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Preface

This Prospectus was assembled with the intent to provide a document
that would serve as the basis for informing interested parties of the
contemporaneous research Being conducted by the Office of Research and
Development, Office of Safety, Federal Railroad Administration.

Those desiring more in-depth information concerning the projects
contained herein may contact the Office of Research and Development and be
directed to the appropriate contracting officer's technical representa-
tive, where contracts are involved. The main OR&D telephone number is 202-
366-9601. :

Office of Research and Development
Office of Safety
Federal Railroad Administration
400 Seventh Street, S.W.
Washington, D.C. 20590
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12/29/86
New Trucks & Lightweight Cars

Background

There has been a significant increase in the rate of introduction of
new designs of freight cars and trucks. This has occurred for a
number of reasons, including the requirement to carry increased
loads at higher speeds and also because of the large increase in

“demand for carrying intermodal traffic. This latter requirement

often results in relatively low vehicle loadings and, as a result,
has led to the development of a number of single axle suspension
designs as well as articulated vehicles with a single three-piece
truck beneath each articulated joint. In order to minimize energy
consumption and maximize the lading-to-tare ratios, vehicle bodies
are being designed with lightweight structures, which may include
new materials untested in the railroad environment.

For many years, the vast majority of freight cars running on the
American freight railroads have been equipped with two conventional
three-piece trucks. Accordingly, there has been considerable
experience with regard to the performance of these cars and trucks.
With the introduction of the new designs of intermodal cars, the AAR
Mechanical Division introduced its Chapter VIII (of the M1001 Volume
1 Standard) on Design and Test Requirements for Articulated and
Multiple Unit Trailer/Container Transport Cars. In addition, the
AAR formed an ad hoc committee for the purpose of applying recent
technology to the approval process for new freight car designs. This
New Trucks and Lightweight Cars Project (Lightweight Test Project)
has worked in parallel and to a certain extent in support of the work
of the ad hoc committee. 1In this regard, recommendations of. the
committee are similar in many respects to this Project. Two specific
recommendations have had a significant impact on the testing and
analysis techniques that are being proposed. These involve the
initial development and partial validation of a general computer
model for predicting the time response of any design of vehicle to
track perturbations. Also involved is the influence of buff and
draft forces on the 1ikelihood of derailment.

Current Status

The New Truck and Lightweight Cars Project is a current program
funded for two cars for simplified tests and model validation. The
program started in May 1984. - The results from the first car are
expected to be available in May 1987 with the Car-2 efforts starting
shortly thereafter. The AAR has committed multiyear funds to the
project along with FRA funding. The supply industry has provided
cars and equipment.



Related Research

Related research includes efforts to test, analyze, understand,
quantify, and specify acceptable vehicle dynamics as found in
Vehicle/Track Interaction Assessment Techniques (Report
DOT/FRA/ORD-84/01), the AAR Track Train Dyanmics Project, the
locomotive testing and analysis of the 1970's (E-60, SDP-40, E-8,
etc.), the university research efforts at MIT, etc., and the
Yocomotive-caboose impact tests of the 1970's to name. just a few.
Also, more recently, the AAR has drafted a Chapter XI of
Specifications for Design, Fabrication, and Construction of Freight
Cars entitled Optional Track Worthiness Tests and Analysis for New
Freight Cars that presents guidelines for dynamic testing and
analysis to determine the trackworthiness of new and untried types
of freight cars.

Objectives

The New Trucks and Lightweight Cars Project has two objectives. The
first 1is to determine whether relatively inexpensive test
procedures, including improved analytical and modeling methods can
be devised which can be used for the analysis and testing of the
safety aspects of new designs of lightweight cars and trucks. The
second objective is to evaluate the safety aspects of new innovative
lightweight cars.

~ Scope

The single axle 45' Front Runner flat car was selected for Car-1, has
been modeled, and is 1in test. The car has been extensively
characterized (stiffness, damping characteristics, transfer
functions, etc.) for modeling purposes. The Chapter XI track
conditions have been installed and the Front Runner is currently in
track tests at TTC., The Buff and Draft Test Car (one end only) has
been designed, built, and checked out. At the conclusion of the
track test, the Buff and Draft Test will be conducted. Car-2 will
have the benefit of the Car-1 results, a partially validated model,
and use of a new vehicle characteristic laboratory, at substantially
Tower program costs. The laboratory will be constructed at TTC by
the AAR. Substantial costs were incurred on Car-1 with the vehicle
characterization including use of the Rail Dynamic Laboratory
Vibration Test Unit (VTU). The Chapter XI track conditions, or
variations thereof, will be in place at TTC for use by Car-2. Car-2
will further validate the tests and model. The program is a joint
FRA/AAR program and appropriate progress reports are being
disseminated to the FRA, AAR, and supplier organizations.



Interfaces

With the guidance of the FRA/AAR Safety Aspects of Advanced Freight
Car Equipment Committee, consisting of AAR staff, railroad
personnel, and an FRA member, the FRA project task 20 is being
conducted at the Transportation Test Center (TTC) managed by the
AAR. The testing is being conducted exclusively at TTC, however, the
modeling efforts are being directed by the TTC with assistance from a
consultant and the Transportation Systems Center/Massachusetts
Institute of Technology. Instrumented wheelsets (28" diameter) are
being obtained by AAR/TTC through the AAR Technical Center from
1ITRI. Trailer Train Corporation is providing the Car-1l Front
Runner 45' single-axle car and technical advice on the car. Trailer
Train is also expected to provide Car-2. The type has not been
determined..

Potential Benefits

A determination will have been made as to whether inexpensive test
procedures can be used for the analysis and testing of the safety
aspects of new and untried designs of 1ightweight cars and trucks. A
determination will be made as to how well the Front Runner car
dynamically performed under the draft Chapter XI track conditions
and how well the Chapter XI track conditions represent good test
conditions. Also, as a tool to predict vehicle dynamic performance,
the model will be partially validated. The resulting model will be a
generalized model to judge vehicle responses to perturbed tangent
and curve track and will be further adapted in 1987 by AAR for use
with the three-piece truck and other new designs.

Implementation of these tests and analyses should permit a safety
assessment of new and untried cars in a shorter time and less costly
process than is now required. This will give the railroad industry
an opportunity to more quickly respond to changing market conditions
and assess new equipment performance prior to its widespread use.



1.

2.

Schedule

Costs

New Trucks & Lightweight Cars

Car 1 May 1984 - May 1987

Car 2 May 1987 - May 1989

Car 1

Car 2

Basic Program

Simuloader installation

Plus AAR funding $440,000

Plus AAR funding $268,000

Project Total

$1,173,968

300,000

$1,473,968

$500,000

$708,000

$1,973,968






12/30/86
Railroad Wheel Research

Background

For the three years preceding the inception of this project, an average
of 20 percent of the railcar equipment failures were caused by wheels.
A primary factor contributing to these failures is the unsafe buildup
of residual stress in the wheel. Current visual inspection methods
(wheel discoloration inspection) are considered by the industry. to be
inadequate and result in the removal of more than 100,000 suspect
wheels per year. Many wheels have been removed prematurely and the
cost is over $100 million per year. '

Though wheels have been defined as unsafe when they exhibit 4 inches of
discoloration from the rim, significant correlation of wheel discolor-
ation with unsafe stress conditions is lacking. There are approxi-
- mately 100 accidents per year caused by wheel failures. In some
instances the severity of the accident is increased due to the involve-
ment of cars carrying hazardous materials. There is not a good under-
standing of which inservice conditions cause wheel failures and
dangerous wheel conditions, nor an understanding of the manner and
mode of wheel failures. There is presently no means of nondestructive-
ly determining if a wheel has a dangerous level of residual stress.

Railroad wheels are manufactured with compressive stresses in the rim
area. The stress level is determined by the heat treatment received by
the rim toward the end of the manufacturing process. In a rim treated
wheel, the rim of the still hot wheel is water.cooled. This causes the
rim to shrink toward the plate and the hub. As a result of this
cooling sequence, high compressive stresses are introduced into the
wheel rim that can retard the propagation of small thermal cracks.

