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Appendix C – Research Topics
Note: Concept papers may be submitted at any time, through the closing date of the research topic.
Topic

Track Research
Title

FRA-TR-001

Wheel Load Cycle Tag for Rail

Closing Date for Concept
Papers
December 31, 2013

FRA-TR-002

High Speed Rail Flaw Detector

December 31, 2013

FRA-TR-003

Track Geometry Measurement Technology

December 31, 2013

FRA-TR-004

Automated Rail Turnout Inspection Technology

December 31, 2013

FRA-TR-005

Rail Seat Deterioration Measurement

December 31, 2013

FRA-TR-006

Low Solar Absorption Rail Coatings

December 31, 2013

FRA-TR-007

Human/Machine Methods to Improve Safety Inspections

December 31, 2013

FRA-TR-008

Track Structure Failure Research

December 31, 2013

FRA-TR-009

Mobile Methods for Measuring Longitudinal Rail Stress

December 31, 2013

FRA-TR-010

Normalizing Ride Quality Measurements

December 31, 2013
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Topic

Rolling Stock and Equipment
Title

Closing Date for Concept
Papers

FRA-RS-001

Battery Technology for Locomotives

FRA-RS-002

Natural Gas Locomotive Research

FRA-RS-003

Enabling Technology for 125 mph Next Generation High
Performance Passenger Locomotives

December 31, 2013

FRA-RS-004

Acceleration of the Implementation of ECP Brake
Technology for Freight and/or Passenger Service

December 31, 2013

FRA-RS-005

Technology to Reduce Risks to Railroad Personnel
Performing Rolling Stock Inspections and Maintenance

December 31, 2013

FRA-RS-006

Vehicle Suspension Performance Monitoring

FRA-RS-007

Optimal Maintenance Solutions for Passenger Rolling Stock

FRA-RS-008

Emergency Preparedness and Response

FRA-RS-009

Electrochemical Failures of Pressure Relief Valves

FRA-RS-010

Innovative Designs for Tank Car Impact Protection

Topic
FRA-TC-001

Topic
FRA-HF-001

Train Control
Title
Broken Rail Detection without Track Circuits

Human Factors
Title
R&D Program Performance Measurement and Reporting

December 31, 2013
December 31, 2013

December 31, 2013
December 31, 2013
December 31, 2013
December 31, 2013
December 31, 2013

Closing Date for Concept
Papers
December 31, 2013

Closing Date for Concept
Papers
December 31, 2013
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Track Research
Topic: FRA-TR-001
Title: Wheel Load Cycle Tag for Rail
This topic seeks to develop technology that can measure the service life of rail in terms of wheel load
cycles and, if possible, peak and average wheel loads. The objective is to more closely track the service
load of rail segments throughout their lifecycle. It is envisioned that this technology take the form of a
tag applied to the rail web. The tag should be programmable with basic rail characteristics and
date/location of installation and re-installation, and should be readable by a handheld device. The
device shall be maintenance free, self-powering, and removable and reusable. The scope of research
projects for this topic shall include laboratory demonstration of developed technologies.

Topic: FRA-TR-002
Title: High Speed Rail Flaw Detector
Internal rail defects are a leading cause of train accidents and derailments. Current detection methods
and technologies are designed to detect very small internal rail defects at slow speeds. This topic seeks
to develop and/or demonstrate non-contact rail flaw detection technology that can detect larger (>25%)
transverse rail head defects at passenger rail speeds (79 mph) to facilitate more frequent inspections.

Topic: FRA-TR-003
Title: Track Geometry Measurement Technology
This topic seeks to develop new, or adapt existing technologies to perform mid-chord offset
measurements of rail profile and alignment geometry parameters at chord lengths up to 124 feet.
Traditional string-line technologies are not well-suited for longer chord length measurements due to
string sag and other factors. The objective is to demonstrate new methods for making these critical rail
position measurements using laser or other technologies that provide superior accuracy, reasonable
cost, and ease of use. Projects that include participation from railroad companies and their track
inspectors are preferred.

