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PREFACE

The locomotive cab designs described in this report were developed by
Boeing Vertol under the sponsorship of the Transportation Systems Center
(T8C) for the Department of Transportation, Federal Railroad Administration
(FRA). The objective of this work is to develop a locomotive cab design
through a human factors systems analysis of the functional requirements

of train handling leading to specifications suitable for the development

of a cab which is in concert with all operational and safety concerns.

The authors would like to acknowledge the contributions of Dr. John
Jankovich, the contract technical monitor, and Dr. Donald Devoe of the
Transportation Systems Center; Mr. William McLean, Boeing Vertol Company
Surface Transportation Systems Manager of Research and Development; and
Mr. Norman Macdonald of the Electro-Motive Division of General Motors,
principal subcontractor during the study.
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1. INTRODUCTION

The purpose of contract DOT/TSC-913 is to develop a locomotive cab design
based on the operator's functional requirements in train operation. The
design is predicated on human engineering and other engineering disciplines
leading to specifications which are suitable for the design, development,
test and evaluation of a cab that is in concert with all operational and
safety conditions. The locomotive cab design is based on the most complex
set of functional requirements, which are, as anticipated, based on line-
haul operational needs.

This report presents an analysis of the line-haul freight engineer's

working and living environment and the resultant locomotive cab design and
design alternatives. The analysis is based on a delineation of functiomnal
requirements inherent in contemporary line-haul operations together with
those additional situations which might conceivably arise during the next
10-15 years. The recommended design is the result of a detailed human
factors engineering analysis of these requirements in accordance with
state~of-the~art criteria in railroad operations and system design practices.
The technical content is presented in the following sections and a summary
is presented below.

First, however, it is appropriate to offer a brief description of the
freight engineer's working environment to place the analysis in perspective,

Today's locomotive engineers are, and will, at least in the foreseeable
future, continue to be exposed to a wide variety of assignments. Each task
has its own peculiar set of train handling requirements. The economics of
train makeup and manpower utilization may dictate, on the one hand, the
employment of longer and heavier trains traveling at slower speeds, while
on the other hand, short, fast trains which run at frequent intervals ap-
pear to hold some promise for the economical movement of produce and
merchandise. Locomotive consists are getting longer because trains are
heavier and need more tractive effort. Locomotives may be inserted in

the train at eritical points as helper units, operating either remotely
from the front of the train or manned. The trains themselves are usually
made up of a mix of loads and mass distribution in combinations of old and
new cars as the result of destination blocking. (Track train dynamics
blocking is receilving serious attention as an alternative and may become
more commonplace in the future.)

Moreover, there is a wide variety of locomotives currently in use, varying
from yard switcher, through general-purpose road switchers, to high-
horsepower line-haul. Collectively, these represent a wide range of
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handling differences for the locomotive engineer because of age, horse-
power, condition, manufacturer, property specifications, and to some extent,
cab layout and available equipment. It has been estimated that today's
engineer could conceivably be required to operate in as many as several
dozen different locomotives from a large yard, during any given month,

(-

Locomotive engineers also encounter a variety of complex train-handling
problems which require considerable skill to solve. The train-handling
problems are complex because the engineers must monitor and control several
variables at a time. These variables may be presented in analog or
discrete form. This process can be described in control-system terms:
that is, the engineering 1s a nonlinear operator in a multiloop feedback
system wherein he 1s required to process information and act appropriately
to achieve a desired system output, The feedback loops may be closed
(analog) or open (discrete). In a closed-loop system, the engineer con-
trols the output of the system as a direct and continuous function of
information feedback. In open-loop systems (discrete) control inputs are
not directly affected by feedback.

For example, the engineer has to monitor speed, drawbar force, traction

motor load and brake pipe pressure, each of which provides direct feedback

by means of appropriate cab indicators of the locomotive and train status. v
Block signals, track signals and track condition, on the other hand, are ¢
discrete indicators that affect systems-control inputs. The engineer

makes his control inputs by adjusting the throttle, applying sand to the .
rails, using dynamic braking, utilizing brake pipe pressure, and regulating

the locomotive brakes.,

Although the engineer may have traveled over a particular route to the
extent that he knows the location of each mile post and the identity of
every terrain feature, it should be emphasized that compared with this he
has relatively little knowledge of his train's behavior when the large
numbers of simultaneous dynamic and sequential events occurring on a
moment-by-moment basis are considered. The behavior of the train is
determined, for example, by drawbar forces, gross weight, weight distri-
bution, lateral forces, long car/short car combinations, dynamically
unstable cars, special equipment and even ambient temperature as it
affects brake-pipe leakage.

The engineer must monitor the locomotive and train status and adjust his

control inputs accordingly when maneuvering around curves, through switches,

and over undulating and mountainous terrain, often under adverse weather

conditions. Careful planning is necessary to insure that rolling stock

and lading maintain their integrity to destination, prevent break-in-two

and avoid derailment. Planning ahead and the resultant decision~-making .
process is necessary because of the lead and lag characteristics of the

control inputs and associated delayed feedback.
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The stopping distance of the train, for example, under normal conditions
may be several miles in front of the geographical point where the first
input is made, and the deceleration does not take place at a constant rate.
The rate is determined primarily by the train's speed. On the other hand,
the serial action of a brake-pipe pressure reduction means that the
release time at the last car of a long train may occur half a minute after
the initial control input by the engineer.

It 1is also recognized that line-haul freight trains typically constitute
a large capital investment by both the operating properties and shippers.

It is concluded, therefore, that the role of the train crew in freight
operations may be characterized as complex and entailing a high level of
responsibility.

Finally, the operating environment, i.e., the "right of way", can be
hostile, with attendant anxieties due to the many risks., Crews have been
killed by accident in locomotive cabs. The cab crew must be ever alert
when monitoring locomotive-systems status, train status where possible,
track condition, right of way, passing rolling stock, grade crossings,
signals and train orders, to name just a few, In addition to all of the
above, locomotive freight éngineers may work up to 12 hours a day under a
variety of weather conditions and on irregular shifts. Therefore, it is
not difficult to appreciate the crew's need for a professional workspace
and habitable cab.

A complex environment, such as the one just described, requires an effec-
tive man/machine interface to successfully accomplish the objectives of
safe and efficient trainsporting of cargo. This contract will provide a
design for an optimized working and living environment, including by
applying human factors, occupant protection, and crashworthiness criteria.

The body of this report is presented in two sections, Section 2.0 contains

the system functional analysis and Section 3.0 the detailed engineering
analysis,

7/8
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2. SYSTEM ANALYSIS

2.1 INTRODUCTION

This section presents a description of the methods used and results ob-
tained during the system analysis. It is well known that in practice
during preliminary design phases not every process as described in handbooks
and specifications receives equal emphasis during the analytic stage. This
is true because designs vary greatly in complexity, mission requirements,
and amount of prior analytic effort. In some instances, for example, a
proposed design effort may require incorporation of incremental technolog-
ical advances in state-of-the-art engineering techniques; in other giant
extrapolations into the unknown may be attempted. For these reasons judge-
ment must be exercised in selecting areas for emphasis during preliminary
design development. Accordingly, and as befitting the design development
of a locomotive cab, the present systems analysis was performed in two
successive steps: analysis of line~haul functional requirements, and
analysis of the engineer's tasks. These are discussed in the following
sections,

2.2 CAB DESIGNS, TECHNICAL DATA AND OPERATING PROCEDURES

The principal source of design and technical background data was the
Electromotive Division of General Motors (EMD), functioning as a principal
subcontractor during the study. Its input was supplemented by a review

of the literature on cabs and cab design, and visits to the Southern
Pacific and Penn Central Railroads. Figure 2-1 shows how these data were
organized to provide a systematic categorization of cab functions gleaned
from our understanding of present locomotive requirements. It was recog-
nized early that for additional insight it would be important to understand
in detail the dynamics of train operation in addition to principles and
practices of cab design., Therefore, concurrent with analysis of the tech-
nical data, the study team reviewed operations, practices and procedures
now employed. Sources such as the Track Train Dynamics Guidelines of the
Government/Industry Research Program on train dynamics, railroad rulebooks,
and timetables were reviewed. There were consultations with several
experienced railroad officers and employees who agreed to participate.

EMD provided data, information and perspective based on their experience.
The study team consulted with local General Electric representatives on

an occasional informal basis.

Functional requirements were determined by reviewing designs and technical
data for representative operational cabs. Today, there are two manufac-
turers of cabs in the United States: EMD and General Electric., Each
provides a basic cab configuration for each locomotive type that it makes.
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The buyers may then select from a variety of options and those items which
best suit their railroad's needs. Locomotives fall primarily into three
categories: line~haul, general-purpose and yard-switcher. Line-haul and
general-purpose may be either electric or diesel/electric, while switchers
are usually diesel/electric with powered diesel/mechanical units employed
in some industrial operations., Typically, the newer and higher-horsepower
locomotives are used mainly for long journeys, and are operated primarily
in one direction. General-purpose locomotives are also used for long-
distance line haul, but they are more frequently used on short-haul road-
switching missions with considerable reverse movement. Yard switchers,
for example, are confined, as their name implies, to yard work such as
forming consists, etc. Locomotives are often demoted as they get older,
from line-haul to road switching. Many lower-horsepower locomotives may
often be found performing switching and humping duties in large marshaling
yards. As might be expected, cab layouts differ depending upon the loco~
motive function. Some cabs are designed primarily for forward locomotion.
When the engineer in this type of cab wishes to move his locomotive in a
reverse direction, he must either look out of his window back along the
train in the direction of movement, or rotate his chair about 90" to ob-
tain the same view through the cab rear-door window, The recently adopted
standard AAR control stand is rotated 45 from crew centerline to accom-
modate this dual requirement. However, the line-haul locomotive spends

by far the longest part of its time proceeding in a forward direction.
Road switchers, on the other hand, may spend as much time in reserve as in
forward movement as they cut cars in and out of sidings along the right-
of-way, as do yard switchers when moving and forming cars and consists,

Another significant feature is the location of the cab on the locomotive.
Locomotives today may be observed running with either the long hood or
the short hood forward. The hood may be high or low depending on the
desire of the property using it. In other instances, the locomotive may
have a cab at either end, or as in some of the older models, the cab may
be located intermediately along the locomotive,

It is clear that visibility from these cabs does vary significantly, It

is dictated primarily by two considerations: first, the cab is accommodated
to the arrangement of the power plant and propulsion systems; and second,
there is a distinct advantage from the standpoints of crashworthiness and
occupant protection to position the cab as far back from the front as
practical. At least one railroad requires locomotive manufacturers to
install the cab so normal line-haul operations take place with the long
hood forward. Nowhere, however, was the study team able to locate any
source or data that would indicate that visibility, comsequent windscreen
location, or design was based on formal analysis of the engineer's vision
requirements. It was concluded, however, that in spite of the wide variety
of cabs and their diversity of use, significant engineman functions were
the same: namely, maneuvering and controlling the train., The line-haul

11



operation was found, after review, to be not only the most complex set of
functional requirements, but also the most complete set in that it incor~
porates all requirements appearing to some degree in road switching and
yard switching.

The next question addressed was the operational use of locomotives either
individually, in a locomotive consist, or as a helper unit, Line-haul
operations were reviewed and procedures studied to identify functions
necegsary to accomplish over-the~road missions, and to identify tasks that
the engineer and crew perform to meet requirements. A literature review
was made and a bibliography is appended to this report. Included are
relevant reports from the Government/Industry Research Program on track
dynamics, handbooks, representative routes, timetables, operating manuals,
rule books, communication procedures, signal aspects, regional variations
in train handling, federal regulations, encyclopedias, trade journals,
union and management periodicals, and reports of accidents where there

was injury or death to personnel. Visits were made to the Southern Pacific
Railroad's training simulator at Cerritos, California, and the Penn Central

facilities at 30th Street Station in Philadelphia, the Wilmington maintenance

depot, and the Enola yards, The team rode in the cab of an E-44 which was
hauling 67 freight cars of produce from Enola to Baltimore. Members of the
study team visited EMD and drove an SD-45 equipped with dynamic braking on
their test track. The team also rode in an EMD SW-1500 during yard-
switching operations,

As a result of these visits ample opportunity was provided'tp talk with
operating personnel representing both the union and management points of
view,

It should be emphasized, however, that considerable effort has been ex~
pended over the years to provide the locomotive engineer with a safe
working environment., The railroad brotherhoods, AAR, FRA, manufacturers,
and the properties themselves have sponsored activities to improve working
conditions, train handling and particularly occupant protection. Recent
studies by the Clean Cab Committee, for example, have resulted in a set of
recommendations which are now being adopted by many railroads for im-
proving locomotive cabs. Nevertheless, the development of locomotive cabs
has been and still is an evolutionary process. This is true because cab
designs are rooted in history. Some steam-locomotive influences are still
present in today's cabs, It is apparent the locomotive cab must satisfy

a diversity of work task requirements, and must be acceptable to the crew
as a safe working and living area.

The present cab design results from a different "clean sheet of paper"
approach based on a modern list of functional requirements., Its purpose
is to optimize the cab work station and general layout. A detailed human-
factors systems-engineering analysis was performed based on the study of
cab designs, technical data, railway operating procedures, and other
pertinent data. This analysis served as a first step in defining the

12



design options available, and subsequently facilitating the choice of a
functional baseline cab for design development. The approach has been
used successfully many times in military, aerospace and commercial systems.
It provides a tool for systematically defining the equipment, personnel,
facilities and procedures used in line-haul freight operatioms.

2.3 FUNCTION ANALYSIS

Figure 2-2 shows how the operational requirements were translated into
tasks for further analysis and development, These tasks were analyzed in
increasing depth of detail from general to the very specific in the manner
described in the following paragraphs. These requirements were developed
to provide inputs for the information and actions discussed in a later
passage. Subsequent steps entailed the functional analysis by locomotive
system and subsystem leading to our recommended design.

2.3.1 First-Level Functions

The first-level functions represent the synthesis of our operational
and design reviews. Although, as stated in the preceeding paragraphs,
a wide variety of uses for locomotives and cab designs was encountered,
some general principles could be extracted. Based on the initial
review, we concluded that these principles represented the most com=-
plex set of functional requirements, and therefore constituted the
severest test of a locomotive cab design. The functional requirements
are:

a., Multiple-Unit Operation

b. Helper Consists

c. Range of Speeds

d. Variety of Track Conditions

e. Diverse Environments

f. Mix of Loads and Cars

g. Day/Night Operations

h. Flat/Rolling/Mountainous Terrains
i. Bi-Directional Movement

j. Communications

k. Operational Safety and Reliability

Multiple-unit operation is a routine operation on most class 1 rail-

roads, where multiple unit is defined as more than one locomotive in
a locomotive consist,

13
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Helper consists are often employed on extremely long trains, parti-
cularly where steep grades are to be encountered. It is important
to note that these helper consists may be either directly controlled
by enginemen stationed in the helper units, directly controlled
through radio communications, or remotely controlled by means of a
data link.

Of special significance to the design of a new cab is that it must

be operable over a variety of track conditions, in diverse environ-
ments and over diverse terrains with a mix of cars (age and loads),
and perform day and night operations with equal efficiency. Our
analysis has also revealed that modern cabs must be capable of bi~
directional movement with equal facility, as this mode of utilization
is routinely employed by the operating railroads. This is a signi-
ficant feature that was carefully considered in detail during the
design phase of the study because present designs pose considerable
inconvenience to the engineer, Last but not least, the locomotive -
cab must provide for safe and reliable operations in conjunction with
adequate and intelligible communications among the train crew and
wayside personmel,

2.3.2 Second-Level Train Functions

Second~level functions, the next level of system indenture, are pre-
sented in Figure 2-3. The functions were constructed to show the
activities and options available to or required by the crew to meet
the requirements defined at the first level., The breakout at this
level is to be construed, not as a rigid operational sequence, but
rather as a systematic framework for delineating tasks in greater
detail 'y

2.3.3 Third-Level Functions

Based on the above functions, block diagrams were prepared for each
element in the composite. These diagrammatic presentations are top-
down, that is, beginning with the most general functions, and ending
with specific tasks. The functions identified in this way are
systems-oriented and non-specific. They define functional character-
istics and operations without distinguishing the particular detailed
human/hardware aspect of the function,

The function blocks under each heading represent the tasks needed to
perform the parent function, as shown in Figure 2-4, The primary
purpose of this level of the analysis is to serve as inputs to the
information/action requirements leading to a systematic listing of
control and display requirements as well as the tasks associated
with them.
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Each function, it may be noted, has some implication for cab design.
For example, when Figure 2-4 is examined, we note that after register-
ing with the train dispatcher, the engineer and conductor perform the
necessary steps to brief themselves on the day's assignment. This
mission briefing includes type of trip, applicable rules, type of
train, train make-up schedule, and special orders. It is implicit
that this information is taken along by the crew either in their
heads, or in a written form, such as train orders. Provision must
be made during design to provide this information as they need it
(mission-oriented requirement), and to stow it properly for later
retrieval (habitability-oriented requirement). This approach of
noting the implicit and explicit content of the functions was taken
throughout the analysis, and an additional example may suffice.
Figure 2-5 shows that under the heading "start train", train infor-
mation must be reviewed prior to taking any action to move the.train.
Each functional response requires its own individual analysis and
associated decision: whether to implement it manually with hardware,
or with computational software, (The complete analysis is presented
in Appendix A.) Many of the tasks identified at level three appear
repetitively. Therefore, after ascertaining that all significant
engineer functions were accounted for, we summarized them as follows:

1. Propulsion System

Apply/Release Tractive Effort
Activate Generator Field

Set Direction of Travel

Read Traction Motor Temperature
Read Tractive Effort

Read Power-Force

2, Train Brake System
Apply/Release Train Brakes
Read Brake Pipe Pressure
Read Equalizer Pressure
Read Brake Pipe Pressure Gradient
Read Brake Pipe Flow
Hear Pressure Venting

3. Locomotive Brake System
Apply/Release Locomotive Brake
Hear Pressure Venting
Read Brake Cylinder Pressure

4, Pneumatic System

Read Main Reservoir Pressure

17



REGISTER
WITH
DISPATCHER

DETERMINE
TYPE OF
TRIP

DETERMINE
WEATHER
CONDITIONS

READ
BULLETIN
BOARDS

DETERMINE
TRAIN
CLASS

CHECK
STANDARD
CLOCK

DETERMINE
TRAIN RIGHT
OF WAY

DETERMINE
TRAIN
DIRECTION

READ
TRAIN
ORDERS

READ
TRAIN
TIMETABLE

Figure 2—4. Typical Level 3 Crew Functions
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START
TRAIN

REVIEW
TRAIN
INFORMATION

RELEASE
LOCO
BRAKES

RELEASE
TRAIN
BRAKES

APPLY
TRACTIVE
EFFORT

MONITOR
SLACK
ACTION

MONITOR
SPEED

Figure 2—-5. Typical Level 3 Crew Functions (Continued)

MONITOR
DRIVE
SYSTEM
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5.

10.