Train operating characteristics create the conditions that cause both
thermal cracking and tensile stresses. Most rail vehicles have tread
brakes. Severe brake application causes a heat input to the wheel.
Often, these inputs are large enough to gradually relieve the compres-
sive stresses in the wheel. The current criteria used to judge the
nature of the residual stresses in the wheel rim are based on visual
inspection of conditions associated with overheating. Typical condi-
tions experienced are oil and dirt on the wheel that appear to be
burned, a blue metal color, and a reddish-brown color near the rim. In
addition to discoloration, wheels are also removed from service
because of thermal cracks.

In June 1981, the Rail Vehicle Safety Research Division, Office of Rail
Safety Research (ORSR) of the Federal Raiiroad Administration,
sponsored a symposium on “"Nondestructive Measurement of Wheel/Axle
Residual Stress.” This symposium was attended by personnel from rail-
roads, the Association of American Railroads, wheel/axle manufactur-
ers, inspection/detection equipment suppiiers, and researchers. The
presentations at. this conference reviewed all available stress
measuring techniques. .This review showed that:



a. Current usage of acoustic, ultrasonic, x-ray eddy current, and
magnet1c techniques were not adequate to determine residual stress
in railroad wheels;

b. There are no stress measurement calibration techniques;

Cc. Recent advances in x-ray, acoustic, ultrasonics, and magnetics
measurement techniques were made by the NBS, NASA, and UCLA; and

d. Efforts should be initiated to utilize these measurement advances
in the determination of railroad wheel/axle residual stress.

Current Status

A contract with the National Aeronaut1ca1 and Space Administration
(NASA), Jet Propulsion Laboratories (JPL) was initiated in Apr11 1980
to deve]op a research program plan.

Another contract, with the Association of American Railroads (AAR),
Transportation Test Center (TTC), is investigating the wheel failure
mechanisms of railroad cars.

This is an ongoing project with current work nearing completion. The
main items left to be completed are cold weather braking tests at TTC
and the preparation of a final report. Overall, this project has
benefitted significantly through cost sharing with the AAR. The
IMinois Institute of Technology Research Institute (IITRI) is
providing technical support for the test program.

A cooperative effort (joint funding) with the National Aeronautics and
Space Administration (NASA) was launched to evaluate residual stress
in railroad wheel steel. The NASA method used utilizes advanced
acoustics and ultrasonics developed at the Langley Research Center.
The equipment developed under this contract is ready for shipment to
the AAR Technical Center in Chicago, where it will be used to further
evaluate residual stress in railroad wheels. The contract is near
completion and a final report is in preparation.

The National Bureau of Standards (NBS) is using a noncontacting
electromagnetic-acoustic transducer (EMAT), developed jointly with the
Japanese, to measure residual stresses in railroad wheels. This
process measures the change in the acoustic transmission characteris-
tics of ultrasound. Four drag-braked wheels have been measured.
Future work will develop the additional components necessary for the
complete EMAT based velocity measurement system.

Related Research

Prior FRA wheel research projects have involved the United States
Steel Corporation, Applied Research Laboratories, NASA/Marshall
Spaceflight Center, Southwest Research Institute, and the Il1inois
Institute of Technology Research Institute. The projects involved
nondestructive testing of wheels before and after being subjected to
emergency stop tests on a wheel dynamometer. The wheel dynamometers



were unable to cause failures in wheels simulating actual train
operations. ‘

An extensive technology search was launched to cover the areas
involved in this project. A Tliterature search was conducted and
contact made with other experts to identify appropriate research
sources. A list of pertinent research reports or information sources
was made that could support the research. A library of applicable
documents was established for this particular project and a limited
but comprehensive evaluation of the research was conducted. The
results of that evaluation were documented, concisely noting which
research could be used in the research project and why other available

information could not be used. '

The projects on Improved Braking Systems and Roller Bearing Failure
Analysis also relate to this project.

Objectives

The overall objective of this project is to increase the safety per-
formance of railcar wheels by developing technically sound wheel
removal criteria and guidelines for safe design and operation based on
well planned and coordinated Taboratory and track tests and analyses.
These wheel removal criteria are expected to reduce discolored wheel
removal rates without interrupting the downward trend of wheel failure
rates.

Another objective is to develop a methodology for the destructive
testing of railroad wheels, validate this methodology, and develop a
test plan to simulate service conditions leading to wheel failures.

Scope

The contract with NASA/JPL developed concepts and procedures for
inducing heat and load inputs that are high enough to develop thermal
cracks and change compressive stresses to tensile stresses in wheels.

To promote the safety performance of railcar wheels, research is being
conducted with the AAR to more fully understand wheel failure
mechanisms and develop technically sound wheel removal criteria and
guidelines for safe operation. Encompassed in this research are 14
technical tasks ranging from a technology survey through a national
study of wheel removal guidelines to individual technical project-
oriented tasks that include laboratory and track testing and analyses.
To support these technical tasks there are 12 planning tasks oriented
toward test facilities and methodology. These tasks have been
assembled into four subprojects (SP). They are:

a. SP-1: Overview and Program Control

b. SP-2: Fajlure Mechanisms, Verifications, and Countermeasures
c. SP-3: The State of Safety Risks Due to Overheated Wheels

d. SP-4: Nondestructive Methods to Detect Overheated Wheels



SP-1 is intended to provide an overview of the relationship of each of
the 12 original planning tasks and plans.

SP-2 is for determining the mechanisms of wheel failure, to
demonstrate these mechanisms by causing a wheel failure under
controlled conditions, and to suggest methods for preventing wheel
failure.

SP-3 represents the planning task group covering overheated wheels and
residual stresses in order to determine the means to m1n1mize the
threat to safety of ra11car wheels.

SP-4 is intended to investigate nondestructive methods to detect over-
“heated wheels and to test and evaluate these methods.

~ The contract with NASA/Langley includes measurement of both surface
stresses and internal stresses. The accuracy of these measurement
techniques has been assessed using calibration standards developed by
the National Bureau of Standards. The overall effort developed a model
for the natural velocity thermal derivative, experimentally determined
the natural velocity thermal derivatives, developed and evaluated
instrumentation and techniques for measuring magnetic strain deriva-
tives, measured magnetic strain derivatives, and measured stress in
Stress Calibration Discs.

The contract with NBS is composed of two phases. The first is the
completion of a test series on drag-braked wheels supplied by TTC. An
attempt will be made to separate the effects of stress and texture and
compare ultrasonic results with destructive tests performed at TTC.
In the second phase, dependent on the success of Phase I, a stress
measurement system will be constructed that can be used at TTC for
measuring residual stress.

Interfaces
Government:

FRA - Office of Research and Development technical staff, Office of
Safety Maintenance Programs Division, Office of Chief Counsel.

NASA Langley - Chief, Instrumentation and Materials Characterization
Section

NBS - (Boulder, Colorado) - Fracture and Deformation Division
Industry:

AAR - At both the Chicago Technical Center and Transportation Test
Center the program manager, senior engineers, engineers and
technicians in charge of all phases of research, testing and develop-
ment.

Wheel Manufacturers - Managers and chief engineers



Railroads - General managers, chief engineers, research personnel
Potential Benefits

This project will produce a better understanding of the stress changes
occurring in wheels due to various braking applications such as drag
braking or emergency braking that leads to conditions capable of
causing wheel failures. As a result, techniques are being developed
that will be useful for nondestructive evaluation of critical
conditions. This evaluation of failed wheel conditions will lead to
the identification of what wheel conditions are most important to
monitor or detect. Once these critical wheel conditions and failure
mechanisms are known, the requirements for preventive wheel failure
detection technology can be established.

