. FRA/ORD-76/07

PB 247-055

Operational Test Plan LRC Cant Deficiency Test

Rail Transportation Engineering Division

March 1980

Rail-Wheel Geometry Associated with Contact
Stress Analysis

B. Paul and J. Hashemi

Report No. FRA/ORD-78/41

A Review of Rail-Wheel Contact Stress
Problems

B. Paul

Report No. FRA/ORD-76/141

User’s Manual for Program CONFORM
(CONFORMal contact stresses between
wheels and rails)

B. Paul and J. Hashemi

Report No. FRA/ORD-78/40

PB 288-927/AS

User’s Manual for Program COUNTACT
(COUNTerformal contACT stress problems)

B. Paul and J. Hashemi

Report No. FRA/ORD-78/27

PB 286-097/AS

July 1977

July 1979

Sept. 1975

Sept. 1979

April 1875

June 1978

Sept. 1977
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CHAPTER 12
RAIL.BUS

As early as the 1880’s, self-propelled
vehicles were tested and evaluated in
revenue service in this country. Since then,
gas-electric railcars, interurban cars, electric
multiple-unit (MU) cars, and Rail Diesel
Cars {RDC) have been successfully devel-
oped. Subsequently, however, a number of
operating problems forced the railroads
to discontinue their operation of self-
propelled vehicles.

The Railbus Development subprogram’s
focus is to test the feasibility of a new type
of self-pronelled rail passenger vehicle, a
“railbus’’ (actually a rebirth of the 1952
MACK FCD Car) which has the potential
to provide low-cost and fuel-efficient serv-
ice in low-density commuter markets. A
2-year demonstration program is underway
using an experimental railbus vehicle to
gather data. Should the demonstration pro-
gram be successful, the initial capital cost
required to provide railbus type service
could be significantly reduced while
simultaneously improving the fuel effi-
ciency of railbus operations.

There are two contracts included in
this subprogram area. Descriptions of
each contract follow.
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CONTRACTS

Railbus Development

Contract No.: DTFR 53-80-0-00036

Funding: $19,822

Schedule: January 1980 — July 1980

FRA Technical Contact: R.A. Novotny
{202) 426-9564

Louis T. Klauder &

Associates

Agency/Contractor:

The Leyland Experimental Vehicle, known
as the LEV-1 railbus, is a light-weight, fuel-effi-
cient vehicle which shows promise for providing
low-cost service for the commuter rail market.
Manufactured by British- Rail, the LEV-1 is com-
posed of a standard bus body coupled with a
uniquely-designed underframe. The vehicle is
powered with a 200-horsepower diesel engine,
has a two-axle railcar-type underframe, and weighs
16.75 tons.

Under this contract, the LEV-1 vehicle was
tested on the Boston and Maine railroad track
between Boston, Massachusetts and Concord,
New Hampshire. Data gathered during the testing
was used by British Rail to design a new prototype
railbus. The new railbus, purchased by the FRA,
is currently undergoing revenue service testing.

Lightweight Vehicle Track Shunting
Contract No.: DTFR-53-80-P-000141
Funding: $7,291
Schedule: September 1980 — March 1981
FRA Technical Contact: T.P. Woll

(204) 426-9564
Agency/Contractor: T. Dyer, Inc.

The objective of this contract is to deter-
mine the extent of the shunting problem on the
railbus and other light-weight rail vehicles and
to identify solutions to it. Railroads in the United

States currently use a shunting technigque in
which the vehicle completes an electric circuit
between the tracks to activate signaling and con-
trol systems such as highway crossing warning
signals.

This study disclosed that special precautions
must be taken before single-unit lightweight rail-
road cars(SULWV) can be operated on common
carrier railroads. Such operation without special
precautions introduces the likelihood of signal
malfunctions in train protection systems and rail-
highway grade crossing warning systems. Mal-
functions of the signal system result from failure
of the SULWV to make known its presence on a
track by failing to pass sufficient current in a
given time through its wheels and axles from one
rail to the other. This is known as a shunt failure
which has three general classifications:

1)  Slow Shunting of Relay;
2) False Pick-up of Relay; and
3)  Relay Shunt Failure.

The first two failure classifications can, for
the most part, be remedied by change and addi-
tions in existing equipment. The latter classifica-
tion is the most serious one and will be the most
difficult problem to remedy. The difficulty is that
the failure results from the formation of an in-
sulating film, a few thousandths of an inch thick,
on the rail head. This surface film is called ferro-
ferric enamel and possesses insulating qualities of
varying degrees. Further research is required to
determine the most acceptable approach in devel-
oping proper shunt levels for a reliable signal sys-
tem when single light-weight vehicles are operated.