Dynamic Brake System

Apply/Release Dynamic Brake

Reset Dynamic Brake Circuit Breaker
Set Dynamic Brake Cutout

Read Dynamic Brake Meter

Drive System

Read Speed

Monitor Speed Rate of Change
Read Wheel Slip/Slide

Apply Sand

Read Automatic Sanding
Monitor Malfunctions

Engine System

Read Low 0il
Read Hot Engine
Read No Power
Hear Alarm Bell
Hear RPM Change

Train/Train Situation

Read Grade

Read Curvature
Read Train Slack
Read Drawbar Force

Signals

Read Cab Signals

Read Ground Signals

Read Hand Signals

External Environment

Monitor Track Condition/Obstructions
Monitor Parallel Tracks

Perform Rollby Inspection
Monitor Own Train

20
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11. Auxiliary Systems

Manage Warning Devices

Manage/Monitor Communication System

Manage Exterior Lights

Manage Interior Lights

Manage Heating, Ventilation, Air Conditioning
Manage Windshield Condition

2.3.4 Subsystem Analysis

The final list of functions was correlated to real cab designs by
constructing a matrix of events, as shown in Figure 2-6. Level-two
functions are presented along the ordinate and level-three functions
along the abscissa by locomotive subsystem. A dot was entered in the
matrix wherever a subsystem activity was performed to meet a mission
requirement., This format was selected to provide a preliminary ob-
jective assessment of the relative importance of each function to

the total line-haul mission. This was done by counting the dot
entries in the matrix by rows (mission events) and columns (sub-
system functional requirements) and then rank-ordering them.

Table 2~1 showsthe rank order of importance for mission requirements
summed over the subsystem tasks, As was to be expected, train man-
euvering functions constituted the bulk of the most frequent activities.
It should be noted that this format indicates task frequency and should
not be interpreted as a work-load analysis. The rationale for ordering
functions in this way is to provide a preliminary guide to the loca-
tion and general layout of controls and displays in terms of their
frequency of use.

The next breakout is shown in Table 2-2, Here matrix entries were
totaled for each locomotive subsystem. The subsystem totals were also
ranked, It is interesting to note that the automatic braking system
occupies a significant portion of the engineman's activities, and
again this was not entirely unexpected. Surprisingly, however, the
drive system was rated number two ahead of viewing and responding to
the external environment. This finding seemingly ran counter to ob-
servations of the engineers' performance during actual over-the-road
line haul operations, Examination of the matrix entries for this sub-
system revealed however that the drive system, which has been defined
as the traction motor gears, drive wheels, axles, bearings, and
speedometer, obtained its number-two status primarily due to the re-
quirement to continuously monitor and maintain speed. Similarly,
although this was not obvious to the observer, auxiliary systems
earned the rank of number-six position because carrier operating rules
require extensive use of the horn,
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Rank
Order

1.

3.
4,
5.5
5.5
7.5
9.
10.5
10.5
12.5
12.5
15.
15.
15.
17.
18.
19.
20.
21.
22.

23.

TABLE 2-1. ORDERED MISSION REQUIREMENTS

Start Train

Stop Train

Control Speed

Decelerate Train
Negotiate Turnouts and Crossovers
Move Train to Main Track
Leave Main Track

Respond to Malfunctions
Negotiate Major Downgrade
Deliver/Pick Up Shorts
Accelerate Train

Respond to Signals

Form Train Consist

Form Locomotive Consist
Check Locomotive Consists
Negotiate Major Upgrade
Check Train Consist
Detach Locomotive Consist
Pass Trains and Equipment
Obtain Clearance

Receive and Transmit Messages

Manage Auxiliary Systems

23

Matrix

Entries

(31)
(29)
(28)
(27)
(26)
(26)
(24)
(23)
(22)
(22)
(19)
(19)
(18)
(18)
(18)
a7)
(14)
(11)

(8)

(6)

(5)

(2)



Rank
Order

1,
2,
3.
4,

TABLE 2-2., LOCOMOTIVE SUBSYSTEM/ENGINEER

TASK FREQUENCIES

Subsystem
Train Brake System
Drive System
Exterior Environment
Propulsion System
Locomotive Brake System
Track/Train Situation
Signals
Auxiliary Systems
Engine System
Dynamic Brake

Pneumatic System

24

Matrix

Entries

an
(52)
(50)
(45)
(39)
(39)
(39)
(31)
(22)
19)

(15)



It should be emphasized again that this format provided initial guide-
lines for implementing these functions during the preliminary locomo-
tive-cab-design phase. Crew-station design specifications (MIL-STD-
14724, for example) specify control and display envelopes to optimize
crew performance. Thus, the method employed provides an objective,
but admittedly a somewhat arbitrary basis for preliminary cab layout
to conform both to operational requirements and good human-engineering
design standards and practices.

Continuing the analysis in the same vein, we ranked the functions iden-
tified within each subsystem, using the referenced matrix entries as
shown in Table 2-3. For example, functional requirements suggest

that under the train braske system, all items deservd equal consider-
ation during the design of controls and displays to implement these
requirements. It is also true that in the consideration of monitoring
and adjustment tasks, the propulsion system that throttles adjustment
is extremly important when compared, for example, to knowing the
traction motor temperature.

The rationale used here is the same as the one presented in the pre-
vious section., That is, just as the overall layout within the cab
work station is significant, the details of arrangement within each
subsystem (the most natural grouping of controls and displays for a
given task) must be considered.

2.4 INFORMATION/ACTION REQUIREMENTS

To bridge the gap between the functional analysis done in the abstract and
the detailed human-engineering design, an information and action require-
ments analysis was performed. The analysis included stimuli present,
decisions required and actions performed by the cab crew. As stated in the
introduction, it was recognized that the engineer's behavior was not just a
matter of preplanned on-off stimulus-response relationships, but rather
revealed significant adaptive lead and lag components. The engineer needed
these to plan his train handling. The complete analysis is presented in
Appendix B,

Examination of Figure 2-7, a typical example, shows that in the extreme left
column are listed the functions identified at the previous level of in-
denture. The background information actions and feedback needed to accom-
Plish each function are listed in the appropriate columns to the right.
These columns spell out the control and display functional requirements

of the locomotive engineer in today's environment. Under the "Information"
heading are shown the types and sources of information (stimulus inputs)
that the engineer requires to accomplish each function, from his locomotive
(or locomotive consist) train and the external environment. Under the
"Action" heading, the action refers to the engineer's response as required.
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TABLE 2-3. LOCOMOTIVE SUBSYSTEM FUNCTION

ANALYSIS
Matrix
Entries
Train Brake Subsystem
Monitor Brake Pipe Pressure (14)
Monitor Brake Pipe Flow (14)
Apply/Modify Train Brakes (13)
Monitor Pressure Venting (13)
Monitor Equalizer Reservoir Pressure - (12)
Monitor Brake Pipe Pressure Gradient (12)
Propulsion Subsystem
Apply/Release Tractive Effort (16)
Read Tractive Effort (9)
Read Power-Force (9)
Set Direction of Travel {5)
Activate Generator Field (3)
Read Traction Motor Temperature (3)
Dynamic Brake Subsystem
Apply/Release Brake (8)
Read Brake Meter (8)
Reset Dynamic Brake Circuit Breaker (2)
Set Dynamic Brake Cutout (1)
Locomotive Brake System Subsystem
Apply/Release Brake (13)
Read Brake Cylinder Pressure (13)
Hear Pressure Venting (13)
Pneumatic Subsystem
Read Main Reservoir Pressure (15)
External Environment
Monitor Own Train (19)
Monitor Parallel Tracks for Oncoming :
Trains (17)
Monitor Track Condition/Obstructions (12)
Perform Rollby Inspection (1)
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TABLE 2-3. LOCOMOTIVE SUBSYSTEM FUNCTION
ANALYSIS (Continued)

Drive Subsystem

Read Speed

Monitor Speed Rate of Change
Read Auto Sand

Read Wheel Slip

Apply Sand

Monitor Drive System

Track Train Situation

Read Curvature

Read Slack Condition
Read Grade

Read Drawbar Force

Signals Subsystem

Read Wayside Signals
Read Cab Signals
Read Hand Signals

Auxiliary Subsystem

Manage/Monitor Communications Systems

Manage Warning Devices

Manage Exterior Lights

Manage Interior Lights

Manage Heating, Ventilation and Air
Conditioning

Manage Windshield Controls

Engine Subsystem

Hear Engine RPM Change
Read Low 0il

Read Hot Engine

Read No Power

Hear Alarm Bell

27

Matrix
Entries

(17)
(10)
(8)
(8)
(7)
(3)

(11)
(11)
(10)

(7)

(15)
(14)
(11)

(16)
(12)
(9)
(5)

(1)
(1)

(9)
(3)
(3)
(3)
(3)
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Finally, the column called "Feedback" presents confirmation that operating
requirements have been met and the information may in turn serve as future
stimuli for planned activities. The purpose of this phase of the analysis
is to integrate the previous steps of the functional analysis into a frame-
work that will then produce a comprehensive set of concrete tasks performed
by the engineman.. These tasks are, as specified above, in the form of the
information gathering needed to perform a function (actions made as a result
of the information, and feedback on those actions), With this format, the
analyst has a tool that enables him to examine the initiation and feedback
loop processes that are present in the cab environment. Once these pro-
cesses were understood, the "source" columns under each category ylelded
the preliminary control or display feature necessary to accomplish each
step in the train-handling process.

The source columns on the information/action requirements work sheets were
reviewed to determine display/control requirements and treated in the
following manner,

2.4.1 Displays

Candidate displays were initially identified and some preliminary
criteria established. As shown in Table 2~-4 for example, scale
values (quantitative or qualitative), and type of presentation were
evaluated. An X entered in the table indicates the requirement to
be met, while an A indicates that the information was a candidate
for a discrete or annunciator presentation. Next the candidates
were laid out in a more detailed matrix as shown in Table 2-5, and

a trade was performed in the following manner., Taking the first

row as an example, we note that the candidate is Traction Motor

Load. Reading across the columns shows that amperes in the display
unit with a total range of 0-1500 amps, attainable by the locomotive
with an operating limit of 0-1070 amps which as noted in the next
column would be indicated by a red range limit indication. Incre-
ments, as presently displayed, in locomotive cabs are in 20-amp steps.
Reading onto the next column, we note that trend information is re-
quired as an indication of increasing or decreasing torque develop-
ment, Accuracy is not necessary from an engineering-operations
standpoint, but does have some utility for maintenance and check-out,

Finally, rate of change is a significant parameter along with the
trend information in the previous column. The next six columns con~-
tain the preliminary design-alternative display types. For the
traction motor load a round dial instrument was selected as best
satisfying the criteria. It should be noted that a vertical tape
presentation was considered because of economy of space; however, it
was rejected on the ground that it is difficult to display and in-
terpret rate information with a tape within the operating limits of
the parameter unlegs it is greatly expanded, defeating the space
saving; or unless rate alone is displayed as a separate parameter on
a dedicated rate indicator. This was judged to be a very complex
human-factors engineering solution to a relatively simple problem,
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2.4.2 Controls

The assessment of preliminary control was done the same way. Con-
sider, for example, in the first row under controls "Throttle" in
Table 2-6, Present applications show that the throttle has "stop",
"jdle" and eight throttle positions. It should be noted that some
carrier applications call for a vernier setting which permits vir-
tually continuous throttle adjustments within a selected throttle
setting for firmer speed adjustments. Reading to the next column,
note that the present control stand employs a lever with pointer and
position indicator. The next two columns present advantages and
control-stand space required. The remaining cclumns state the pre-
liminary control type selected and preset alternatives.

It should be emphasized that these "work sheets" constitue the end
of the formal systems analysis and in this sense must be viewed as
preliminary.

In summary, based on the functional analysis and an understanding of
the locomotive operative environment, the requirements for the initial
design of each control and display could be detailed. The main ‘
headings chosen in conformance with standard HFE design practice to
drive the design for the displays were units for the display, total
display range, operating limits, display coding, incremental values,
and whether the display was used to gather parameter trend infor-
mation, accurate situation information, or rate-of-change informationm.

From this point, candidate instrumentation was reviewed (i.e., round
dial, vertical tape, digital display, etc.) and a trade-off study
performed. This trade-off study was based on the functional require-
ments of the engineman and criteria identified in the literature,

tried and true human-engineering design standards, and the documented
experience of human-factors engineers in aerospace and other applicable
industries.

For each control the main points of interest were the necessary func-
tional positions, and whether the action type was continuous or dis-
crete. In both cases, an informal trade study was performed to determine
appropriate display and control types. For example, a lever, rotary
gelector or handwheel was deemed more appropriate for a throttle than
were other control types such as toggle switches or push buttons.

At this point, it was concluded that enough functional information had
been generated to act as input to the detailed design of the locomotive
cab.
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It is appropriate to reiterate at this point, based on our review
and analysis as presented in the previous paragraphs, that in spite
of the wide variation in cab designs, the principal crew functions
are quite similar in maneuvering and managing the train. Furthermore,
because of the complex mix of operating conditions as described in
Section 1, line-haul freight operations do constitute the most com-
plete set of functional requirements, It should be recognized, for
example, that if only yard-switching operations were considered,
entries in the matrices would necessarily be modified, Dynamic
braking, for instance, would no longer constitute a significant task,
and humping would be added as a function. In addition, viewing of
instruments would decrease significantly. The conclusion that line-
haul operations pose the severest test for the locomotive is further
supported by the observation that railroad supervisors may routinely
assign older locomotives to yard-service or branch operations when
their performance in line-haul service falls below par,

Therefore, the line-haul functions delineated in this section consti-

tuted our formal recommendations for further development, and this
development is presented in the next section,
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3. DETAILED DESIGN

3.1 INTRODUCTION

This section presents the steps taken to achieve the design suitable for
further development. The process is illustrated by the flow chart shown
in Figure 3-1, It is initiated by a detailed human-engineering analysis
of the cab requirements as set forth in the preceding section. The design
evolved as a function of inputs from the contract technical monitor. As
the design progressed, our projections for the next 10-15 years of changes
in locomotive subsystems, train handling procedures and potential for
automatic devices such as Automatic Train Control (ATC). Constraints were
identified, too, and, as we will show, are reflected in the recommended
design. The constraints include equipment origin and those stemming from
carrier operating procedures and federal regulations where appropriate.
Within these constraints, a variety of alternative designs were generated.
Although each of the alternative designs was judged worthy from a human-
factors standpoint, one was selected for further development on the basis
of cost, reliability, safety, occupant protection and crashworthiness. The
design approach is presented in the next section, followed by design
considerations and discussion of detailed components,

3.2 DESIGN APPROACH

The first item to be discussed in this section is the projections made on
the 10-to~15-year technical and operational progress in the railroad in-
dustry., It must be immediately stressed that the process of deriving
these projections will continue for the life of the contract. One reason
for this is that hardware development programs are constantly being intro-
duced to meet the changing needs of the railroads. Other reasons include
software development such as the AAR Track~Train Dynamics program in
identifying new solutions to old problems; test programs, such as those
carried out by TSC; changes in public attitudes in putting a higher pre-
mium on updating railroads; the energy shortage, forcing changes in train
handling to optimize fuel consumption; and the fact that government funding
and regulation are in a state of flux. With all these factors contri-
buting to the requirements for train handling and methodology, it has
been difficult to pin down an exact projection of the state in train
handling c. 1990, In fact, it may be suggested that the results of this
contract may be one of the factors contributing to future changes, Pro-
jections of changes in train handling and control requirements expected

to occur within the next 10-15 years were made so that the present cab
design would reflect them. Projections prepared considered a number of
inputs from different sources, These were:
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a. Trends identified by EMD

b. Trends foreseen by operating personnel

Ce. Developments stemming from the Track/Train Dynamics Program

d. Survey of present and planned TSC studies of railroad
operations

e. Projections made in trade journals and periodicals

f. New equipment being developed by manufacturers.

As previously mentioned, projections are likely to change as new programs
are started and old ones completed. However, some confidence in the
validity of the projections resulting from the above sources may be gained
where there is some consensus of operating personnel, Actual hardware or
procedures are at least under study in the development phase and at .a state
of accomplishment wherein their implementation is reasonably probable by
1990.

Some projections were made on the basis of informal surveys of railroad
management personnel when asked to "crystal ball" the future., Their
comments are briefly summarized below.

a. Bulk commodities may tend to travel in longer, slower trains
with an increased use of helper consists,

b, Merchandise commodities may tend to travel in shorter, faster,
more frequent trains,

C. Electrification may get increased consideration if a lack of
oll resources continues to be a problem,

d. Locomotives may tend to be higher in horsepower ratings.

- Increased use of computerized freight yards may make mass

train-distribution information more readily available to
engineers, and freight cars may be blocked for optimum track-
train dynamics rather than simple destination blocking.

f. Locomotive engineers ma& have the use of more train~handling
aids such as draft-buff, air flow, drawbar force, and track
profile indications.

B Increased use of simulators in training will raise the skill
level of new enginemen,
h. Advances in electronics and reduced cost of mini-computers

and microprocessors may have an effect on sophistication of
locomotive control systems.

i. Pneumatically operated brakes will probably undergo little
change and will remain the primary braking system for quite
some time due to their fail-safe design, ease of maintenance,
and relatively low cost.

j. Traction motors as a source of axle power will probably become
more efficient due to changes in technology but remain
essentially unchanged in basic function and configuration.
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Once both present and anticipated requirements were defined, the functional
baseline was modified for design development. At the most general level,
certain functions are not likely to change, For example, multiple-unit
operations will still be practiced by many railroads, and helper consists
will be used to negotiate upgrades and provide additional horsepower along
the train. Train speeds will probably always vary from very slow passing
through yards, on curves, undulating terrain, and negotiating turn-outs,
to maximum allowable speeds on straight-level runs over well maintained
track. We do not foresee freight trains even approaching the actual and
desired speeds envisioned, for example, by Amtrak in the next 10-15 years.
It 1s equally obvious that locomotives will continue to be operated in
diverse enviromments, such as subzero weather on the one hand and desert
climates on the other. In addition, snow, ice, fog, rain, floods and
obstructions (debris on track) will always be a problem, as will the
necessity to operate both day and night schedules.

The bi-directional capability of modern locomotives will still be an impor-
tant aspect of the modern freight-carrier mission and not likely to change.
Communications rules are currently under reappraisal by the FRA, and new
rules or modifications of existing rules are a certainty as railroading
becomes even more complex. At the very least, communications equipment
and techniques are likely to improve. Automation of operating procedures
and data collecting and storing has made strong inroads in yard-control
and train-control procedures, and some additional provisions will have to
be added to the engineer's repertoire to manage this additional source of
information. However, the study uncovered no data which indicated that
automation will eventually replace the engineer. He does and will continue
into the foreseeable future to perform a vital function. This is true
because of such variables, for example, as the mixes of loads, age of car,
high/wide loads, loads that require special handling by the engineer such
as explosives, combustibles and volatile cargos.