Guidelines and criteria will be developed for the safe removal of
discolored wheels. This should result in enhanced safety of operation
through the decreased probability of derailments and catastrophic
accidents. Substantial cost benefits should also accrue to the rail-
roads through elimination of the unnecessary removal of wheels
considered safe for continued operation. The identification of unsafe
wheels should, in itself, be self implementing. The guidelines
developed will also aid the Office of Safety Enforcement in evaluating
recent waiver requests for wheel inspection.

The device being developed under this program will be suitable for
field use in inspecting railroad wheels for unsafe stress levels. The
equipment developed will permit reliable magnetoacoustic inspection of
railroad wheels and detection of wheels with dangerously high residual
stresses. The subsequent replacement of these wheels will result in
improved railroad safety. Ready identification of bad wheels in the
field should enhance implementation of the results of this program.



Railroad Wheel Research

Concept Development
Cost: $}00,000
Schedule: 4/80--1/87

- Contractor: NASA/Jet Propulsion Laboratory

Wheel Failure Mechanisms of Railroad Cars

‘Cost: FRA $3,539,948
AAR  $462,000

Schedule: 9/83--7/87

Contractor: Association of American Railroads

Residual Stress Measurements

Cost: FRA $530,000
NASA $440,000

Schedule: 11/82--7/87

Contractor: NASA Langley Research Center

Cost: $100,000 (estimated)
‘Schedule: 6/84--7/87

Contractor: National Bureau of Standards

Technical Support
Cost: $239,489
Schedule: 11/84--3/88

Contractor: 1IIT Research Institute
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12/30/86

Improved Braking System

Background

There are approximately 100 railroad accidents per year caused by the
failure of wheels on railroad cars. A major program "Railroad Wheel
Research,” is being conducted to examine many facets of this problem.
Stress built up in the wheel as a result of heat is one factor

. contributing to these wheel failures. Tests conducted under the

Railroad Wheel Research project indicate that one source of heat leading
to stress in the wheels is uneven braking forces within a freight car
braking system. The thermal inputs to wheels resulting from uneven
braking action can vary substantially within a railcar truck and from car
to car. Wheels can easily become severely overheated and fail causing
catastrophic accidents. Since examination of the reasons for and 1imits
of this behavior in the brake system was beyond the scope of the Railroad
Wheel Research project, the participants (Federal Railroad
Administration, Association of American Railroads, and consultants)
concurred that this course of investigation should be initiated as a new
project.

Current Status

This project is a Task Order (28) to be performed at the Transportation
Test Center at Pueblo, Colorado. This task order was signed
September 30, 1986, and work is in preliminary development stages.

Related Research

See: Railroad Wheel Research; Undesired Emergency Brake Applications;
reports from brake shoe performance tests under the Track Train Dynamics
Program; Freight Train Brake System Safety Study, IIT Research
Institute, 1984; and Freight Car Brake Shoe Performance Testing,
American Society of Mechanical Engineers Paper, 1984. Other work has
been published by Westinghouse Air Brake Company and other manufacturers
which should also be useful.

Objectives

The overall objective of this project is to identify and quantify the
reasons for:

a. Braking energy input variations on account of variations in brake
shoe location on the wheel;

b. Wheel to wheel brake force variations within the same truck; and
c. Variations on braking forces due to brake rigging variations.

These findings can then be applied to making brake system 1mprovements'
leading to safer train handling.




Scope

The effects on braking force variations and heat transfer of brake shoe
positioning and friction coefficients will be examined under a variety
of conditions. Differences between types and makes of brake shoes will
also be noted. Rigging types, positioning and components will be
analyzed to determine their contribution to variations in braking force
and to heat buildup in wheels.

Data will be derived from both analytical techniques and testing. The
- sources identified under "Related Research" will provide the starting
point. Data will also be obtained from controlled laboratory
conditions at the Rail Dynamics Unit (RDU) at the Transportation Test
Center (TTC) and from field observations.

Interfaces

AAR/Chicago Technical Center - Program manager, engineers and technical
personnel responsible for dynamometer testing and thermographs of
wheels braked on the dynamometer,

AAR/TTC - Local program managers, senior engineers, engineers and
technicians for RDU and track testing.

Consultants - As required.

Suppliers - Brake shoe and brake component manufacturers, repres-
entatives such as engineers and field service personnel.

Railroads - Possible interface with managers, chief engineers and
technicians.

FRA - R&D Program managers and staff, Office of Safety Maintenance
Programs Division.

Potential Benefits

Upon completion of the work covered by this project, a major
contributing source of overheated wheels, wheel failures, and potential
catastrophic accidents should be better understood. When the potential
benefits of this research are fully realized, implementation should
readily follow through incorporation of the results in new car brake
rigging improvements and through retrofitting of older cars as
occasion dictates.



.;Y Improved Braking System

Cost: $350,000
Schedule: 9/86--7/87

Contractor: Association of American Railroads






12/31/86
Roller Bearing Failure Analysis

Background

Freight car roller bearing failures caused 76 accidents in 1985, with
resulting reported damage of over $12,000,000. Roller bearing failures
frequently cause catastrophic accidents and occur with only minutes of
warning. The number of roller bearing failures has increased in recent
years despite an overall reduction in accidents caused by equipment
failures. This project is to reduce accidents by providing additional
knowledge of the characteristics of failing bearings prior to total
failure, and by deve1op1ng the means for prov1d1ng improved inspection
to detect early warning signs of failure.

The work in this project is being coordinated with the Research and Test
Department of the Association of American Railroads (AAR), with the
major roller bearing manufacturers, and with individual railroads.

Current Status

This is an ongoing research project being conducted with the support of
the AAR, individual railroads, and the major roller bearing manufactur-
ers. Contracts were awarded in 1986.

Related Research

This project relies on the results of bearing failure investigations
conducted on commuter cars in the New York City and Philadelphia metro-
politan areas. The AAR is conducting a complementary program and is
cooperating in this project.

Objective
The objective of this project is to improve operating safety in the

railroad industry by reducing the number of roller bearing failures
which lead to train accidents. This will be achieved by a systematic

identification of failure modes, causal factors, and corrective actions.

Scope

Current tasks underway in this project include a laboratory test of the
consequences of impacts on roller bearing integrity and a field test of
the behavior of press-fit bearing components.

The Taboratory test of impact consequences is being directed by the
Transportation Systems Center (TSC) with support from Ensco, Inc. This
test will study the loads applied to the bearing by impacts such as those
produced by wheel or track irregularities. These 1impacts can be
extremely severe and are believed to be sufficient to cause failure of
roller bearing cages, with subsequent total bearing failure and derail-
ment.



The field test of bearing press-fits is focused on the bearing inner
races, or cones, which are assembled onto the axle using interference
fits. The test will be conducted by the Transportation Test Center (TTC)
and Ensco, Inc. The cones occasionally become l1oose in service and begin
to wear into the axle surface. This condition 1is not outwardly
noticeable or detectable with present inspection methods.

The loosened cones and resulting wear lead to uneven loading of the
bearing thereby accelerating the wear process. Prior testing of
commuter cars and field experience with freight cars indicates that
ultimate thermal failure occurs within minutes after a bearing
experiences jamming or seizes. The field test will be conducted to
document the 1oosening of cones and the ultimate failure behavior under
freight service loads and operating conditions. Bearings with known
defects and substandard fit will be used in this test.

This project provides technical support to the Federal Railroad
Administration Office of Safety Enforcement in monitoring the unusual
bearing behavior observed on double-stack container cars. Large numbers
of bearings have been observed to leak substantial quantities of grease
and concern has arisen that the bearings may eventually fail due to lack
of lubricant. These cars are of a new articulated design and experience
very high mileage use at sustained high speeds. The roller bearings on
these cars are of conventional design and according to normal practice no
lubricant is added throughout the operating life of the bearing on a
given wheelset.

Interfaces

This project is conducted cooperatively with the AAR's Research and Test
Department, with individual participating railroads, and with roller
bearing manufacturers. Coordination is maintained with the FRA Office
of Safety Enforcement.