Approximately one-half of the contract has
been completed in an effort to define the extent
of the problem and possible avenues for its solu-

tion. Tasks that have been completed in 1980
were:

1) Development of a clear statement of
the problem;

2} Identification of applicable {government
and industry) regulations and gathering
of related data;

3) Assessment and documentation of indus-
try developments and operational re-
quirements; and

4) Formulation of R&D recommendations.
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RAILBUS BIBLIOGRAPHY

The following alphabetical list contains
reports and papers prepared for the sub-
program shown above from 1975 through
September 1980. Many of these reports are
available to the public through the National
Technical Information Service (NTIS),
5285 Port Rovyal Road, Springfield, Virginia
22161. To order reports from NTIS, use
the order number ('PB"” number) listed
following the report citation. Inquiries
about the availability or price of these
reports should be addressed by writing to
NTIS, rather than the FRA, or by calling
the NTIS Order Desk at {703) 487-4650.

The lack of a PB number following the
citation means that the report may not
have been published in sufficient quantity
for general distribution or had not yet
been entered intc the NTIS system when
this publication went to press. However,
they may be obtained by writing or calling
the persons listed as the technical contacts
for the contracts.

Finally, additional reports relating to
the research in this chapter will become
available during the upcoming year. For
information on these reports and for sug-
gestions on additional reference materials,
call or write the technical contacts associ-
ated with each project.

Railbus Test Observations on the Boston

and Maing Railroad Jan. — Feb. 1980
Klauder, (Louis T.) Assoc.
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Turn to other side. Write **4’" in the Document Number block and complete the rest of the line.

TITLE *#5
Sponsor's Series ¥ Contract or Grant Number of Report Date Published
Originator (Give specific faboratory, or division and location.) Personal Author

Turn to other side. Write '*S* in the Document Number block and complete the rest of the line.

M- -P73
FORM NTi5-173 {REV. 2-79) USCOMM-DC 6367




MAIL ORDER TO:

National Technical Information Service
U. S. OEPARTMENT OF COMMERCE
5285 Port Royal Road
Springfield, Va. 22161

Date

SHIP TO: (Enter if different from address at left)

PURCHASER:
Name
Organization
Address
Attention: City, State, ZIP

Charge my NTIS deposit account no.
Send me an application for an NTIS deposit account.

Pwchase order no.

Check enclosed for §

gooodd

Charge to my American Express Card account number:

HEREEEREEEREREEE

Signature,

Bill me. See reverse for costs (not applicable to foreign customers),

charges to each order:

Wherever a foreign sales price is NOT specified in the
listings, all foreign buyers must add the following

$2.50 for each document
$1.50 for each microfiche

U,Uﬁ User Code

Contract Number

FOR DDC USERS ONLY

(Last 6 characters only)

Allow 3-5 weeks for delivery on your order. If ordering without a document number, by title only, allow an additional 2 weeks.

DOCUMENT | If ordering by title or if item ordered is a Q USER ROUTING o...o:..wo. Unit Total
NUMBER magnetic tape, please see reverse side. CODE (see reverse) 1nnov2 muwﬂ. TO.WM_-«FV Price Price
Enter
Grond M
Total

FORM NTIS-173 (REV. 2-78)

USCOMM-DC $387-P78




USER ROUTING CODE: NTIS can label each document for routing within your otganization. If you want this service put.
your routing code in the box marked USER ROUTING CODE. (Limit eight characters)

SHIP & BILL SERVICE: NTIS appreciates prepayment for documents through the use of an NTIS Deposit Account, check,
or money order. Should this not be convenient, NTIS will mail your order and bill you about 15
days after shipment. The handling charge for ordering documents is $5.00 per order (not line item);
$5.00 per NTISearch ordered; $2.50 per subscription ordered. NTIS does not bill customers for
magnetic tapes ot shipments destined for outside the United States.

1600 B 00 BPI .
ORDERING MAGNETIC TAPE: (check mode) [ 9track (] 1600 BPE 3 7 track m Wma BPI (] odd parity
(o0dd parity) (] 800 BPI 3 800 BPI L even pasity
ORDERING BY TITLE: If ordering without document number, by title only, allow an additional 2 weeks.
TITLE =1
Sponsor's Series # Contract or Grant Number of Report Date Published
Oniginator (Give specific laboratory, or division and location.) Personal Author

Turn to other side. Write **1°" in the Document Number block and complete the rest of the line.

TITLE #2
vao:moﬂ.m Series ¥ Contract or Grant Number of Report Date Published
Oniginator (Give specific laboratory, or division and location.) Personal Author

Turn to other side. Writc 2" in the Document Number block and complete the rest of the line.

TITLE #3
Sponsor’'s Series ¥ Contract or Grant Number of Report Date Pubiished
Orniginator (Give specific laboratory, or division and focation.) Personal Author

Turn to other side. Write '*3"" in the Document Number block and complete the rest of the line.

