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PREFACE

In 1992, Congress passed legislation (PL 102-365), requiring the Federal Railroad Administration
(FRA) to complete rulemaking activities relating to the improvement of safety and working
conditions in locomotive cabs.  The FRA is charged with the task of assessing standards
developed by the Association of American Railroads (AAR) on crashworthiness and working
conditions that affect safety and productivity.  As part of this effort, the FRA conducted research
to address these issues. 

The development of human factors guidelines for the locomotive cab is part of the FRA's research
effort to evaluate working conditions and safety in the locomotive cab.  The guidelines will serve
as a decision-making tool for evaluating current and proposed locomotive designs and, in
particular, standards developed by the AAR for defining basic industry requirements in cab design.

Human factors guidelines can aid in the design and evaluation of new or existing locomotive cabs.
While there is a rich body of human factors research, for the most part it was not written and
organized for use by those developing or evaluating complex systems, like the locomotive cab. 
The available literature is located in diverse places that include journal articles, technical
publications, textbooks and conference proceedings.  Where there are human factors guidelines
available, they are often general in nature and have not been tailored to accommodate the specific
requirements of the railroad environment. 

This document represents the beginning of a process.  Our understanding of human factors issues
affecting locomotive engineers and others who work in the cab is still incomplete.  As this
document is being prepared, many of the issues surrounding the incorporation of new information
technology are still being debated.  The currently available literature frequently does not address
the capabilities of this new technology (Rogers and Myers, 1993).  Future research and continuing
dialogue will be needed as the locomotive cab evolves to incorporate this new technology.  How
the locomotive engineer will interact with this new technology should be a central part of this
debate.

To develop the guidelines, the authors collected and reviewed papers, handbooks, reference
guides applicable to human-machine systems in general as well as materials specific to the
problems of locomotive cab design and operation.  To make the guidelines as relevant as possible,
members of the railroad community were consulted (the major railroads, manufacturers, AAR and
the railroad unions) to better understand the current problems with current cab designs and obtain
a sense of what the future needs are likely to be. 

In presenting guidelines for evaluating the design of locomotive cabs, current human factors
concerns can be divided into two broad themes: working conditions and the incorporation of
information technology.  Environmental working conditions (e.g., noise and seating) and how it
affects operator performance have been a concern of the railroads, manufacturers and train
engineers for many years.  The second theme revolves around the incorporation of information
technology into the locomotive cab.  The problems of how to incorporate new information
technology, in particular, advanced command, control and communication systems, is a more
recent concern and is growing in importance. 
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Most of this report focuses on issues related to working conditions.  This emphasis reflects the
concerns of engineers who have identified many of the ergonomic problems within the locomotive
cab.  Currently, those concerns center on crew comfort.  As those problems are solved, the
relative effort focusing on information processing as it relates to train control will grow. 

Working conditions

In the past, locomotive cab designs evolved without the benefit of human factors support (Gamst,
1975).  Crew comfort in the cab compartment trailed that found in passenger compartments and
other working environments.  Noise, ventilation, and seating are three examples of problem areas
that affected crew comfort, safety, and productivity.  Although human factors considerations are
an important consideration in the design of the current generation of locomotives, the long service
life of locomotives means that these concerns will exist for some time.  Approximately, 19 percent
of locomotives in service in 1994 were built before 1970 (AAR, 1994).  Thus, noise levels in a
significant number of cabs exceed federal regulations for this working environment and are loud
enough to permanently impair hearing (Gamst, 1975).  Railroads have responded to this problem
by providing hearing protection equipment.  The lack of proper ventilation in the cab results in hot
and cold spots in cab, inadequate heating in cold weather, and inadequate cooling in hot weather
as well as noxious fumes vented inside the cab (Gamst, 1975).  These conditions contribute to
health problems and crew fatigue. 

In terms of physical accommodations, the lack of appropriate seating is one of most thoroughly
documented problems in the cab environment and can contribute to fatigue and injury.  Other
important human factors concerns with working conditions in the cab include:  safely entering and
exiting the cab, adequate visibility, and sanitary toilet facilities.

Incorporating information technology

As we approach the twenty-first century, manufacturers and railroad operators are introducing
new information technology into the locomotive cab in an attempt to improve train control.  The
incorporation of this technology will affect how the locomotive engineer performs his or her job. 

In this document, concerns for incorporating the new information technology into the locomotive
revolve around the interface with which the locomotive engineer will interact with to receive
information and control train movements.  In the past, this interface consisted of
electromechanical dials, gauges and levers, and control knobs.  This interface is being replaced
with workstations that consist of computer displays and controls (i.e., CRT or LCD displays and
keyboards).  New technology and new designs may not necessarily make new locomotives better
than previous versions.  The design of a complex man-machine system, like a locomotive cab,
involves making trade-offs and compromises to meet customer requirements and yet stay within
cost and schedule limitations.  This knowledge will be acquired over time as locomotive cab
designs evolve and we gain experience from other transportation modalities, as well as testing the
usability of proposed designs.

Operational Issues
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The design of the locomotive cab has been influenced by a variety of operational issues.  These
issues represent the needs of the engineers, conductors and maintenance staff who will work in
this environment as well as the constraints faced by the manufacturers who design and build the
locomotive and the railroads who purchase and operate them.  Some of the major operational
issues are discussed below:

• Incremental pace of change

Successive generations of locomotive cab designs evolved in incremental steps.  Some
characteristics date back to steam era traditions.  The long service life of locomotives makes
compatibility with previous designs an important issue, since a railroad may own locomotives with
cab configurations from different design eras.

• Backward compatibility

The desire for backward compatibility by which locomotive cabs evolved has both positive and
negative human factors implications.  The incorporation of new features which address new
capability while retaining old features helps the engineer to learn the new system more quickly,
since only the new features must be learned.  Where the control-display relationships remain the
same, the engineer may avoid committing errors due to negative transfer.  However, backward
compatibility has also resulted in the interface, itself, limiting the kinds of changes that take place,
rather than the user requirements.

• Interaction between railroad and locomotive manufacturer

Interaction between the railroads and manufacturers is the major influence in the design process. 
Standardization makes design and manufacturing easier for the builder and operation easier for
the end user, the engineer (when transitioning from one cab to another).  However, railroad
properties can specify considerable individual modifications.  Ergonomic considerations, including
consideration of the anthropometry of the user population, are often out of the hands of the
builder.  It must put together the components to give the customers what they want, even where
customer requirements deviate from the ideal.  For some areas (e.g., noise limits), there are
currently accepted standards that are based on practical limitations.  Where these standards exist,
they are cited.  However, the report also cites goals which should be strived for and that are more
supportive of the safety, health productivity and comfort of the engineer.

• Bi-directional operations

A key issue that will affect future locomotive cab designs is the need for bi-directional operations.
A number of proposed designs are being considered to address bi-directionality in future
locomotive cabs.  One proposal would place the controls in the arm rest of the engineers’ chair
and place duplicate sets of displays facing in both directions.  Another proposal would divide the
locomotive into two units, one containing the cab controls and another generating the power. 
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The locomotive cab would be isolated from the power unit and could be turned around to operate
in either direction.

• Maintenance

Maintenance costs associated with normal maintenance as well as with the repair or replacement
of failed parts may exceed the initial cost of the locomotive over its lifetime.  A hidden cost is the
effect on performance, safety, and working conditions when various subsystems and components
within the cab are not adequately maintained.

Organization of the Report

The guidelines are organized into three chapters:  Environment, Layout, and Workstation.

• The environment chapter addresses issues like heating, ventilation, air conditioning, vibration,
and noise that affect the overall working conditions in which the engineers and conductors
operate. 

• The layout chapter addresses issues like general considerations, ingress and egress, visibility,
and seating that define the engineer's physical relationship with the equipment in the cab and
the outside environment. 

• The workstation design chapter addresses topics like controls, displays, auditory devices, and
computer input.  These topics address how the engineer obtains information about the status
of the locomotive and how train control is implemented. 

Each chapter provides two basic elements:  human factors considerations and operational issues.
The discussion of operational issues is specific to the locomotive cab environment. The human
factors considerations provide a background discussion of the research contributing to individual
guidelines.  Chapter 1 gives an overview of the issues that are influencing future locomotive cab
designs and basic human factors principles that need to be considered while chapter 2 contains
key points from each of the following chapters.  The key points summarize the specific human
factors recommendations for a particular issue.
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In this report measurements are presented in English units except where the convention is to
display this information in metric units.  U.S. railroads have usually used English units (i.e., feet
and inches) to indicate measurement quantities.  Recently, locomotive manufacturers have
adopted the use of metric units for indicating measurement information in their designs. 
Measurement information derived from standards developed by the International Organization for
Standardization (ISO) also use metric units.  Conversion factors are presented at the beginning of
this document to aid the reader to convert between metric or English units.
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CHAPTER 1.  INTRODUCTION

1.1  BACKGROUND
As the locomotive evolved from the steam engine to the diesel-
electric engine, new technology has also been added.  This new
technology has affected how the train operators perform their
jobs.  The number of people in the cab has also changed along
with the functions they perform.  The cab space was occupied by
the engineer, conductor, brakeman and fireman.  Today, the
fireman and brakeman are gone.  The cab crew usually consists of
an engineer and conductor.  During the days of steam, the cab
was a male environment, but today, women are entering careers
as railroad conductors and train engineers.

New communications and signaling systems, digital data links,
Global Positioning System (GPS), and innovative computer
technology will make it feasible for dispatchers in central control
centers to monitor the condition of the locomotive and send train
orders directly to the locomotive cab.  Successful implementation
of new technology in the cab will require careful consideration of
the activities performed in the cab and how the engineer relates
to the rest of the system.  Effective design of the entire
locomotive cab is one part of the equation.  Evaluating these new
designs will require understanding the operator's capabilities and
limitations in performing his or her duties.

Current human factors guidelines for the evaluation of the design
of locomotive cabs can be divided into two broad themes:
working conditions and the incorporation of information
technology. Working conditions (e.g., noise and seating) and
their effects on operator performance have been a concern of the
railroads, manufacturers, and train engineers for many years.  The
second theme, the incorporation of information technology into
the locomotive cab, is of growing importance.

The bulk of this report focuses on issues related to working
conditions.  This emphasis reflects the concerns of locomotive
engineers who have identified many of the ergonomic problems
within the locomotive cab.  Currently, those concerns center on
crew comfort and safety.  As those problems are solved, the
relative effort that focuses on information processing as it relates
to train control will grow.
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Working conditions

Current locomotive designs evolved from steam-driven
locomotives dating from decades ago.  Conditions under which
the locomotive engineer operated were radically different from
those of today.  In early steam-driven locomotives, physical train
control involved a train engineer, fireman and brakeman.  For
example, depression of the deadman footplate required the force
of two people, the engineer and the fireman (Ford, 1978).  The
fireman also shared responsibility with the train engineer for
power generation and monitoring the visual scene (Branton,
1978).  With the advent of the diesel-electric locomotive, the
engineer became the sole agent of the physical aspects of train
control.

The early steam-driven locomotives provided a harsh work
environment in which the operators were exposed to extremes of
temperature, noise, and noxious fumes.  Although the cab
environment improved as diesel-electric locomotives replaced
steam-powered locomotives, the locomotive cab is still harsher
than the typical office environment.  Working conditions are
important because they affect the safety and productivity of the
operator as well as comfort.

In the past, locomotive cab designs evolved without the benefit
of human factors support (Gamst, 1975).  Crew comfort in the
cab compartment has gradually improved, but trails the passenger
compartments.  Although human factors considerations are
important in the design of the current generation of locomotives,
the long service life of locomotives means that change will come
slowly.  Approximately 19 percent of locomotive in service in
1994 were built before 1970 (AAR, 1994).

The long service life of locomotives means that maintenance will
also be a significant issue.  Maintenance costs associated with
normal servicing, as well as repairing and replacing failed parts,
may exceed the initial cost of the locomotive over its lifetime.

Noise, ventilation, and seating are three examples of problem
areas that affect crew comfort, safety and productivity.  Noise
levels in many cabs are loud enough to permanently impair
hearing (Gamst, 1975).  Additionally, high levels of noise coupled
with hearing losses of many middle-aged and older engineers
makes clear communications more difficult, and can impair the
operator's ability to detect audible warning signals.
The lack of proper ventilation in the cab results in hot and cold
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spots in cab, inadequate heating in cold weather and inadequate
cooling in hot weather, as well as noxious fumes vented inside
the cab (Gamst, 1975).  These conditions may contribute to
health problems and crew fatigue.  The lack of appropriate
seating in the cab environment is one of most thoroughly
documented problems.  Engineers complain of lower back, neck
and shoulder pains related to sitting posture (Hedberg, 1987;
Kerst, 1991).  The lack of adequate seating results from a
mismatch between the anthropometric requirements of train
engineers for the seats and control stand and the actual
dimensions of this equipment (Kerst, 1991).

Other important human factors concerns with working conditions
in the cab include:  safely entering and exiting the cab, adequate
visibility of the track, signaling system and scenery, and sanitary
toilet facilities.

Incorporating information technology

As we approach the twenty-first century, manufacturers and
railroad operators are introducing new information technology
into the locomotive cab in an attempt to improve train control.
To remain competitive, railroads try to cut costs wherever
possible, while responding to the needs of their customers.
Shippers are demanding better ways of tracking their goods and
insuring that they arrive intact and within the timetables agreed
to.  As in aviation, the railroads seek methods to maximize the
throughput of their system.  To accomplish these objectives, the
railroads are evaluating information that will result in improved
train control.  The incorporation of this technology will affect
how the locomotive engineer performs his or her job.