Topic: FRA-TR-004
Title: Automated Rail Turnout Inspection Technology
This topic seeks to develop automated turnout inspection technology that can inspect all sizes and types
of switches in common use in the US rail system to FRA safety standards. The objective of this research
is augment traditional human inspection techniques with advanced technology that can make the
inspection process more accurate and efficient. To date there has been limited progress made towards
this objective through the adaption of line scan imaging and laser-based geometry measurement
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systems. These systems are typically rail-vehicle-based and provide some quantitative data from of
turnout conditions, but are technology-limited. The focus of this research is to study the applicability of
other technologies such as optical scanning, machine vision, and associated comparative algorithms in
an attempt to form the technical foundation of a more complete inspection system. The vision of a
future system is one that can “scan” the turnout and automatically generate a comprehensive condition
report. Ideally, the system should be human-portable.

Topic: FRA-TR-005
Title: Rail Seat Deterioration Measurement
Concrete crossties are in widespread use on passenger, freight, and mixed-use track throughout the US.
In some installations, there is significant wear under the rail seat. This rail seat deterioration (RSD) can
pose a serious safety risk to trains and, in some cases, has been the root cause of train derailments.
Identifying RSD on ties is complicated due to the presence of the rail, fasteners, and pads. Thorough
inspections require the disassembly of components and hand-held measurement techniques. This topic
seeks to develop technology that facilitates automated methods to detect and quantify concrete tie RSD
without disturbing the track.

Topic: FRA-TR-006
Title: Low Solar Absorption Rail Coatings
The topic seeks to advance the state of knowledge and technology development in the area of rail
coatings or treatments that can reduce the rate of solar heat absorption in steel rails. Rail temperature
heating due to solar radiation leads to increased mechanical stresses in the rail system and may cause
rail buckling failure of the track structure. Recent empirical studies have shown that relatively minor
rail temperature reductions can significantly reduce the risk for rail buckles, thus improving the safety of
rail operations. The goal of this research is to develop coating or treatment systems that can reduce
peak rail temperatures below critical levels. There is particular interest in systems that can be fieldapplied or applied at the point of rail manufacturing, and for systems that are cost effective,
environmentally friendly and long lasting. Projects that include field testing are preferred.

Topic: FRA-TR-007
Title: Human/Machine Methods to Improve Safety Inspections
This topic seeks innovative approaches to improve track inspection activities through the
coupling of humans with advanced machine technology. The objective is to create technology
development plans for new inspection technologies/techniques that leverage the advantages of
human and machine interaction. This topic does not seek projects for the development of
specific technologies, it seeks conceptual designs of human/machine inspection systems and
realistic technology development plans that can be implemented in the future.
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Topic: FRA-TR-008
Title: Track Structure Failure Research
This topic seeks research projects that develop technologies and techniques for predicting the
progressive and/or sudden failure of track structures. This is a general research requirement
that covers all aspects of track and track support structures. FRA is searching for novel,
technology-based, techniques for improving rail safety through improved understanding of
system and component failure modes, drivers, and timing.
Topic: FRA-TR-009
Title: Mobile Methods for Measuring Longitudinal Rail Stress
The stress state of rail is a key parameter that drives rail safety. Effective management of
thermal stresses in rail is critical to preventing rail buckles and pull-a-parts. FRA has recently
developed new technologies that non-destructively measure the longitudinal stress state of rail
at a fixed location. The objective of this research topic is to develop technology that can
accurately measure rail longitudinal stress from a moving platform.
Topic: FRA-TR-010
Title: Normalizing Ride Quality Measurements
Vehicle acceleration data are used to determine ride quality characteristics of rail cars and
tracks. The FRA seeks research and analysis of ride quality information to develop normalized
standards for ride quality for various railcar types and operating speeds. The objective is to
create a standard set of ride quality criteria that is applicable to locomotive, passenger, and
freight railcars operating at speeds up to 150 mph.
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Rolling Stock and Equipment Research
Topic: FRA-RS-001
Title: Battery Technology for Locomotives
This topic seeks to advance the state of knowledge regarding battery technologies and their application
to railroad locomotives. Research shall focus on evaluating the applicability of various battery
technologies for use as a locomotive power source. Specific technical areas of interest include:
•
•
•
•
•
•
•
•
•