Potential Benefits

This project will result in a reduction in the number of accidents by

providing improved detection of defective roller bearings prior to total
failure and derailment. This will occur through better understanding of
the causes of bearing defects and the characteristics of failing
bearings. Documenting the characteristics of fa111ng bearings will
allow the development of more effective inspection equipment and methods
so that railroads will not have to rely on the few minutes of warning
provided by conventional hotbox detectors. It is anticipated that the
results of this research will be used voluntarily by the railroads and
suppliers. A subsequent review will be made to determine if further
action is required.

L



Roller Bearing Failure Analysis

Laboratory Test of Impact Consequences
Cost: Prior year funding only. No FY 1987 funds.
~ Schedule: 7/87
Contractor: Transportation Systems Center
Ensco, Inc.
Field Test of Press-Fit Failures
Cost: $125,000 FY 1987 plus prior year funds
Schedule: 3/88
Contractor: Transportation Test Center
Ensco, Inc.

Participating railroads
Bearing manufacturers

Monitoring of Double-Stack Bearings

’ Cost: $35,000 FY 1987

Schedule: 12/88

Contractor: Ensco, Inc.






12/23/86

Stuck Brake Detection Device
Background

When railroad freight car brakes do not release, they cause the
wheels to which they are applied to drag in a moving train. Such a
"Stuck Brake" condition causes wheels to overheat, which may produce
sufficient stress to cause the wheel to break. Damaged and broken
wheels cause train accidents and are a major safety concern to FRA
and railroads. In an effort to keep such accidents to a minimum,
railroads are spending millions of dollars annually replacing wheels
which show evidence of overheating. However, existing criteria for
wheel replacement is suspected to require wheel replacement more
frequently than necessary. Major railroads also have hot wheel
detectors on main lines to detect problems early. Therefore, a
cooperative wheel research program funded by the Federal Railroad
Administration and the railroad industry was begun in 1983 to
establish better requirements for wheel removal. ‘

The development of a stuck brake detection device was conceived as a
way of identifying the cause before wheels are damaged and become a
safety problem. The concept is to detect dragging wheels with stuck
brakes as an assembled train leaves a yard. When detected, the
brakes can be released with 1ittle or no damage to wheels.

Current Status

A breadboard Stuck Brake Detection Device was satisfactorily tested
at the Transportation Test Center (TTC) at Pueblo, Colorado, in the
spring of 1985. A preprototype processor has been designed, built,
and programmed. The device is being tested (November 1986 - January
1987) at the Richmond, Fredericksburg and Potomac (RFP) Railroad's
Potomac Yard in Alexandria, Virginia. Results from the test will be
analyzed and a final report is expected to be completed by April
1987.

The device has successfully demonstrated that stuck brakes or hand
brakes not released can be detected. The device is only in a pre-
prototype configuration and is not a developed item ready for
production. Other potential applications for this device,
consisting of rail sensors, microprocessor, and radio voice
transmitters, are as a gross ton accumulation record, excessive axle
weight alarm, a car weighing record, a truck (axle) misalignment
detector, and a locomotive motive power malfunction detector.

Rg]ated Research

In the background Section 1, above, reference is made to a related
research project on wheel replacement. That project emphasizes the
determination of replacement criteria after the problem of
overheating the wheels has taken place. This project is directed

 toward eliminating the situation of wheel overheating before it

becomes alproblem.

\



Objective

The objective is to demonstrate that it is possible and economically
feasible to detect stuck brakes early, when a train is pulling out of
a yard, thereby eliminating the problem of overheated wheels and the
threat of a derailment from this cause.

Scope

The Stuck Brake Detection Device will detect dragging wheels with
stuck brakes or a partially released hand brake as an assembled train
Teaves a yard. The device design consists of two parts, the sensors,
and the processor. The sensors in this case are two parallel 18"
long rail sections inserted into the running track, each machined so
that the wheel loads are supported by two vertical beams within the
rail section. Strain gages on the vertical beams are used to sense
vertical, lateral, and longitudinal forces independently. The force
signals are sent to the processor to interpret the loaded track
condition. The processor must distinguish small brake drag forces
from large locomotive thrust and axle torsion forces. It also per-
forms axle counting and corrections for mechanical thermal
variations and long term electronic signal drift. The processor
will be capable of independently calling the locomotive engineer
and/or yard personnel by radio and telling them that, for example,
axles 24 and 65 have stuck brakes.

Interfaces

Ensco, Incorporated, the engineering support contractor, took the
rail test sections previously fabricated and developed sensors and
the signal processing unit. A breadboard configuration was tested
at TTC. The RF&P Railroad, Potomac Yard, Alexandria, has agreed to
test the device on a departure track of the yard. The RF&P has
provided the test site, space for and power to the instrumentation
trailer, track installation with the instrumentation test sections
being in and taken out several times, suggestions in operational use
of the device, and direct support and involvement in the final test
of the device. The Office of Safety Enforcement has been informed of
the progress made to date with this device.

_ Potential Benefits

Since it has been shown that the Stuck Brake Detection Device will
accomplish the objective of detecting dragging brakes early, it will
provide railroads with a safer operation, reduce unncessary
equipment losses because of failure, and lower operating costs
through reduced drag.

The device though not fully developed can quite easily be brought to
fruition, now that the pre-prototype version has proven the
practicality of the device. Final reports indicating the results
obtained thus far will be published and disseminated to the
Association of American Railroads, railroads, and suppliers that may
be interested in further developing and deploying a similar device.



device. It has been developed on Government funds and is 1icensable

| It has not been determined if there is anything patentable in this
. as discussed with a DOT patent attorney.



. Stuck Brake Detection Device

1. Schedule:
June 1984 - April 1987

2. Cost:

Ensco, Inc. $264,000

Transportation Test Center 97,000
TOTAL $361,000

Industry Support: RF&P Railroad, Potomac Yard, has provided
support to the current test at no cost to FRA






1.

12/29/86
Undesired Emergency Br@ke Applications
Background

Undesired emergency (UDE) brake applications have been a problem for the
railroad industry almost since the inception of the air brake. Many
railroads and air brake suppliers have performed research in this field,
but due to the sporadic and seemingly random nature of UDE's, their
efforts have been unable to provide adequate solutions.

Any brake application is expected to result in an on-track stop.
However, emergency applications, particularly undesired emergency appli-
cations, result in unpredictable track-train interactions and in-train
forces that cannot be controlled by the engineer. Unintended emergency
application of the brake system caused by a malfunction of brake system
components are the cause of derailments and sudden 1oss of train control.
The UDE may recur more than once during a train's travel to its destina-
tion, placing the railroad system in repeated high-risk situations. An
UDE may uncontrollably stop a train and prevent further movement of the
consist while on mainline track, across turnouts or crossings, and may
interfere with signals, block patterns, or other system safeguards.
While the number of UDE's reported to FRA under cause codes 405 and 405L
- Brake Valve Malfunction (undesired emergency application) is small,
i.e., seven in 1984 and eight in 1985, those numbers do not represent the
many UDE's which occur at accident severity levels below the FRA

. reporting threshold. Nor do those numbers include occurrences that were

attributed to a more specific brake system component failure cause code.
The undeterminable nature of the UDE's has generated increased concern
to railroads transporting hazardous materials and operating at higher
traffic densities. Previous research has been done independently by
railroads experiencing high UDE incident rates. Lack of information on
vehicle maintenance and operating histories, nonownership of affected
rail cars, and the broad range of operating conditions have contributed
to minimal success. This project will set a uniform, industry-wide
approach to resolution of UDE safety problems.

Current Status

Under the Track Train Dynamics Program - Phase III, a Task Order provides
for the Investigation of the Occurrence of Undesired Emergency Brake
Applications. This task, approved September 30, 1986, has just begun.
Complementary funding for this project is $250,000.