While we recognize the utility of the unit trains and the complete auto-
mation of the train-handling functions in a few applications, these appear
to be special cases of train-handling solutions rather than representative
train-handling techniques of either the present or the near future. The
analysis revealed that train crew tasks at specific levels were also
unlikely to change very much, By subsystem, the critical tasks are and
will continue to be associated with maneuvering the train, monitoring the
exterior environment, managing the propulsion system, braking the loco-
motive, monitoring the track-train situation and signals, and managing
auxiliary systems, engine systems, dynamic braking, and pneumatics. Within
each subsystem as is shown in Section 2.0, certain tasks are more impor-
tant than others. An examination of the tasks required to manage the train
revealed the following order of priority:

a. Application and release of tractive effort;

b. Monitoring speed and power/force indications;

c. Setting the direction of locomotive travel;

d. Activating generator field;

e, Monitoring the status of traction motor temperature.
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On the other hand, when the train air-brake system is the object of con-
sideration, all tasks are practically the same in relation to successful
mission accomplishment including monitoring the brake-pipe pressure during
normal reductions and to identify abnormal leak rates, monitoring brake
pipe flow, applying and modifying brake-pipe status and pressure, pressure
venting, and monitoring the equalizer reservoir and the brake-pipe pressure
gradient. :

A caveat is proper at this point, The study team found no data, with the
exception of TSC test car data, that meagured actual engineer behavior on
representative routes on which we could base our analysis., The objective
in determining how important certain tasks were to the engineer in accom-
plishing his mission was to provide some preliminary design criteria for
laying out the cab working area. Our analysis must be interpreted in this
light. Qualitative and more meaningful data could only be obtained
through observing a proper sample of engineers at their tasks for signi-
ficant periods of time and under representative routes and conditions.
This was beyond the scope of the present study.

3.3 DESIGN CONSTRAINTS

Design contraints were identified based on the survey of locomotive cab
designs and train~handling requirements. These were:

a, Braking

b. Propulsion

C. Track/train dynamics
d. Man/machine interface

The air-brake systems currently in use on line~haul freight trains are
the 6SL, the 24RL, and the 26L. Improvements in air-brake systems have
been made over the years as new techniques have evolved and hardware has
been developed, For example, the 26RL brake equipment provides a minimum-
service reduction position with a predetermined initial reduction in
brake-pipe pressure after which further reductions are initiated and con-
trolled by the engineer. Neither the 6SL nor the 24PL equipment provides
this feature. Additional modifications to braking equipment are likely
to be in common use, e.g., the ABD car control valves which will directly
affect train handling. Therefore, the present cab design was developed
.to be compatible with existing and anticipated air-brake hardware on
locomotives and rolling stock.

Two types of dynamic brakes are currently employed in locomotive cabs:
taper and flat. The amount of retarding force developed with the taper
system is controlled by the speed of the locomotive and the position of
the brake lever. The higher the speed, the greater the retarding force
for a given throttle position, The amount of retarding force developed
with the flat system is controlled solely by the position of the dynamic
brake lever., The lever must be placed in notch #8 position to develop
maximum retarding force. This system has been adopted by the AAR because

53



when using it the engineer regulates the braking effort with the control
and does not have to think about relating his dynamic braking effort to
the speed of the train. Instead, he monitors amperage on the load- ‘
indicating meter. For purposes of the present study it was assumed that
the engineer will be travelling in lead locomotives of locomotive consists
that contain units having both types of braking, at least until the older
locomotives are retired from main-line service., It is also assumed that
extended-range dynamic braking (in the 23-mph to 6-mph range) will become
more common, ‘

Based on the review of locomotive designs, it was concluded that propulsion
systems were not likely to undergo any fundamental changes, although there
is a trend toward higher-horsepower locomotives. It was judged that con-
cern for optimum use of fuel resources would necessitate that power plants
be shut dowm when the locomotive is idle more often than is current
practice, :

Track/train dynamics will continue to play a significant role in train
handling. Over the long term, more stable consists are likely to be
encountered as train make-up philosophies are changed and track and right-
of-way conditions improve. However, since the value of any new concepts

in train handling must ultimately be demonstrated in service applications,
it is assumed for purposes of this design that road engineers will encounter
a wide variety of train-handling variables which will affect their train-
handling performance. For example, placement of heavy cars and light cars
in trains and the result and impact on draw bar forces, braking are lateral
forces between wheels and rails. Freight cars also vary in their load
capacity, dynamic stability and physical dimensions.

Finally, any new cab design must conform to additional constraints af-
fecting the man/machine interface. For example, the maximum free volume
is physically limited by AAR clearance envelopes. Visibility from the

cab must allow the engineer and crew maximum forward, lateral and rearward
fields of vision, Cab designs and crew tasks must be structured to con-
form to safety regulations and communication procedures and be revised in
the light of future requirements as they may arise during the next decade.

3.4 SELECTION OF DESIGNS
The question arises as to what additional requirements could be reasonably

postulated as belonging in the cab of today and the near future; and what
criteria should be considered in cab designs.
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First, a strategy was adopted to bound the problem, To preclude a
"utopian" approach, four constraints were imposed on any candidate for
inclusion, as follows:

a. It should improve the safety of the cab occupants or at least
not degrade it beneath acceptable and desirable standards.

b. It should show promise in improving train handling with some
demonstrable potential such as reducing loss and damage.

Ce It should significantly improve the locomotive cab as a
working and living environment.

d. Its cost should be reasonable.

Three concepts were selected for further analysis and development. The
first concept was a human engineering design based on the aforementioned
currently-known functions; that is, the cab of today. Secondly, a design
was prepared, which we termed the maximum-performance cab, which con-
tained all of the advances in state-of-the-art crew-station design and
train-handling procedures that could be identified and were within reason.

The final question to be resolved was what should be developed further,
The third cab design concept falls between maximum-performance and HFE
functional cab.

A number of locomotive cab design configurations were developed. 1In
general, these alternative configurations were selected to provide rela=-
tively wide-ranging differences in features and layouts. This wide range
of configurations meant that significant differences were evaluated, rather
than different variations on the same theme, as might have resulted if an
initial configuration was judged to be "obviously best".

Conceptual drawings were prepared for each configuration. These included
three-quarter-view perspectives, three plan views and detail drawings of
particular features.

Each alternative was evaluated for its suitability in meeting the
following criteria:

a, Fulfillment of Functional Requirements
b. Compliance with HFE Design Criteria

C, Occupant Protection

d. Structural Evaluation

e, Reliability

f. Safety

g Reasonable Cost
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BRAKEMANS CAEW STATION
PINE SXTINGUISHER
HANDSET

EMERGENCY BRAKE VALVE

LOCAL HTG/AIR CONGIT SWITCH
CAD SIGMALS

Figure 3—2b. Recommended Cab Interior Arrangement
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The recommended cab design is the one that best satisfies the seven criteria.,
This design was further refined by evaluating design features on the basis of
the effect of cab/locomotive interfaces on improved workspace utilizatiom,
life support, and environmental control.

As a cross—-check on the design, a soft mockup was constructed reflecting
an evolving design and was evaluated by Boeing and TSC human factors
personnel.

3.5 CAB DESCRIPTION

The cab interior is shown in Figure 3.2a. The interior dimensions are based
on the following rationale. The cab width was set at the maximum possible
within the constraints imposed by place C of the AAR clearance envelope.
This was done to provide good visibility when looking out of the side window
back along the train and through the rear door window when moving in the
direction of the long hood. The height of the cab was also limited by the
clearance envelope. In addition, the requirement to seat the engineer as
high in the cab as possible to provide good forward visibility and provide
standing clearance for the 95th-percentile crewman was considered. The

cab was made as long as possible for several reasons, First, volume was
required to accommodate a lavatory, a refrigerator and storage space with
easy access, Second, sufficient space is necessary between the engineer's
seat and the lavatory wall, so that personnel may leave the cab quickly

and without being blocked., Third, the large volume provides for growth
items such as an ‘additional crewman or new equipment, The cab is 10 feet

8 inches wide, and cab roof height is 14 feet 9-1/2 inches, measured from
the top of the track rail.

The cab interior arrangement is shown in Figure 3.2b. The dimensions are-
as follows:

Cab Height
Crew Station
Cab Centerline Centerline
1st Floor 7'1" 6'8"
2nd Floor 6'5" 6'0"

The cab length measured from the front bulkhead to the rear wall (cab
exit point) is 9 feet 3 inches., The floor area is approximately 170 square
feet, while the free volume 13 approximately 590 cubic feet.

The front end of the locomotive cab is sloped at an angle of 30° with a
vertical anticlimber located just below it. Figure 3-2b, view B-B, reveals
a two-piece front windshield and provisions for number lights, class

lights and headlights.
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Personnel enter and leave the cab through two rear doors which lead to a
platform and steps, Side windows are of three-piece construction,

A perspective sketch of the interior arrangement can be seen in the lower
right corner of Figure 3-2b. As shown, the engineer and brakeman are seated
side by side with the brakeman on the left, General outlines are shown of

a two—-section work console for the engineer and an overhead panel, To the
rear of the engineer's seat are a swing-out reverse-operation control

panel and a phantom outline of the engineer's seat rotated 180 degrees

from its normal position,

The cab floor is shown in View C-C of Figure 3-2b and in the perspective
sketch to its right, The floor is a split-level design so that the crew
are seated as high as practical and maintain a proper relationship to the
cab floor for ingress and egress under normal and emergency conditions,
At the extreme right on the drawing is shown the back wall of the cab,
containing the lavatory, storage facilities and the refrigerator.

This brief description is presented to introduce the cab design to the
reader. The detailed analysis and design rationale that produced the
concept are presented in the following sections,

3.5.1 Detailed Engineering Analysis

Various sources of information, including aircraft and military data,
served as guides throughout the design phases, Since the train
engineers' functions are many complexly related variables associated
with specific hardware configurations and the operating environment,
such as track/route constraints and train loads, we attempted to
sort out the appropriate categories to which these variables could
be assigned for systematic study and inclusion in the design. The
design approach was "inside out", starting at the crew station and
working toward the cab envelope. The order of analyses 1s as

follows:
a, Vision
b. Anthropometry
c. Seating

d. Work Station

e. Primary Controls & Displays

f. Secondary Controls and Displays
g. Habitability

h, Cab Envelope

Finally, problem areas existing in present cabs were reviewed for
potential impact on the new design and ran the gamut from desired
usable volume to safety hazards such as protrusions, sharp edges,
loose objects, and failures to secure trap doors.
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3.5.2 External Vision

The definition of a locomotive cab crew's external-vision envelope -
posed an interesting problem to the design team, While a great deal
of information exists pertaining to design criteria on many of the
components of the crew station, no criteria were available to aid in
the design of windshields and side windows of a locomotive. Military
standards are quite specific in setting forth the design requirements
for various aircraft, but the viewing envelopes of pilots and engi-
neers are not comparable. Therefore, it was necessary to develop a
set of visibility criteria and derive a forxrward visibility envelope
of pilots and engineers are not comparable. Therefore, it was neces-
sary to develop a set of visibility criteria and derive a forward
visibility envelope to meet them. The first item to be accomplished
was to define the seeing tasks. This was done by making a list of
external objects that the engineer must look at while operating his
locomotive. A representative selection of these objects is presented
in Table 3-1.

The selected items are listed according to their locations along the

right-of-way in front of the train. The height of the object was

then noted and ranged from objects on the track to bridge signals .
45 feet above the track,

To initiate the design, an arbitrary point was selected, called the
design eye. The design eye point was defined as an arbitrary fixed
point in space. It is a constant throughout the design, and all other
components of the cab are designed in relation to it, It is the
assumed point at which the engineer's eye (external canthus) is lo-
cated under operational conditions. The design eye point was located
in three dimensional coordinates and the height and distance of tar-
get objects were used as inputs to a computer program which was
developed to calculate the visual angle from the design eye to points
along the apparent visual path of the target objects while the vehicle
is moving. These calculations resulted in the azimuth and elevation
values of the targets as they "moved" along. From these values the
visual angle subtended from the design eye were plotted as shown in
Figure 3-3.

Operating procedures were reviewed to determine the minimum distance
at which objects along the wayside must be seen. The minimum was set
at 50 feet from the front end of a locomotive using one boxcar-length
as a rule of thumb, From the figure it can be seen that for viewing
an overhead bridge signal 50 feet away an elevation angle of approxi-
mately 40 degrees ugward is required. In the case of a switch point
at track level a 25 downward viewing angle is required. The oper-
ational scenario of a line-haul freight locomotive was again reviewed
to determine the lateral vision requirements. It was concluded that
since the engineer is likely to encounter grade crossings, multiple
trackage and curves in the rail as severe as 10 , the lateral vision
should accommodate these requirements. Additional considerations
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TABLE 3-1.

ITEM
Fuses

Grade Crossing

Switch Point

Bridge Signal

Pot Signal

Switch Stand

Switch Stand

Grade Crossing Signal
Mast Signal

Mile Post

Track Side Sign

Grade Crossing Approach

LOCOMOTIVE ENGINEMAN FORWARD VISION
REQUIREMENTS SELECTED VISUAL TARGETS

LOCATION
On Track
On Track
On Rail
Above Track
4 £t from Rail
5 ft from Rail
5 £t from Rail
8 ft from Rail
8 ft from Rail
8 £t from Rail
8 ft from Rail

Track Side
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were that if the total cab width was constrained by plate 'C'" of the
AAR locomotive cab envelope, the brakemen would have the same field

of view as the engineer; and crashworthy requirements dictated the

use of collision posts which would not limit the crew's forward vision.

It became apparent during the design activities that some modification
of the requirements was necessary. The downward vision angle was re-
tained because of the importance of the engineers' attention to people
and all objects on the ground, The upward vision was decreased to 30
because larger windshields were severely constraining the crew-
station design. In the recommended design the overhead panel could
not be placed within an optimum reach envelope without interfering
with external vision. During design reviews some concern was also
expressed about the "greenhouse effect" that larger windshields might
have, and the possibility that sunlight would shine directly on the
engineer when the sun is overhead. With this in mind, a re-evgluation
of the vision requirements was made and it was found that a 10  de~-
crease in the upward vision angle would slightly compromise the
engineman's external view., An overhead birdge signal would be visible
at 55 feet away instead of 50 feet away,

To evaluate the potential significance of this reduction in viewing
distance a series of windshield plots were prepared for monocular
(design eye) viewing, stationary binocular and binocular with head
movement perspectives., These are shown in Figures 3-4, 3-5, and 3-6,
Figure 3-4 is a rectilinear monocular engineer-window plot showing
windows and collision posts. It should be noted that there are no
obstructions protruding into the visual area. Figure 3-5 is a bin-
ocular plot of the same area; here it should be noted that the
collision post appears smaller because the interpupillary distance
using binocular vision provides the ability to "see around" objects.
Figure 3-6 introduces an additional variable, namely, head movement.
The analysis also determined that if the engineer moved his head
forward (this is not an unreasonable assumption, because he is
unrestrained) the effective upward visual angle returns to 36°. 1t
should also be noted that the windows on the opposite side of the cab
appear smaller because objects subtend smaller visual angles as they
move further away. The side windows are discussed in detail in a
later section.

It was concluded that the 10° decrease in the upward visual angle was
acceptable, thereby allowing the overhead panel to be placed in an
advantageous location and would better serve the cab crew.

The external-vision analysis later was modified to include factors
such as the train engineer's looking out the side window foward and
backward along his train; as mentioned, this is discussed in a later
section. The engineer was provided with excellent vision of the
terrain and train features., Fatigue and strain caused by excessive
head movement in observing everything from either side of cab was
reduced,
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The dimensions of each of the two windshield panels are 28 inches high
by 50 inches wide., The total area is approximately 19} square feet,
which is greater than the area (approximately 12} square feet) found
in operating cabs.

Windshields should be vandal resistant, i.e., made of material that
will not shatter when struck by foreign objects, and the material
must not be able to be scratch during normal cleaning and maintenance.
Attention should be paid to the quality of the windshield in the areas
of deviation, distortion, luminous transmittance, haze, and anomalies.
Specifications for these qualities, and testing procedures, may be
found in USAAMRDL Technical Report 73-19, March 1973, Goodyear Aero-~
space Corp., MIL-G-25871A, and MIL-P-25374A. Data from these sources
will be summarized in the DOT/TSC-913 Locomotive Cab Design Guide.

A pantograph-type windshield wiper is recommended because of its
ability to describe a wider arc and keep the wiper blade in a perpen-
dicular position. Defogging and deicing may be accomplished in a
number of ways. Forced hot air; heated windshields, and special
coatings are feasible methods, but caution should be exercised. Forced
hot air is the conventional method of defogging, but power consump-
tion, noise, speed of action and coverage have traditionally been
problems, although not insurmountable ones. Heated windshields have
proven themselves to be an acceptable alternative, but the optical
qualities, expense and reliability of these windshields are of some
concern to the design team., Also, the diffraction that may be present
with embedded-wire type, and the light attenuation properties of the
gold-coated type have not been evaluated for locomotive applications
as much as the design team would like., Special coatings that pre-
vent fogging are currently available, but their optical qualities and
durability are not well understood. Rather than state the superior-
ity of one of the methods described above, we recommend that a para-
metric evaluation of each of these techniques be conducted in the
context of the controlled locomotive environment to determine the
best method that should be applied to the design of a development
locomotive cab.

The side windows in the cab are of a three-piece construction. The
forward triangular section has the ability to swing out a short dis-
tance to ventilate the cab and act as a wind wing. In the closed
position, it will latch positively to provide a seal against the ex-
ternal environment and the intrusion of foreign objects. The center
and end sections of the window are on tracks to enable the window to
be unlatched and slide rearward. A ratcheting device is in the sill
to keep the window from inadvertently sliding shut in the case of a
run-in, These two sections of window are designed in this manner so
that in cold, hot or rainy weather, the engineer can open the window
for his use only as much as needed and quickly shut it again, A
window that opened down, as an automobile window does, would require
the window to be fully open when the engineer needs to communicate
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with ground personnel or look down the side of the train. A window

that opens upward was considered hazardous because of the guillotine
effect of the glass in case the raising mechanism fails. These side
windows should be made of a material that will have some thermal in-
sulating properties similar to the Canadian LRC train, They should

be of a quality that will not scratch easily or shatter under impact
from a foreign body.

3.5.3 Anthropometry

The design eye continuing as a reference, the next step was to deter-
mine the engineer's body envelope. Since no systematic data are
known to exist concerning the physical anthropometry of locomotive
engineers as a distinct population, the dimensions used in this study
are those of the adult male population of the United States. The 95th-
percentile male dimensions were used to set maximum clearance dis-
tance, while the 5th-percentile dimensions were used to set such
things as reach envelopes to assure that the controls and displays on
the crew station are accessible to all crew members. Figure 3-7 shows
some typical dimensions that were used to calculate reach zones for

a Sth-percentile man's reach,

The rationale for choosing the segment of the population between the
5th and 95th percentiles is that experience has shown that these de-
sign boundaries provide the designer with the best chance of being
able to use good design practices while accommodating the greatest
number of users. As an illustrative example, past experience has
shown that if the population boundaries are widened to include 1lst to
99th, a panel close enough for a first percentile is uncomfortably
close for a 99th, Also, there are extra costs involved in designing
for a larger population (i.e., longer seat adjustments), and design
penalties are incurred. It should be noted too that the anthropo-
metric dimensions have changed over the years and are likely to
change in the future, suggesting that data bases should be obtained
and updated periodically.