Chemistry type
charging capacity/rate
discharge rate
fire safety
crashworthiness needs – protection on board to ensure a normal railroad environment impact
and collision doesn’t result in catastrophic failure of the ESS,
After collision handling processes – how should the ESS be removed, inspected, disposed after
collisions
Maintenance and inspection
Life cycle cost
Service life based on charging/discharge rate.

It is desirable that the researcher work with railroads, service providers (State DOT) or, locomotive OEM
to execute this project. This research activity will result in a report that will be widely disseminated to
the railroad industry and public at large.

Topic: FRA-RS-002
Title: Natural Gas Locomotive Research
This topic seeks to advance the state of knowledge with regard to the use of natural gas as a locomotive
fuel in terms of safety and performance issues. Research shall investigate crashworthiness and
survivability of LNG/CNG tanks, inspection and maintenance practices (routine, and after
incidents/accidents), post-derailment inspection and handling, and fire suppression systems in the
context of current FRA safety regulations. Results shall identify regulatory changes needed for wider
implementation of natural gas fuels in the rail environment. Additional research areas include
understanding the training required for railroad employees and first responders to safely interact with
natural gas fuels and equipment, interoperability and standards for safety control systems, fuel
distribution systems and emergency shut-off systems. Finally, research is needed to understand the
effective range of LNG and CNG in locomotive applications and to identify and to quantify the type of
emissions produced by natural gas and remediation technologies necessary to meet environmental
standards.
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Topic: FRA-RS-003
Title: Enabling Technology for 125 mph Next Generation High Performance Passenger
Locomotives
This topic seeks to identify the technologies which will best enable the performance of next generation
passenger locomotives. Known technical barriers include reducing the un-sprung mass of a locomotives,
implementing technologies and systems which achieve Tier 4 emissions requirements, and developing
domestic supplies for tractive power electronics. It is strongly suggested that interested bidders from
partnerships or teams which include current locomotive manufacture and current technology providers.
Proposals should include a statement of the problem to be solved or opportunity to be addressed, a
description of the enabling technology proposed and why it is believed that it would be successful. A
“roadmap” which would provide a high level outline of the major steps, beyond this exploratory
research, which would be necessary to evaluate, demonstrate, refine, develop and implement the
technology proposed, should be included. The participant shall provide clear indications of the
resources, technology and/or intellectual property that will contributed to the effort.