Related Research

A portion of this project 1is -to seek and bring together available
research performed by independent parties such as the Union Pacific RR,
the Canadian National RR, and brake system suppliers. The results of
that research and methodologies used will be reviewed for possible use in
a uniform approach to resolution of UDE occurrences. Recent testing by
AAR has provided improved in-train UDE locating devices for fsolating
affected rail cars and has some cause categories for further study which
may be helpful in a more detailed evaluation of this safety problem.



Objective

The objective of this project is to determine the probable causes of
unexplained and undesired emergencies through the use of computer
studies and field tests and then to make recommendations to railroads and
the supply industry concerning corrective action to be taken.

Scope

With the cooperation of six to twelve railroads, a study will be made to
identify those cars that have been involved in at least five UDE's. A
computer data base will be developed and used to examine and determine if
any patterns of UDE occurrence exist that are related to car types, types
of valves, lengths of brakepipes, etc.

Some cars involved in UDE will be inspected by qualified AAR personnel on
railroad property in an effort to determine UDE cause and select a
limited number of the UDE-prone cars for further testing at TTC. Train

tests will then be performed at TTC with UDE-prone cars placed in various

positions in the train. Operation will be under typical conditions in an
attempt to determine if UDE's can be duplicated. When a UDE does occur,
cause and any trend will be identified and documented. In addition,
stationary vibration tests will be conducted for further examination of
possible cause. Individual air brake valves will be thoroughly tested
and tear down inspections performed.

Interfaces
AAR - Project manager, staff engineers, technicians.

Industry/Railroads - Managers, engineers, shop foremen, testers, and
laborers. ‘

Suppliers - Managers, engineers, and technicians

Government - FRA/R&D staff and program managers, Office of Safety
Maintenance Programs Division

Potential Benefits

This program is the most systematic research yet undertaken to solve an
important railroad industry safety problem. In the context of increased

movement of hazardous materials, this problem has great emphasis.

The probability of identifying the causes for UDE's is good. When they
are identified, the particular components, operating parameters, or
other anomalies causing UDE can be redesigned if necessary, changed or
adjusted to implement the results of the research.



Undesired Emergency Brake Application

‘ Cost:

FRA $124,000
AAR $250,000

Total $374,000
Schedule: 9/86 - 10/88

Contractor: Association of American Railroads
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January 29, 1987 ‘ Scharr:366-0454

ACTION: High Speed Passenger Service
(FiTe 6325.6)

Richard L. Scharr
Task Monitor

Arne J. Bang
Program Coordinator

Since the "Prospectus" on our current and future projects was recently
written, the January 1987 TRB Conference has taken place. I have corrected
the "High Speed Passenger Service" project write-up (attachment) and ex-
tensively rewritten Section 3., Related Research, based on information
gathered from this conference. , ‘

Additional information will be gathered on this potential project area.
With. Florida issuing their RFP for a franchised system this month, it is

. hard to believe that any of several proposers would submit their proposal
in about a year without some additional safety regulations for high speed

systems "on the books" (CFR). FRA has stated at the June 1986 High Speed
Rail Conference that there will be Federal involvement in these state

projects. It was restated at the Conference in one of the papers
" presented.

- cC: M. C. Gannett

W. R. Paxton

L//ﬁ. L. Krick



01/15/87
High Speed Passenger Service

Background

Today, Canada and the United States are considering high speed rail
projects in more than 17 states and provinces. Two of these projects
(Los Angeles-Las Vegas and Miami-Orlando) include trade-offs between
rail and magnetic levitation (MAGLEV) vehicles. There are no U.S.
developed trains or vehicles being considered. There are none
available. All have been developed to foreign national standards to
operate in non-U.S. environments. No U.S. standards exist that
specifically address maintaining safety at the high speeds being con-
sidered. Passenger equipment requirements, as stated in U.S. Code of
Federal Registration (CFR), do not specifically address high speed
passenger equipment safety requirements. Track standards only address
speeds up to 110 mph. The high speeds to be considered in this effort
are in the range of 125-200 mph for wheels on rails, and 200-300 mph
for non-contact requirements (MAGLEV). Before CFR-type requirements
can be specified, a major dinvestigation must be organized and
undertaken.

Some initial work was done on the potential problems of new passenger
equipment in the mid-1970's by the Office of Research and Development.
It was called the Improved Passenger Engineering Evaluation Program
(IPEEP). This initial effort was completed in 1978. It was simple,
but extensive, an effort to identify, categorize and evaluate (first
look) what high speed trains and equipment were available and in
development. Another source of information is the High Speed Rail
Association, organized in 1983 to promote the expansion of high speed
rail passenger service. This is a group of individuals, unions, and
corporations who share an interest in furthering the development of
high speed rail passenger transportation systems, including MAGLEV.

None of the foreign high speed trains and equipment have been demon-
strated in the United States. Production trains are being built in
Japan, Germany, France and Italy. Experimental MAGLEV vehicles are
running in Japan and Germany. The German MAGLEV passenger vehicle may
be considered to be in the developmental stage.

Current Status

This effort is a renewed initiative to pickup where IPEEP stopped,
bring that study up-to-date, collect information that has been
gathered since by the Transportation Research Board Committees,
identify where the safety issues require more study, test and
evaluation, and safety requirements formulation. The effort should
immediately branch into contact (wheel/rail) and non-contact (MAGLEV)
investigations. There are no commitments made or received from any
organization. However, with so much U.S. and worldwide effort going
on, a ready-made audience is available to explore safety issues.



Related Research

The IPEEP reports are extensive and are available for review in the
Department of Transportation’'s 1ibrary, and for purchase through the
National Technical Information Service. The University of Carnegie-
Mellon Transportation Center has the IPEEP reports which are now dated
and plans to update this information as it becomes available. The
National Academy of Science/Transportation Research Board (TRB)
Committee on Intercity Passenger Guided Transportation (A2M05) formed
a safety subcommittee to gather, assimilate, and distribute safety
related information. The Subcommittee has four subgroups:
track/guideway, vehicles, systems (control, communications, signals,
electrification), and operations.

Another subcommittee under A2MO5 has recently completed a working
paper (implying that it is a strawman from which to proceed)
considering the technology areas and work needed associated with high
speed intercity passenger guided transportation. The matrix includes
fixed plant, rolling stock safety, environment, operations and
maintenance, personnel, and systems engineering/economics. Those -
states (principally Pennsylvania, Ohio, Texas, Florida, California,
and Nevada) studying the use of high speed passenger service have
contracted for extensive economic, technical, and operational
feasibility studies and analysis. Florida has just issued (January
1987) an RFP for the Florida Franchise System, which will run between,
in general, Tampa, Orlando, and Miami. Initial proposals will be
submitted around March 1988 and after several complicated steps, a
franchise award is expected in 1990 with initial operations to begin in
1995.

Objective

The objective of this project is to provide the technical bases upon
which safety requirements for ultra-high speed (125-200 mph) and super
high speed (200 mph and higher) passenger vehicles and trains can be
determined.

Scope

This project will consist of information gathering on worldwide
existing equipment and safety requirements, identifying missing
elements and information, identifying U.S. needs, and specifying what
test and evaluation must be done before the technical bases for safety
requirements can be determined. FRA will scope, plan and specify
funding requirements for tests and evaluations. The project will be a
competitive procuremént placed with a contractor who has no conflict
of interest. This contractor will call upon the consultants and
organizations that have the expertise to provide the desired
information. A small government/industry steering committee
consisting of FRA/AAR/unions, and possibly the National Academy of
Science/Transportation Research Board Committees should be established
early to critique the scope and direction, and to review progress.
Within FRA the Offices of Research and Development, Safety



Enforcement, and Safety Analysis should be active participants. There
will be tests identified for safety evaluation. Identification of
what needs to be tested and the funding mechanisms will be conducted
under this project. Oversight of the test projects and analysis of the
results of the safety tests that are conducted will be evaluated in
this effort.