One of the major trends in railroad operations affecting the
design of new and retrofitted locomotives is the parallel
incorporation of computer technology, reductions in the number
of operating personnel and increasing automation, in which the
equipment performs tasks previously performed by the engineer
(Welty, 1994, Progressive Railroading May 1994).  Advanced
Train Controls Systems (ATCS), Advanced Railroad Electronic
System (ARES), Positive Train Control (PTC), Positive Train
Separation (PTS), wayside detection systems, and digital radio
(i.e., Data Link) represent a few of the concepts and technologies
that may find their way into future locomotive cabs.

Before these technologies can be successfully incorporated into
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the locomotive cab of the future, a variety of human factors
issues need to be resolved.  ATCS, ARES, PTC and PTS have
the potential to automate tasks that are currently being done
manually.  Which tasks will the engineer perform and which will
be done by the “system?”  The general answer is to try to assign
to the “machine” those tasks to which the engineer is least suited
and where possible give the engineer those tasks to which he or
she is best suited.  This will require identifying the tasks to be
performed and measuring the engineer's ability to carry out those
tasks.

The outcome of this process will affect safety, productivity, and
job satisfaction.  For example, how will the engineer perform in
an emergency if the equipment responsible for effecting changes
in train movement authority fails?  As in the aviation
environment, an autopilot system can lull the operator into a
sense of complacency.  This situation can lead to one in which
the train engineer increasingly serves as a monitor of tasks
performed by the “system.”  In a “safe” system, there will be few
failures requiring intervention which can produce boredom and
complacency in the crew.  However, human operators are poor
monitors and, as such, can lead to a lack of situation awareness at
a time when a quick response is required.  Thus, it is essential
that the train engineer be actively involved in train control.

In this document, the concerns for incorporating the new
information technology into the locomotive revolve around the
interface that the locomotive engineer will interact with to receive
information and control train movements.  In the past, this
interface consisted of electromechanical dials, gauges and levers,
and control knobs found in conventional control stands.  This
interface is being replaced with workstations that consist of
computer displays and controls (i.e., CRT displays and
keyboards).

However, in making dramatic changes in the interface which train
engineers have been using for decades, a word of caution is
needed.  Although a design standard may meet or exceed
specifications established by human factors guidelines, this does
not insure acceptance by users.  For example, some engineers
who operated older locomotives with the control stand for many
years find locomotives with the workstation console design
uncomfortable.  The following quote (Brown, 1994) illustrates
the problem:

The P32's cab is very quiet, with good heaters and
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visibility, but unfortunately it has the new desk-style
control stand, designed by people who sit at desks!
Apparently they have determined that railroaders want to
sit at desks, too!  You're stuck sitting in one position with
this stand, whereas with the old AAR controls, there are
five or six positions.  This is handy when you're there for
9 to 12 hours.

This opinion suggests that the designer did not take user needs
into account.  To maximize user acceptance, it is important to
involve users during the design and development process
beginning at the earliest possible stage when the system
requirements are developed.

The quotation above also illustrates another important problem
inherent in the design process.  Adding new technology and
changing the design may not necessarily make new locomotives
better than previous versions that lacked the new technology and
the new design.  The design of a complex man-machine system,
like a locomotive cab, often involves making trade-offs and
compromises to meet customer requirements and staying within
cost and schedule limitations

Human factors guidelines can aid in the design and evaluation of
new or existing locomotive cabs.  While there is a rich body of
human factors research, much of it was not written and organized
for use by those developing or evaluating complex systems.  The
available literature is located in diverse places that include journal
articles, technical publications, textbooks, and conference
proceedings.  Human factors guidelines are available, but they are
often general in nature and have not been tailored to
accommodate the specific requirements of the railroad
environment.

These human factors guidelines for evaluating the locomotive cab
contain information applicable to systems in general as well as
information specific to the railroad environment.

To promote safety and productivity, user-centered designs are
needed to insure that the locomotive engineer can accomplish the
tasks that are a part of his or her job.  User-centered design has
the potential to reduce costs while increasing safety and
productivity.

1.2  SCOPE
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The purpose of this document is to provide human factors
guidelines for the design of existing locomotive cabs and
proposed designs for use in new or retrofitted locomotives.

The compilation of human factors guidelines provided in this
document represents the beginning of a process.  Our
understanding of human factors issues affecting locomotive
engineers is still incomplete.  As this document is being prepared,
many of the issues surrounding the incorporation of new
information technology are still being debated.  Human factors
guidance is helpful in addressing these issues.  However,
currently available literature frequently does not specifically
address the capabilities of this new technology (Rogers and
Myers, 1993).  Additional research will be needed to address
these issues.  A continuing dialogue will be needed as the
locomotive cab continues to evolve.

The product of human factors research takes several forms
including design principles, design guidelines, and design rules
(Helander, 1994; Dumas, 1994).  Design principles represent
broad recommendations based upon research about how people
behave.  For example, “Provide feedback to the user about the
state of the system.”  The design principles underlying the
guidelines found in this document are presented in Section 2.

Principles, as Dumas indicates, are only goals.  Guidelines are
general recommendations that are tailored to the environment in
which they will be used.  Guidelines are more specific than goals.
Here is an example of a guideline from Smith and Mosier (1984):
“Ensure the computer acknowledges every control entry
immediately;  for every action by the user there should be some
apparent reaction from the computer.”  The guideline may also
include examples and background information describing the
research on which the guideline was derived.

Design rules are a series of design specifications for a particular
system and are sufficiently detailed that they do not require
additional interpretation (Helander, 1994).  A design rule might
specify the exact message displayed to the operator in response
to a request and indicate how quickly to display the message after
the request is made.  Design rules are necessary because different
designers can implement the same guideline in different ways.
Design rules enable designers to maximize consistency in the
application of design guidelines.

A potential problem with guidelines is that different guidelines
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may offer conflicting advice regarding the implementation of a
particular software feature or piece of equipment.  The relative
importance of a given guideline will depend upon the context in
which it is applied.  Therefore, trade-offs between conflicting
guidelines must be made during the design process.  The trade-
off to reflect design constraints must be taken into account when
evaluating the design as well.  The optimal method of solving
these conflicts and evaluating the merits of various trade-offs is in
performing usability tests.  However, usability testing is beyond
the scope of the current document.

As effective as individual guidelines and local design rules may be
in supporting a user-centered design of the cab, they may give an
incomplete picture of how well designed the item is.  Each
component, which may have been designed using the rules agreed
upon, is still part of a larger system. When all the components are
put together, the system may be lacking from a human factors
perspective.  Interactions between various components may lead
to unanticipated consequences. The optimal method for learning
about these problems is through usability testing.

1.3  GUIDELINES ORGANIZATION

This document is intended to be used as a reference guide.  Each
chapter is self-contained and the reader is encouraged to go
directly to the topic of interest, referring to the table of contents
or the index to find specific topics of interest.  Because the
document is meant to be used as a reference, the reader will
encounter some redundancy.  Some topics will be discussed in
more than one section.

Each chapter contains the same elements:  a set of checklist
items, human factors considerations, and operational aspects.
The checklist items summarize the key human factors
recommendations for treating a particular issue.  The human
factors considerations provide a background discussion of the
human factors research contributing to individual guidelines. The
operational aspects discuss the relevant operational issues
specific to the locomotive cab environment.

The guidelines, as described in the table of contents, are
organized into three sections:  Environment, Layout, and
Workstation Design.
• Environment addresses issues such as heating, ventilation, air

conditioning, vibration, and noise that affect the overall
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working conditions in which the engineers and conductors
operate.

 
• Layout address issues like control stand/console design,

egress, visibility, and seating that define the engineer's
physical relationship with the equipment in the cab and the
outside environment.

 
• Workstation Design addresses topics such as controls,

displays, auditory devices, and computer input.
 
 These topics address how the engineer obtains information about
the status of the locomotive and how train control is
implemented.
 

 1.4  GENERAL PRINCIPLES
 

 

  The human factors guidelines presented in this document are
representative of a small, but important set of human factors
principles.  These principles are listed briefly below:
 
• A systems approach acknowledges that the operators,

machines, processes, and environments do not operate in
isolation (Sanders and McCormack, 1993), but as part of an
integrated whole.  One of the guiding philosophies in this
document is to adopt a systems approach to the design and
development process of the locomotive cab.  In designing or
evaluating the individual components in the locomotive cab,
we must recognize that they do not operate in isolation.
Changing one part of the system may impact other parts.

 
• A user-centered design approach is used which means

designing the system around the operator.  This approach not
only recognizes the limits of the human operator to receive,
process and act upon information; but also recognizes the
environmental and physiological factors that limit
performance such temperature and humidity, noise and
vibration, and anthropometric characteristics (Burgess,
1985).

 
 A user-centered design also puts the operator in charge.  This
means that the locomotive engineer initiates actions rather than
simply responding to changes in the state of the system.

• One of the goals of incorporating human factors
principles into the design of the locomotive cab is to
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eliminate the likelihood of operator error.  While this is a
worthwhile goal, human error may never be completely
eliminated.  To address errors that do occur, the system
should include features that minimize the impact of these
errors.  Designing error-tolerant systems involves a
number of steps that include prompt detection and
corrective action (Miller and Swain, 1987; Salvendy).  It
is important to give prompt feedback to tell the operator
when an operator error or equipment failure occurs.
Including redundant equipment that can take over when
one piece fails, and can keep the entire system from
failing, is also important.  The system can be designed to
monitor performance and tell the operator when the
system is operating beyond a predetermined range.  When
an error does occur, the system offers simple and
comprehensible methods to recover from the error
(Shneiderman, 1992).

 
• An important part of the engineer's job is to process

information.  Using redundancy in coding information to
increase the likelihood that the operator receives the
information and giving feedback after the operator
activates a control helps the operator to understand what
the system is doing.

 
• Consistency is an essential element in developing

ergonomically sound designs.  Consistency in design
facilitates learning and remembering how the system
operates, reduces the likelihood of errors, and results in
faster operation (Shneiderman, 1992).  Locomotive cab
designs should be compatible with how people organize
information and act on their environment.  Designers and
evaluators should take into account population
stereotypes and user expectations.
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 CHAPTER 2.  KEY POINT SUMMARY
 

  This chapter lists the key recommendations and highlights from
the following chapters.  It can be used alone as a quick
reference or checklist with the remaining chapters as a source of
more detail on a specific item or general area.  The reader
should keep in mind that individual guidelines may sometimes
conflict with one another.  The relative importance of a given
guideline will depend upon the context in which it is applied.  In
applying these guidelines, the evaluator or designer must weigh
the trade-offs between these different design goals and
economic or other constraints.  It should be noted that the
discussion of an item in this section (e.g., touch screens) does
not constitute an endorsement of the item for use in the
locomotive cab.  It is intended only to provide guidance on
implementation, if such a system is to be used in the cab.
 

 2.1  CAB ENVIRONMENT
 

 

 2.1.1  Heating
 

 

 • The heater should maintain a minimum temperature of 64oF,
at a point 24 inches above the center of each seat, in cabs
which can be occupied for more than 3 hours.

 
• The temperature from floor level to head level should not

vary more than 10oF.
 
• Cab glazing should be designed to reduce heat loss by

radiation, conduction, and by air infiltration at poor seals.
 
• Cab floors should be insulated to prevent ambient heat loss

and conduction from feet when standing; and walls should
be insulated to reduce radiation.

 
• Sidewall convectors or other means to create a thermal

barrier should be standard equipment rather than options
which can be omitted.

 
• Cabs should provide a means to add humidity to the heated

air to improve comfort, reduce skin and membrane drying,
and aid dust settling.
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 2.1.2  Ventilation  
 • Outside air should be provided at a minimum rate of 20 cu.

ft./min./person.  Operations where the outside temperature
is above 90oF require a minimum rate of 150 cu.
ft./min./person unless air conditioning is provided.  An
alternative standard is 1 cu. ft./min./sq. ft. of floor.

 
• Air speed at the engineer's head should be adjustable either

continuously or in three discrete increments from near 0 to
400 ft./min.  Alternately, whole cab ventilation speeds of 0.5
ft./min. (6.25 ft./min. maximum) for winter and 1.65 ft./min.
(8.25 ft./min. maximum) for summer (above 86oF) should be
present.

 
• Outside air should be filtered to remove dust, insects and

other debris.  Intakes should be positioned to prevent
introduction of fumes and vapors.

 
• Ventilation system noise should be controlled.
 
• Positive cab pressure should be maintained to reduce

infiltration of outside contaminants and drafts.
 2.1.3  Air Conditioning  
 • Air conditioning should be provided to maintain the cab

temperature below 85oF.
 
• The ability to reduce humidity is important in areas with

high temperatures and high dew points.
 
• The temperature from floor level to head level should not

vary more than 10oF.
 
• The air conditioning system should not discharge directly on

cab occupants.
 
• Windows should be provided with movable visors or tint

shades to reduce radiant heat gain.
 
• Air conditioning should be used to decrease use of both

open windows and ventilation systems and to reduce interior
noise.

 2.1.4  Noise  
 • A maximum continuous noise level of 75 dBA is a desirable

goal, but is well below the usual current cab levels.  It is
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also well below the current 90 dBA OSHA limits.  The 90
dBA noise limit is a maximum which considers both comfort
and practicality.  However, continued exposure to acoustic
noise in the 90 dBA range can result in long-term hearing
loss and discomfort to the crew.  It is also likely to result in
communication errors, particularly for train crews with
existing hearing loss.  Even a noise at the 80 dBA level may
restrict communication, but is not likely to damage hearing.