Topic: FRA-RS-004
Title: Acceleration of the Implementation of ECP Brake Technology for Freight and/or
Passenger Service
Electronically Controlled Pneumatic (ECP) brake technology has been proven to improve both safety and
performance of trains. However, implementation has been slowed by a variety of factors. Some are
technical, however others are associated with the capital investment required, the allocation of both
costs and benefits from implementation, the challenges associated with implementation which now
require entire trains to be ECP equipped and perhaps even all trains operating over a route, to be
equipped to accrue the benefits of implementation.
The FRA seeks to identify and evaluate viable concepts for accelerating the implementation of ECP
brakes, throughout the industry, . To be accepted for evaluation, a proposed concept must include a
statement of the problem to be solved or opportunity to be addressed, a description of the enabling
technology proposed and why it is believed that it would be successful. Proposals should also include a
“roadmap” which would provide a high level outline of the major steps, beyond this exploratory
research, which would be necessary to evaluate, demonstrate, refine, develop and implement the
technology proposed. The participant shall provide clear indications of the resources, technology
and/or intellectual property that will contributed to the effort.
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Topic: FRA-RS-005
Title: Technology to Reduce Risks to Railroad Personnel Performing Rolling Stock Inspections
and Maintenance
This topic seeks to identify the risks to personnel associated with current rolling stock inspection and
maintenance practices and identify and evaluate methods to reduce those risks with the
implementation of new technologies and processes. This could include such innovations as systems
which inspect rolling stock, facilitate maintenance and either assist in or perform part or all of such tasks
as coupling and uncoupling existing railcars and brake lines between cars. The FRA is also interested in
learning about techniques to accelerate the introduction of risk reducing technologies and processes
associated with rolling stock inspection, maintenance and operation. To be accepted for evaluation, a
proposed concept must include a statement of the problem to be solved or opportunity to be
addressed, a description of the enabling technology proposed and why it is believed that it would be
successful. Proposals should also include a “roadmap” which would provide a high level outline of the
major steps, beyond this exploratory research, which would be necessary to evaluate, demonstrate,
refine, develop and implement the technology proposed. The participant shall provide clear indications
of the resources, technology and/or intellectual property that will contributed to the effort.

Topic: FRA-RS-006
Title: Vehicle Suspension Performance Monitoring
The performance of a vehicle's suspension system has a significant effect on its ability to safely
negotiate the track over which it operates. Suspension systems should be designed to control and damp
the motions of both the sprung and unsprung masses to ensure the vehicle remains on the track, the
vehicle motions are stable, the effects of irregularities in track geometry are filtered out to provide ride
quality within acceptable limits, and wayside clearances are met. As components of the suspension
system wear, degrade or fail, unsafe operating conditions may develop. FRA is seeking real-time
methods for identifying problems with suspension systems on vehicles in service. These methods may
require the development of new techniques for condition monitoring and inspection of critical
suspension components or new methods for analyzing data from current detection devices such as truck
performance detectors.

Topic: FRA-RS-007
Title: Optimal Maintenance Solutions for Passenger Rolling Stock
The passenger rail industry has traditionally performed maintenance based on calendar schedules for
both inspection and maintenance of rolling stock. Reliability Centered Maintenance and Condition
Based Maintenance practices have been applied in other industries and have been proven to enable
improved performance and reduced life cycle costs. Often these practices are supported by advanced
tools for both acquisition and analysis of asset condition data. The FRA is seeking a description of a
realistic future for new rolling stock fleets which takes full advantage of these emerging technologies
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and provides a roadmap over the next 5 to 10 years of the steps which will need to be taken to achieve
those goals, including an identification of any barriers to implementation and suggestions for
overcoming them.

Topic: FRA-RS-008
Title: Emergency Preparedness and Response
FRA seeks technical research to address the safe, timely, and effective emergency evacuation of train
crews, rail passengers, and nearby population centers during various emergency scenarios involving the
accidental release of hazardous materials. A key objective of the research is to reduce casualties that
may occur by requiring rail system operators to follow established procedures. Further refinement of
emergency preparedness protocols and response capabilities through development of emergency plans
and procedures, crew training, and passenger awareness programs, the installation of certain
emergency equipment for use of passengers and crew, and responders in emergency situations is
desired. The research conducted should provide improved strategies over current regulations related to
emergency preparedness.

Topic: FRA-RS-009
Title: Electrochemical Failures of Pressure Relief Valves
FRA seeks research projects to evaluate the susceptibility of current design pressure relief valves (PRV)
to fail under electrochemical reactions which are known to create corrosion-induced cracking, one of
the serious defects in PRVs is due to the breakage of the stem (holding the spring). Such failures appear
to be increasing, especially in the PRVs in tank cars transporting ethanol, alcohol (not otherwise
specified), and crude oil. Moreover, no test data are currently available to evaluate whether these
failures in PRVs are due to electrochemical effects. The objective of this research is to develop a
knowledge base for electrochemical failures of PRVs through the conduct of controlled environment
experiments with ethanol, alcohol (not otherwise specified), and crude oil, and analytical studies.