3.5.4 Seating

The subject of a seat for the locomotive engineer deserves some dis-
cussion. As has been noted, a typical work shift for an engineer is
twelve hours, and since most of the operator's time is spent seated,
his perception of the work environment is greatly affected by the
degree of comfort afforded by the seat. To provide a seat that will
stabilize the engineman's body so he can work efficiently, some gen-
eral criteria must be met., The ischial tuberosities should bear much
of the weight of the individual, while excessive pressure on the
thighs should be avoided. Proper lumbar support should be provided
to avoid fatigue, Lateral support for both the back and the thighs
should be provided, but not to the extent that the engineer cannot
shift his posture frequently. Proper seat depth, width, and height
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d,

should be geared to the dimensions of the population being accommodated.
Seat adjustments fore and aft, as well as up and down, from a vertical
reference point are necessary to allow operators of different statures
to position themselves in a manner that will provide access to all
controls and assure proper external visibility. Particular attention
must be paid to ingress and egress from the seat, and the requirement
to look back along the train would seem to %ndicate that a swiveling
seat is necessary. A seat back angle of 15 1is generally recommended
to ensure the comfort of the crewman over a prolonged period without
giving him an overly relaxed feeling that may contribute to decreased
vigilance.

Figure 3-7 shows how all the above requirements can be combined to
arrive at the design of a crew seat. This seat is conceptual in
nature and is meant to be an example of the implementation of the set
of criteria shown in Figure 3.8. It is suggested that before any
seat 1s adopted for use by the locomotive engineer, it should be
thoroughly field tested in a variety of operational and environmental
conditions. Particular attention should be paid here to appropriate-
ness of the seat-covering material for proper heat and moisture dis-
sipation, and the durability of cushions and seat structure. Of
special significance is a head restraint on the back of the chair
positioned so as to prevent whiplash in case of a severe run-in but
not capable of being used as a head rest.

3.5.5 Primary Controls and Displays

The primary controls and displays and their rationale for inclusion
in the design are the direct result of the functional analysis pre-
sented in Section 2, While the analysis did give indications of what
controls and displays were needed to operate a line~-haul freight
train, there were times when the final choice was based on a sub-
jective evaluation of the facts. This usually occurred when two or
more choices in spite of all the analysis. For this reason both the
selected items and alternatives, in some cases, will be discussed.

3.5.6 Engineer Consoles

The configuration of a console for the present locomotive cab is
dependent upon cab envelope, train operating requirements, and the
following human-factor requirements,

a. Visibility outside of workplace
b. Visibility inside of workplace
¢. Primary control access

d. Secondary control access

e. Support of body elements

f. Clearance of body elements

8. Clearance for personal equipment
h. Restraint of the body

i. Protection from injury.
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Also, in considering the design of a locomotive cab incorporating
human-factors engineering-design criteria, an order of priorities is
generally established. The priorities used here are as follows:

a. Primary visual tasks: This refers to both external and
internal objects. Eye position relative to the task
establishes the basic layout reference point,

b. Tasks which interact with primary visual tasks: In the
case of a locomotive these would be power control and
braking. Emergency controls also fall into this category.

c¢. Control/display relationships: Controls should be near
the displays they affect, and should have a direction of
movement compatible with movements on the display.,

d. Arrangement of workplace elements: Anticipating sequence
of operation will help determine the arrangement to
preclude "hopping" between one control and another.

e . Convenlent placement of workplace elements: The most
important item here is frequency of use.

The standard AAR console is located in the cab so that the controls
on it are operable when the engineer faces forward, sideways or to
the rear. The study team observed that when he faces rearward, the
operation of the controls is awkward, so this location cannot be
considered optimum. Accommodation of rearward use of the control
console prevents optimum operation when facing forward. The present .
console and controls and displays are compromises to satisfy oper-

ating requirements. Since rearward operation on the average is a

small percentage of the total operational time of a line-haul freight

train, it was decided that the basic design should concentrate on

optimizing console design and arrangement for forward operations of

the train. A rearward movement capability would then be provided

through the use of repeater controls to facilitate road switching.

Once the design eye was placed, a body envelope was determined and

a seat was established, consideration was made for the placement of
controls and displays, Due to the functional interfaces between the
present cab and present operational practices that require the engi-
neer to read signals that are primarily on the wayside receiving train
orders from manned stations enroute, and the necessity for communi-
cating with ground personnel during yard or switching operations that
require moving the locomotive in reverse, a ground rule was estab-
lished early in the design process to retain the position of the
engineer on the right side of the cab., Using HFE design guides and
the anthropometric data, boundaries and clearances for the work sta-
tion were roughly drawn up keeping in mind the type and number of
controls and displays identified in the functional analysis. The
primary reach and internal vision areas directly in front of the
engineer were reserved for the main controls and displays., A
secondary area to the operator's left was reserved as a neutral
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zone to be used as a writing surface, or for the placement of
official papers, such as train orders or train mass distribution
diagrams, or personal items such as coffee cups and ash trays. The
overhead reach zones are utilized for less frequently used displays
and controls. Dimensions for the control and display panels, as
previously mentioned, were constrained by external vision lines that
could not be interfered with.

Seeing tasks were defined and a determination was made of configur-
ation and location of each crew-station item required to implement

the visual functions. Controls, displays and work station geometry
was allocated to conform to specific reach envelopes and were suc-

cessfully demonstrated during soft mock up reviews and analysis.

The primary instruments and controls are located directly in front
of each crew member on the design-eye axis for ease of viewing.
These instruments and controls are approximately 28 inches away and
well within the crew's primary visual field in accordance with
accepted standards.

The secondary displays are located to the left of the engineman and
are also included in his primary visual field. It should be noted
that these displays are so placed that they do not intrude into the
external vision envelope.

The auxiliary systems displays and controls along with the remote
consist controls are located above the primary console. Careful
consideration was given to the placement of individual items so that
the engineer would not have to mave his head or eyes excessively

to read instruments and identify control positions,

3.5.6.1 Engineer's Primary Displays

The primary displays, as previously noted, are located directly
in front of the engineer. As shown in Figure 3-9, this dis-
play panel, which is 8 inches high and approximately 24 inches
wide, contains the following items:

a. Speedometer

b. Power/drawbar force indicator

c. Equalizer reservoir and brake pipe pressure
indicator

d. Brake-pipe venting annunciator

e. Emergency brake on annunciator

f. Brake-cylinder pressure indicator

g. Main reservoir pressure indicator

h., Brake pipe air flow gage

i, Cab signal

J. Time-speed-distance calculator
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3.5.6.1.1 Speedometer

The speedometer is the most critical display in the
cab, and therefore it was located directly in front
of the engineer. A round instrument was selected as
opposed to digital readouts or vertical scales, The
reason for this resided in the nature of the infor-
mation content required; that is, trend information
is a significant parameter because the engineer must
do considerable advanced planning for his train
handling., If his train is approaching a restrictive
zone at a speed greater than that permitted, he must
begin to brake the train to achieve the appropriate
speed prior to entering the restrictive block. His
rate of slowing added to his knowledge of the allow-
able distance to be travelled enables him to plan his
brake application to minimize buff and draught forces
that could damage his lading. The rate of change in-
formation is equally important, When he has left the
restrictive block and is permitted to increase his
speed, he must not build up speed at excessive rates
because of the possibility of a break in two. This
trend information is readily available from a moving
pointer indicator while difficult to extract from
digital displays. A vertical scale instrument was
not practical in this application because of the long
scale length that would be required to meet the
functional requirements, The speedometer was laid
out in a number of configurations and the most read-
able design was a 5-% inch round dial instrument.
One-mile~per-hour graduations were provided (a half-
mile resolution), and each ten miles per hour were
numbered.

The 5%-inch diameter is admittedly a rather large
instrument, but the sizing and spacing of indicia
require quite a bit of space to lay out an instru-
ment for the 100-mph range provided. While freight
trains do not run anywhere near 100 mph at present,
it was projected that merchandise commodities may run
at these speeds in the future, The sizing and
spacing of the indicia was optimized so as not to

be cluttered and to be read easily at the nominal 28
inches' viewing distance.

3.5.6.1.2 Power/Dfawbar Force Indicatotr

This display is located to the right of the speedo-~
meter, and its function is to guide the engineman's
use of the throttle., On the first iteration the in-
dicator displayed amps on its face as is traditional
in present cabs and had a color-coded red line for
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both motoring and dynamic braking. An operational
review of the use of the loadmeter dictated a harder
look at the requirements of the engineer. The load-
meter has many functions, none of which appears to
require the use of the numerical values on the dial
face. These ampere values are only meaningful when
the throttle position and speed, as well as the num-

. ber of traction motors, are integrated to evaluate
the performance of the locomotive. To believe that
the locomotive engineer can perform these calculations
whenever any of the parameters change is stretching

a point. Rather, he makes a cursory inspection of
these parameters to assure that all values are within
their limits, In accelerating, decelerating, and
maintaining speed, the critical value on the loadmeter
is the maximum continuous and short time rating lines.
For these reasons, the traction motor loadmeter was
configured with a green band for the safe zone under
dynamic braking, and red bands to denote the avoid
regions in either case, with short-time ratings
clearly marked. A round-dial, moving-pointer dis-
play was chosen because of the need for detecting
qualitative changes and rate of change of the
traction motor load.

During further detailed analysis of the traction motor
loadmeter it also became clear that this display had
one major shortcoming in terms of giving the engineer
enough information to do his job., The loadmeter tells
the engineer the characteristics of the traction motors
of the locomotive he is riding. If all other loco-
motives in the consist are of the same class and type
and are performing normally, then the loadmeter will
reflect the true status of the locomotive consist.
However, this situation is quite often not the case.
It is not unusual to have a mix of locomotive types

in a consist., Also, the engineer's job is made more
difficult because he must mentally compensate for the
differences in locomotive types when moving the
throttle, A second shortcoming of the loadmeter was
that while it displays a rough estimate of the loco~
motive'’s power output, it does not give a good picture
of the drawbar force being generated by the entire
consist,

To overcome these disadvantages in the loadmeter, a
display concept similar to the Power-~Force Indicator
currently being tested by the railroad was designed

to indicate the drawbar force generated by the consist,
On the first layout of the dial face the pounds of
force were arranged from zero to 350,000, with a red
band from 250,000 to 350,000, An identical scale was
then added so that either buff or draft force could be
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determined. It readily became apparent that these
numbers were extremely cumbersom and that their oper-
ational meaning to the engineer was questionable. A
different approach was tried where the force was dis-
played in percent, with 250,000 pounds being the 100~
percent mark and values exceeding that point consti-
tuting an overload. This arrangement was judged as
more satisfactory, but the utility of the values un-
der 100 percent became questionable. The engineer

is interested only in the fact that he has not ex-
ceeded the maximum rating of the draft gear.

Intermediate values, while significant from a system
engineering standpoint, appeared to have no functional
utility. Therefore, it was concluded that a green
"safe" band for motoring, a blue "safe" band for dy-
namic braking, and two red bands to denote the "avoid"
region in either case were needed. Then, when the
drawbar force meter is used with the loadmeter, the
engineer can more effectively handle his train be-
cause he is now able to take advantage of all the
power under his command without the risk of breaking
or damaging equipment. In addition, it should be
recognized that an additional input to this indicator
could be made by a device calculating the L/V ratio

at the coupler to regulate drawbar force on curves.
However, no such device is present on today's trains.

Since function and configuration concepts are simi-
lar and due to the confusion of look-alike instru-
ments positioned on a panel with limited space, a
single instrument was used to indicate both functions.
The instrument, as shown in Figure 3-9, is round in
shape, uses a dual concentric needle, and is called
a Power/Drawbar Force meter. The operating bands
are color-coded as described above, and the needles
are each labeled to indicate the parameter being
displayed. The engineer will then be able to de-
termine at a glance that his traction motor load and
drawbar force are within safe limits and govern his
throttle or dynamic brake accordingly.

3.5.6.1.3 Equalizer Reservoir and Brake Pipe
Pressure Indicator

The equalizer reservoir and brake pipe pressure in-
dicator are located to the left of the speedometer,
The brake pipe pressure (BPP) indicator is critical
from the engineer's viewpoint, since this is the
main indicator of the operating status of the train's
brake system, Nominal BPP ranges from 70 to 110 PSI.
A full service reduction from 70 psi to 20 psi making
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- the required operating range from 50 psi to 110 psi.
Pressures under 50 psi would occur as a result of an
over-reduction in brake pipe pressure; but these
yield no change in performance and therefore are
usually of little interest to the engineer during a
run, except that he may wish to note the event.
Equalizer reservoir pressure is a predictor of BPP
and used to guide the engineman's control input to
the system. Therefore, the scale requirements for
both BPP and equalizer reservoir pressure (ERP) are
the same, and it was determined that one scale could
be shared by both indicators. Functionally, the ERP
indication is used to make control inputs and does
not really reflect any system performance character-
istiecs, The BPP does reflect system performance, and
follows the changes in ERP, For these parameters a
vertical scale indicator displaying both ERP and BPP
was chosen. The scale between 0 and 50 psi was com-
pressed showing 10 psi increments, as was the scale
between 110 and 130 psi, to allow maximum resolution
in the functional range of 50 to 110 psi., The ver=~
tical indicator was chosen because the literature
recommends it when the engineer must read and know
the absolute value of a specific parameter, and rates
of change must be displayed. The two adjacent para-
meters can also be quickly compared in both the
static and the dynamic states.

3.5.6.1.4 Brake Pipe Venting and Emergency Brake
Annunciators

To aid in system monitoring, a brake pipe annunciator
was included on the panel. In present locomotive

cabs the engineer can hear the brake pipe vent as some
alr is directed into the cab. This feature has both
advantages and disadvantages. For one thing, the
engineer is presented with a direct auditory cue as to
the status of the air brake system. In fact, a short
auditory cue when a long one is expected during a

full gervice reduction may indicate a discontinuity
in the air brake system. Through experience, engineers
learn to utilize this information as a diagnostic

tool on the status of the health of their airbrake
systems, and they often rely on it almost to the
exclusion of the brake pipe gauge, even though in
theory they are not supposed to.
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The venting is disadvantageous for several reasons.
First, the air brake venting can be described as
consisting of a loud "hiss or whoosh' which lasts
approximately for the duration of the reduction.

This noise has many high-frequency components and is
quite loud. It is well known that exposure to ex-
cessively loud noises for long durations over a per-
iod of time is detrimental to hearing, although no
audiograms of engineers were known to exist that
would indicate that engineers are impaired. Second,
the air entering the cab through the vent may bring
in pollutants. It was learned that in some instances
oil particles were vented into the cab's atmosphere.
Dust and sand that has invaded the cab may be blown
about and enter the crew's respiratory systems or get
into their eyes; this is clearly a hazard to health
and safety.

To preserve the necessary information while elimin-
ating the undesirable side effects, an annunciator
was selected which comes on and stays on for the
duration of a brake pipe reduction. It should be
recognized that an auditory input to the engineer
would also be suitable and even desirable. However,
it was assumed that with the necessity to communicate
and to provide a relatively quiet environment, an
auditory signal might be an annoyance. However, in
the event that future cab development reveals that a
visual overload condition exists for the engineer in
the present cab design, an auditory signal would
require serious attention.

Beneath the brake pipe vent annunciator is an emer-
ency-brake-on annunciator. This annunciator is en-
ergized either by an engineer-initiated emergency-
brake application or a system-initiated application
due, for example, to a malfunction. The annunciator
remains on until reset by the engineer using the reset
function on the brake handle, as will be discussed in
subsequent sections.

3.5.6.1.5 Brake Pipe Airflow

The information conveyed to the engineer by means of
this indicator is the rate of airflow in the brake
pipe. Since rate information is what the engineer is
looking for, a round-dial instrument was chosen. The
markings on the face are not meant to indicate any
absolute values but only relative indications of flow
so that the engineer can determine if his brake system
has stabilized or is in a state of flux. Also, brake
pipe leakage is indicated to advise him of problems in
the brake pipe.
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3.5.6.1.6 Brake Cylinder Pressure

Brake cylinder pressure of the locomotive is displayed
on a round-dial instrument with five-psi increments.
This instrument gives the engineer information omn the
increases and decreases of air pressure in the brakes
on the locomotive only. He is able to determine brake
cylinder pressure to a maximum of 120 psi, as well as
the rate of change (fast or slow).

3.5.6.1.7 Main Reservoir Pressure

Main reservoir pressure is a system parameter over
_which the engineer has little control, but of which
he must be aware. Sufficient pressure must be present
in the reservoir for the pneumatic brake system to
operate. Low pressure will constitute a safety hazard
in that insufficient pressure will be available to
apply brakes. Overpressures, on the other hand, may
result in component failures, leaks, and premature
wear of compressors. Therefore, rather than provide
the engineer with numerical values, a color-coded
band was provided with over and under pressures in
red and a safe zone in green. An indication of low
pressure can be rectified before a run begins by in-~
creasing engine rpm to "pump up" the train more
quickly. En route, either a high or a low pressure
indication when BPP is static is indicative of a mal-
function and may require the engineer to stop the
train depending on the operational situation.

Cab signals have been included on the main display
panel because of their importance in governing the
engineer's behavior, particularly in situations where
wayside signals may not exist. In the present design,
they have been placed high on the front panel and
close to the center line of the crew station. This
display provides multi-colored cab signals lighted in
the same manner as annunciator lights, or, in addition,
a multi-message display could be used to display the
signal in a written and color-coded format. The in-
tent here is to provide a clear, compact display that
will retain the signal under which the train is oper-
ating. One extra feature of this cab signal 1is that
an indication is given when the next block will have
a more restrictive signal. In this way, the engineer
will be able to plan his activities more effectively
when he knows that the next block may require him to
slow dowm.

80



3.5.6,1.9 Time-Speed-Distance Calculator

The final component on the primary display console
is a time, speed, distance calculator. A set of
stop, start, and reset buttons is availlable at the
top to control the timer, whose digial, display
appears immediately below it. The distance traveled
in the time interval can be dialed in the windows
below the elapsed time readout, and average speed
will be displayed in the bottom digital display.
This display can be used to calibrate the speedometer,
keep track of short time ratings in traction motor
red zones, or check brake pipe leakage during air
“brake tests.

3.5.6.2 Primary Controls

Located directly below the primary displays is the primary
control panel, which relates the controls to the displays
functionally. This panel is shown in Figure 3-10 and con-
tains the following items:

a. Train Brake

b. Independent Brake
¢. Throttle

d. Manual Sand

e. Stop All Engines
f. Direction Lever
g. Emergency Stop

h. Bell

i. Console Lock

3.5.6.2.1 Train Brake

One of the first questions to be dealth with was the
relationship, from a functional standpoint, between
the train (automatic) air brake control and the inde-
pendant (locomotive) brake control. The automatic
brake when applied on present locomotives normally
applies brakes to the locomotive and train when a
service reduction is made. The independent brake
applies the locomotive brake only. If the engineer
does not desire an application of the independent
brake when a service reduction of the automatic
brake is made, he "bails" the locomotive brake off

so that it will not apply (prevents a brake cylinder
pressure buildup). He does this by pushing his inde-
pendant brake handle down while making a service re-
duction with his automatic brake system. However, by
the same token, an engineer can apply the locomotive
brakes with the present controller independently of
the automatic system.
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Some assumptions were made with respect to these
controls. It was assumed that the lever-type con-
rols for the primary functions were suitable with
some modification. It was determined that the use
of levers would cause fewer problems for present-
day engineers in changing over from the traditional
console to the proposed one. Use of the levers per-
mlts control "throws" equal to those used on today's
trains. While the levers are oriented in a different
plane, their travel distance will be familiar. The
use of the arc and the curved surface from which the
controls jut will also ald the engineer because he
can use the curved surface "to feel" his control
location while paying attention to other things.