 
• Internal venting of air brakes can be an irritating noise

source and can stir up dust in the cab.  Internal venting of
air brakes should be reduced.  However, the sound is used
by the train crew as a cue to judge brake operation and
should not be completely eliminated.

 
• Air conditioning can reduce noise levels due to open

windows and other external ventilation systems.  Use of a
ventilation system and open windows during warm weather
adds significantly to noise levels.  They can create noise
directly and provide a clearer path for entry of outside noise.

 
• Insulation from exterior sound may hinder hearing of

exterior noises that provide important cues (e.g., horn
loudness, torpedoes).  Use of exterior sensors and interior
annunciators may be required to compensate.

 
• Active noise cancellation may potentially provide important

benefits and complement current noise reduction methods.
Combined with relatively low cost and installation ease, this
evolving technique should be investigated.

 2.1.5  Toilet Facility  
 • Toilet facilities should be designed carefully (e.g., avoid

inside corners that create pockets, provide a floor drain) and
should be made of appropriate materials (e.g., nonporous)
to permit easy cleaning/disinfecting.

 
• Odors are the primary source of the perception of lack of

cleanliness.  Toilet designs that isolate waste-generated
gases from the lavatory should be used to eliminate the
largest source of odor.

• Better lighting will improve the visual impression of the
facility.  A two-stage system should be used to allow the
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user to select a lower level at night and a brighter setting
during the day.

 
• The lavatory facility should be full height, tied in to the

heating/air conditioning system, vented to the outside, and
noise insulated.  Hand holds should be provided for support
when balance-disrupting motions occur.  Ventilation and
good door seals are important to prevent odors from
entering the main cab.  The door latch should be able to
keep the door from flying open during severe train motion.

 
• Holding tanks should be located outside of the cab or be

separately vented to the outside and not be permitted to
exchange gases with the lavatory.

 
• There should be no sharp edges, corners or protrusions that

could cause impact injuries.
 
• Steps leading down to the lavatory should not be so steep

that they hinder entry.
 2.1.6  Vibration  
 • “Locomotive crew may experience significant repetitive

mechanical shocks and/or vibrations which are known to
affect comfort, safety and health.  The motions of interest
are those along the vehicle's three translational axes (X, Y
and Z) and roll motions about the vehicle's direction of
travel.  There is evidence that roll and lateral motions are
particularly important with regard to crew comfort.
Guidance for the evaluation of mechanical shock and
vibration can be found in the ISO's (International
Organization for Standardization) Document 2631.
Emerging research suggests that repeated longitudinal
shocks, such as those encountered in switching operations,
may also negatively influence crew health.”

 
• Muscles are used to overcome vibration effects on the body.

This can produce fatigue and overuse syndromes, depending
on the effort required and length of exposure.

 
• Position (standing versus seated) and direction of the

vibration (vertical versus horizontal) are also important
factors.  In general, sitting is more stressful than standing
while horizontal vibration is slightly more bothersome than
vertical vibration.

• In terms of loss of comfort, the human body is sensitive to
vibration in the 0.4 to 20 Hz range.  With regard to vertical
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vibration, the area of greatest sensitivity between 4 and
10 Hz, very low frequency vertical motions (0.1 to 0.5 Hz)
are not experienced as vibration but may result in motion
sickness.

 
• Use of dampers at the seat post can reduce the vibration

exposure to the operator.  However, this can create a
difference in relative vibration of the operator and the controls
and displays.  Operation and legibility problems can result if
the difference is large enough.

 
• Active systems can provide greater vibration control than

passive systems.  They can be potentially applied to
locomotive suspension, cabs, or seat posts.

 2.2  CAB LAYOUT
 

 

 2.2.1  General Design  
 • User population sizes should be used to design the cab with

the male 95th percentile dimensions used to set clearances
and the female 50th percentile dimensions used to set reach
envelopes.

 
• Enough space should be allocated for each cab occupant:

65 sq.ft. is a minimum amount of floor space. Comfort
facilities (toilet, water cooler, storage, refrigerator, etc.)
should be located out of the main area of the cab and not
counted as crew space.

 
• The height of the cab ceiling should be at least 76 inches

(European designs use 79 inches).
 
• The toilet should be positioned so that light does not create

glare or reflections for the engineer when the door is opened
at night.

 
• Auxiliary items, such as a first aid kit, flares, torpedoes, and

fire extinguisher, should be mounted where they are
accessible, but do not impede movement in the cab.

 
• Changes in floor levels in the cab (e.g., raised seat platform)

should be kept to a minimum to reduce tripping hazards.

• Equipment should not protrude into the open space
unnecessarily, and sharp edges and corners should be
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eliminated.
 
• Interior surface finish should be light colored, of low

reflectance and easy to clean.
 
• A separate panel should be provided for remote operation of

consist locomotives.  It should be located in a secondary
position near the control stand.

 
• Cab design should consider ease of maintenance and

cleaning.
 
• Equipment failures should be readily identifiable and

only cause loss of function that the engineer can safely
handle (failsoft).  No single failure, or likely
combination of failures, should create an unsafe loss of
function (failsafe).

 
• Designing for extremely large individuals is appropriate when

a design feature must accommodate most of the population
(e.g., a doorway).

 
• Designing for an adjustable range is permissible when

features can be easily tailored to the individuals who use them
(e.g., seats, keyboards).

 
• Designing for the average individual is appropriate in non-

critical situations, where designing for an extreme is
inappropriate and where adjustability is impractical (e.g., a
toilet seat).

 
• To provide good visibility while minimizing fatigue due to

poor neck and head posture, regular viewing tasks should be
within a 30-degree cone around the normal line of sight
(Grandjean, 1988).  The normal line of sight is 10-15 degrees
below the horizontal plane.  Displays should be placed within a
viewing angle between 5 degrees above and 30 degrees below
the horizontal plane in establishing the height of the seat in
relationship to the windows and the visual displays in the cab.

 Controls and Displays  
 • The primary displays and controls should be placed so that the

engineer may view them without changing eye or head position
from the normal line of sight.

• Controls and displays of secondary importance may be
located so that eye movements are necessary, but head
movements are not.
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• Non-critical displays and controls may be located outside the

normal line of sight.
 

 • The use of angled work surfaces should be considered when
there are many controls and displays to arrange in the
workstation. Controls on an angled surface allow placement of
a greater number of controls within easy reach.

 
• The movement of the control (e.g., left, right, up, down,

clockwise, counter clockwise) should be consistent with the
movement shown on the display or with system response.

 
• Control size and spacing should permit the engineer to operate

the controls without accidentally activating neighboring
controls.

 
 Work-space Envelope • The controls should be placed so that the operator’s hands do

not have to reach frequently or be elevated above the shoulder
for substantial periods.

 
• Padded forearm supports should be used to relieve pressure at

the shoulder and elbow.
 
• Design the workstation so that the engineer's elbows remain

flexed (bent) and allow for control activation.
 
• Sufficient clearance should be provided for the engineer's

thighs under the work surface.
 
• Provide an adjustable work-surface height to fit individual

physical dimensions and preferences.
 
• Consider providing a workspace that allows both sitting and

standing.
 

 Maintenance  Labeling
 

 • Labels should be designed to survive wear and damage under
normal operating conditions.

• Use words and abbreviations that are commonly known and
meaningful to the user.
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• Instructions should be easily seen.
 
• Wording of labels or instructions should be concise.
 
• Labels should be located next to or on controls.
 
• Danger signs should use white lettering on a red background.
 
 Access
 
• Workspace and access areas should allow adequate room for

needed body motions such as crawling or kneeling.
 
• Those components most likely to fail and those most critical

should be the most accessible.
 
• Make access panels accessible with common tools.
 
 Repair, removal & replacement
 
• Consider modular design and throw away units to minimize the

skill level needed to maintain the equipment and reduce the
impact on related sub-systems or components.

 
• Use self-adjusting mechanisms where possible.
 
• Use self-lubricating sealed assemblies with throwaway

replacements.
 
• Make stored materials, assemblies and spare parts easily

accessible.
 
• Clearly mark storage locations and parts.
 
• Make retaining or load securing devices easily removable.
 
• Make removable parts easily accessible.
 
• Make misconnection of parts impossible through use of keyed

interconnections.
 
• Design gaskets and seals to be easily replaced without

completely removing or disassembling other equipment.
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• Use quick disconnect electrical devices where units are
replaced frequently.

 
• Use hinges, latches or catches to reduce handling and storage

of covers.
 
• Design covers to avoid holding dust and dirt.
 
• Design cables or wire runs without bends and locate them to

prevent stepping on them.
 
• Design both ends of cables and plugs to prevent

misconnection.
 
• Route wiring away from lines that carry combustibles to

prevent fires from sparking.
 
• Design items over 45 pounds for two-man operation.
 
• Enable use of common hand tools to repair or replace

defective items.
 
• Minimize the number of special tools required.  When they are

required, make them captive to avoid being misplaced.
 
 Inspection and Testing
 
• Provide quick and positive identification of malfunctions and

components.
 
• Minimize the need for special test equipment.
 
• Design major assemblies to be completely inspected by means

of removable housing.
 
• Reservoirs, gauges, meters should be visible without removing

panes or other components.
 
• Visual access should be available for maintenance in progress.
 
• Make seals and gaskets easily visible after installation.

 2.2.2  Access  
 • The placement of doors should consider post accident

evacuation.  Rear doors leading outside offer ready exit routes
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in most, but not all, accident scenarios.  The piling of cars on
and around the locomotive may in some circumstances block
exits.

 
• Doors should open outward to permit easier pre-accident exits.

This also eliminates the need for a clear area in the cab to
allow an unobstructed inward swing.

 
• Nose doors should be offset to reduce cab drafts.  Doors that

directly access the front of the locomotive are susceptible to
drafts and are less crashworthy.

 
• Door latches should be examined for potential hand pinch

areas in their range of motion.
 
• The bottom edge of doors should clear the walkway they open

over to reduce the obstruction by ice and snow.
 
• The nose door should include a small sight glass to see if there

is somebody that could be struck when opening the door.
 
• A wide opening or pop out side window or 25 x 25 inch roof

hatch may be desirable to provide an additional evacuation
route.

 2.2.3  Visibility  
 • Visibility requirements should be determined by the objects

that must be seen and the human and train reaction lags in the
control actions that the objects trigger.

 
• The windows should permit the operator to see a track level

object as close as 50 feet away, and an overhead object (e.g.,
signal bridge) as close as 55 feet away.  Lateral field-of-view
should be at least 180o and preferably 220o.

 
• Too much window area can have drawbacks.  Examples are

radiant heat gain, heat loss, glare, reflections, vulnerability to
thrown rocks, and now, gunshots.

 
• Accommodate the engineers visual requirements in both

directions if the locomotive will operate in both directions.
Use of a long haul locomotive for switching or long hood
forward operation does not fully meet the engineer's visual
requirements.  Properties that use bidirectional travel for long
periods or eliminate switchers for financial or other reasons
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create visual problems for engineers.
 2.2.4  Seating  
 • Locomotive seats should be cushioned at least 3 inches thick,

use the buttocks for primary support, exert little pressure on
the thighs especially at the front edge, support the lower back
and have arm rests 4 inches wide and 13 inches long.

 
• Seat height should be adjustable from 16 to 19 inches in steps

no larger than 1 inch.  Seat should adjust forward and back at
least 4 inches from the 50th percentile position.

 
• The seat cushion should be contoured for buttocks and the

back for spinal curves in order to even pressure and provide
support.  Provide adjustable lumbar support to increase
support and comfort level.

 
• The seat's backrest should recline between 95 and 115 degrees,

the seat pan should tilt back between 1 and 5 degrees from
horizontal, front edge higher.

 
• A backrest curved on a radius of 18 to 24 inches or with lateral

support will help during side sway.
 
• A rectangular seat pan with elevated sides is preferable to a

round seat pan.  The lateral support offered reduces muscular
effort in curves or lateral cab movements and accommodates
legs when spread at a comfortable angle.

 
• A continuous balance seat pan may correct this by tilting to

relieve spinal pressure when leaning.  The need to lean forward
to operate controls and twist and lean to look out side
windows may negate the best conventional seat design because
it creates strain on spinal discs.

 
• The ideal seat adjustment mechanism is easy to use, reliable,

and wear resistant. A swivel may be needed to access the seat
and to accommodate the need to turn to look to the back and
sides. The seat covering should be made of fabric or perforated
leather to reduce perspiration and heat buildup.

 
• Non-seat characteristics can have a direct or indirect impact on

the seated position or use of the seat and need to be considered
to determine seating comfort.  Non-seat factors include: leg
room, knee room, availability of footrests, clearance from
sidewall, vibration levels, ease of entry/exit, clearance when
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swiveling, visibility, and reach-to-control distance.
 2.3  WORKSTATION DESIGN
 

 

 2.3.1  Controls  
 • Place motion controls directly in front of the engineer with the

brake module on the left.
 
• Place the radio hand controls on the left hand side to allow an

engineer to operate the locomotive motion controls with his
right hand while using the radio with his left hand.

 
• Controls for the sanders, whistle, horn, headlights, radio and

microphone should be located within the zone of reach and
preferably within the zone of comfort, if possible.