Topic: FRA-RS-010
Title: Innovative Designs for Tank Car Impact Protection
FRA requests research projects to develop innovations based on state-of-the-art technology to protect
tank cars carrying hazardous materials in the event of a derailment or collision. With the maximum
gross rail weight of freight cars approaching 312,000 lb, enhanced safety features should be considered
in the design of tank cars to protect against the threat of impacts during collision scenarios. Innovations
may include crash energy management features, processes to improve material properties,
development of advance materials, and mitigation strategies to protect against puncture of the
commodity-carrying tank.
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Train Control
Topic: FRA-TC-001
Title: Broken Rail Detection Without Track Circuits
At present, US freight railroads rely on track circuit-based signaling systems to monitor for and detect
rail break events. These systems are well-proven but require extensive wayside equipment that is both
expensive and high maintenance. As the rail industry looks to the future, many see potential gains in
network capacity from the implementation of moving (or dynamic) block and communications based
signaling systems. A major hurdle to the adoption of these technologies is how to retain fail-safe broken
rail detection without track circuits. Currently, FRA is funding the development of two experimental
vibration-based systems (wayside fiber optics-based and accelerometer-on-axle-based) which have the
capacity to detect rail breaks. However, these are considered supplemental systems which require a
train to pass over a rail break before it can be detected, and are not a fail-safe replacement for track
circuit based detection.
This research topic is seeking concepts for systems which have the ability to detect a rail break without
the use of wayside-based track circuits. An attractive system would be able to detect a break ahead of a
moving train with enough warning for the train to slow to restricted speed prior to traversing the break.
Proposed systems must not require extensive wayside infrastructure.
Objectives: Develop a concept of operations for a forward looking, non-track circuit based broken rail
detection system. Produce a feasibility analysis, conceptual design, prototype, and provide a lab
demonstration of system capability.
Description of Research Need: Effective broken rail detection capabilities must be developed before
communications-based moving block or dynamic block systems can be implemented safely.
Technology Focus Areas: Train Control, Communications systems, Railroad signaling, Broken rail
detection, Networking
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Human Factors
Topic: FRA-HF-001
Title: R&D Program Performance Measurement and Reporting
As background, the Office of R&D has developed an Evaluation Implementation Plan to guide
systematic, improvement-oriented program evaluations and to help institutionalize program evaluation
throughout the Office of R&D. This Plan provides a framework for performing high-quality program
evaluation that meets American National Standards Institute-approved standards of a program
evaluation’s utility, feasibility, propriety, accuracy, and accountability. The planned evaluations will
provide both ongoing formative evaluative feedback to R&D staff and administrators and summative
assessments to serve government and public requirements for accountability. The evaluations will
assess needs and problems in the railroad industry; R & D plans and processes; and program outcomes,
impacts, and side effects. The Evaluation Implementation Plan calls for independent assessments of
R&D’s internal evaluation processes and reports to assure their credibility to outside audiences. These
independent assessments will identify and target program performance measures for continuous
program improvement.
Objectives: This topic seeks to provide an independent meta-evaluation of on-going program
evaluations that will help identify and embed R&D program performance measures for on-going
monitoring, analysis and reporting of key success indicators in the Office of R&D.
Research Needs: Bottom-line aims are to build the R&D evaluation capacity, meet requirements for
government and public accountability, facilitate knowledge and technology diffusion, and help assure
the quality and impacts of human factors programs for improving railroad safety through public
reporting of program performance. The program performance measures should be specific to individual
program areas, and should provide useful information to key stakeholders that will help shape program
policy and key stakeholder decision making.
Focus Areas: All Divisions in the Office of R&D, including Track, Rolling Stock and Equipment, Train
Control, and Human Factors.
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