TITLE #4
Sponsor's Series ¥ Contract or Grant Number of Report Date Pubhshed
Originator (Give specific laboratory, or division and location.) Personal Author

Turn to other side. Write **4”" in the Document Number block and complete the rest of the line,

TITLE #5
Sponsor's Series ¥ Contract or Grant Number of Report Date Published
Oniginator (Give specific laboratory, or division and location.) Personal Author

Turn to other side. Write 'S in the Document Number block and complete the rest of the line,

-

. P78
FORM NTIS-173 (REV. 2-73) USCOMM-DC 6367



MAIL ORDER TO:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road
Springfield, Va. 22161

PURCHASER:

Attention:

Date

SHIP TO: (Enter if different from address at left)

Name

Organization

Address

City, State, ZIP

Charge my NTIS deposit account no.

Send me an application for an NTIS deposit account.

Purchase order no.

Check enclosed for §

oooobd

Charge to my American Express Card account number:

_H_H_H_ _HH_HD _H_H_H_ _H_ _HDH_ DDC User Code

Signature,

Bill me. See reverse for costs (not applicable to foreign customers).

charges to each order:

$2.50 for each document
$1.50 for each microfiche

Wherever a foreign sales price is NOT specified in the
listings, all foreign buyers must add the following

FOR DDC USERS ONLY

Contract Number

(Last 6 characters only)

Allow 3-5 weeks for delivery on your order. If ordering without a document number, by title only, allow an additional 2 weeks.

DOCUMENT | If ordering by title or if item ordered is a USER ROUTING o.eo..:.‘ Unit Total
NUMBER magnetic tape, please see reverse side. CODE (see reverse) | Poper icro- | Other Price Price
Copy iche specify)
Enter
Grond M
Total

FORM NTIS-173 (REV. 2-78)

USCOMM-DC $367-P78




USER ROUTING CODE: NTIS can label each document for routing within your organization. If you want this service put.
your routing code in the box marked USER ROUTING CODE. (Limit eight characters)

SHIP & BILL SERVICE: NTIS appreciates prepayment for documents through the use of an NTIS Deposit Account, check,
or money order. Should this not be convenient, NTIS will mail your order and bill you about 15
days after shipment. The handling charge for ordering documents is $5.00 per order (not line item);
$5.00 per NTISeatch ordered; $2.50 per supscription ordered. NTIS does not bill customers for
magnetic tapes or shipments destined for outside the United States,

ORDERING MAGNETIC TAPE: (check mode) [ 9track 1 1600 BFI 3 7wack 296 bt [ 0dd paricy
(odd parity) (J 800 BPI = 800 BPI L even parity
ORDERING BY TITLE: If ordering without document number, by title only, allow an additional 2 weeks.
—_———————y
TITLE =1
Sponsor's Series ¥ Contract or Grant Number of Report Date Published
Onginator (Give specific laboratory, or division and location.) Personal Author

Turn to other side. Write **1** in the Document Number block and complete the rest of the line.

TITLE #2
ISponsor’s Series ¥ Contract or Grant Number of Report Date Published
Orniginator (Give specific laboratory, or division and location.) Personal Author

Turn to other side. Write **2" in the Document Number block and complete the rest of the line.

TITLE #3
Sponsor's Series ¥ Contract or Grant Number of Report Date Pubiished
Onginator (Give specific laboratory, or division and location.) Personal Author

Turn to other side. Write * in the Document Number block and complete the rest of the line.

TITLE #4
ISponsor’'s Series ¥ Contract or Grant Number of Report Date Pubhished
Onginator (Give spectfic laboratory, or division and location.) Personal Author

Turn to other side. Write '*4”" in the Document Number block and complete the rest of the line.

TITLE #5
Sponsor's Series ¥ Contract or Grant Number of Report Date Published
Onginator (Give specific faboratory, or division and location.) ’ Personal Author

Turn to other side. Write **5” in the Document Number block and complete the rest of the line.

. . P
FORM NTIS-173 (REV. 2-78} USCOMM-DC 6367-P78




TRACK, EQUIPMENT, AND PERSONNEL SAFETY

EQUIPMENT SAFETY

IMPROVED TRACK STRUCTURES
DYNAMIC ANALYSIS
INSPECTION AND TEST SUPPORT
HUMAMN FACTORS

GRADE CROSSINGS

SAFETY TESTING (FAST)

RAILROAD OPERATIONAL IMPROVEMENTS

FREIGHT SYSTEMS TECHNOLOGY
EMERGY/ENVIRONMENT

ELECTRIC TRACTION/ELECTRIFICATION

IMPROVED PASSENGER SYSTEMS

TRAIN TECHNOLOGY EVALUATION

RAILBUS

HOW TO USE THIS INDEX

Flace lefl thumb on the outer edge of this page. To
locate the desired entry, fold back the remaining pege
edges and: aline the index edge mark with the appro-
prigte pege edge mark,