 
• Controls should be arranged to minimize engineers changing

their position solely to operate a control.  Position all controls
so that, in manipulating them, operators do not appreciably
move their nominal eye reference and possibly miss seeing
important events occurring outside or on the principal internal
display (Woodson, 1992).

 
• Controls should be arranged according to the order they are

expected to be used.  Tracing the sequence of control use will
help identify poor arrangements.

 
• Controls should be consistent with normal limb motions.  This

means that where arm motions are needed they should be
forward and back, not sideways.

 
 Controls that have a similar function or purpose should be grouped
together.

 
 2.3.2  Electromechanical Displays

 

 • If displays are ordinarily read in sequence, arrange them in
order, either horizontally or vertically.

 
• When the circumstance includes an array of displays that must

be monitored on a regular basis to determine whether
conditions are approximately "normal," arrange the displays so

that all the pointers are aligned alike when the instruments are
indicating normal operation.

 
• Arrange the normal pointer reading at the twelve o'clock
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position when the array is vertical and at the nine o'clock or
three o'clock position when the array is horizontal.

 
 Make lettering clearly legible. The American National Standard for
Human Factors Engineering of Visual Display Terminal
Workstations (ANSI/HFS-100, 1988) gives recommendations for
letter size, word spacing, viewing distance, contrast ratios,
brightness ranges and other critical parameters.

 2.3.3  Auditory Devices  
 • Provide the vigilance detector system with a time constant that

varies based on both speed and control activity.
 
• Provide additional displays associated with a warning advisory

panel that indicate which locomotive in a multiple consist is
experiencing a particular problem.

 
• The panel should contain an end-of-the-train unit alarm and a

built-in lamp test function.
 
• Non-speech signals should be in the 200 to 5,000 Hz range and

ideally in the 500 to 3,000 Hz range.  Loudness of sounds used
should be consistent with the ambient sound level, but not so
loud that they startle or disrupt the proper response. Loudness
should also be consistent with the urgency of the message.

 
• For the vigilance system, the audio alarm and visual alert

should be near the windshield since the engineers attention
should be directed towards the outside.  For the engine
monitoring system, the warning sound should come from
somewhere near the warning advisory panel.

 
 Avoid the use of sounds that could be confused with
operational or malfunction noises (e.g., air brake releases,
pump operations, sand discharges, etc.).  Limit the
selection of advisory sounds to no more than four to
ensure proper identification.

 
 
 
 
 2.3.4  General Principles

 

 
 Dialog Design

 

 • Avoid actions that surprise the engineer, require tedious
sequences of data entries and make obtaining necessary
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information difficult.
 
• Include features that give feedback regarding actions taken and

system responses with easy reversal of actions.  Actions should
be initiated by the engineer.

 
• Consistent sequences of actions should be required in similar

situations, identical terminology should be used in prompts,
menus, and help screens.  Use consistent commands whenever
possible.

 
• Minimize display clutter to reduce short-term memory load.
 

 Menus • Make the organization of the menu or user interface as
transparent or obvious as possible to the user to speed the
search for information.

 
• Increase the menu breadth to the maximum practical level for

linearly organized lists such as alphabetized lists, months of the
year, letters of the alphabet.

 
• When there is no inherent linear ordering of alternatives, the

optimal number of alternatives will fall between three and
twelve.

 
• Limit menu trees to three levels to reduce the likelihood of

getting lost or disoriented, where possible.
 
• Provide rapid access methods by which the engineer can enter

a series of multiple menu selections at once or go directly to a
given menu.

 
• Standardize the location of information elements to aid the

development of expectancies about where that information is
located and decrease response time.

 
 Function Key Menus • Provide enough functions keys to support functionality, but

not so many that scanning and finding are difficult.
 
• Arrange keys in groups of three or four based on semantic

relationships.
 
• Use space, size, and color to distinguish groupings.
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• Place function keys that have a destructive effect away from
the main keys to avoid accidental activation.

 
• Color code keys to be consistent with user expectations  (i.e.,

green for go, red for danger or warning).
 
• Label keys clearly and distinctively.
 
• Adopt a consistent abbreviation rule such as truncation or

vowel deletion when abbreviations are necessary.
 
• Place the most frequently used keys in the most accessible

positions.
 
• Minimize the use of qualifier keys (i.e., Shift, Alt, Command,

Control).
 
• Preserve spatial relationships between soft function key labels

on the screen and generic function keys on the keyboard.
 
• Use the same coding schemes (space, size, grouping) for both

the displays and controls.
 
• Be consistent in function key assignments across screens and

subsystems.  When a function key performs different functions
in different operational modes, assign equivalent or similar
functions to the same key.

 
• Give the user feedback regarding the status of function key

operation.  When function keys are pressed, the system should
give the operator feedback to indicate whether some action
took place and how the system is responding.

 
• Inactive key or menu selection should be grayed out or deleted

to indicate whenever a particular menu selection is inoperative.
 
• Use a status indicator to indicate what mode the keys are in if

there are special keys that have different modes.
 
• Enable easy access to the home menu in menu systems with

multiple levels so the user may return quickly to the home
menu.

 
• Response time should be appropriate to the task.  For

unusually fast or slow response times, the system should give
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the engineer a message explaining what is happening.
 
• Avoid response times longer than 15 seconds.  Extreme

variation in response time should be avoided where possible
and acknowledged by the system where it is not possible.

 
 Error Management • In managing errors, the first goal is to prevent their

occurrence.  The system should be designed to prevent the
engineer from committing errors wherever possible.  For
example, in locomotives with AC traction motors, putting the
throttle into reverse when it is moving in the forward direction
will damage the motors.  The system could prevent this from
happening by not allowing the engineer to execute this
command when this condition occurs or delaying its execution
until the conditions are appropriate.

 
• Where the engineer must engage in operations that are difficult

or impossible to undo (e.g., destroying data), the system
should notify the engineer and require confirmation before
executing the command (Smith and Mosier, 1986).

 
• Enable the user to recover from errors quickly and easily,

(Norman, 1991) when they occur.  A responsive system will
indicate the nature of the problem and suggest how to correct
it.

 
• Provide an undo function to reverse actions or correct an

error. Allow engineers to undo a sequence of commands to
change previously entered selections.

 
• When a command must be reentered to correct an error,

prompt the user to reenter that portion of the command that
needs correction.  Do not require the entire command to be
reentered.

 
 Alarm Design • Do not overload the user with too many alarms. This  may

distract the engineer.
 
 
• Auditory alarms are preferable under the following conditions:
 

 the message is short and simple
 the message will not be referred to later
 the visual channel is overburdened
 the message deals with events in time
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 continuously changing information is presented, and
 vision is limited.

 
• Alarm design should convey the urgency or priority of the

warning so that the engineer can allocate his or her attention
appropriately, particularly if multiple warnings are present.

 
• Give the engineer control over alarms by providing a means to

acknowledge and turn off non-critical alarms.
 
• Where alarms are presented by both visual and auditory

methods, allow the engineer to turn off the auditory alarm
without erasing the visual message that accompanies the
auditory signal.

 
 Feedback and User Guidance • Feedback should provide some indication of system status to

users at all times and occur close in time to a related event.
 
• Feedback should clearly distinguish between the system that is

waiting for the user to initiate an action and a delay in the
response to an action initiated by the user.

 
• Indicate clearly the currently selected mode when the results of

user action are contingent upon different operation modes.
 
• Every input or response selection by the user should

consistently produce perceptible response output from the
system.

 
• When errors occur, feedback should clearly indicate the

corrective action to take.
 

 Error Messages • Error messages should be specific (task oriented) and as
concise as possible and written from the user's perspective.
Use language that the engineer will understand.

 
• Abbreviations should be consistently displayed in the visual

format and placement, and in grammatical form.
 
 
• Use active voice and a positive tone to tell the user what needs

to be done.
 
• Consider multiple levels of messages where users may desire

more detailed levels of information or where more than one
error was made.
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• Display the error message after the user completes a response

to minimize disruption of the user's task performance and
thought processes.

 
• Display error messages within 2-4 seconds following the

response for which the error is detected.
 2.3.5  Automation  
 • The engineer must be in command.  Since the engineer is

responsible for the safe operation of the locomotive, he or she
must have the ability to control those operations.

 
• The engineer must be an active participant and informed.  To

command effectively, the engineer must have an active role in
controlling the train.  This means engaging in relevant activities
so that situational awareness is retained.

 
• Automated systems must be predictable.  The engineer must be

able to predict how the locomotive will be affected by the
automation to know how to use it, and it must behave in a
consistent manner to know when a failure occurs.

 
• Each element of the system must have knowledge of the

others’ intent.  The human operator must be able to monitor
the automated system.  Automated systems must be able to
monitor the human operator.

 
• System operation should be easily interpretable by the operator

to facilitate detection of improper operation and diagnosis of
malfunctions.

 
• Design the automation to perform the task in a way familiar to

the user.  When the automation fails, it should be announced
so that the operator takes over active control of the system.

 
• Design the automation to prevent peak levels of task demand

from becoming excessive.
 
 
• Design control automation to be of most help during times of

highest workload and somewhat less help during times of
lowest workload.

 
• Provide meaningful duties to maintain operator involvement

and resistance to distraction if automation reduces task
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demands to low levels.
 
• Control automation should provide the engineer with an

appropriate range of control and management options.
 
• Provide a way to check the setup and information input to

automatic systems.
 
• All displays should contribute to and maintain situational

awareness.
 
• Displays that have multiple modes should clearly indicate what

mode is active.
 

 2.3.6  Electronic (Computer Generated) Displays
 

 

 General • Provide a nominal viewing distance of 20 inches (510 mm) and
all areas of the display be viewable from within 30 degrees of
the horizontal axis centered on the screen.

 
 Hardware • A minimum screen recommendation is a 5 x 7 dot matrix, with

7 x 9 preferred.  For environments in which symbols will be
rotated, the minimum dot matrix is 8 x 11, with 15 x 21
preferred.

 
• To adequately see both foreground and background, it is

recommended that the luminance of the foreground or
background be at least 35 cd/m2.  The display should be
capable of a minimum contrast ratio of 3:1 with 7:1 preferred.

 
• Provide controls to adjust the level of brightness and contrast

to help the engineer adapt to changes in illumination.
 
• The refresh rate for a display should be at least 60 Hz per

second for a screen with a dark background and light
foreground (positive polarity).  The refresh rate for a display
should be at least 90 Hz per second for a screen with a light
background and dark foreground (negative polarity).

• Eliminate glare from the environment.  Surfaces should be
painted in a dark color with a matte finish.  Provide shades,
visors, or tinting for windows.  Orient the display to avoid
reflections and consider the use of a hood to shield the display.
Consider using anti-glare treatments such as neutral density
filters and etched display surfaces where glare cannot be
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removed.
 
• To preserve dark adaptation, the engineer’s display should be

designed to be used at the dimmest setting possible while still
maintaining good image quality.

 
• Displays that use incandescent lighting should incorporate dual

lamps for redundancy.  Bulbs should be replaceable from the
front panel without the use of tools.

 
 Software • Information density generally should not exceed 25-30% of the

active screen area.  As the density of information increases,
time and errors in task performance increase.

 
• The need to minimize information should not occur at the

expense of clarity or task performance.
 
• The choice of abbreviations should be made on the basis of

what engineers are likely to understand.  Frequently used
abbreviations schemes include: truncation, alphabetical, and
abbreviations commonly recognized by the user population.

 
• Give engineers only as much detail as they need.  Software

should enable engineers to control the amount of information
displayed.

 
• Use white space to separate information into columns with

headings.  Column headings save space by reducing the
number of times that related items are repeated.

 
 Information Placement • Adopt a consistent format for all screens.  Consistency allows

user to develop expectancies about where to find the
information, making it easier to learn how to use a new
application.

• Place each design element in a consistent and specified
location.  This includes: screen titles, messages, alarms,
commands, function keys, status displays, etc.  Reserving
specific areas of the screen for particular elements will aid in
memorizing their location.

 
• Place items that need to be found quickly in the upper left-

hand corner of the screen and items that are not time-critical in
the lower right-hand corner.  Visual scanning patterns take the
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form of a Z shape by beginning in the upper left-hand corner
and ending in the lower right.

 
• Display critical information in the center of the screen, not

along the edges, to prevent distortion due to parallax.
 
• Information will also be detected most quickly if it is within the

area where visual acuity is best.  This area is represented by a
cone extending from the normal line of sight within an angle of
15 degrees.

 
• Group items that belong together.
 
• Grouped items should subtend no more than 5 degrees of

visual angle (i.e., 12-14 characters by 6-7 lines) to facilitate
search time.  However, legibility and comprehension should
not be sacrificed to meet this guideline.

 
 Information Coding • To maximize the effectiveness of a particular code, avoid

overusing too many codes.
 
• Critical, abnormal, or updated data should be highlighted using

reverse video, shadows, brightness, or color coding.
 
• Blink rate should be between 0.1 to 5 Hz with 2-3 Hz used to

generate a strong sense of urgency.  No more than two levels
of blinking should be used because more will be difficult for
engineers to discriminate.

 
• Flash coding should be used sparingly and never for text or

numbers that are critical or need to be read quickly.
 
• Where readability is important, flash coding can be

implemented by using a separate blinking symbol placed near
the information that must be read.

 
• When reverse video is used, leave a buffer zone on either side

of characters and symbols to avoid legibility problems caused
by the characters bleeding into the background.

• If size coding is used, use no more than two widely different
sizes.