The lever-type controls are the train brake and the
independent brake.

Several means of implementing these functions were
considered. Some candidates considered were lever,
slide, and hand control knob. The hand control knob
was rejected because review of the human-factors
literature and the applicable specifications revealed
that it is not particularly suitable for making fact-
control inputs such as instant brake application.

The selection of the control lever was made for the
following reasons: (1) It is easily coded for dif-
ferentiation by color, size, labeling, location or
shape. (2) Lock or stay positions can easily be
provided by the use of detents and (3) A combination
1lift-up action and detent can be used for lever posi-
tions that are not frequently used and in which inad-
vertent positioning might be hazardous. (4) The
operator can "feel" the position of a lever as it
passes through its arc in deference to a slide which
does not convey this feeling. The other controls

are very different from what they are on today's
train but nonetheless are within reach and easily
operable by the engineer.

During a ride in an E-44, it was observed that the
engineer bailed off the independent brake on almost
all occasions when the automatic brakes were applied.
The exceptions occurred when the train was in a termi-
nal maneuver, and in these instances the enginer per-
mitted the independent brake to apply along with the
automatic brake. It is significant to note that the
task of bailing off occurs when the engineer is man-
euvering his train and managing his draft and buff
forces, requiring his simultaneous attention to the
train brake, the dynamic brake, the throttle, and
their attendant displays.
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Since a single observations is admittedly insuf-
ficient, we sought a way to provide more data on
the engineer's real behavior with respect to air
brake systems.

Because TSC had recorded these engineer responses
during representative operational runs using its test
car, we borrowed a sample of their data for analysis
to see if further information could be developed on
this point. In this larger data sample, it was ob-
served that of all the brake pipe pressure reductions
made on the four tapes examined, approximately 87%
were accompanied by a bail-off of the locomotive
brake cylinder pressure. On this basis it was con-
cluded that the locomotive engineer, given present
cab controls, spends considerable time initiating

an action that has two functions: decreasing brake
pipe pressure and increasing brake cylinder pressure.
He then takes a second action to inhibit part of the
first. For these reasons, then, good HFE design
practices indicate that the application of the
locomotive brake should not have to be inhibited for
every application of the train brake. The train
brake functions implemented for the present design
are as follows:

a. Reset
The reset position is used when an
emergency brake application has occurred.
Setting the lever to reset enables the
engineer to recover normal train braking
functions.

b. Release
Selection of this function releases the
train brakes and allows the brake pipe
pressure to return to its nominal value.

c. Minimum Reduction
Minimum service reduction of about six
pounds occurs when this function is
selected.

d. Full Service
Full service reduction allows a full
application of the train brakes., In
between a minimum reduction and full
service positions, a continuous range
of reductions is permitted.
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3.5.6.2.2

Suppression
This function is selected to make a

recovery after a penalty brake
application.

Independent Brake

The independent brake is shown in Figure 3-10 and
shows the functions to be discussed below.

3.5.6.2.3

Autorelease and Release

The Autorelease function is the position
farthest forward. When the independent
brake is set in this position, the loco-
motive brake will automatically bail
off; that is, it will not apply during
an application of the train brakes. The
engineer must make a decision that a
build up of locomotive brake cylinder
pressure is or 1s not desirable with a
brake pipe reduction. If the decision
is that he wishes to make a series of
controlled inputs to the train brakes,
the lever must be placed in auto-
release position. After his tasks are
completed and the train brake lever is
placed in release, the independent brake
will revert to release and would require
a second action to reinitiate the "bail-
off" process. The advantage of using
this system is that the engineer need
only decide which function he wants and
execute it once, rather than continuously
bailing off as is done in present cabs.
It should also be noted that the concept
permits the engineer to initiate the
bail-off function when the automatic
brake lever is in the intermediate
position. The rationale for the imple-
mentation of this control device is the
same as for the selection of the auto-
matic brake handle.

Throttle

The throttle control contains the following functions:

a.
b.
c.
d.

Idle

Motoring

Dynamic Braking

Dynamic Brake Interlock
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. These functions have been implemented by using an
oversize continuous thumbwheel (see Figure 3-9).
Since it is one of the primary controls, it is lo-
cated on the main control comsole directly in fromt
of the engineer and placed for right-handed operationm.
This control can be operated using either the finger-
tips or the heel and palm of the hand. The wheel's
surface has tactile coding to indicate the power,
idle or dynamic brake sections of the wheel. The
idle portion of the wheel is smooth. The dynamic
brake portion has raised ridges while the throttle
portion has engraved grooves. In the case of both
throttle and dynamic braking, higher settings will
have the tactile coding closer together. In addi-
tion, the color green appears under the window when
motoring, and blue appears when dynamic brake is
employed. This provides an additional cue to the
engineer because this color coding is the same as

on the power force indicator.

The engineer actuates the motoring portion of the
control by rolling the wheel forward from the idle
position to motor. This section of the control has
a lighted, marked position indication visible in
the indicator window for the purpose of control
position feedback, but the control is continuous

in 1its operation. The reasoning behind having a
continuous throttle instead of a detent control is
that a more precise operation is available. A spe-
cific instance where a continuous throttle would
appear to be advantageous is in the case of pulling
a heavy train uphill, where maximum tractive effort
could be maintained without slipping the drive wheels
by finding the control position that best achieves
this. Also, in the case of maintaining a given
speed,it may be that one detented throttle notch is
too fast and the one below it too slow, whereas a
continuous throttle control has an infinite number
of positions. ‘

The engineer actuates the dynamic braking portion of
this control by depressing the interlock button to
the left of the control and rolling the wheel back
first to the set up position. Eight dynamic brake
positions are then indicated for the engineman to
use by rolling the wheel further to the rear to
increase dynamic braking. In braking this way, the
vehicle will tend to run faster when the control is
rolled forward and slower when rolled rearward, no
matter which section of the wheel is being used.
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The requirements for having both dynamic brake and
throttle on the same control are that (1) both
functions govern the behavior of the traction motors
and cannot be used simultaneously, (2) these controls
should be designed so that the engineman will not
confuse increasing throttle with increasing dynamic
brake (or vice versa) and (3) space could be con~
served and simplicity of design maintained by putting
two functions on the same control.

The above design was a result of an iterative process
in which a number of alternatives were evaluated.

The main alternative candidates were lever, slide and
oversized rotary knob. The lever and slide had one
main drawback in that the combination of motoring
and dynamic brake on the same control made the con-
trol throws very small for each function and we felt
that precise settings would be difficult to make.
Both the knob and the thumbwheel approach offered a
180-degree control throw for each function, this gave
considerably more latitude to the designer in laying
out the control positions. However, the oversized
thumbwheel seemed to offer the best qualities of a
long control throw while making fine settings and
adjustments possible.

3.5.6.2.4 Manual Sand

The manual sander control is a push-to-activate
control. Depressing the button lights the switch,
and sand is applied to selected traction wheels.
Depressing the sander while sanding causes the
light to go out and the sanding to cease.

3.5.6.2.5 Stop All Engines

The Stop All Engines function is also a push-button
switch which has a plastic guard over it to prevent
accidental activation. Depressing this momentary
switch and holding it causes all engines in the
consist to shut down. Releasing the switch returns
it to normal and the guard snaps closed over it.

It should be noted that in an electric locomotive
as opposed to a diesel electric, this switch would
be replaced by one that lowered all pantographs.

3.5.6.2.6 Direction Lever
The direction lever is a three-position lever -

locked toggle switch as opposed to the rather hefty
lever found in present day cabs. There are three
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functions that this switch must accommodate: forward,
aft and neutral. To change switch positions, the
toggle switch must be picked up out of its locked
position and moved to the next selection indicated by
the arrows. Note that this two~action task is required
to prevent inadvertent movement of the reverser while
the train is moving. An additional electrical inter-
lock to prevent this is also recommended from a human
engineering standpoint.

3.5.6.2.7 Cpnsole Lock

Since the levers in this cab are not removable, to
secure the locomotive, a key operated switch has been
added to the console. With the switch in the "OFF"
position, the engine will be idling but no controls
will be effective. When the key is turned to the
"OPERATE" position, the controls become effective
and the key is not removable. 1In the "OFF" position
the key can be removed from the lock. It would be
desirable to issue each engineer a key as part of
his standard equipment along with his rule book and
have him be solely responsible for it. A key that
is locomotive owned places the responsibility for it
nowhere. Maintenance personnel would be required to
establish a separate procedure for access to keys.

3.5.6.2.8 Bell

The train bell activator push-pull control is lo-
cated in a "well". The space between the control and
the side of the panel is large enough to permit grip-
ing the controls with the fingers and pulling up.
This starts the train bell ringing and it will re-
main ringing until the control is pushed back down
in the well. There is also a provision for the horn
switch to auotmatically activate the train bell
which then must be turned off manually.

3.5.6.2.9 Emergency Stop

The emergency stop push button is located to the right
of the throttle. The emergency brake function has
been removed from the train brake where it is located
in production cabs. It is-a push-button switch. This
should cut down on the time to activate, which is pre-
sently required as the control passes through all the
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other brake positions for this very critical control.
A push of the fingers or the heel of the hand will
activate this switch. As noted, the brake "reset"
function to recover from an emergency application

is still a setting on the train brake and the lever
must be raised and placed in this setting ensuring
that the train brakes are released before the "reset"
function begins.

3.5.6.3 Repeater Control Panel

As stated earlier the primary control functions have been
located to maximize forward movement over the road during
line haul operations. However, it is recognized that during
a typical run, for example, the engineer and his crew may be
required to deliver or pick up shorts and back into sidings.
This requirement means that the locomotive will be operated
in the reverse direction. To enable the engineer to accom-
plish this conveniently, a repeater control panel is provided
as shown in Figure 3-11.

The repeater panel is located on the side wall in back of the
engineer's chair and is used when the engineer is moving in
the direction of the long hood. The panel folds and latches
partially into the wall when not in use. Some of its bulk
will extend outward from the wall; however, it is designed so
as not to introduce a safety hazard becauae of the intrusion.
When the engineer rotates his chair 180 he can conveniently
reach and operate these controls to propel his locomotive in
the reverse direction.

The functions contained on the panel are as follows:

a. EMERGENCY BRAKE built to the same specificatioms
as it is on the front panel.

b. DIRECTION LEVER in the form of a lever-lock
toggle switch.

c. TRAIN BRAKE control as a slide switch with
appropriate detents. It operates the brakes
when pulled toward the engineer.

d. INDEPENDENT BRAKE control is done with push
buttons. One for RELEASE and one for APPLY.
The APPLY button will increase brake effort
the longer it is held down.

e. SPEED CONTROL, another slide is continuous
from IDLE through a position 8. On the right
hand side of the box (facing aft) is a simple
pring loaded HORN switch. The horn can be
blown by pressing in the top of the switch.
Modulation of the horn can be accomplishe-
through the use of the switch.
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3.5.6.4 Secondary Display Panel

Annunciator Panel

The annunciator panel seen in Figure 3-12, is directly
to the left of the primary display panel. Items lo-
cated on this panel concern the presentation of train
and locomotive systems performance. When the panel

is not energized, the front face is black and legends
on the annunciator will not be readable even under
bright sunlight. In this way, it will not pose a
distraction to the engineer. When appropriate legend
is energized, it will become visible and appear either
red, yellow or green, depending on whether the light
is giving a warning, caution or advisory message. In
context, a warning message signals a hazardous situ-
ation and the engineer must take immediate action to
rectify the situation. Caution means a situation
exists that the engineer should be aware of and at-
tend to at the earliest possible time to avoid damaged
equipment or lading. An advisory light advises the
engineer of a condition that he should be aware of
(status), but one that does not imply a malfunction
or emergency and therefore does not require immediate
action.,

Warning annunciators are the Emergency Brake ON light
located on the main panel described earlier, and an
overspeed annunciator to warn the engineer that he

is exceeding the maximum safe speed. The latter
warning indicator may be linked to automatic train
control (ATC) equipment so that a warning is given

to the engineer before the ATC cuts locomotive power.
Both lights have an illuminated red background and
lack opaque lettering.

Caution indicators have an opaque background with
yellow illuminated legends. The consist alarm
light informs the engineer that one or more locomo-
tives in the consist has incurred a malfunction and
should receive attention. It was determined early
in the design stage that more specific information
than this about another locomotive would not be
useful. No action can be taken unless the train is
stopped and the fault is corrected or isolated, so
no separate indication is given for specific mal-
function in other locomotives. The legends and
action to be taken by the engineer for each light
in the annunciator panel appears in Table 3.2
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TABLE 3-2. ENGINEERING WARNING
ANNUNCIATOR LEGEND LISTING

Legend Color Meaning
Consist Alarm Yellow Correct fault or isolate

locomotive in consist.

Traction Motor Yellow Traction motor is overheating -~
Hot damage will occur 1f throttle
is not reduced.

Wheel Slip Yellow Wheels are slipping - tractive
effort must be reduced, or
sanding initiated.

Overspeed Red Maximum safe speed has been
exceeded - take action to
reduce speed or penalty brake

will apply.
Excitation Yellow Generator excitation protec-
Limit Fail tion system has failed -

cut tractive effort.

PCS Open Yellow Pneumatic control switch has
opened - apply brake handle
to "suppression" followed
by "reset" on train brake

control.
Crankcase 0il Yellow 0il pan pressure in engine
Press Hi is high.
Engine Hot Yellow Engine has overheated.
No Battery Yellow Battery charging system has
Charge ‘ failed.
01l Level Low Yellow Lube o0il system does not have
sufficient oil.
Blower Failure Yellow Equipment blower has failed.
Air Filter Yellow* Engine air filter is not
Clogged longer serviceable.
Turbo Air Press Yellow* Turbo charger is not pro-
Low viding enough boost for

proper power development.
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Legend

Fuel Press Low
01l Press Low
0il Filter

Clogged

Fuel Filter
Clogged

Turbo 0il Pump
Fail

Water Level Low

Hand Brake

TABLE 3-2.

Color

Yellow

Yellow

Yellow*

Yellow*

Yellow

Yellow

Green

(CONTINUED)

Meaning

Insufficient engine fuel
pressure condition exists.

Insufficient oil pressure
exists for safe operation.

Lube oil filter is clogged
and is being bypassed.

Fuel filter is no longer
serviceable.

Pump supplying oil to turbo-
charger has failed.

Engine coolant level is low.

Hand brake is applied.

*These annunclators will be behind a maintenance advisory

cover for use by maintenance personnel.
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The above list of annunciator lights was derived
from a composite of the engineering philosophies
of G.E. and EMD, and a review of the operational
requirements of the engineer. Also, comments on
warning lights from the Railway Fuel and Operating
Officers Association's "Manifest" were taken into
account. Only indication of malfunctions which
require action on the part of the engineer are
presented. Exact specifications on actions taken
in each case would be dictated by the locomotive
manufacturers and the operating properties. A
lamp test button is provided on the annunciator
panel to assure that all annunciators are in working
order prior to commencing a trip.

3.5.6.5 Train Handling Display

From the functional analysis, as has been stated, it was
readily determined that the engineer must visualize a number
of factors concerning train length, makeup and performance,
as well as the dynamics that take place between these factors
and track structure. An informal survey of the literature
revealed that the industry had developed at least two devices
to present these variables to engineers: the Train Handling
Indicator and Train Handling Analyzer. The basic display is
four mile section of the track ahead that is pre-programmed
to show significant events such as grades, curvature, the
location of the train and certain train handling and loco~
motive parameters.. However, from a functional standpoint
these devices were judged deficient for two reasons. First,
because of their pre-programmed nature, the engineer when
relying on these devices is in essence driving a theoretical
train. This 1s true because routine line haul freight consists
are not now instrumented to record and display train parameters
in real time. As an extreme example, a train could literally
break in two without affecting the displays. Secondly, the
engineer must continually update these devices by inserting
mile post numbers into them. This could be misleading and
perhaps result in improper train handling if the engineer
failed to insert a mile post number, or accidentally inserted
the wrong one.

It 1s strongly recommended that train handling sensors and
appropriate displays be developed that are based on real
train measurements, rather than a mathematical model even 1if
in the operating environment it is impractical to sense more
than a few actual data points. A second recommended feature
is that the device selected not require periodic update by

95



the engineer. A system is envisioned where train and track
information is entered once at the beginning of a rum, either
manually or preferably by data link to the locomotive computer.
It is also extremely desirable from the human engineering
standpoint to provide an information display. The display
should present the particular batch of parameters he is in-
terested in at any given moment. It is the opinion of the
study team that this concept if implemented can make a more
significant contribution to the resolution of present train
handling problems than any other device examined during the
study.

As an illustrative example of how this concept might work,
assuming that reliable sensing devices and techniques are
developed, the following analysis is presented for the
recommended design.,

A CRT medium was chosen for this display because of the
ability to show a changing track-train situation in real
time, and its flexibility in showing graphical types of
displays. The display as shown in Figure 3-12 is a 7-inch
high and 10-inch wide cathode ray tube with the following
control capability:

a. Contrast
b. Brightness
¢. Display Mode

The display mode selector is a four-position rotary switch
which permits the engineer to select any of the following
presentations.

a. Track Grade

b. Draft/Buff Condition
c. BP Gradient

d. Track Curvature

Some options are available to the engineers; for example,
he can edit the display to show grade and draft/buff only,
grade and BP gradient only, or grade and curvature only. The
grade display shows a profile of the track under the train,
labels indicating the severity of the grade and mile posts.

3.5.6.5.1 Grade

A representation of track approximately 1.5 miles
ahead of the train is shown. This resolution is not
meant to be an optimum value, but rather useful for
illustrative purposes. The optimum resolution for
this display should be derived from a functional
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test of the equipment in a simulated or real world
environment. Currently, a four-mile section of track
is displayed for the engineer on experimental ver-
ions of the Train Handling Indicator and Train Hand-
ling Analyzer. A long enough section of track should
be shown so that the engineer can adequately plan his
strategy and the display should have the greatest
resolution possible so that details in grade changes
will not be lost. Each grade change shown on the
display is labeled with the percent grade and identi-
fied with "U" for upgrade and "D" for downgrade.

3.5.6.5.2 Draft/Buff

The next control position is that of the draft/buff
condition of the train slack. It has been known for
quite some time that proper management of train slack
is one of the most critical aspects of train handling.
The display provided here indicates which portion of
the train is either in draft, neutral, or in buff,
and the amount of drawbar force in each case. In
this way, run-ins and run-outs can be predicted, and
hopefully controlled, and the drawbar force can be
managed to avoid excessive longitudinal shocks. 1In
addition, by noting grade, curvature, and drawbar
force, lateral forces on tract structure can be moni-
tored and also controlled. As mentioned earlier,

the Power/Drawbar Force indicator should have an
input to preclude building up excessive lateral
forces, and progress in this effort can effectively
be monitored on this display with adjustments to
control inputs made as necessary. Dotted lines
across the display are provided to mark the maxi-

mum permissible draft and buff forces as well as

to mark the neutral nodes.