Interfaces

A contractor will be selected competitively to assist FRA in
conducting this study. Also a Government/industry steering committee
should be formed to provide overall guidance and review of results.
Within FRA all three offices within the Office of Safety will be
involved: Office of Research and Development, Office of Safety
Enforcement, and the Office of Safety Analysis.

. . Potential Benefits

The potential benefits are safe deployment of high speed passenger
surface transportation in the U.S. Only the economic viability of new
high speed transportation will bring about the actual development and
deployment of a system. The results of this project, including safety
evaluation tests, will be disseminated to any appropriate committees,
industry and union groups, and the Office of Safety Enforcement.
Recommendations may be made, as well as changes or additions to FRA or
industry rules, that may be needed to accommodate changing
technologies, while assuring their consistency with sound safety
practices. The project results will provide timely support to the
issuances of notices of proposed rulemaking should that be a
determination as a result of the findings.

Prepared by: Concurrence:
Contracting Officer's Date Director, Office of Safety Date
Technical Representative Enforcement
Approval: Concurrence:
Division Chief ‘Date Director, Office of Safety Date
Analysis
. Concurrence: Approval:
OR&D Program Coordinator Date Associate Administrator Date

Approval:
Director, Office of Date
Research and Development

for Safety



High Speed Passenger Service

. Cost: $1,000,000 (does not include testing)

Schedule: 9{88 - 9691
Contractor(s): To be determined
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High Speed Passenger Service bf)ﬁ%k%ﬁﬁd

Background

Today, Canada and the United States are considering high speed rail
projects in more than 17 states and provinces. Two of these projects
(Los Angeles-Las Vegas and Miami-Orlando) include trade-offs between
rail and magnetic levitation (MAGLEV) vehicles. There are no U.S.
developed trains or vehicles being considered. There are none
available. Al1l have been developed to foreign national standards to
operate in non-U.S. environments. No U.S. standards exist that
specifically address maintaining safety at the high speeds being con-
sidered.. Passenger equipment requirements, as stated in U.S. Code of
Federal Registration (CFR), do not specifically address high speed
passenger equipment safety requirements. Track standards only address
speeds up to 110 mph. The high speeds to be considered in this effort
are in the range of 130-180 mph for wheels on rails, and 180-300 mph
for non-contact requirements (MAGLEV). Before CFR-type requirements
caE be specified, a major investigation must be organized and under-
taken.

Some initial work was done on the potential problems of new passenger
equipment in the mid-1970's by the Office of Research and Development.
It was called the Improved Passenger Engineering Evaluation Program
(IPEEP). This initial effort was completed in 1978. It was simple,
but extensive, an effort to identify, categorize and evaluate (first
- Took) what high speed trains and equipment were available and in
development. Another source of information is the High Speed Rail
Association, organized in 1983 to promote the expansion of high speed
- rail passenger service. This is a group of individuals, unions, and
corporations who share an interest in furthering the development of
high speed rail passenger transportation systems, inciuding MAGLEV.

None of the foreign high speed trains and equipment have been demon-
strated in the United States. Production trains are being built in
Japan, Germany, France and Italy. Experimental MAGLEV vehicles are
running in Japan and Germany. The German MAGLEV passenger vehicle may
be considered to be in the developmental stage.

Current Status

This effort is a renewed initiative to pickup where IPEEP stopped,
bring that study up-to-date, identify where the safety issues require
more study, test and evaluation, and safety requirements formulation.
The effort should immediately branch into contact (wheel/rail) and
non-contact (MAGLEV) investigations. There are no commitments made or
received from any organization. However, with so much U.S. and world-
wide effort going on, a ready-made audience is available to explore
safety issues.



Related Research

The IPEEP reports are extensive and are available for review in the
Department of Transportation's 1library, and for purchase through the
National Technical Information Service. The High Speed Rail
Association has a committee categorizing equipment and component
issues as to what is generally known and feasible at various speeds.
Those states studying the use of high speed passenger service have
contracted for extensive economic, technical, and operational
feasibility studies and analyses.

Objective

The objective of this project is to provide the technical bases upon
which safety requirements for high and ultra-high speed passenger
trains can be determined.

Scope

This. project will consist of information gathering on worldwide
existing equipment and safety requirements, identifying missing
elements and information, identifying U.S. needs, and specifying what
test and evaluation must be done before the technical bases for safety
requirements can be determined. FRA will scope, plan and specify
funding requirements for tests and evaluations. The project will be a
competitive procurement placed with a contractor who has no conflict
of interest. This contractor will call upon the consultants and
organizations that have the expertise to provide the desired
information. A small government/industry steering committee
consisting of FRA/AAR/unions, and possibly the National Academy of
Science/Transportation Research Board should be established early to
critique the scope and direction, and to review progress. Within FRA
the Offices of Research and Development, Safety Enforcement, and
Safety Analysis should be active participants. There will be tests
identified for safety evaluation. Identification of what needs to be
tested and the funding mechanisms will be conducted under this
project. Oversight of the test projects and analysis of the results of
the safety tests that are conducted will be evaluated in this effort.

Interfaces

A contractor will be selected competitively to assist FRA in
conducting this study. Also a Government/industry steering committee
should be formed to provide overall guidance and review of results.
Within FRA all three offices within the Office of Safety will be
involved: Office of Research and Development, Office of Safety
Enforcement, and the Office of Safety Analysis.



Potential Benefits

The potential benefits are safe deployment of high speed passenger
surface transportation in the U.S. Only the economic viability of new
high speed transportation will bring about the actual development and
deployment of a system. The results of this project, including safety
evaluation tests, will be disseminated to any appropriate committees,
industry and union groups, and the Office of Safety Enforcement.
Recommendations may be made, as well as changes or additions to FRA or
industry rules, that may be needed to accommodate changing
technologies, while assuring their consistency with sound safety
practices. The project results will provide timely support to the
issuances of notices of proposed rulemaking should that be a
determination as a result of the findings.

Prepared by: - Concurrence:

Contracting Officer’'s Date Director, Office of Safety Date

Technical Representative Enforcement

Approval: Concurrence:

Division Chief Date Director, Office of Safety Date
Analysis

Concurrence: Approval:

OR&D Program Coordinator Date Associate Administrator Date
for Safety

Approval:

Director, Office of Date

Research and Development



High Speed Passenger Service

Cost: $1,000,000 (does not include testing)
Schedule: 9/88 - 9/91

Contractor(s): To be determined
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Quick Response Safety Research Vehicles,
Track, and Components

Background

The Office of Safety has responsbility for accident investigation,
railroad safety, regulations and guidelines. In many cases, the
necessary information is not readily available and timely technical
support is required. This project provides a quick response task order

. contract to perform safety research pertaining to railroad vehicles,

track, and components. These tasks will typically involve railroad
safety concerned with vehicles or components such as wheels, bearings,
or brakes and track or track components such as rail, ties, fasteners, or
subgrade.  This work provides the capability to perform tests, or
analyses, or conduct studies to respond rapidly to requests from the
Congress, the National Transportation Safety Board, the Offices of
Safety Enforcement and Analysis or other concerned agencies. *

Current Status

The contract to perform this work was recently awarded. The only task
assigned to date is the management task which provides 800 manhours of
management functions to be expended through the duration of the
contract. Subsequent tasks will be assigned when the requirements for
specific tasks are known or when so directed by authorized agencies or
individuals.

Related Research

The type of work to be performed and the methods of execution under this
program will be similar to that provided by I1linois Institute of
Technology Research Institute under a similar contract that will expire
in February 1987.

Objective

The primary objective of the overall task order contract is to provide
technical support to FRA's Office of Research and Development in its
function of making technical recommendations concerning railroad safety
that may have influence on guidelines, regulations, and emergency
orders.

Scope

Within the scope of the preceding objective, the contractor will provide
on a task order basis, the personnel, materials, and facilities to
develop a research plan to conduct the appropriate study, analyze the
data collected and draw conclusions from the data, and make
recoomendations to the FRA. Tests and analysis of railroad vehicles,
track, or their associated components will be performed in the context of
safety performance issues.