 
• Visual displays should be first designed to meet human

performance criteria under monochrome conditions.  Color
coding should be a redundant coding technique since some
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engineers may have color vision deficiencies.
 
• Provide sufficient luminance contrast (brightness) when

optimal color contrast is not feasible.
 
• Avoid using color in areas that are not in the engineer's direct

line of sight, since it is difficult to discriminate colors in
peripheral vision.

 
• The number of colors should be limited to less than six when

the task requires discriminating between colors.  Use no more
than 7 colors for the entire sequence of displays and 4 colors in
an individual display.

 
• Avoid the following color combinations: red/blue, red/green,

blue/yellow, and green/blue.
 
• Color coding should be consistent with user expectations for

the task (i.e., green for go and red for stop).
 
• Consider the use of color to format related items in a densely

packed display.
 

 Text Based Information
(Typography)

• Complex or ornate typefaces (i.e., script or fancy block letters)
should be avoided.

 
• Proportional typefaces which vary the width of individual

characters and the spacing between characters are generally
preferred to non-proportional typefaces.

 
• Use mixed case for presenting blocks of text, such as system

messages and train orders.
 
• Upper case is appropriate for single words or short phrases

which must attract the engineer's attention.  However, to be
effective, this technique should not be overused.

 
• Use white space to organize alphanumeric text.
 
• For interline spacing, the space between the bottom of one line

and the top of the characters on the line below should be equal
to or slightly greater than the height of the characters
themselves.  This represents a ratio of letter height to total
space between lines of 1:2 to 1:2.7.
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• Use short familiar words and a simple sentence structure.
 
• When sentences describe a sequence of events, they should be

described in the order in which they will occur.
 
• Sentences should also use the active voice since they are easier

to understand.
 
• Express ideas in positive terms since negatively expressed

ideas take longer to understand.
 
• Keep phrasing short and concise as possible.  Avoid using

words that have multiple meanings.
 
• Short words tend to be more familiar and easier to understand.

However, a long familiar word is preferable to a short,
unfamiliar word.  While short words are generally better than
long words, avoid using contractions.

 
• When abbreviations are used, choose those abbreviation that

are commonly recognized and do not abbreviate words that
produce uncommon or ambiguous abbreviations.

 
 Graphic Information • Digital displays are generally preferred to analog displays when

a precise numerical value is required; the values remain
displayed long enough be read and are not continually
changing.

 
• Analog displays are advantageous when the values are

continually changing and the direction or rate of change is
important to the user.

 
• The relationships among graphical elements should convey to

the user the physical or functional relationship among actual
elements.

 
 Symbol Design • Limit the number of symbols or geometric shapes used to

represent objects to between 10 and 20.
 
• Make the symbol or icon as representative as possible.  The

more directly the symbol conveys what the object or action
represents, the more likely the engineer will understand.
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• Keep the symbol simple.  Unnecessary embellishments add

screen clutter and may confuse the user.  However, symbols
should not be so simple that they are confused with one
another.

 
• Use symbols that the engineer is familiar with.  Familiarity will

reduce learning time.
 
• The shape of the symbol should be clear and unambiguous.

Screen resolution should be adequate to discriminate between
different symbols.

 
• Add a label to increase comprehension.  The ability to

comprehend and learn symbols can be improved by attaching a
label.

 
• Create consistent shapes through limiting the use of angles,

line thickness, shapes and the amount of empty space.

 2.3.7  Computer Input Devices  
 • Design dimensions such as shape, size, and material must be

compatible with human anatomical and physiological
characteristics.

 
• Keep the number of controls to a minimum.
 
• Design control movements to be natural for the operator.
 
• Design the controls to provide enough resistance to prevent

their activation by mistake or through vibration.
 
• Design the controls to withstand misuse.
 
• The control should give feedback so the engineer knows when

it is activated.
 
 
• Frequent switching between input devices must be avoided.
 

 Keyboards • Keyboard height should be adjustable by the controller within a
range from 23 to 32 inches (i.e., it should be possible to raise
and lower the surface that supports the keyboard).  The
keyboard should be less than 30 mm. thick from its base to the
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home row of keys, and its slope should be adjustable between
15 and 25 degrees from the horizontal.

 
• Alphanumeric keys should be logically arranged.  If extensive

numeric data are to be entered, a separate numeric keypad
should be provided, visually distanced from the main keyboard,
and arranged in a 3 x 3 + 1 matrix with zero (0) centered on
the lowest row.  To reduce syntax error, function keys should
be provided for frequently invoked commands.

 
• Function keys should be clearly labeled to identify their

functions, and these functions should be consistent throughout
the system.

 
• Nonactive keys should be blank; mechanical overlays should

not be used to restrict access to nonactive keys.
 
• The key used to initiate a command must be clearly labeled

"Enter."
 
• Keyed data should be quickly displayed or "echoed" on the

screen.
 
• Tactile feedback should verify keystrokes and inform the

controller when the next action may be initiated. In designing
tactile feedback, consider whether the user will be wearing
gloves.

 
• The keyboard should be located a comfortable distance from

the controller and directly in front of and below the associated
visual display.  Forearm and wrist support should be provided
to reduce discomfort.

 
• Keyboards must be readable under all operating conditions.
 
• Guards should be considered for any key that would present a

problem if inadvertently activated.
 
• To avoid increasing engineer workload, it is important to

minimize requirements for keyed data entry, particularly for
keyboard data entry in a moving train.

 
 Touchscreens • The sensitive areas of touchscreens should be large enough to

permit activation by fingers if the land-on strategy is being
used. The sensitive area should also be large enough to
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accommodate the use of gloves.
 
• Parallax caused by the curvature of the CRT screen should be

minimized by using touchscreens mounted as close as possible
to the CRT surface.

 
• Touchscreen displays should have sufficient luminance to be

read easily under all operating conditions.
 
• A positive indication should be provided within about 100 ms.

to acknowledge activation.
 
• As with keyboards, touchscreen displays should conform to

applicable minimum standards for dimensions, separation (of
active areas), and resistance.

 
• Touchscreens should not be used if the task will require

engineers to keep their arms up and unsupported for lengthy
 periods of time.
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CHAPTER 3.  CAB ENVIRONMENT

This chapter examines the general locomotive cab environment
aspects that affect crew comfort and performance.  Although the
aspects are treated individually, there is a great deal of interaction
between them in causes, methods of correction, and the effect on
the crew.  Thus, an integrated design is needed to improve the cab
conditions.

There is considerable evidence that environmental conditions
affect stress levels and job performance (especially vigilance), but
the nature of the effect can vary.  Conditions outside of a
perceived comfort level can cause discomfort which increases
stress.  Conditions which are too comfortable may reduce
performance because of a lack of environmental stimulation.  A
moderate stress level may produce the best performance.  During
low workload conditions, a small amount of discomfort may
enhance performance, but under higher workloads, the discomfort
can distract and cause errors.  Rapid transitions from low to high
workload or from high to low may be distracting to the operator’s
level of situation awareness, while an overly comfortable
environment may reduce performance.  It is not the best practice
to produce discomfort with the intention of producing the
beneficial arousal since the opposite result can occur.  Figure 3-1
shows some general guidelines for acceptable working
environments.

3.1  HEATING

3.1.1  Operational Issues
Locomotive cabs are heated by either forced hot coolant (most
common) or electric resistance.  Heaters are installed at
workstations for the engineer and other crew members with
options offered for sidewall convectors (Jankovich, 1972).  The
sidewall convector provides a warm air barrier between exterior
walls and occupants to reduce the radiant loss to cold walls.  In a
review of the recently introduced SD-60M Wide Cab (Riley et al.,
1991), engineers mentioned installation of sidewall convectors
when asked about improvements, showing that this is still an
infrequent addition even in the latest cabs.
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Figure 3-1.  Work Environment Comfort Zones  (Adapted from
Human Factors Design Handbook, 2nd Edition, Woodson, et al., 1992, p.
755.  Used by permission from McGraw-Hill, Inc., New York, NY.)

Gamst (1975) states that windows are opened in the winter for
fresh air and to let the engineer lean out during switching (in this
position the engineer's feet often contact the heater).  Jankovich
(1972) notes that locomotive heating systems are not designed to
provide fresh air exchange.  Thus, opening windows is the only
way to provide fresh air, which adversely impacts cab temperature
in the winter.

The relatively fixed position of the engineer during work limits the
body's main ways to increase body warmth: waste heat from
muscular activity (shivering excluded), moving away from cold
areas to warmer ones, and increased blood circulation.  The fixed
position can also lead to limb stiffness if muscles become cold.
The result is that the fixed working position limits an engineer's
normal reactions to eliminate discomfort from cold if heating is
insufficient.
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3.1.2  Human Factors Considerations

General The three considerations for determining the proper level of cab
heat are: 1) temperature level, 2) temperature evenness, and 3)
humidity level.  Exposure to low temperatures tend to have a
physical effect before a mental effect.  The initial physical effects
such as shivering and a feeling of discomfort occur before mental
effects show.  Over time, the discomfort can become distracting
(resulting in short-term memory deficits), and shivering and limb
stiffening can hinder control inputs and reaction time.  Uneven
heat distribution can make comfort difficult to achieve, particularly
if the limbs become cold.  Blood circulation volume in the
extremities is reduced in reaction to cold as a primary defense
from heat loss during relative physical inactivity.  This means that
cold hands and feet will remain that way.

Evenness Jankovich (1972) measured locomotive cabs used in that period
and found that the heaters' design and arrangement provided
adequate heat level and evenness.  However, the Canadian
National Railways (quoted in Jankovich) and a study by Michaut
and McGaughey (1972) found that air drafts made the heat
inadequate.  Higher speed operations worsen the effects of drafts
caused by leaks at windows and doors.  Cabs with front doors that
exit directly or locomotives operating with the long hood forward
are most vulnerable to this problem.

Loss of heat through window glazing, cold walls and opened
windows for fresh air can create cold spots.  The fixed position of
the engineer does not permit him or her to turn from the cold to
even out body temperature.  The German Railways (quoted in
Jankovich) found that a lack of floor insulation created cold spots
and cooled the feet, especially when standing.  Engineers will feel
uneven heat in these conditions.

Humidity The heating of cold cab air to produce heat takes low relative
humidity air and further lowers its relative humidity.  The low
humidity affects the effective temperature.  The American Society
of Heating, Ventilation, and Air Conditioning Engineering
(ASHVAE) has conducted extensive research which shows that
relative humidity is directly related to effective temperature.  For a
given temperature, a higher humidity makes it feel warmer while a
lower humidity feels cooler.  Low humidity also can directly
impact comfort and health. The increased rate of evaporation
caused by low humidity dries the skin, eyes, nose, and throat.
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The result is a feeling of dryness, chapping, and dried mucous
membranes with reduced disease resistance and dust filtering
ability.

Wilde and Stinson (1978) detail the health and comfort impacts of
low humidity and make another interesting point.  Dust particles
normally absorb moisture, which increases their weight and speeds
settling.  Low humidity prevents this absorption and allows the
heater fans to circulate more dust.  The desirable relative humidity
level varies with temperature and personal taste.

The ability to defrost windows is often a problem (Jankovich,
1972; Robinson, 1978; Wilde and Stinson, 1978).  Increased
humidity causes condensation/frost problems on windows under
extreme cold conditions.  Therefore, the ability to control the level
of humidification, whether by humidistat or turning the humidifier
on or off at will, would be beneficial.

3.1.3  Recommendations

Temperature Jankovich (1972) quotes the International Union of Railroads as
recommending that the heaters preferably maintain 64-68oF with
an absolute minimum of 59oF.  During informal discussions
between the FRA and the Brotherhood of Locomotive Engineers
(BLE) in December 1993, the BLE suggested a minimum heat
requirement of 64oF.  MIL-STD-1472D recommends that vehicle
heaters maintain a temperature of 68oF when the vehicle is
occupied for more than three hours and arctic clothing is not
worn.  It also specifies a reference point where the temperature
should be measured (a point 24 inches above the center of each
seat).  Based on the work constraints, on an engineer's reactions to
cold, and these comments, the design should aim for a higher
temperature level than the minimum AAR and FRA standard of
50oF, and a 64oF would be more desirable.  This is below the 68oF
given in literature for a “shirtsleeve environment.”

Evenness The evenness of heat is another important comfort consideration.
MIL-STD-1472D recommends no more than a 10oF difference
over any part of the body.  Radiation of body heat to cold walls
and floors or through glazing can make an occupant feel cold even
at a proper air temperature.  Sidewall convectors or other thermal
barriers can help correct this radiation loss and should be standard
equipment rather than an option.  Floor and wall insulation and
thermopane (and possibly low-E) glass can further reduce
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conduction and radiation losses of body heat.  Drafts at windows
and doors should be eliminated with good seals and offset nose
door designs.

Humidity The need for humidity control to provide comfort while heating is
documented by ASHVAE, MIL-STD-1472D, and Wilde and
Stinson (1978).  A range of 30% to 70% is recommended.  The
current lack of a means to add humidity while heating the
locomotive cab should be addressed.  The humidifier could be
integrated with the heating system or installed as a separate unit.

3.2  VENTILATION

3.2.1  Operational Issues
Open side windows, and in some cases open doors, are the only
ways to provide fresh air to the locomotive cab.  Generally, the
open window is beside the engineer, which also allows leaning out
as a means for him or her to look back down the train.  This is a
low cost way to provide adequate airflow when the locomotive is
moving at a good rate of speed.