The next presentation that may be selected is that of
BPP gradient. This display contains a scale on the
left from 0 to 110 psi, with the 0 to 50 psi com-
pressed. A line representing the pressure gradient
is directly beneath the representation of the train
on the track as described above. As a brake pipe
reduction is made, the line will move from the head
end and will "snake" toward the rear as the BPP
equalizes. This gradient will give a good indica-
tion of the braking action on the train and its
relationship to the track and mileposts. It is
possible that with this information available that
some savings in fuel consumption, brake shoe wear,

97



and equipment life can be realized because direct
information on train dynamics will enable the
engineer to spend less time pulling against the
braking action in the case of stretch braking.

3.5.6.5.3 Curvature

The grade and curvature displays are juxtaposed.
Curvature is shown in percent just under the track
profile. This was done so that both variables of
track structure can be easily compared and related
to each other by the engineer. This was judged to
be a reasonable way to depict a three dimensional
situation on a two dimensional display. The grade
display also presents train length and position a-
long the grade as well as a general representation
of train mass distribution and the engineer can
quite easily determine the grade and curvature under
any given segment of the train.

3.5.6.5.4 Locomotive Horn

The locomotive horn is a foot pedal located on the
foot rest under the engineer's console. The horn
is operated with the left foot and can be modulated.

a. Brake Pipe Feed Valve

The brake pipe feed valve is located on the
outside wall of the engineer's console, to
his left.

b. Radio

The radic handset for communications with the
caboose crew and wayside is located within easy
reach to the engineer's left next to the train
handling display.

3.5.7 Auxiliary and Remote Consist Control Pamnel

An overhead panel, shown in Figure 3-13, was selected for the
placement of the auxiliary and remote consist controls. The
usable overhead panel dimensions are 30 inches long and 15
inches wide for a total of 450 square inches of space on
which to locate and group the controls. The console is posi~
tioned so that a 5th percentile man from the gemeral popula-
tion can reach the controls on the panel from his seated
position. It also makes it easy for the engineer to get in
or out of his seat.
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The layout of the overhead panel was based on the following
criteria. The principal one is that, since frequency of use
is not a requirement, functional grouping outside of the
primary reach area is important. Discrete rotary selector
switches were chosen to implement functions requiring more
than two positions. It should be noted that these functions
are used primarily during train set up and therefore the
tasks are usually performed during lead cab inspection by
the crew. The lighting controls are grouped together by
function and each one is independent. This feature is
desirable because if all lights were wired to a single master
light switch, inadvertent actuation would extinguish all
lights resulting in ‘a potential hazard. The sliding button
switches are used for their compactness and simplicity. It
should be noted that many of the controls appearing on the
overhead auxiliary panel are located on the rear wall of
present day cabs. The auxiliary controls are discussed
counterclockwise as follows:

1. Dynamic Brake/Cutout

The dynamic brake cutout switch is used to isolate
the controlling locomotive's dynamic brakes from
those of the rest of the consist.

2. Ground Relay/Reset

This push button switch will light up when a high
voltage ground occurs or five main generator diodes
in a parallel group fail. After ten seconds the
engineer can attempt a reset by depressing the
button. When the light extinguishes, it indicates
that the protective relay is reset.

3. Generator Field
This two position switch when moved to ON turns on
the generator field in the main generator.

4, Engine Run
The engine run switch couples the engine to the
throttle control.

5. Control Fuel Pump

The control fuel pump switch turns the fuel pump
on and off.
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6. Cab Temperature Control

As shown, the cab temperature control permits the
engineer to select air conditioning or heating via
a pair of push button switches. A slider control
allows him to adjust and maintain the temperature
of his cab. The sliding switch was selected because
the range of movement gives the capability for fine
adjustments and it can be positioned by feel. The
slide detents in the center or average setting pro-
vide additional tactile feedback. However, it is
recognized that there are occasions when the engi-
neer must frequently onen his side window and some-

‘times operate the locomotive with the window open

for long periods of time. To maintain a satisfactory
cab environment, provide thermostat that senses the
cab ambient temperature and causes the heating or

air conditioning to maintain temperature at a pre-
set value should be used.

7. Class Lights
The class lights are selectable with a four position
rotary switch.

8. Traction Motor Cutout

The traction motor cutout selector is a four position
push to turn rotary switch. It is push to turn be-
cause the associated circuits must be disconnected
prior to changing positions. Pushing disconnects
the circuits. The first position, ALL IN, when
selected, supplies electrical power to all traction
motors. The second position when selected dis-
connects the number 1 and 7 traction motors. The
third position when selected disconnects the number
2 and 4 motors, and similarly the fourth position
disconnects the number 3 and 5 motors. The cutout
function is desirable for two reasons. First, it
allows the engineer to cut out selected traction
motors in the event of a malfunction and secondly,
it allows him to cut out traction motors during
motoring or dynamic braking to avoid excessive

draw bar forces.

9, Engine Condition

The engine condition is a three position rotary con-
trol with the following functions. Selecting the
stop position shuts off the engine. Selecting the
gtart isolate position starts the engine and permits
the locomotive to idle but not respond to any control
commands. Selecting the run position permits the
locomotive to respond to input commands from the
engineer.
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10.

11.

12.

MU-2 valve- is a three position rotary switch that
permits the following functioms.

a. Lead/Dead position is used when the
locomotive is operated singly or when
it is the lead unit of a multiple-unit
consigst., This position is also used
when the locomotive 1is being hauled
"dead-in-train".

b. Trail 6 or 26 position is used when the
locomotive is a trailing unit being lead
by a locomotive hauling 6 SL or 26 L
brake equipment.

C. Trail 24 position is used when the loco-
motive is a trailing unit being lead by
a locomotive having 24 RL brake equipment
so that compatibility is assured between
leading and trailing units.

Cutout Valve

a. Cutout position is used when the loco-
motive is a trailing unit and the air
brake equipment is receiving command in-
puts from another locomotive. It is also
used to cut out the pressure maintaining
equipment when making train brake tests
to check brake system leakage.

b. FRT position denotes the position to be
sed in freight operation.

c. PASS position allows the engineman to
make a graduated release of the train
brakes when in passenger service.

Lighting

The exterlor lights are controlled by five ON/OFF
sliding switches. They include number lights, both
front and rear, step lights, both front and rear,

and platform light. To the left of this series of
switches is an identical switch for the cab dome
lights. The switch to the far right is a spare.
Headlight control is achieved with four controls; a
four-position rotary selector for configuration man-
agement, two four position dimming controls for rear
and front headlights and a headlight slew switch which
permits the engineer to slew the headlight right or left.
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13. Headlight Controls

The main setup control, as shown on the panel draw-
ing, is easily identified by the diamond-shaped
placard. This selector is placed in one of four
positions depending on the role of the locomotive in
the consist. If the locomotive is operating as a
single unit or is one of the intermediate units in
a consist, the selector is placed in the Single/
Intermed position. If the locomotive 1s a rear
unit in the consist, the selector is placed in the
Rear Unit position. If the locomotive is a lead
unit controlling a consist with the short hood
forward, the selector is placed in the position
marked with the picture of the locomotive with

the short hood forward.

Likewise, if the locomotive is a lead unit con-
trolling a consist with the long hood forward,

the selector is placed in the position marked with
the picture of the locomotive with the long hood
forward. The latter two positiomns are bracketed by
the word Controlling to indicate that one of these
two positions is chosen when the unit is controllimg
a consist. The Rear Unit position is bracketed by
the legend Controlled.

Headlight intensity is selected by actuating the
appropriate switch (FRONT or REAR) in the OFF, DIM,
MED, or BRT (bright) position. In this way any combi-
nation of lighting setup is possible. Slide switches
are used because in their side by side placement a
feel comparison can be made to determine the rela-
tive location of the front or rear headlight control.
The slew switch is available for the engineman to
swing one headlight to the right or left for better
visibility around curves or to inspect the right

of way for obstructions. Use of the control is ac-
complished by pushing the "coolie hat" shaped switch
either left or right depending on the desired
placement of the headlight. Releasing the switch
will lock the headlight into position. When the
steerable headlight is needed in its normal straight
ahead orientation, the switch is pushed toward the
position marked RESET and the headlight will re-

turn to its normal position.

Adjacent to the headlight controls two rotary dimmer switches
are located. These controls permit the engineer to vary the
brightness of instruments on the panel and legend illumination
continuously from Dim to Bright.
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To the left of the brightness controls, arranged from top to
bottom, is an on/off defog/deice control, and two windshield
wiper/washer three-position rotary controls for front and
rear windshields that allow the engineer to select the speed
of the sweep. These rotary controls, it should be noted, re-
quire little force and allow for precise adjustment. The
8liding pushbuttons are selected for their compactness and
simplicity. When these switches are on, a white background
is visible to the operator. These switches are easily oper-
able, and do not require lighted legends to indicate their
status, and thus will not interfere with the engineer's
night vision.

The selector switches for CLASS LIGHTS, TRACTION MOTOR CUTOUT,
ENGINE CONDITION, MU-2 VALVE and CUTOUT VALVE were chosen for
the following reasons: (1) .The controls are used infrequently
in most instances only once per run, (2) The set position is
built in so no other indication is necessary, (3) It takes a
sure, deliberate movement to position them, (4) They are easy
to locate by touch.

3.5.8 Remote Consist Control Panel

The remote consist control panel is located in the lower left
corner of the auxiliary control panel. This location is easy

to reach for the engineer. Early in the design development :
phase, some thought was given to integrating the remote con-
sist control functions with the primary locomotive controls,
because of the similarity of function. However, this approach
was rejected. First, some carriers do not employ remote con-
trolled locomotives and would, if the developed cab was found
suitable for production, penalize these properties with unwanted
features. Second, since locomotives are often demoted in ser-
vice as they become older, it was determined that a modular
approach would be beneficial because the module could be

easily removed if a locomotive was no longer employed as a

radio controlled remote unit. Third, although the functions

are optional, it still remained to provide a coherent blend

into the remaining crew systems and not permit the module to

be added on located arbitrarily at the crew station. Figure
3-13 shows the arrangement of the functions on this panel and
they are discussed below.

1. Train Brake

The train brake is a slide control with notched
settings for appropriate brake pressure control.

It is relatively small because space is at a pre-
mium on this panel. Control positions are reset,
minimum reduction and full service with three pound
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increments intermediate between them. Preliminary
analysis revealed that these three pound increments
provide the engineer with sufficient capability to
manage the remote locomotive. The remote consist
train brake does not have a suppression section
because this function can be accomplished elsewhere.

2. Speed Controller

The speed controller is a handwheel. When turned

to the right, speed will increase continuously from
idle to the highest setting and the color under the
wheel is blue corresponding to the blue region on
the drawbar force indicator. When the control wheel
is in idle position, dynamic braking cannot be
achieved unless the adjacent pushbutton interlock

is depressed. When the button is pressed, the
wheel can be moved to the left (set up position)
indicated in the window. Once in the setup position,
the dynamic brake may be positioned continuously to
the desired setting. A blue band appears in the
window, corresponding to the blue band on the draw
bar force indicator.

3. Override Switch

The override pushbutton switch, when actuated, keeps
the remote consist in power or dynamic braking,
whenever radio communications between the lead and
remote locomotive is interrupted.

4, Sand

The sand pushbutton switch is used to manually apply
sand in the event that the automatic sander in the
remote locomotive fails., When the automatic system
fails, the switch lights which inform the engineer
to push when he wishes to apply sand to the track
under the remote locomotive. He has the option,
however, to push the switch anytime he requires

sand in the remote locomotive.

5. Air Brake Feed Valve

The air brake feed valve essentially performs a
check function. If a brake pipe pressure check is
to be made, the engineer must punch the air brake
feed valve out in addition to shutting off the feed
valve in the operating console. This will give a
better indication of brake pipe leakage than if the
remote control units were still supplying brake
pipe air into the brake line. After the test is
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complete, the operator must actuate the switch again
to put the remote consist air brake feed valve back
on the line. When the CUT OFF valve is closed on o
the lead engine to prevent the brake pipe from re-
charging, it is also necessary to cut out the remote
consist AIR BRAKE FEED VALVE. When the AIR BRAKE
FEED VALVE is cut out the OUT portion of the switch
is lighted. When it is cut back in, the IN portion
of the switch is lighted.

6. Independent Brake

The remote consist independent brake is shown to

the right of the speed controller. This is a thumb-
wheel and indicator in which is shown the brake
setting of the remote locomotive(s).

7. Emergency Brake

In an emergency requiring immediate stoppage, hitting
this button with the palm or heel of the hand will
activate the remote locomotive's train brake which,
in turn, will then initiate braking forward and
backward along the consist.

8. Lamp Test

The lamp test button when pushed will light all
lighted instruments so the engineer can assure him-
self that all lights are fit and functional.

9. Caution

The caution annunciator panel is located just above
the emergency brake. Each bit of information dis-
played here is vital to train operation with remote
locomotives. When an indicator lights, the operator
must take the appropriate action. The lights are
amber and indicate the following conditions:
wheelslip in the remote locomotive(s), requiring
the engineer to either reduce the power or apply
sand or both. Power cut off indicates that power
is lost in the remote consist. In this case the
engineer has several options. He can continue the
mission under reduced power, he can take the train
to its destination in several sections, call for a
replacement or ask for a maintenance crew. Of
course, the option selected would depend on the
local situation and the dispatcher.

L]
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10. Drawbar Force Indicator

Above and slightly to the left of the speed coatrol
wheel is the drawbar force indicator. This instru-
ment will indicate the amount of drawbar force the
remote consist is exerting when the speed comtrol
is being used and the train is being stretched. It
will also indicate the amount of drawbar force when
the train is in DYNAMIC BRAKE and being bunched.
This indicator is identical to the indicator on the
main instrument panel.

11, Alarm and Ground Relay

Above the DRAWBAR FORCE indicator are two push button
switches that require reset. These are ALARM and
GROUND RELAY. If either of the switches lights up,
the operator depresses the push button for two sec-
onds, releases and looks to see that the light goes
out, If it does, the reset has been accomplished.
If it does not go out after a short period of time,
the reset is tried again. After the third attempt,
the train will be stopped and the cause of the reset
found before proceeding any further. ’

12, System Test Switch

The system test switch is used to test the continuity
of the remote consist panel signals to the remote
consist. When activated the XMIT side of the push-
button lights up. If continuity is present, the

" XMIT portion will go out and the RESPOND half of

the switch will light up. This will remain on for
ten seconds, then the RESPOND portion will extin-
guish and the test is complete.

13. MU/IND CONTROL

The next pushbutton switch provides a choice of re-
mote consist control. If the switch is set on MU

the remote consist will respond in the same manner

as the lead consist; if set on IND CONTROL, the engi~
neer can then operate the remote consist speed con-
trol, dynamic brakes, train brakes and independent
brakes at different settings using the controls on
the remote consist panel.

14. Power Om
A power on pushbutton switch that, when activated,
will supply electrical power to the remote consist
control panel.
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3.5.9 Engineer Console Internal Vision and Reach

It was necessary, once the controls and displays were located

and defined, to verify that theilr placement was within the
fifth percentile engineer's reach and vision envelope. To
systematically evaluate the placement of controls and dis-
plays and to troubleshoot the design, a computer program
was used. The design eye point and the location of each
control and display, in cab coordinates, were inputted to
a computer. The program outputs are shown in Tables 3-2
through 3-5. :

Table 3-2 is a print out of panel points for the main to
right: control name; cab coordinates in using the same
type of coordinates used in the engineman vision plots dis-
cussed earlier; horizontal deflection angle; vertical de-
flection angle; line of sight angle of incidence and its
tangent; visual and reach distances. The visual angles are
especially useful during the design phase in providing de-
tails concerning instrument bezel depths, potential prob-
lems and dimensions for lettering and numerals to minimize
the reading time at each display.

The last three columns in the table are reach distances for
the right hand, left hand and right hand overhead reach
respectively. The value at the top of the vision column
indicates the 28-inch maximum allowable viewing distance
and the values at the head of the last three columns is
maximum allowable reach distances from theoretical shoulder
points.

An asterisk appearing-next to a number indicates that the
allowable value is exceeded. Three violations are shown
under vision. However, these violations are not to be
judged significant if it is recognized that the design eye
point is fixed for analytical purposes. Practically, the
engineer has a latitude of head and eye movement. By the
same token, under reach, three items are observed to violate
the criteria. However, these too are not judged significant
because again, in practice, the engineer has a degree of
torso and shoulder movement around the fixed analytical
point.

Table 3-3 shows a similar print out for the main display
panel. All items on the panel fall within the 28-inch
viewing requirement. Reach distance to this panel is not
of primary concern, but the cab signal acknowledgement
button and elapsed time indicator can be easily reached
when the engineer leans slightly forward for a distance of
less than one inch. This should not pose any operational
problems.
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Table 3-4, secondary display panel, reveals as expected

that the communications system is outside the primary reach
area by approximately three inches. However, anthropometric
evaluation during soft mock up review, demonstrated that

this location was also within easy reach. Table 3-5 indi-
cates that all controls and displays on the overhead panel
are within prescribed limits. It should also be noted that
the overhead console is so located that is 1s not a hindrance
to the 95th percentile operator and at the same time easily
reachable by him.

The method employed and the resultant analysis provided
quantitative design substantiation that all human engineering
work station criteria were met in the recommended cab design.

3.5.10 Brakeman's Crew Station

The brakeman's crew station is located on the left hand side
of the cab (see Figure 3-14). The brakeman is provided with
a seat that is identical to that of the engineer and excel-
lent visibility is provided from the left hand side of the
cab. Directly in front of the seat is a console containing

a writing and storage surface. Directly above the writing
desk is a small display and control panel. At the left are
two switches: one for local lighting (mounted either under
the glare shield or as a recessed pencil beam light in the
cab roof) and the other for local heating/air conditioning.
To the right of these switches are a repeater speedometer
and repeater cab signals located for the purpose of moni-
toring status of these variables.

To the lower right the emergency brake valve, communications
handset, fire extinguisher and trash container are shown in
Figure 3-2. It should be noted that these items are re-
cessed into the front wall and secured to prevent them from
becoming safety hazards. Provisions for an optional third
seat, which is fixed, is shown in back of the brakeman's seat.

No attempt was made to assign the brakeman any functions other
than to monitor speed and signals. The skills of brakemen

do not include train handling, and this condition is not
likely to change in a 10 to 15 year time span. Therefore,

the brakeman's crew station contains no controls or displays
related to train operation.
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Figure 3—14. Brakeman’s Crew Station
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3.6 CAB INTERIOR
This section describes the general cab interior and appointments.

3.6.1 Ingress—Egress

Two doors are provided at the rear of the cab that are of a conven-
tional hinged type opening to the outside. Door handles are of the
recessed type with a non-rigid hand hold on the inside to facilitate
door closing and prevent injury. A platform the width of the cat
walk is provided on the outside of the door at the same height as
the cab floor which extends 3 feet beyond the doorway so that dif-
ficulty in reaching the handle from either side of the door will be
avolded. Windows are included in the doors for rearward visibility
for the crew. Conventional hinged doors were chosen over a more
exotic design because they had numerous advantages in ease of oper-
ation and maintenance, low probability of jamming in the event of a
collision and greater probability of retaining a good seal over

the door opening over the life of the vehicle. Other design alter-
nates considered were plug doors, sliding doors, servo-operated
doors, and "air" doors that provide a moving curtain of air to

seal out the external environment.