Interfaces

AAR - Program managers, senior engineers, engineers and test personnel
at both Technical Center in Chicago and Transportation Test Center in
Pueblo.

Railroads - General managers, senior engineers, test personnel, shop and
yard employees.

Suppliers - General managers, engineering personnel.

- FRA - Office of Research and Development staff; 0ff1ce of Safety

Maintenance Programs Division.
Potential Benefits

Quick response action will be provided for resolution of safety issues
and problems confronting the railroad industry. A high potential exists
for a reduction in the number of accidents, fatalities, injuries, and
property damage. Implementation of the results of this program will be a
function of the particular research performed. Once required research
is identified, an implementation plan can be designed and executed. The
research could result in support for waivers or other regulatory action
or be implemented voluntarily by the industry.



. Quick Response Safety Research Vehicle, Track, and Components

Cost: $688,948
Schedule: 9/86--10/88

Con.tractor: Battelle; Columbus, Ohio
i
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12/30/86
Locomotive Control Compartment and Crashworthiness

Background

There are a significant number of injuries to railroad crew members
in locomotives due to collisions with highway vehicles at grade
crossings. Between the years 1979 and 1985, there were 789 crewmen
injured and 14 crewmen killed at grade crossing accidents.
Statistics on those killed or injured in collisions and derailments
are not readily available. The Locomotive Control Compartment
Committee (LCCC), established in 1971, consisting of representatives
of the Brotherhood of Locomotive Engineers, United Transportation
Union, Association of American Railroads, Union Pacific Railroad,
and the Federal Railroad Administration, has been investigating the
possibility of making safety improvements to the arrangements of
equipment in the control compartment and to the locomotive cab's
crashworthiness. A number of studies were done on cab safety in the
1970's and early 1980's. Unconventional and radically different
equipment and cab structures, compared to those on today's freight
Tocomotives, were proposed; and, mockups--models were built. The
Canadian National Railroad (CN) had the Diesel Division of GM Canada
build locomotives with full width, thicker steel short hoods and
stronger collision posts (Model SD50F, SD60F). Because of the
movement to remove cabooses from trains, it has become desirable to
design locomotives with additional crew space for additional train
crew members and the equipment formerly carried in cabooses. A
prototype expanded cab has been designed and built for the Seaboard
System several years ago although a safety assessment was never

Aapp]ied in the context of present studies.

Current Status

A draft "straw-man" test plan has been prepared for the conduct of a
comparative test at TTC between an existing U.S. road locomotive
with conventional short hood, collision posts, and cab arrangement,
and SD50F type collision posts and cab arrangement. Both locomo-
tives have been provided by the Union Pacific Railroad (UP). This
test plan is presently being reviewed by the LCCC and may be modified
as a result of review and will also be dependent upon a formal Safety
Inquiry concerning locomotive crashworthiness to be held in 1987.

Related Research

A number of studies, analyses, tests, and mockups were performed in
the 1970's. The organizations associated with this previous
research were:

Boeing Vertol

Stanford Research Institute (SRI)

Calspan Corporation

ElectroMotive Division (EMD), General Motors (GM)
General Electric (GE)



o Dynamic Sciences '
o Illinois Institute of Technology Research Institute
o National Space Technology Laboratories

An excellent bibliography identifying some of this work is located
in the appendix of "Analysis of Locomotive Cab," Report DOT/FRA/ORD-
81/84 (PB 83150631). Locomotive collision testing was reported by
EMD in 1972 on SD 40 and E-7 locomotives to show collision effects at
slow (30 mph) speeds.

Locomotive-caboose collision tests were performed to determine
impact effects by DOT/FRA at TTC in 1975.

SRI analyzed .Boeing Vertol studies, conducted scale model
Tocomotive-caboose impact tests, and recommended a slant-nosed
(inclined deflection shield) cab design. Scale models were used to
develop a locomotive cab structure that would protect the train crew
in a train-to-train impact. Two cab designs were developed: a
complete cab structure weighing 12,000 pounds that included an
inclined shield nose and a cab structure; and, a Tlightweight
inclined deflection shield weighing 4,000 pounds that replaces the
short hood on road switcher locomotives. One-fourteenth scale
experiments were performed with both cab structures in which a
caboose or a caboose and a loaded hopper car struck the locomotive
above the coupler Tine at the deflection shield. The experiments
showed that both structures would protect the train crew but that the
lightweight shield produces a better overall response. A series of
1/20 scale experiments were also performed to determine the path of
freight cars that were deflected over the Tlocomotive by the
lightweight shield.

GE and EMD designed and built full-scale mockups of the clean cab
design. The clean cab design is limited to the control console area
and equipment in the cab and not to the structural strength of the
nose and cab.

Objectives

The objectives are to improve locomotive crashworthiness, control
compartment equipment arrangement and egress thereby reducing
railroad crew injuries and fatalities attributed to poor design.

Scope

The Locomotive Control Compartment and Crashworthiness project
consists of modifying a Union Pacific Railroad provided scrap road
locomotive's nose, cab, and control console area with specified
crashworthy improvements. A strength test and a collision test will
be conducted at TTC to determine the estimated survivability of the °
modified configuration as compared to an unmodified locomotive cab
and nose. ‘



Interfaces

The LCCC committee has assisted FRA in the planning of studies
directed toward improving the occupant safety of the cab and crash-
worthiness of the Tlocomotive. This committee recommended a
comparative test and has been apprised of the progress to date on
this project. Also participating at various meetings of the above
committee have been GE and EMD locomotive manufacturers' representa-
tives. Contacts have also been made with the Diesel Division of GM,
Canada to obtain cab features of the SD-50F locomotive cab. Contacts
are also being maintained with the Canadian National Railroad
concerning their experience with the new cab.

7. Potential Benefits
The results of a locomotive cab comparison test that demonstrate the
effectiveness of proposed safety improvements will be disseminated
to the LCCC, AAR Mechanical Division, the manufacturers, and the
Office of Safety Enforcement. Recommendations may be made
suggesting changes or additions needed in FRA or industry rules
needed to accommodate changing operating practices and technologies
that assure consistency with sound safety practices. The research
results may also.support the issuance of a notice of proposed rule-
making in one or more areas concerning the cab nose and compartment,
control console and equipment in the cab, anticlimb devices,

‘ couplers, locomotive centersill strength, etc.

Prepared by: Concurrence:

Contracting Officer’s Date Director, Office of Safety Date

Technical Representative Enforcement

Approval: . Concurrence:

Division Chief Date Director, Office of Safety — Date

Analysis
Concurrence: Approval:
OR&D Program Coordinator Date Associate Administrator Date
for Safety
Approval:
Director, Oftice of “Date

Research and Development



. ’ Locomotive Control Compartment and Crashworthiness
Cost: $656,166
Schedule: 5/87--11/89

Contractor: Association of American Railroads, Transportation Test Center
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Railroad Employee Safety

. .1. Background

Motivational techniques have been the center piece of various manage-
ment styles in a variety of industries over the past twenty years (or
more) to dimprove productivity, to reduce machine and merchandise -
damage, and to reduce accidents and injuries to employees.

The current project grew out of pilot studies on the Southern and
I1linois Central Gulf (ICG) Railroads designed to improve employee
safety performance using motivational techniques. Over an 8-month
period (June 1982 - February 1983), the study showed 41 percent and 49
percent reductions respectively in observed unsafe behavior as a result
~of using the techniques to be demonstrated in this effort. Discussions
leading to initiation of this FRA/AAR joint effort began in late 1983
and the contract was executed in September 1985.