The open window allows dust and particles to enter the cab.  This
material settles throughout the interior and can contaminate
equipment and increase maintenance needs and can injure the crew
members.  Wilde and Stinson (1978) found that eye injuries were
the third most common railroad injury (13% of total in 1976
Canadian National Railways data) and the predominant cause was
entry of foreign objects through open doors and windows.  The
open windows also provide an unobstructed path for noise to enter
the cab.  Finally, any security (ballistic protection) offered by the
glazing is negated when the window is open and the engineer is
seated next to the open area.

3.2.2  Recommendations

Volume and Speed A cab with a dedicated ventilation system that allows ventilation
with the windows closed is desirable.  MIL-STD-1472D
recommends outside air be provided at a minimum rate of 20 cu.
ft./min./person and at a minimum of 150 cu. ft./min./person for
operations without air conditioning where the outside temperature
is above 90oF.  Woodson (1990) recommends 1 cu. ft./min./sq. ft.
of floor space.

Jankovich (1972) quotes the International Union of Railroads
recommendation of general cab ventilation speeds of 0.5 ft./min.
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(6.25 ft./min. maximum) for winter and 1.65 ft./min. (8.25 ft./min.
maximum) for summer.  MIL-STD-1472D presents a different
measurement reference point and speed. It recommends air speed
at the head be adjustable either continuously or in three increments
from near 0 to 400 ft./min.

It is worth noting that the lack of air conditioning places more
stress on ventilation speed and volume, with an increase of noise if
fans are used.  Thus, an advantage of air conditioning is that it can
reduce the flow rate performance requirements of the ventilation
system.

Noise Ventilation systems generate noise from the fans (open windows
allow all outside noise in and can add wind noise).  Proper design
of the fan blade and vent locations can reduce this noise.
Ventilation systems that do not raise noise levels above the
maximum level are preferable to an open window.

Air Quality Ventilation air should be as clean as possible.  The air in the
railroad environment can be laden with dust and fumes.  Intakes
should be positioned to reduce intake of such contaminants.  Air
should be filtered to remove dust, pollen, insects, and other debris.
Interior brake venting which introduces odors and other
contaminants from the brake air system and which can stir up
settled dust should be avoided.

Drafts Whether moving air is perceived as a pleasant breeze or a draft
depends upon variable environmental and personal characteristics.
Therefore, a ventilation system should be as adjustable as possible
with louvers at ducts to vary flow paths and fan controls or
damper adjustments to adjust speed.  A closed cab can provide a
positive inside pressure which can reduce drafts from outside
leaks.  An additional benefit is a reduction in dust infiltration which
can improve cab cleanliness and lessen equipment contamination.

3.3  AIR CONDITIONING

3.3.1  Operational Issues
Locomotives operate through various climates which include the
high summer heat and humidity.  Locomotives are also exposed to
the direct sun much of the time.  This heats the metal locomotive
body and heat passes through the glazing partially as infrared rays.
Thus, the summer heat conditions experienced in the cab can be as
extreme as the cold of the winter.
Air conditioning is an option available on locomotives, but its use
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is a source of some controversy.  Some see it as valuable while
others see it as too costly.  The result is that it is installed on less
than half of operating locomotives, primarily those that operate in
the warmer areas of the country.

There are two areas of concern with air conditioning: initial cost
and maintenance cost.  Air conditioning adds significantly to the
cost of a new locomotive.  When installed, it is a source of
maintenance problems and has a lower than desired reliability.
Maintenance work on air conditioning may have to be contracted
out because of specialized equipment and skills needed.  This
makes the repair process more complicated and may extend
locomotive down time.

At the informal discussions between the FRA and the Brotherhood
of Locomotive Engineers (BLE) in December 1993, the BLE gave
the air conditioning issue the highest priority.  Rockwell and Kiger
(1989) and Riley et al. (1991) conducted studies which found that
air conditioning was widely desired by engineers.  This finding is
supported by Jankovich (1972) who states that standard air
conditioning is the ultimate solution to cab ventilation.  Riley et al.
recommend air conditioning for proper comfort.

3.3.2  Human Factors Considerations

Feeling Hot Discomfort caused by heat, unlike cold, affects mental activities
before physical ones.  Losses in dexterity, higher intellectual
functions, and alertness (ranging from subtle to marked) can be
expected.  Engineers' need for vigilance and the mental aspects of
train force planning make these losses a pertinent consideration.  A
study by Ramsey et al. (1983) of safety-related errors (unsafe
behaviors) in industrial settings showed a rise in safety errors
began at about 74oF and increased with temperature, particularly
at high workload levels.  Figure 3-2 depicts the relationship found
between temperature and unsafe actions.  The safety errors noted
included shortcuts and impromptu changes in work procedures.
This finding has great bearing in the context of the railroad work
rule environment where judgment and mental function play a great
role.

There are several things that add to the thermal load on the
engineers.  The outside temperature, humidity levels, and radiant
heat gains can affect comfort levels alone or in combination.  High
levels of humidity reduce the evaporation rate of sweat, the body's
primary means of losing heat.  While increasing ventilation rates
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can compensate to some degree, there is a limit to the
improvement.  Also, the accumulation of wetness that can occur is
an additional source of discomfort.  If the wetness is at the seat
contact area, it is more uncomfortable.

Figure 3-2.  Relationship between Temperature and Unsafe
Behaviors (Reprinted from Journal of Safety Research, Vol. 14, Ramsey,
Jerry, D, et al., Effects of Workplace Thermal Conditions on Safe Work
Behavior, 1983, p. 112, with kind permission from Elsevier Science Ltd., The
Boulevard, Longford Lane, Kidlington OX5 1GB, UK.)

Radiant heating can occur from sunlight entering through the
windows and from sun-heated cab walls and roof.  The American
Society of Heating, Refrigerating, and Air Conditioning Engineers
(ASHRAE) notes that people are most sensitive to discomfort
from warm ceilings (in a comparison of exposure to hot and cold
walls and ceilings) even at small temperature differences.  The
International Standards Organization, in the annex to ISO Draft
International Standard (DIS) 7730 (1992), sets a guideline limit of
a 9oF difference in temperature of the ceiling surface compared to
a point 0.6 meter above the floor in recognition of this result.  The
intent of this is to prevent the heating of the body by the warm
ceiling.  The relatively low ceilings in cabs make this effect a
greater concern.

3.3.3  Recommendations
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Comfort ISO DIS 7730 recommends a summer temperature range of 72oF
to 78oF with a humidity range of 30% to 70% for comfort.
ASHRAE makes a similar recommendation (see Figure 3-3).
Summer conditions in the North often exceed both the
temperature and humidity levels for comfort, whereas warmer
regions in the South and Southwest may find these conditions
prevalent.  While the increased ventilation from open windows can
compensate, the effect is very limited to a range of a few degrees
expansion of the range.  This does not account for the radiant heat
gain which is not reflected in temperature levels.  It seems clear
that air conditioning is as important to maintaining crew comfort
as is heating since there is no other way to provide the desired cab
conditions at high temperature or humidity conditions.

Figure 3-3.  ASHRAE Standard for Thermal Comfort (©1995
American Society of Heating, Refrigerating and Air-Conditioning Engineers,
Inc., Atlanta, GA.  Used by permission from BSR/ASHRAE 55A-1995,
Addendum to ANSI/ASHRAE Standard 55-1992.)
While the referenced standards give a justified upper limit of 78oF
for comfort, operational circumstances may dictate higher
temperatures.  People do acclimate to higher temperatures which
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expands the acceptable limits.  Also, the differential between cab
and exterior conditions should not be extreme if people will need
to transition between them.  Under less extreme conditions, the
system performance should have a commensurate improvement.
Air conditioning will also lower humidity levels in the cab, thus,
lowering the effective temperature.

The system should circulate the conditioned air so that
temperatures from floor level to head level do not vary more than
10oF.  However, the system should not discharge directly on cab
occupants to prevent chills from drafts.  Use of visors or tint
shades on windows will allow the crew to lower radiant heat gain
and lower the thermal load, even without air conditioning.

Benefits Air conditioning can provide benefits beyond just comfort and
possibly improve crew performance.  With air conditioning, the
windows can remain closed which will improve inside noise levels
and reduce the intake of dust and other contaminants.  Lower
levels of foreign matter will improve cab cleanliness and reduce
equipment contamination which will reduce maintenance.  To the
degree that eye injuries are caused by objects entering by the
windows, there should be a reduction in these injuries.  A
reduction in absenteeism caused by unwillingness to tolerate high
discomfort levels is another possible benefit.

People generalize feelings about a prominent perceived
characteristic to other related aspects of their environment.  For
instance (for more detail see the Seating section), Roach and
Rockwell (1980) found that heat discomfort was the single factor,
of the fifteen used, that best predicted the level of seat comfort or
discomfort.  "Heat dissatisfaction" apparently increases
dissatisfaction with other cab features.  Consequently, air
conditioning may bring about an improvement in the perceived
comfort of other areas of locomotive operation.

3.4  NOISE

3.4.1  Operational Issues
Noise is one of the most intrusive aspects of locomotive
operations.  The largest source is the engines; the noise levels and
spectrum vary with speed and engine load.

Measurements of engine noise taken by Jankovich (1972) and
Aurelius (1971) show that noise level is strongest below the 100
Hz range.  The dBA sound measurement scale filters out lower
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frequencies and consequently underrepresents the true level of
engine noise.

Additional sources of noise are interior brake air venting in older
cabs, the horn, and wheel/rail noise at cruising speeds.  The latter
sources are focused in the middle and high frequencies and tend to
be intermittent which makes them more annoying, but possibly less
damaging to hearing. Open windows, especially in reflective areas
like tunnels and between structures, increase noise.  Another noise
source comes from vibrations which loosen cab components and
cause them to resonate.  Finally, the radio is often turned up to
improve speech comprehension in the noisy environment.  The
bursts of speech and amplified static have to be attended to, which
makes an important tool also a source of annoyance.

Maintenance also can impact noise.  Engines in less than ideal
condition will run rougher and noisier.  Mountings wear and
loosen which can create new vibrations or decrease vibration
damping which can create or worsen noise.  Also, worn engine
components (e.g., bearings) will create noise.

Noise exposure levels given by 49 CFR 229.121 limit continuous
noise to 90 dBA for eight hours with lower time periods for higher
noise levels.  This regulation went into effect after August 31,
1980.  Sound level measurements conducted about ten years
before this by Jankovich (1972) and Aurelius (1971) indicated that
noise levels in the locomotive cabs were very close to or above the
90 dBA limit.  Since locomotives from this period may still be in
use, their compliance with 49 CFR 229.121 is not known, given
the wear factor and the lack of cab noise level measurements under
operating conditions.  Rockwell and Kiger (1989) have a
statement that one railroad specifies noise limits of 82 dBA for
new locomotives.  In contrast, Riley (1991) has many comments
from engineers on the need/desire to reduce noise in the SD-60M,
a recent design.  Without measurements to confirm it, it may be
that state-of-the art cabs have yet to achieve comfort levels (75
dBA) in noise.

3.4.2  Human Factors Considerations

Noise Impact Acoustic noise acts as a stressor which lowers comfort and
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performance and increases fatigue.   Noise produces a consistent,
increasing, and statistically reliable fatigue effect, especially when
experienced during a boring task (Michaut and McGaughey,
1972).  Vigilance tasks and low stimulus environments which
typify part of the engineer's job may be considered boring. Long
duration exposure to loud noise damages hearing.  Michaut and
McGaughey (1972) state that a temporary lowering of hearing can
occur after exposure to levels of 78 dBA for as little as one hour.
Locomotive cabs have much higher noise levels and exposures
during work shifts are considerably longer. Noise also interferes
with verbal communication and audible signals/warnings.  With
radio use, background noise decreases the signal-to-noise ratio and
effectively degrades intelligibility.  Cab noise is also in the
background of radio transmissions initiated from the cab.  Riley
(1991) has documented comments from locomotive engineers on
the need to improve radio intelligibility and speakers on the SD-
60M.  This may indicate an acoustic signal-to-noise ratio which is
too low.  It is important to note that many experienced engineers
have hearing losses, and this, combined with the high acoustic
noise levels in the cab further degrade intelligibility.

Exposure Standards The current 90 dBA exposure limit (49 CFR 229.121) is well
above other noise standards.  The American Conference of
Governmental Industrial Hygienists and the U.S. Air Force, in
separate standards, have 85 dBA limits for eight hours of
exposure.  The American Academy of Ophthalmology and
Otolaryngology (1973), Poulton (1970), and Wittgens (cited in
Jankovich, 1972) give 80 dBA for eight hours as the upper limit to
prevent hearing loss from long-term exposure.  Wilde and Stinson
state that at 90 dBA, 11.9% of workers will have hearing loss after
20 years and 18% after 40 years.  An 85 dBA limit will cause an
expected loss of 5% and 8%, respectively.  Therefore, where
possible, designers should have a much lower noise level as a goal.

Speech intelligibility considerations require even lower noise levels
than pure health considerations.  MIL-STD-1472D recommends a
75 dBA limit for areas requiring occasional telephone use or direct
communication at up to 5 feet.  Jankovich (1972) states that
Swedish Railroads set a design goal of 78 dBA (not met by then
current designs) because of the heavy reliance on voice
communication.  MIL-STD-1472D recommends a 65 dBA limit
for operational areas requiring frequent telephone use or direct
communication at up to 5 feet.