For emergency ingress—-egress a number of options are available to
the crew if for any reason they are unable to open either door.
The roof has been fitted with an emergency escape hatch as shown
in the top view of Figure 3-2, to be used in case of a roll over.
This hatch has a minimum opening of 25 x 25 inches unrestricted
emergency egress. Front windshields can be kicked out of their
mountings in case of emergency with the use of "zip strips" and of
course the side windows will be available as avenues of escape. In
all, two rear doors, two side windows, two front windshields, and
roof escape hatch are available in the cab for either escape or
rescue,

3.6.2 Cab and Crewstation Lighting

It has been well established that proper lighting in a work environ-
ment 1s necessary to allow an individual to perform his duties in
an efficient manner. All cab instruments with present design will
be integrally lighted using a transillumination method. This method
of lighting will offer the most uniform distribution of light across
the face of the instrument panel and is easiest to balance so that
all displays look equally bright. Transillumination also results in
the least amount of stray light and gives better contrast-between
the instrument markings and background. If transillumination proves
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to be unfeasible upon further investigation, as may be the case with
the large speedometer dial, other good lighting techniques, such as
wedge lighting, should be used. It is acknowledged that trans-~
illumination is the most expensive way to light an instrument, but it
is judged that the quality of the end product justifies any small
increase in cost over present designs.

Control panels will have legends, controls and control position marks
illuminated by using acrylic edge lighted plates., These light plates
will offer a black opaque background with white lighted legends. All
switches and switch positions will be identifiable during night oper-
ations using this technique. White lighting has been chosen for light
plates, and instrument lighting, because colored range markings will
be visible and a higher efficiency of light output is possible. It
was determined that the color temperature of the white light would
not be a significant issue in a locomotive application in that one
color temperature would be "better" than another, but it is stressed
that once a particular white is chosen it should remain a constant in
the specification. This same statement also holds true for the sur-
face brightness of illuminated indicia. As a starting point, it is
suggested that a white light with coordinates of X= .446 and Y= .405
in accordance with MIL-L-27160C be used with a 2.0 foot lambert
brightness. Since advanced lighting technology has not been routinely
used in locomotive cabs, some testing will be required to determine
optimum lighting qualities. All instrument and panel lights are con-
trolled by dimming rheostats that give the engineer the capability to
adjust the brightness level of his displays.

Cab dome lights are controlled by a switch adjacent to the exterior
light controls. These lights are ceiling mounted to provide general
illumination in the cab. Every effort should be made to evenly illu-
minate the cab from these sources at approximately 50 foot candles at
30 inches above the floor since their primary intended use is when the
locomotive is stationary and crewmembers are moving about the cab, per-
forming administrative duties or when maintenance personnel are aboard.
auxiliary lighting is provided for each crewmember in the form of a
light fixture attached to the writing surface provided. This fixture
floodlights the writing surface at an intensity of 75 foot candles

for making notations, reading train orders, and other short-duration
reading and writing tasks. Emergency lighting is provided by electro-
luminescent (EL) panels mounted in the cab ceiling and powered by a
battery and inverter. Emergency light levels will be approximately

3 foot candles at 30 inches above the floor. These lights may be
actuated by either an emergency brake application or an intense
structural shock. EL panels were chosen because of their resistance
to damage and low power consumption. Since conventional lighting
methods involve fixtures, lamps and lenses they were rejected for
emergency lighting because they could not be counted on to remain
intact in the event of a collision, deraillment, roll-over, or other
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accident where structural deformation may take place. EL panels
can be bent, twisted and punctured and still operate for a short
time. No fixtures are needed, and no glass is used in their manu-
facture, making the panels almost "accident proof'.

3.6.3 Environmental Control

The environmental control of the locomotive cab encompasses a number
of areas., The subjects discussed here are acoustic environment,
heating, ventilation and air conditioning. In view of the fact as
has been stated that locomotive crews may spend a twleve-hour day

in the cab, it is recommended that the acoustic environment of the
cab should not exceed 70dBA. Although OSHA allows a maximum of
90dBA in a work enviromnment for an 8 houyr day, 65dBA is desirable.
The 50 percent greater exposure time, human data on the effect of
an excessively loud environment on hearing impairments, and the fact
that crewmembers must communicate suggests that a lower level for the
ambient acoustic environment is desirable. Short time (15 seconds)
sound levels should not exceed 90dBA.

Control of undesirable noise in the cab may be accomplished by any
number of methods such as (1) controlling noise at its source,

(2) controlling noise and vibration transmitted through locomotive
structure by the use of cab isolation mounts (3) use of insulation
materials inside the cab for noise absorption (4) use of materials
and construction methods that prevent the cab from resonating in
response to noise sources. Care must be taken, however, to insulate
the cab in such a way that necessary acoustic stimuli from the ex-
ternal environment such as other train whistles or torpedoes can be
heard.

Suitable control of the atmospheric environment can be achieved by

the proper allocation and utilization of heating, cooling, and venti-
lating equipment. For maximum physical comfort while noramlly dressed
appropriate to the season or climate, the optimum range of effective
temperature for accomplishing locomotive cab work is: (a) 70-80° F

in a warm climate or during summer, (b) 65-75° F in a colder climate
or during winter. Humigity values should approximate 45 percent
relative humidity at 70°F.

Heating and air conditioning of the cab is controlled by a slide type
thermostat and two selectors for either heat or air conditioning,

as previously noted. Ventilation will introduce a minimum of sixty
cubic feet per minute into the cab with two thirds being outside air,
and air flow will be at least 65 cubic feet per minute. Intakes for
fresh air will be mounted behind the cab to preclude the introduction
of flaming liquids in case of a collision; and toxic gases, vapors,
dust and fumes during normal running. Temperature in the cab will be
held relatively uniform with a maximum 10 F differential between air
at floor and head level.
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3.6.4 Crew Accommodations and Interior Finish

Considering the length of the tour of duty on a locomotive, it was
considered essential that the engine crew have the proper facilities
available to sustain them during the period they are on the loco-
motive. A lavatory is located at the rear of the cab containing a
toilet bowl, sink, hot and cold water, light fixture and shatter-
proof mirror. A drain is provided in the floor so that the entire
compartment can be hosed down if necessary. Walls, floors and fix-
tures will be of molded construction and all corners will be rounded
to prevent injuries, dirt accumulation and facilitate cleaning. The
toilet may be of several types but holding or treatment tanks must be
outside the cab compartment. Hoses and connecting lines must be lo-
cated beshind easily removable panels to preclude dirt accumulation
and facilitate maintenance. The lavatory enclosure must be ventilated
by use of an exhaust fan and fresh air intake. Air flow should be at
least 30 cubic feet per minute.

The water supply for the sink and water cooler and the chemical supply
for the toilet have been identified as potential problems due to
freezing weather. The chemicals used in the toilet should have a low
freezing point to prevent damage to holding tanks and a drain valve
for the water supply should be located near the engine cooling water
drain cock. An alternative is to supply water to the crew in plastic
bags contained in cardboard boxes that would fit in an adjacent stor-
age compartment.

A small refrigerator, which doubles as a water cooler, for storage of
lunches and cold beverages is located next to the lavatory. A storage
locker is located directly underneath for persomal gear.

Cab floors are of a grooved non-skid type rubber base linoleum that is
easy to clean and durable. Walls and ceilings should be easy to clean,
resistant to being scratched or marred, and sound attenuating. One
possibility is a paint known as '"Silent Paint". This is a constrained
layer, broad temperature damping latex paint that is applied in the
same manner as ordinary paint but damps thin panel vibration and re-
duces its response to resonance. In addition to painting cab walls
with this material, it may be advantageous to coat the engine com-
partment with this material to cut down on some of the noise in the
immediate proximity of the cab.

3.6.5 Seats and Restraint System

The functional requirements and physical environment of the locomotive
has resulted in a seat that also functions as part of a passive re-
straint system. The seat mount has the capability of being adjusted
in all three planes so that the engineman can comfortably operate all
the controls and observe the displays provided for him. The seat pan
is slightly contoured to give good support to the thighs and buttocks.
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Padding should be of a firm foam material at least three inches in
thickness. The back rest provides good lumbar support by providing
extra padding in this area. Head ‘restraints are provided as part
of a restraint system for the purpose of providing whiplash protec-
tion in case of a run-in and are not intended as head rests. The
seat back rake is adjustable to a small degree, and its nominal
angle is 5 degrees. A maximum of 20° from the vertical can be set
into the seat back.

Occupant protection criteria were established via inputs from EMD

and DOT/TSC-821, Rail Safety/Equipment Crashworthiness Study. Pas-
sive restraints have been chogsen over active restraints, such as

seat belts and shoulder harnesses, because the length of time that
the engineer is in the locomotive, and his need to frequently shift
position and look out the window, make the active restraints an
unreasonable method of protection. A restraint system that is nqQt
used, has been proven by highway accident statistics to be a useless
piece of equipment. Some people do not wear seatbelts and harnesses
in their automobiles for even short periods and it is not reasonable
to believe that engine crews will wear a restraint system for twelve-
hour stretches. The passive measures are to properly pad the edge of
the consoles and glare shield to prevent injury in case of a rapid
deceleration, and to make all protruding controls a frangible type.
However, a problem is incurred here in that a control that will break
away to prevent serious injury in the event it is struck by a body
member may also break under heavy use. Selection of materials and
structural design of controls must be weighed carefully and appropriate
engineering tests must accompany the design.

Additional occupant protection criteria are shown in Figures 3-15,
3-16, and 3-17. The left column contains criteria that are important
from an occupant protection standpoint. The right column is require-
ments from the human factors engineering standpoint. During the cab
design every effort was made to incorporate the occupant protection
criteria set forth in these figures. The conceptual seat discussed
earlier was designed for occupant protection, particularly since the
cab seat is responsible for the majority of all noncollision/derail-
ment cab injuries. Equipment in the cab has all corners rounded,
edges padded, and flush mounted auxiliary equipment such as fire
extinguishers and fuse racks. Cab structure was designed - in a
conceptual manner - for maximum crashworthiness while not sacrificing
vision or ingress-egress requirements and is discussed below.

3.6.6 Cab Structure

Inputs from Contract DOT/TSC-856 and EMD have assisted the design team
in defining the locomotive crash environment and a general set of cri-
teria to survive in crash environment. Deflection/collision posts have
been provided in the full height of the cab on each forward corner as
well as in the center at a 30 angle and anticlimbers provided for
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protection in collisions. Roof and side structural.members have
been located to provide a load path to the underframe and afford
protection in the event of a side impact or rollover. Cutaway
views of the structural members can be seen in Figures 3-18 and
3-19. It is emphasized that the sizes, dimensions, or placement

of these structural members are not meant to be definitive or exact
in engineering sense, but rather represent an approach to the
problem of crashworthiness allowing the use of good human factors
engineering in the cab design.
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4., ALTERNATE CONCEPTS

This section presents some alternate concepts that were developed during the
course of the study. The recommended design presented in Section 3.0 is a
mix of selected features from each of the alternates considered and are
discussed below.

4.1 IDLER CAR

As stated the object of this study is to design a locomotive cab that was
optimum from the cab crew's. standpoint. However, early in the design stage
it was recognized that building a cab on the front end of an existing loco-
motive carried with it the recognition of a wide variety of existing con-
straints in the interfaces between the cab and locomotive subsystems. These
interfaces were structural, mechanical, electrical, pneumatic, and included
significant crew interfaces. For example, noise and vibration would still
be transmitted through the locomotive structure and space for crewstation
equipment installation may conflict with existing locomotive hardware. To
circumvent some of these engineering problems, it was postulated that the
study team might gain more freedom and place many of the problems in better
perspective if the cab was designed as a distinct vehicle, trainlined to

and pushed via the motive power of the locomotive. The idler car is shown
in Figure 4~1. Essentially, the crew work station is the same as that shown
for the recommended design, as is the general cab envelope and crashworthy
structure,

Some differences may be noted in the general layout however. First, the
idler is double ended. That is, a complete crew station is located at each
end of the car for convenience in moving in either direction. A second con-
sideration is the additional weight imposed on the trucks by the structural
additions provided for crashworthiness. Rather than ballasting the car, a
second crew compartment was located on it to implement the operational utility
that accrues with use of a dual control locomotive. Ingress and egress are
unchanged and the convenient hand rails and stairs retained. In the case of
a multi-locomotive consist, some savings in cost might be realized if the
idler were propelled by less expensive "B" units where only one cab would

be used instead of a string of "A" units with an inactive cab in each one.
Some disadvantages are present in the idler car concept. It is recognized
that "B" units are not as flexible in service for road switching, for example,
as the traditional "A" units. However, it should be noted that the idler
car's principle use is as a conceptual tool during the design. The idler
itself may require switching if an auxiliary power unit was not incorporated;
and structurally it would have to withstand high loads if it were placed in
the middle of a consist, It is suggested that this alternate would be a
viable candidate for further engineering evaluation.
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4.2 MOVING PLATFORM

The alternatives are shown in Figure 4-2 to 4-2C. The engineer (55th per-
centile) is shown seated on a moving platform in Figure 4-2. A display
console and chair are mounted on the platform. It can be rotated left and
locked in either the 90° or 180° positions. The locomotive can be operated
with equal facility from each of these positionms.

The display console contains two video displays and an annunciator pamel
identical to the one in the recommended design.

Two control panels are located forward of the chair armrests. The armrests
swing away easily, as shown in View A ., to permit rapid egress in the event
of an emergency.

4.2.1 Displays

The . displays shown are not firm designs, but rather concepts that
evolved during examination of possible state-of-the-art techniques
that appeared feasible by 1990. The first concept, designated

Video 1 is shown at the left of the display panel. The conventional
arrangement of dials and gauges was discarded. Instead the para-
meters (speed, power, drawbar force, brake cylinder pressure, brake
pipe and equalizer reservoir pressure) usually displayed with con-
ventional instrumentation are selectable as one of several display
options. Traction motor loads and draw bar forces for all locomotives
in a consist can be selected. Locomotive brake cylinder pressure is
yet another option to inform the engineer that no residual air pres-
sure is causing brakes to drag.

A wider variety of information is desirable and could certainly be
developed. For example, sensors could be placed along a train to
detect hot boxes, dragging wheels, sticking brakes or, in fact, any
malfunction that generates excessive heat. It should be noted that
the information when displayed to the engineer could come either
directly via trainline or be relayed from the wayside. A printed
message from the dispatcher is another example of how the concept
might be developed. The message could be displayed directly and
replace written train orders which are often passed to the crew on
the fly. The message would remain "on" until acknowledged by the
engineer. Finally, closed circuit video monitors could be mounted
on the locomotive to monitor malfunctions such as shifted loads or
dragging equipment.

These concepts appear worthy of further study because of the range

and flexibility of information that could be made available to the
engineer. .
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Figure 4—2a. Rotating Crew Station
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Figure 4—-2b. Revolving Platform

131

/— WAL (REF) \/, \
/
Z/ T S \</\' \
i -~ \ . \
SN
B T NED -
————— _ -
? LT
Ut - —--
v !
! | L
| | |
—_————— ::_"/’/ 4 ‘ ' )‘ _' g
el==|/ /.///(/
\ 7
\.




e ey L

OVERHEAD CONSOLE S

e ux JDEBAT)
L 872,
e & M
@ 576 o fp.c. 4 g
Je, Lol T /) L

3= o
‘—#_-

DISPLAY CONSOLE

Figure 4=2c. Three-Quarter View Revolving Platform

132



4,2.2 Chair Controls

The following control functions are located on the right hand side
of the chair as shown in Figure 4-3. (1) The EMERGENCY STOP button
with a guard to prevent accidental activation. This control was
located in the upper left corner and requires a deliberate motion
for activation. (2) The next control is the DIRECTION SELECTOR.
Originally this was a lever-locked toggle switch oriented gso that
FORWARD was toward the front (short hood) of the train and REVERSE
was toward the long hood with NEUT in the center. This orientation
was acceptable as long as the chair was locked forward. If the chair
was turned to face the rear (long hood), the orientation was back-
wards. One solution considered was to remove the REVERSE position
and interlock the FORWARD input so that when the chair was rotated
180° , the FORWARD position would still point in the direction that
the locomotive moved. This would require a software lock-up that
would increase costs and even this solution did not cover the
occasion when the chair may be rotated only 90°. To avoid this,

an alternative was necessary and the rotary selector was adopted.
With this control direction orientation is not possible, but reverse
will always be long hood no matter which direction the chair is
facing. (3) A MANUAL/AUTO select pushbutton switch was added to
enable the engineer to choose his method of speed control. If
placed in the AUTO position, the engineer dials the selected speed.
After setting in command speed, he presses the ENTER button and the
software speed control system takes over to maintain the speed. The
software system would apply throttle when needed and dynamic brake
to maintain speed at the selected value. The engineer can manually
override the system and use the handwheel to control the speed or
dynamic braking as desired. Incorporation of both functions on the
handwheel precludes the possibility of using dynamic brakes when

the throttle is applied or vice versa. When decelerating the train
using either the full automatic speed control or the dynamic brake
portion of the handwheel, blending of the dynamic and independent
brakes will take place. That is, at low speeds when dynamic braking
fades out, the independent brakes will gradually and automatically
apply to sustain the same rate of deceleration, without sliding the
wheels, until the train comes to a halt or the controls are placed
in idle. (4) The engine pushbutton switch is used any time the
engine needs to be shut down including emergencies. It is protected
by a plastic guard so that it will not be inadvertently applied.

(5) The locomotive bell is a pushbutton switch. Activation of this
switch will ring the bell and it will ring until the switch is pushed
a second time. When the bell rings, either automatically or manually,
the switch lights up.
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The left hand arm rest extension contains CRT controls and the nor-
mal train braking functions. A description of the controls is as
follows: (1) The TV-1 selector switch and (2) The TV selector
switch enables the engineer to select different parameters to dis-
play on the CRT's located in the instrument panel in front of him.
Located on the instrument panel is a switch which will enable the
engineer to transfer parameters between TV-1l and TV-2, The capa-
bility will be used when one of the TV's i1s inoperative. The para-
meter selector of the live TV must be turned to the OFF position
for the transfer to take place. Selector type switches have been
chosen as control devices for several reasons:

a. They are made so that each discrete position has

a detent which allows for accurate setting.
b. Indication of position setting is built into
the switch.
C. Only one setting at a time is possible.

(3) The train brake is a lever that swings through an arc. As it
swings through the arc there are detents at the points marked on

the surface. To get from RELEASE to RESET requires the positive
action of lifting up the control and moving it forward. To go from
FULL SERVICE to SUPPRESSION requires the same action with the excep-
tion of moving the control to the rear. Braking betweent the settings
¢f MIN.REDUCT and FULL SERVICE is a continuous application. (4) The
independent brake is similar in concept. To go from RELEASE to AUTO
REL requires lifting up the control and moving it forward. In the
AUTO REL position a software device will prevent brake pipe pressure
build-up to the independent brakes when the train brakes are applied.