The primary railroad participants are the Burlington Northern (BN) and
the Duluth, Missabe and Iron Range (DMIR). The BN was targeted to be
-one of the participating railroads to reinforce the goals of the Safety
Assessment that was performed by the Office of Safety Enforcement in
1984. 1In addition, the ICG sits on the study coordinating committee in
an advisory capacity and is expected to provide some assistance in
training and data evaluation. The participating railroads evolved from
discussions within the AAR Safety Steering Committee, and are

volunteers in the program. Other railroads expressed interest but
. because of the length of time involved in getting the project under

contract decided to be observers only. Other railroads considering
participation were Chessie, Chicago and North Western (C&NW), and the
Unjon Pacific (UP).

2. Current Status

The Safety Program Inventory to determine perceptions of each
railroad's safety program at various employee levels has been complieted
and the data are being analyzed. Safety personnel have been trained to
gather information on safe and unsafe behavior on the BN and
observations are underway. This activity will begin in March 1987 on
the DMIR. Supervisor training in motivational techniques is scheduled
for January 1987 on the BN.

3. Related Research

See "Background." Also, substantial work has been done to define the
proper way to do many tasks such as mounting and dismounting a railroad
car or throwing a switch. One example is, "Human Factors in Railroad
Operations: Initial Studies,” TSC, 1972.



Objectives

a. To clearly demonstrate the value of the management, training, and
motivational techniques to be used for improving the effect1veness
of railroad employee safety programs.

b. To document the approach, in the railroad environment, sufficiently
to permit and encourage other railroads to use these techniques.

c. To improve the effectiveness of safety programs on the partici-
pating railroads, particularly the BN.

Scope

The projected study is divided into two phases. Phase I consists of an
exercise during which data is collected from a sample of the partici-
pating railroad’'s employees concerning perceptions of their railroad's
safety program, policy and performance. Phase II includes observations
and recording of safe and unsafe employee behavior, supervisory
training and implementation of the behavior modification techniques.

The study is proposed to run simultaneously on the two railroads, each
setting up a "control" and "experimental" group of employees. Only the
experimental group will be exposed to the behavior modification
techniques. Recordings of unsafe acts will be made by observing both
groups of employees at work before and after the experimental group's
exposure to the techniques. There will be two cycles of training and
observations at six-month intervals. The difference in the experi-
mental group's performance after exposure will prov1de the measure of
success of the applied techniques.

Interfaces

The study is being conducted under the scrutiny of the AAR Safety
Steering Committee. In addition to involving the management of the
participating railroads, local labor representatives have been briefed
concerning the purpose and structure of the study.

Potential Benefits

a. The availability of a methodology for improving safety performance
that has been demonstrated and documented in the railroad environ-
ment. :

b. Improved employee safety performance on the participating rail-
roads.

¢. Through the Safety Steering Committee, it is anticipated that once
demonstrated, the methodology will be incorporated into the safety
management of other railroads.



Railroad Employee Safety

. Cost:

FRA: $221,442
AAR/Railroad: $747,618

Schedule: 09/85 - 03/88

Contractor: Association of American Railroads, Safety and Operating Rules
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Train Dispatching Practices

Background

As a result of railroad mergers, reorganizations, and consolidations,
more trains are moving over fewer lines. In high-volume territory,
this situation will substantially dincrease the workload of
dispatchers. Further, dispatching territories are being consolidated
resulting in larger areas of responsibility for each dispatcher. Some
railroads are installing or experimenting with high technology
communications and control equipment that will present even greater
challenge.

Computer dependent centralized traffic control (CTC) systems have been
one key to the consolidation of dispatcher territories. Advanced
Train Control Systems (ATCS) are receiving great attention in Canada
and in the United States through the Railway Association of Canada and
the Association of American Railroads (AAR). The Union Pacific
Railroad (UP) is actually operating 183 miles of experimental ATCS
territory. The Burlington Northern Railroad (BN), in conjunction with
Rockwell International, 1{s experimenting with a system using
satellites to identify train location. This sytem is currently called
the Advanced Railroad Electronics System (ARES). The Chessie and
Guilford Systems are looking at similar approaches.

The ATCS, ARES, and similar systems are, at best, in the experimental
stage. Depending on whose level of optimism is most accurate, they are
from four to ten years from being fully operational on the 1ines where
their sponsoring railroads expect to use them. This provides FRA
sufficient, but not excessive, time to examine the safety implications
of those systems as they evolve. Such an approach is both more
efficient and more desirable than having to respond to waiver requests
or rule change requests with insufficient data or analysis for
guidance.

Even without considering the implications of ATCS, ARES, and similar
systems, substantial changes have occurred in train dispatching
operations since the last time FRA examined this safety-critical rail-
road function in a reasonably comprehensive manner. The report, "An
Analysis of the Job of Railroad Train Dispatcher,” was prepared by the
Transportation Systems Center (TSC) for FRA in 1974. It was a rather
thorough examination of dispatcher functions as they existed at that
point in time and contained ten recommendations for FRA action and four
recommendations for railroads. Developments since then on CTC, ATCS,
ARES, and the control centers for those systems is, at least in part,
responsive to the recommendations relating to the use of automation
and improved conditions in the work place. There is, however, 1ittle
evidence of response to the recommendations concerning aptitude,
knowledge, skills, training, stress, and physical and mental health
having been attempted.



Investigations continue to identify dispatchers, or those who report
to a dispatcher, as causing or contributing to the cause of an
accident. In some idinstances, their actions or 1lack thereof,
contribute to the severity of an accident rather than the cause.
Selected report titles are listed under Related Research.

Since the decisions of the dispatcher are a key ingredient in safe and
efficient railroad operations, it is appropriate to ensure that such
decisions are: made on the basis of accurate information received when
needed; not wunduly influenced by counterproductive stressful
situations; and, accurately transmitted to operating personnel in a
timely manner. It is also necessary to ensure that the dispatcher is
properly trained to perform his tasks in the environment and with the
equipment assigned.

Current Status
This is a new initiative, proposed to begin during FY 1987.
Related Research

An Analysis of the Job of Railroad Train Dispatcher, TSC, 1974;
Evaluation of Technologies for Advanced Train Control Systems, ARINC
Research Corp., 1985; Discussion Paper, Basic System Architecture for
Advanced Train Control System, ARINC Research Corp., 1985; Advanced
Railroad Electronics System, a briefing, with handouts, by Burlington
Northern Railroad and Rockwell International, December 1986; other
ATCS and ARES information, as it becomes available; the findings of the
Special Safety Inquiry on Radio Communications scheduled for the end
of January 1987 will also be relevant; as will the findings of several
National Transportation Safety Board railroad accident reports. Some
of the more recent reports are: RAR-86/03; RAR-85-13; RAR-85/12; RAR-
85/09; RAR-85/06; SIR-85/01; and, RAR-83/02.

The proposed Signals and Train Control project is also expected to
provide a useful source of data.

Objectives

The broad goal of this project is to provide for safer train operations
in all aspects where the dispatcher function is involved. The more
specific objectives are: -

a. To provide the basis for FRA decisions concerning potential waiver
of rules or rules changes (particularly, 49 CFR Parts 220, 228,
233, and 236), or the issuance of new rules that may be needed as
the technology of and management approach to train control change.

b. To determine the knowledge, skills, and ability needed by
individuals to safely and efficiently perform the dispatcher
function under both current and anticipated future railroad
operating scenarios.



c. To develop aptitude screening tests for selecting candidates for
the job of dispatcher.

d. To develop standards for dispatcher training programs and both job
knowledge and skill tests to ensure that the training has been
successful.

e. To evaluate areas of dispatcher stress and develop recommendations
for mitigation therefrom.

" ANl findings and products of this project not translated into rule-
making would be recommended to railroad management for voluntary use.

Scope

Considerations of hardware reliability, function, applicability, and
integration are expected to occur in the Signals and Train Control
Project. This project will concentrate on the operating practices and
human factors implications of both existing and future approaches to
train control as they affect railroad safety.

To achieve the stated objectives of the project, the findings of the
work cited under related research will serve as a beginning point. The
environment in which the dispatcher currently functions and will
function in the future will be evaluated. These evaluations will span
the range of conditions existing from the operation of "dark
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