Comfort is generally the most restrictive of the three factors.  The
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argument for comfort is that it provides an optimum performance
environment.  Woodson (1993) gives 75 dBA as the level for
comfort and reduces fatigue.

Drawbacks Railroad properties require engineers to report equipment
problems, including weak horns, and to use torpedoes as a
warning.  Rockwell and Kiger (1989) include a survey comment
from a manager that cab quieting may have gone too far.  This
person states that the sound reduction causes erroneous reports of
weak horns and muffled torpedoes. These are drawbacks which
result from reliance on noise isolation as the sole means of noise
reduction.  They can be resolved.  For example, a VU meter and
sound detection system mounted near the horn could give the
engineer an objective measure of horn loudness.  Alternate means
to perform the function of torpedoes could be devised.  An
alternative effect of noise reduction suggested by an EMD
locomotive designer warrants investigation.  This is that the
reduced level of background noise makes discrete changes like
torpedoes and horns easier to detect but keeps them from being
intrusive.

3.4.3  Recommendations

Noise Limits A goal of 80 dBA is desirable from a health perspective.  A noise
level of 75 dBA or below that would facilitate communication and
maintain comfort should be the ultimate goal.  An alternative to
reducing noise levels is to require hearing protection.  Use of ear
protection with the current limit could complicate
communications.  An aviation style microphone headset system
represents a possible solution.

Horn Location The location of the horn(s) can impact interior noise, especially
with open windows.  The output should be directed away from the
cab, located away from the cab, or shielded to produce a sound
"shadow" in the cab area.  However, locating the horn behind the
cab to create a sound “shadow” may reduce the effectiveness of
the noise to warn motorists.  Closed windows reduce horn
intrusion, so air conditioning can provide indirect benefits in this
regard.  In placing the horn on the locomotive, the needs of
motorists and pedestrians should be considered as well as the
needs of the locomotive crew.

Brake Venting Air brakes do not need to be vented within the cab.  In addition to
the noise, the air can carry brake system contaminants and stir up
dust already within the cab.  Engineers do use the sound as a cue
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to indicate brake performance, so some audible indication of brake
function may be desirable.

Noise Reduction In older locomotives, passive measures of insulation, isolation, and
absorption were used to lower cab noise levels. Their effectiveness
can degrade with time.  For example, insulation can settle and
compact or isolation bushings and fittings can wear and lose
damping capability.

Noise Cancellation A relatively new technique to reduce noise is to actively cancel it.
These systems characterize background noise to determine a
pattern in its waveform.  They then create a waveform that is
opposite to try to create a zero pressure when the two are added.
This process is especially effective with medium to low frequencies
because the waveform changes more slowly than at high
frequencies.  This makes the pattern more predictable.
Conversely, speech is extremely dynamic and unpredictable by past
patterns so it is less affected by this technique.  The short, sharp
pattern of the torpedo also should not be attenuated by this
system. Another benefit of these active systems is the automatic
gain control which would increase amplitude in response to the
noise increase when the windows are open.

Noise cancellation systems can be relatively inexpensive and small,
making installation costs for older cabs about the same as new
cabs.  The low cost and high potential benefit makes this
technology an attractive option that should be explored.  It would
complement current noise reduction methods and could bring
significant improvement to a high priority concern.

Isolated Cab Isolated cabs use special mounts to prevent the frame from
transmitting vibrations into the cab enclosure.  This method
complements current noise insulation.  Insulation is less effective
in damping low frequencies and the isolation provides a barrier to
low frequency transfer.  The limiting of vibrations can also reduce
the sympathetic vibration of loose components in the cab which
can produce internal noises.

3.5  TOILET FACILITIES

3.5.1  Operational Issues
Toilet facilities are an example of the evolution of crew comfort
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concerns.  They have gone from being absent to standard
equipment which improves with new cab designs.  For example,
Riley (1991) indicates that 35 of 58 locomotive engineers (60%)
surveyed thought that the toilet facilities of the SD-60M were
better than previous versions.  However, there were many
comments from locomotive engineers which indicated the need for
specific improvements.  Apparently, the toilet is often designed to
fit the space available rather than designing in the space to
accommodate the toilet facility.  Complaints that may substantiate
this include those of cramped space and lack of heat or ventilation.
The cold operating environment also limits design options
compared to those available in more controlled conditions.

The hot, humid conditions that can exist in the toilet facilities in
warm weather are favorable for bacterial and fungal growth.  This
growth produces persistent odors which are a problem directly and
indirectly as they are associated with a lack of cleanliness.
Chemicals used in some toilet designs also add odor.  Odors
represent the most urgent problem with cab toilet facilities.  Some
toilet designs recycle water from the holding tank to flush.  This
exposes the tank contents to the air in concentrations that increase
with use and time and releases stronger odors.

The small volume of the typical facility and a lack of, or
insufficient ventilation allows odors to build to offensive levels.   
Even in newer facilities that have ventilation, the ventilation rate is
low and the vent arrangement may create dead areas.   For
example, a lavatory in a modern design locomotive had an inlet
vent about three feet above the floor and the outlet at floor level
(see Figure 3-4).  The upper area, where the user's nose is, is little
affected by the air flow.  This allows odors to build faster than
they are removed.  Cab air conditioning, like heat, is not directly
provided in the toilet facilities.

Illumination in toilet facilities is often barely adequate.  It is
provided by a low voltage system that usually has a single dome
light (upper left in Figure 3-4).  While this may be appropriate for
night use to prevent loss of night vision, it may be too weak for
day use.  When the cab is brightly lit by the sun, the change when
entering the lavatory may cause problems seeing in the low light
level.  Dim light also strengthens a poor impression of the facility.
The light is mounted in the ceiling, generally over the toilet.  This
places it close to the eye when standing causes the iris to close,
and makes the lower area seem darker still.
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Lack of maintenance is another common comment concerning
toilet facilities.  Service use of locomotives does constrain
availability for maintenance which can extend time between
cleaning.  While this may play a role resulting in holding tanks that
are not pumped often enough or general untidiness, there are also
comments that the crews sometimes add to the problem.  Since
there are no trash receptacles in cabs, crews may use the toilet (or
the lavatory in general) as a place to throw trash.

Figure 3-4.  Vent Locations of Locomotive Lavatory

Locomotive cabs can be exposed to subzero temperatures for
prolonged periods. This will result in freezing problems with water
waste management solutions.  This constrains toilet design
options. State environmental laws limit how railroads can dispose
of effluent.  These laws can restrict solutions.
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3.5.2  Human Factors Considerations

Size Woodson (1990) notes that lavatories should not cramp the user.
The ceiling height should accommodate the 95th male percentile
engineer plus any headgear he may wear.  Especially when located
in the short hood, current toilet facilities are not very tall or overly
spacious.  Consideration of the clothing worn during use, which
can be bulky, requires more space in locomotives.  Riley (1991)
cites crew comments that the toilet on the SD-60M, a recent
design, is cramped.

Odor Bacteria can generate ammonia and methane gasses, both of which
can be smelled in low concentrations.  These odors are perceived
as mildly unpleasant to highly distasteful and are generally
associated with unsatisfactory sanitary conditions.  Moreover, heat
and humidity create conditions in which bacteria can generate
significant amounts of gas in just a few hours.  This is too fast for
cleaning alone to practically remove or prevent.  Fungi, like
mildew, can also thrive in moist areas wherever organic material is
present (e.g.,  drains and walls) and the result is an additional
source of odor.

The small volume of cab toilet facilities allows odor concentrations
to build rapidly.  Ventilation can remove this buildup, but the
volume of air movement and inlet/outlet placement impact
effectiveness.  If the ventilation is inadequate, odors will be present
and a perception of uncleanliness can be created.

The design of the toilet design must block odors that form in the
waste tank from entering the lavatory.  Odors can enter the
lavatory if there is no physical barrier or the seal is poor.  In
conventional toilets, water both cleans the toilet and forms a seal
against odors from the waste pipe.  However, this design presents
problems in the temperature extremes that locomotives operate in
which force design compromises.  Dry toilets, an alternative, can
permit solid residues to remain in the bowl.  This provides a
medium for bacteria and a visually distasteful sight.  These design

features can require cleaning after each use to prevent odors and
other signs of "neglect."

A modular self-contained unit that can be removed from the
lavatory and replaced with a clean one is another possible
approach.  The used units can be cleaned later by in-house
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or contract services and stocked at terminals for reuse.  These
toilets are commercially available for boats.  Modifications of the
current lavatory design may be needed to permit quick and easy
exchange at yards.  A benefit of this approach is that used units
could be removed and replaced with a fresh unit more often than
lavatories are currently serviced.

Odors may escape into the cab when the lavatory door is opened
or if the unvented lavatory door seals are poor.  The lavatory
location in a well in the short hood creates a pocket which may be
under-ventilated and creates a problem in the cab with odor
concentration.  Under this circumstance, the odor becomes a cab
problem rather than just a toilet problem.

Abuse by Crews As mentioned in the preceding section, it is easy for conditions of
"dirtiness" to develop.  There is a concept in the security realm
known as "the first broken window."  If a window is broken in a
vacant building and left unrepaired, it becomes a tacit signal that
vandalism is permitted.  The situation will rapidly degrade because
any addition is merely a change in degree.  This applies to all types
of unwanted activity: graffiti, littering, etc.  This may also apply to
cab crews, in that if they perceive the toilet facility as already dirty,
a little more mess will not cause a new problem.  Results may
range from failure to clean an accidental mess to intentional acts.

There are two other practical factors that may result in crews not
keeping the toilet area clean.  The low light level may play a role
by reducing vision, and the lack of any other receptacle for trash in
the cab leaves the toilet as the best option for trash disposal.

Temperature Toilet facilities are not directly equipped with environmental
controls, like heat and air conditioning, which are installed in the
cab.  If ventilated with outside air, the facility temperature and
humidity depends on the outside conditions.  The lack of heat is
worsened by the need to partially undress.  Despite the shorter use
time, the lavatory comfort requirements for heat or air
conditioning are the same as those for the cab.  Air conditioning
may provide some additional odor reduction by reducing the heat
and humidity that favors bacterial growth.

3.5.3 Recommendations
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General The following features will improve the comfort level and provide
a visual impression of cleanliness.

• The interior should be light in color to make it appear larger
and better lighted.  Two levels of lighting, a single fixture for
use at night (to preserve night vision) and additional fixtures
for use during the day can provide a way to brighten the
facility (and project a cleaner impression).  A two-stage switch
or dual switches can allow the user to select preferred level
prior to entry.

 
• The lavatory (including a sink) should be provided with direct

heat and air conditioning, if provided for the cab.  Use of
ambient cab air (i.e., as ventilation inlet air) to provide heat or
air conditioning is suitable for moderate conditions only and
cannot overcome outside temperature extremes.

 
 There are several other features that will improve comfort.
 
• There should be no sharp edges, corners or protrusions that

could cause impact injuries.
 
• Noise insulation should be provided.
 
• Handholds should be installed inside the lavatory to facilitate

movement and provide support during sharp train motions.
 
• Steps leading down to the lavatory should not be too steep,

causing balance problems or contorted movements to enter the
compartment.

 
 Size • The lavatory should have the same ceiling height as the cab

with enough room to move and turn while wearing bulky
clothes without being hindered by the walls.  The 95th
percentile male should set the standard for sizing the location.

 
 Odor Reduction  Several design aspects should be combined to reduce odor

buildup.
 
• The holding tank or other waste collection area cannot be

allowed to introduce odor back into the lavatory.  Therefore,
the use of recirculated water from the holding tank for flushing
should be eliminated.  Water in the toilet or pressure

 jets which wash the bowl can almost eliminate residue from
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remaining in the bowl, but clean liquids must be used to
accomplish this.

 
• Use of a clean water barrier or a tight sealing flap to block

entry of gases is also needed.
 
• The holding tanks should be located outside of the cab. The

water should also contain a disinfectant to retard bacterial
growth in the toilet and holding tank.  Precautions or designs
to avoid freezing are critical.

 
• Ventilation does not prevent odors, but removes them when

present.  To be most effective, the entire air volume should be
changed continuously.

 
• Inlet and outlet placements are critical and should be located to

eliminate dead areas (e.g., an inlet near the floor and an outlet
at the ceiling).

 
 The pocket formed by the short hood area can allow escaping
odors to concentrate and disturb cab crews even when not using
the facility.  Ventilation and/or good door seals are important to
prevent odors from entering the main cab.  An alternative is to use
leaky door seals as an inlet for the ventilation system, but this
means that the cab must have a positive pressure relative to the
toilet facility at all times to prevent odors from entering the cab.
The door latch should be able to keep the door from flying open
during severe train motion.
 

 Cleaning • Toilet facilities should be designed (e.g., avoid sharp inside
corners that create pockets, floor drain) and made of materials
(e.g., nonporous) to permit easy cleaning and disinfecting.

 
• A trash receptacle should be placed in the cab to reduce the

use of the toilet as a disposal by the cab crews.
 
• Self-cleaning toilet facilities have been developed for public

use in cities in Europe and are being considered for use in U.S.
cities.  These units have covers which automatically move over
paper holders and other areas that need protection and then
flush the toilet and spray the entire enclosure with cleaning
solution from several nozzles after each use.  However, these
units are not maintenance free.  The cleaning solution supply
tank and waste water tanks must be tended.  The extra
mechanical complexity requires a level of maintenance that
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may be problematic in the rail environment.  Also, the problem
of refuse buildup from crews will not be corrected (and a
plugged drain may cause floods) nor will intrinsic odor-
generating problems of the toilet be overcome by these units.

 
 A variation on the self-cleaning unit mentioned above that
eliminates the need for on-board cleaning solutions and some
mechanical complexity may help.  This would have nozzles placed
in the unit and connected to an external supply fitting.  The fitting
could be connected to a hot water line at yards to allow crews to
spray the inside quickly when they feel it is needed, without much
effort.  This approach would simplify cleaning and can address the
intermittent servicing.
 

 3.6  VIBRATION
 
 3.6.1  Operational Issues

 

  Vibration and mechanical shock are inescapable in most vehicles.
Locomotives produce vibrations and mechanical shocks from four
major sources, the engines, the trucks, irregularities in the track,
and train slack movement.  Vibrations occur on the vertical axis,
the forward and lateral axes, and in rotation about these three
axes.  Slight imbalances in reciprocating engines, rotating drive
shafts, motors, and generators create vibrations which are
transferred to the vehicle.  Truck gears can create vibrations,
particularly during dynamic braking.  Track which is not perfectly
level vertically and laterally creates vehicle body accelerations that
results in vibration.  Engine loading and vehicle speed cause the
vibrations to vary in intensity.  Engine maintenance and wear can
also effect vibration.  Shunting and slack run-ins and run-outs are
common sources of mechanical shock.
 
 Locomotive design can reduce vibration.  Engines have mounts
that reduce transmission to the vehicle body.  The trucks have
passive suspension (shocks) to dampen vertical motion, but
motions in horizontal and rotational directions and from truck
mounted motors are reduced less.  Isolating cabs is a fairly recent
method to reduce vibration.  This prevents the transmission of
vibrations from the frame from passing to the cab structure.  Wear
and the loosening of fasteners cause all of these passive reduction
methods to lose effectiveness over time.  Active measures, which
create opposing movement to cancel vibrations, represent a new
 
 development in vibration reduction methods that are under current
consideration.
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 Very short duration or individual accelerations or shocks are
confined to a sharp crest event.  These are created by relatively
fast changes in track state, or buff draft levels.  The train speed
control skills of the engineer and the makeup of the train have the
most impact on crests felt by cab occupants.  While both sharp
crest events and vibration affect ride quality, the former are less
controllable by locomotive design.
 
 The seat is a primary means by which vibrations are transferred to
cab occupants, although vibrating controls or surfaces can affect
hands and arms locally.  Seat padding can reduce the transmission
or the effect of vibration. Due to resonance effects, the cushioning
of the seat can sometimes amplify vehicle vibrations and worsen
their effects (Wilde and Stinson, 1980; Oborne and Clarke, 1974).
The compression properties of seat cushions, the amount of
compression, thickness, and breakdown from use and age all
impact the seat's response to vibration and these factors can vary
greatly by seat design.  Hence, the seat and its cushioning cannot
be considered the sole solution to cab vibration.
 
 Earlier research (Gamst,1975; Jankovich, 1972) indicated greater
concern with vibration in the locomotive cab than more recent
surveys.  Rockwell and Kiger (1989) found a relatively low
priority given to improvements in vibration control, and the FRA'S
informal discussions with the BLE did not elicit mention of
vibration as a problem.  It is not known whether this is due to
improvements in vibration levels or a shift in concern to other
matters which are perceived as more critical.
 

 3.6.2  Human Factors Considerations
 

 

 Body Effects  Jankovich (1972) and Wilde and Stinson (1980) have extensive
discussions of vibration and its effects based on a large number of
reference citations.  Vibration has two known direct impacts:
health and comfort.  The effect of vibration depends on its
frequency and intensity.
 
 The resonance pattern of the body depends on vibration frequency.
The body is most sensitive to vertical vibration in the 2 to 20 Hz
range, especially the 4 to 10 Hz range.  Up to 2 Hz, the body acts
at a single mass.  As frequency increases above this, various
organs and body parts have individual resonances which cause
them to be more affected than the rest of the body.  For example,
the arms, abdominal contents, and legs (when seated) resonate at
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about 4.5 Hz and the head resonates in the 20 to 30 Hz range.
The relative motions of body parts caused by vibration are
discomforting in themselves and cause a person to tense
 muscles to combat the vibration.  This muscle tension causes
muscle fatigue and possible overuse conditions after as little as ten
minutes.
 
 Direction of vibration and posture also make a difference.  For
instance, the rigidity of the spine reduces relative body part motion
in the horizontal plane, but lowers the resonant frequency.  This
can allow the horizontal motion to occur in different phases, such
as the head moving forward while the hips move backward at one
instant and visa versa the next, and cause use of muscular effort to
add more rigidity.  However, in the case of vertical vibration, the
compressibility of the spinal disks allows stretching and
compression of the spine which provides some damping but causes
wear.  Posture changes the body's response to vibration.  Sitting
erect gives the body its highest resonant frequency and also
provides the least natural damping force.  It also removes the
damping capacity of the legs and transmits vibration of all
directions directly to the trunk from the seat surface.  Standing
allows the legs to dampen vertical vibration, but muscle fatigue
prevents standing for long periods.
 
 The intensity of vibration affects how well it will be tolerated.  The
levels required for health effects have not been identified yet, but
there are guidelines for comfort.  The intensity levels vary with the
vibration frequency.  The latest ISO standard employs a weighting
factor for each frequency and eliminates the time weighting that
was used to determine comfort levels.  Vibrations above threshold
levels are considered uncomfortable no matter how short or long
the exposure.  Detailed guidelines for evaluating the effect of
vibration and mechanical shock can be found in ISO Document
2631 “Mechanical Vibration and Shock - Evaluation of Human
Exposure to whole body vibration Part 1 General Requirements.”
The document presents detailed guidance on vibration
measurement, vibration evaluation, health, comfort and perception,
and motion sickness.  In addition to this base document, there are
a number of specialized parts to ISO 2631 in preparation which
have special relevance to railroad equipment design.  These
include “Guidelines for the Evaluation of the Effects of Vibration,
and Rotational Motion on Passenger and Crew Comfort of Fixed
Guideway Transport Systems,” and “Mechanical Vibration –
Laboratory method for evaluating vehicle seat vibration-
application to railway vehicles.”
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 Health Impacts  Both Jankovich (1972) and Wilde and Stinson (1980) describe

possible health impacts of vibration with references from other
reports.  Much of this evidence is anecdotal and vibration may be a
contributor, but not a sole cause of health effects.  One directly
caused vibration "illness" is motion sickness.  Motion sickness is
induced by very low frequencies (0.1 - 0.5 Hz) and the effect
increases with exposure time.  Other problems attributed to
vibration include gastrointestinal pains, backaches, spinal
degeneration, and leg numbness.  In the case of back problems,
vibration may worsen the shearing forces on spinal disks that
occurs during poor seating posture as well as the mechanical wear
from the vertical damping action.
 
 Wilde and Stinson (1980) note that a relaxed and slumped sitting
posture increases the body's damping factor, particularly for head
vibrations.  Thus, a response to lessen the immediate discomfort of
vibration may set the stage for more chronic problems caused by
poor seated posture.
 
 The intensity levels of vibration associated with the more severe
health effects are very high and must be experienced for long
periods.  Even then, the connection in terms of specific effects that
cause the problems is still conjecture.  However, until it can be
proven that vibration has no pathological effects, it is best to err
on the side of conservatism.
 
 Finally, long-term exposure to repetitive shock may actually result
in injury to spinal vertebrae.  Research is currently underway to
determine if the level of repetitive shock encountered in some
railway operations can result in such problems.
 

 Comfort  Vibration levels do have an impact on comfort.  Frequency and
intensity (measured in acceleration or displacement) are the critical
factors.  As mentioned above, body vibration is perceived as more
unpleasant as the intensity of the vibration increases above a
certain threshold.  People typically tense muscles to dampen the
vibration and/or assume a posture that reduces the vibration
effects (e.g., stand or slump while seated).  Over time during a
work shift, this results in muscle fatigue which adds to intrinsic
vibration discomfort.  When experienced over a period of days or
weeks, the fatigue can become a more persistent ache or worse.
 
 Factors including acoustic noise level, visual stimuli, temperature,
and humidity interact with vibration in the passenger's perception
of comfort.  The effect of these non-motion factors must be
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considered when using the results of vehicle motion tests to assess
comfort.  As an example, acoustic noise has been found to be
correlated with vibration based ride comfort judgments in
passenger rail cars.
 
 The frequency range of motions in conventional rail vehicles
expected to significantly impact comfort includes 0.1 to 2 Hz on
curve transitions (roll), 0.4 to 10 Hz in the lateral and longitudinal
directions; 0.4 to 20 Hz in the vertical direction.  ISO 2631
provides guidance in terms of weighting curves.  With regard to
vertical motion, ISO 2631-1 provides guidance through two
weighting curves Wk and Wb.  The Wk curve is specified vibration
in any system including buildings, ships, aircraft, or surface
transportation vehicles.  Wb is a curve used by many railroads in
Europe and Great Britain to evaluate the effects of vertical
vibration on rail passenger comfort.  Depictions of these curves
can be found in Figure 3-5.
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 Figure 3-5.  Vibration Weighting Values

 Proficiency  Visual acuity and certain visual tracking tasks can be directly
affected by vibration.  Relative motion differences cause the retina
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image to move more than the brain can compensate, and this
results in blurring.  The effect varies with frequency, amplitude,
direction of vibration, viewing distance, viewing angle, object size,
nature of the visual task, and illumination.  So it is difficult to
predict results for specific situations.  The large visual component
of the engineer's task and the introduction of electronic displays
does make this a concern.
 

 3.6.3  Recommendations
 
 Measurement
 

 
 
 Manufacturers currently measure cab vibrations as a quality
control step.  However, this does not reflect operational conditions
or human factors concerns.  EMD and GE do static vibration tests
but only down to 10 Hz.  This testing does not address human
factors concerns because it does not measure the range of greatest
human sensitivity and it does not measure the motions resulting
from over the road operations.
 
 Riley et al. (1991) describe the vibration levels in the SD-60M.
Increased vibration occurred when moving and when engine
loading increased.  A shift in frequency also accompanied these
intensity changes.  Therefore, current measurement does not seem
 to reflect operational vibration conditions.  With static acceptance
limits near uncomfortable ride levels, the subjective descriptions of
increases during motion from Riley could indicate that ride quality
levels are being exceeded during operation.  Riley also received
comments from crews that cab vibrations are a source of fatigue.
 
 Measurements of operational vibrations on all three axes which
include the 1 to 10 Hz range are needed to determine real vibration
conditions in the cab.  Once these levels are known, the need and
potential benefit of more extensive (and expensive) control can be
set.  Anecdotal evidence seems to indicate that improvements are
needed.
 
 New guidelines that have been developed (ISO DIS 2631-1, 1994)
do not use exposure time to set different limits for comfort and do
not specify fatigue decreasing the proficiency threshold.  These
new guidelines have been ratified and should be the basis for
deciding acceptable levels.
 
 
 ISO 2631-1 weights measured acceleration levels based on their
frequency and uses uniform thresholds to judge comfort level.
Figure 3-5 is a graphic representation of the weightings used for
vertical acceleration.  The Wb curve is commonly used by
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European and British Railroads to weigh vertical vibrations.  Other
countries such as Japan use the more general Wk curve.  All
countries use the Wd curve (not illustrated) for horizontal
vibrations.  The measured acceleration values should be multiplied
by the corresponding weighting factors (left axis) given for that
frequency.  The resulting weighted levels can then be
 
 compared to the thresholds to determine comfort.  Annex B gives
the following as guidance on thresholds for comfort:
 
 Less than 0.315 m/s2 not uncomfortable
 0.315 to 0.63 m/s2 a little uncomfortable
 0.5 to 1 m/s2 fairly uncomfortable
 0.8 to 1.6 m/s2 uncomfortable
 1.25 to 2.5 m/s2 very uncomfortable
 Greater than 2 m/s2 extremely uncomfortable
 

 Isolation  Passive isolation is a basic method to reduce vibration.
Vehicle/wheel suspension systems are a prime example.  The main
benefit of passive isolation is reduction in amplitude, but a
downward shift in frequency can also occur.  The isolated cab
provides supplementary benefits to vibration control through the
vehicle suspension.  Vehicle suspension only affects vibration from
the track and the wheels.  An isolated cab affects all vibrations
from the frame, including those generated by the engines.  A
reduction in cab noise will occur too.
 
 Jankovich (1972) describes two different seat post vibration
dampers used by the German and Swiss Railroads which isolate
the seat from the frame.  While cheaper than cab isolation, a
difference in relative vibration between the engineer and the
controls and displays can cause problems in some conditions,
especially in more severe vibration, when the seat damper provides
the most comfort benefit.  Both of these isolation methods need to
be tested to determine the benefit they provide.
 

 Active Control  The next level of effectively reducing vibration is active control.
Instead of using energy dissipation for reduction, this method uses
opposing  force to cancel vibration.  Active suspension has been
discussed to improve rail passenger comfort.  It would potentially
do the same for cab crews.  Jankovich also describes an active seat
post-isolation system designed for aviation use.  Since passive cab
isolation is a "new" option, active cab isolation is not yet being
considered, but it could be a possibility.  Active systems involve
extra cost and may require more maintenance resources.
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However, until an accurate assessment of the impact of cab
vibration on health and safety is made, the benefits delivered by
active systems cannot be judged.
 



Index
_________________________________________________________________________________

65