The selection of levers for brake functions is based on the following
rationale. Push button switches were used because they are relatively
simple and easy to operate., However, if the train brake release push
button were inadvertently hit when one was trying to apply the brake,
it would dump brake pipe pressure and render the train brakes useless
temporarily which could result in a dangerous situation. This possi-
bility makes selection of pushbuttons impractical and so slide switches
were considered. The advantages of the slides are that (1) a panel
depth of 3" could contain this type switch. (2) The slides could be
kept close to the panel surface because it is not necessary for the
operator to get his fingers underneath it. One disadvantage in the
use of slide switches is that the operator cannot tell their position
by feel alone, unless this feel is artificially designed into the
control. The final selection was the lever control on which posi-
tioning can be sensed by determing where one the arc the hand is at

a given time. (5) The sanding control, although frequently used
during acceleration, was placed close to the independent brake for

use in conjunction with it when fequired, to free the right hand for
throttle control.
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In front of the chair, is the front instrument panel. This panel is
affixed to the chair and rotates with it so that it is always oppo-
site the engineer. It contains the following indications: (1) On
the right hand side is the advisory panel containing lights which
indicate to the engineer that some corrective action is required.
(2) TV-2 on which are shown the parameters selected by the control
on the left arm rest. (3) TV-1 on which are shown the parameters
selected by the other control on the left arm rest. Underneath the
panel, below the CRI's is the control which will enable the engineer
to transfer TV-2's parameters to TV-1 and vice versa. This control
is hidden under a cover that can only be opened for testing or for
the actual transfer operation. This latter feature is to preclude
accidental erasure of the display. On the right side of the plat-
form just below the instrument panel, is the communication handset.
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5. PRIMARY CONTROL DISPLAY DEVELOPMENT

To indicate the relative development effort for the cab, an analysis was
performed and is shown below. The first column lists those primary functions
identified during the analysis of the conceptual baseline requirements. The
second column lists the functions currently implemented in present cabs. The
third column 1lists the requirements for the recommended cab design. The
fourth column presents the degree of effort required. The "None'" Category A
indicates that hardware items exist, off the shelf, to do the job or at the
very least, some modifications would be required (i.e., pushbuttons). "Mod-
erate” was defined as indicating that the technology for producing the hard-
ware item exists, but engineering effort would be required for this particular
application (i.e., instruments). "Extensive' was defined as indicating that
in depth engineering analysis, development, test and research would be re-
quired in the areas of sensing, transmitting, integration and display
techniques and hardware for displaying train information.

6. SUMMARY

This report has present the work accomplished under items 1 and 2 of the
contract statement of work. Current locomotive cab technical data and
designs were reviewed along with their associlated operational requirements.
Based on an analysis of this data, a set of functional requirements were
developed using a system engineering approach. This demonstrated analytic
tool provided a means to systematically define the equipment, personnel,
facilities and procedural data required to implement identified functions.
An information and action requirements analysis was accomplished to define:
(a) stimulus inputs to the engineer, (b) responses, (c) information feedback
requirements, and (d) planning aids for improved train handling. Safety
aspects were given a high priority in terms of potential for design induced
increments in crew performance, lack of psychological and physiological
stresses, crashworthiness, occupant protection, and upgraded train handling.

Human factors criteria were developed and problem areas identified. Having
defined. a baseline, a detailed engineering analysis was performed. To
supplement this analysis, projections were made of train handling require-
ments which are likely to evolve by the year 1990, and were incorporated
into the functional requirements. Locomotive and right of way comstraints
were determined and alternate locomotive cab designs developed. A detailed
analysis of the alternates was done to optimize the cab work and living
space, control console, train diagnostics, life support, occupant protection,
safety, reliability and cost.

One cab design was selected and a recommendation made to the technical moni-

tor that the concept be developed further. Upon approval, work has started
on the fabrication of a one-tenth scale model of the recommended design.
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FUNCTION

Direction
Throttle
Dyn Brake
Train Brake
Ind Brake
Horn

Bell

Sand

Brake Pipe
Pressure

Equal Res
Pressure

Main Res
Pressure

Brk Cyl
Pressure

Traction
Mtr Load

Locomotive

Draw Bar Force

Speed

Brake Pipe
Venting

Alr Flow
Instrument
Lighting
Grade

Curvature

TABLE 5-1. PRIMARY CONTROL/DISPLAY COMPARISON

PRESENT
Lever
Lever
Lever
Lever
Lever
Lever
Push-Pull Knob
Toggle

Round Dial
Round Dial
Round Dial
Round Dial
Round Dial
None

Round Dial

Audible Signal
Round Dial

Indirect

None

None

RECOMMENDED
Toggle

Thumb Wheel
Thumb Wheel
Lever
Lever
Foot Pedal
Push-Pull Knob
Push Button

Verticle Tape

Verticle Tape

Round Dial

Round Dial

Round Dial

Round Dial

Round Dial

Annunciator

Round Dial
Trans-
illuminated
or Wedge
CRT

CRT
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DEVELOPMENT REQ

None
Moderate
Moderate
Moderate
Moderate
Moderate
None
None

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

None

Extensive

Extensive
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FUNCTION

Train Draw
Bar Force

Brake Pipe
Gradient

Emergency Brake
Engine Stop

Control
Deactivation

TABLE 5-1. (CONTINUED)

PRESENT

None

None

Lever
Lever

Control
Removed

RECOMMENDED

CRT

CRT

Push Button
Push Button

Key
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DEVELOPMENT REQ

Extensive
Extensive

Moderate
None

None
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7. RECOMMENDATIONS

In the course of this contract certain items have come to be regarded as
being important issues in the area of locomotive cab design that are out-
side the scope of the contract, yet deserving serious study and analysis.
Insofar as practical, the design team has used their best judgment to fill
in gaps in data and projecting the state-of-the-art in the realm of rail-
roading as discussed in the initial portions of this report.

The specific items identified that need further research and development
are listed below. It should be stressed that this is a partial 1list in
that other items falling into this category may appear as the contract runs
its course.

7.1 PHYSICAL ANTHROPOMETRY OF LOCOMOTIVE ENGINEERS AND BRAKEMEN

In this design effort, the anthropometric dimensions of the U. S. adult male
population have been used. No data on the anthropometrics of the railroad
population was found by the design team, yet it is a crucial element of any
crewstation design. It is suggested that useful anthropometric measurements
be taken of a representative sample of engineman and locomotive brakemen,

so that future crewstation designs and design modifications can be based on
established population dimensions.

7.2 VANDALISM

It came to the attention of the design team in the very early stages of de-~
sign that vandalism of the workplace is a chronic problem on locomotives.

It is suggested that this problem be analyzed and dealt with in two parts.
First, incidents of vandalism should be analyzed to determine whether they
are malicious or functional. For example, are the colored jeweled lenses
on annunciator lights stolen or do they fail in service? If stolen, is it
because of simple malice or due to the annunciator bulb not shining brightly
enough through the lens? Secondly, fixes should be designed for the targets
of functional vandalism. The sociological or psychological course of mali-~
cious vandalism must be detected and dealth with where possible in a posi-
tive manner.

7.3 TRAIN HANDLING DISPLAY

The train handling display in the recommended design will require a great
deal of research and hardware development to become an integrated display.
TSC has under development a DRAFT-BUFF indicator that is already a step in
this direction, but the parameters of drawbar forces, brake pipe pressure
gradient, grade and curvature are critical parameters in train handling
that must be sensed, transmitted and integrated for this display to be a
reality. Therefore, it is recommended that future research continue on
these problems to achieve this.
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7.4 BRAKING

In the area of train braking, it is suggested that the feasibility and
utility of a blended dynamic and independent brake be investigated. The
concept here is to blend in the independent brakes as the dynamic brakes
fade out at low speeds. This concept does not affect crew station design
as such, but allocates the blending function that now is performed by the
engineman, with the attendant potential risks of excessive buff forces and
flat wheels, to an automatic blending system.

7.5 IDLER CAR

The idler car concept should be investigated from the economic, train/
handling, crashworthy, and crew comfort standpoint.

7.6 CAB SIGNALS

The main display panel in the recommended design has a cab signal indicator.
Since the subject of cab signals is closely linked to railroad operating
procedure and the present ground signal design, the format for cab signals
is as varied as the railroads on which they are used. An area for human
engineering research is to find an optimum display format for cab signals.

7.7 THROTTLE/DYNAMIC BRAKE

The combination throttle and dynamic brake handwheel in the recommended
design has raised some questions as to whether or not it is appropriate

as a control. While this contract will involve some limited performance
testing in a mock-up, it will not result in a conclusive statement on the
"effectiveness" of this control. To properly test the performance of
enginemen using this control, it should be tested in a real world situation
either in service or in a simulator or demonstrator, to compare it to more
traditional controls found on extant locomotives

7.8 WORK STATION

The adequacy of the entire cab as a cohesive and functional workstation
should be tested in an operational setting. »Mock-up evaluations by the
user population is a valuable tool, but only when the design is tested in
the atmosphere it was intended for can its worth truly be measured. It is
suggested that a fully functional cab be developed and operationally tested
or to evaluate its utility and refine its weak points.

7.9 LIGHTING

As pointed out in the section on cab habitability, lighting techniques used

in the current generation of locomotives is not optimum. It is suggested that
research be conducted to determine the crewstation lighting needs of the loco-
motive engineer on both a qualitative and quantitative level. The results of
this study should then be applied to the crewstation hardware design and tested
in both a lighting mockup and on in-service vehicle. The results of this
analysis testing and evaluation should then be compiled and formed into an
engineering specification for locomotive cab design.
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~ APPENDIX A

~ LEVEL THREE FUNCTIONS
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REGISTER
WITH
DISPATCHER

DETERMINE
TYPE OF
TRIP
READ
BULLETIN
BOARDS
DETERMINE
WEATHER
CONDITIONS
CHECK
STANDARD
CLOCK
DETERMINE
TRAIN
CLASS
DETERMINE
TRAIN

RIGHT OF WAY

DETERMINE
TRAIN
DIRECTION

READ
TRAIN
ORDERS

Figure A—1. Level 3 Crew Functions

READ
TRAIN
TIMETABLE
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FORM
LOCOMOTIVE
CONSIST

PERFORM
COUPLING
OPERATIONS

PERFORM
HOOK UP
OPERATIONS

Figure A—1. Level 3 Crew Functions (Continued)
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CHECK
LOCOMOTIVE
CONSIST

CHECK
DRIVE
SYSTEM
CHECK
PROPULSION
SYSTEM
CHECK
COUPLING
CHECK
PNEUMATIC
SYSTEM
CHECK
HOOK UP
CHECK
AUXILIARY
SYSTEMS
PERFORM
MU
TEST
CHECK
DYNAMIC
BRAKE
PERFORM
LOCO BRAKE
TEST
CHECK
LOCO BRAKE
CONDITION
PERFORM
RUN
TEST
CHECK
ENGINE
PARAMETERS

Figure A—1. Level 3 Crew Functions (Continued)
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FORM
TRAIN
CONSIST

PERFORM
COUPLING
OPERATIONS

PERFORM
HOOK UP
OPERATIONS

SET UP
TRAIN
BRAKES

Figure A—1. Level 3 Crew Functions (Continued)}
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CHECK
TRAIN
CONSIST

CHECK
COUPLING

CHECK
HOOK UP

PERFORM
TRAIN BRAKE
TESTS

Figure A—1. Level 3 Crew Functions (Continued)
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OBTAIN
CLEARANCE

COMMO
WITH
DISPATCHER

OBSERVE
RELEVANT
SIGNALS

Figure A—1. Level 3 Crew Functions {Continued)
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START
TRAIN

REVIEW
TRAIN
INFORMATION

RELEASE
LOCO
BRAKES

RELEASE
TRAIN
BRAKES

INITIATE
TRAIN
MOVEMENT

MONITOR
SLACK
ACTION

MONITOR
SPEED

MONITOR
DRIVE
SYSTEM

Figure A—1. Level 3 Crew Functions {Continued)
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MOVE TO
MAIN
TRACK

NEGOTIATE
SWITCHES

MONITOR
SPEED

MONITOR
YARD
LIMITS

COMMO
WITH
CABOOSE

MONITOR
SLACK

MANAGE
AUXILIARY
SYSTEMS

Figure A—1. Level 3 Crew Functions (Continued)
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ACCELERATE
TRAIN

MONITOR
SPEED

DETERMINE
TARGET
SPEED

MONITOR
SLACK

MONITOR
GRADE/
CURVATURE

MODIFY
BRAKING
EFFORT

APPLY
TRACTIVE
EFFORT

Figure A—1. Level 3 Crew Functions (Continued)
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CONTROL
SPEED

MONITOR
SPEED

DETERMINE
TARGET
SPEED

MONITOR
GRADE/
CURVATURE

MONITOR
SLACK
CONDITION

MODIFY
TRACTIVE
EFFORT

MODIFY
BRAKING
EFFORT

Figure A~ 1, Level 3 Crew Functions (Continued)
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CONTROL
SLACK

MONITOR
SLACK

DETERMINE
TARGET
SLACK
CONDITION

REVIEW
TRAIN
MASS
DISTRIBUTION

MONITOR
GRADE/
CURVATURE

MODIFY
TRACTIVE
EFFORT

MODIFY
BRAKING
EFFORT

COMMO
WITH
CABOOSE

Figure A—1. Level 3 Crew Functions (Continued)
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DELIVER/
PICK UP
SHORTS

LOCATION .
OF SHORTS

DETERMINE -

DETERMINE
DESTINATION
OF SHORTS

MONITOR
SWITCHING
SIGNALS

NEGOTIATE
TURNOUTS

& CROSSOVERS

PERFORM
COUPLING

OPERATIONS

PERFORM

HOOK-UP
OPERATIONS

PERFORM
TRAIN

Figure A—1. Level 3 Crew Functions (Continued)

INTEGRITY

TESTS
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RESPOND
TO
MALFUNCTIONS

SENSE
MALFUNCTION
INDICATION

DETERMINE
PROBLEM
SEVERITY

DETERMINE
COURSE
OF ACTION

Figure A—1. Level 3 Crew Functions {Continued)

TAKE
CORRECTIVE
ACTION
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RESPOND
TO
SIGNALS

DETERMINE
RULES &
SYMBOLOGY

READ
SIGNALS

DETERMINE
RESPONSE

TAKE
RESPONSIVE
ACTION

Figure A-1. Level 3 Crew Functions {Continued)
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NEGOTIATE
TURNOUTS/
CROSSOVERS

VISUALLY
MONITOR
SIGNALS

MONITOR
SWITCHES

REVIEW
SPECIAL
RULES

' COORDINATE

WITH OTHER
TRAINS

MONITOR
SPEED

MONITOR
SLACK

MODIFY
TRACTIVE
EFFORT

Figure A—1. Level 3 Crew Functions (Continued)

MODIFY
BRAKING
EFFORT
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NEGOTIATE
MAJOR
UPGRADE

MONITOR
GRADE/
CURVATURE

MONITOR
SPEED

MONITOR
TRACTIVE
EFFORT

MONITOR
SLACK
CONDITION

MODIFY
TRACTIVE
EFFORT

Figure A—1. Level 3 Crew Functions (Continued)
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NEGOTIATE
MAJOR
DOWNGRADE

MONITOR
GRADE/

CURVATURE

MONITOR
SPEED

MODIFY
TRACTIVE
EFFORT

APPLY
DYNAMIC
BRAKING

MONITOR
DYNAMIC
BRAKING

MONITOR
SLACK
CONDITION

Figure A—1. Level 3 Crew Functions (Continued)

MODIFY
BRAKING
EFFORT
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PASS TRAINS
AND
EQUIPMENT

MONITOR
TRACK

MONITOR
EQUIPMENT

DETERMINE
TRAIN
CLEARANCE

DETERMINE
RULES

PERFORM
ROLL-BY
CHECK

RECEIVE
ROLL-BY
CHECK

MONITOR
SPEED

Figure A—1. Level 3 Crew Functions ( Continued)
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MANAGE
AUXILLIARY
SYSTEMS

CONFIGURE

HVAC
SYSTEM

ACTIVATE
WARNING
DEVICES

MANAGE/
MONITOR
COMMO

CONFIGURE
EXTERNAL
LIGHTING

CONFIGURE:
INTERNAL
LIGHTING

CONFIGURE
WINDSHIELD
CONTROLS

Figure A—1. Level 3 Crew Functions (Continued)
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RECEIVE/
SEND
MESSAGES

MANAGE
RADIO

MONITOR
HAND
SIGNALS

READ
MANNED
STATION

MESSAGE

READ
TRAIN
ORDERS

READ
CAB
SIGNALS

READ
GROUND
SIGNALS
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Figure A—1. Level 3 Crew Functions (Continued)




DECELERATE
TRAIN

READ
GRADE/
CURVATURE

MONITOR
SLACK

DETERMINE
TARGET
SPEED

READ
SPEED

MODIFY
TRACTIVE
EFFORT

MODIFY
BRAKING
EFFORT

Figure A—1. Level 3 Crew Functions {Continued)
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BRAKING
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LEAVE
MAIN
TRACK

COMMO
WITH
DISPATCHER

MONITOR
ASPECTS

REVIEW
SAFETY
PROCEDURES

MONITOR
SWITCH
POSITIONS

MONITOR
SPEED

MODIFY
TRACTIVE
EFFORT

MODIFY
BRAKING
EFFORT

Figure A—1. Level 3 Crew Functions (Continued)
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STOP
TRAIN

DETERMINE
STOPPING
TARGET

MONITOR
SLACK

MONITOR
SPEED

MONITOR
ASPECTS

MODIFY
TRACTIVE
EFFORT

MODIFY
BRAKING
EFFORT

Figure A—1. Level 3 Crew Functions (Continued)

COMMO
WITH
CABOOSE
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DETACH
LOCOMOTIVE
CONSIST

PERFORM
UNCOUPLING
OPERATION

PERFORM
UNHOOKING
OPERATION

CONFIGURE
BRAKE
SYSTEM

Figure A—1. Level 3 Crew Functions (Continued)
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COMPLETE
POST-RUN
PAPERWORK

FILL OUT
CRAB
SHEET

Figure A—1. Level 3 Crew Functions (Continued)

FILL OUT
LOG BOOK
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APPENDIX B

INFORMATION/ACTION REQUIREMENTS

171



» L]
- []
Msg\ms\ &tﬂﬁsﬂk.sgt uonoy pue uonjewogul “j—g Q.sm.-n\
20300 UT
Butpues furpues TOI3U0d Buypues pues Atddy
203®dTPUT prROT peot
3030t UOT3IORIL 030w UOTIOBIL
30300TPUT 2p¥1Is
2p118/dI1S /4118 T99uM
MODUTA IOJROTP guojyduis
-UT UOTIDUNITER UoTINMITUH 8I0p0 Tensnun
I03edTPUT sastou tensnupn
paads uoy3rsod 330339 1auuosiad punoxb WAL1SXS
9133034y poeds 2133034l aay3oway Arddv YIiyma 33RUTPIOOD 8Y20Us DPIYD0T IATHA NOIHD
orped OTPERI 203 TUOH 1ouuosxad punoib
Y3aTa 938UTIPICOD
I03edIpUT Pans aansgsaad 10a3uco ayeaq saTea 9yexq
-gaxd adyd ayexqg adtd oxeag aye ureayl utexy LAJTPoM atbue
MOT - MODUTM
steubys NOTIIW¥3dO
MoputM puey 303 JUOW orpey snje3s dnyooy I8SOH dMIOOH WYOJYAd
oyeaqpueR sIAviqpuey AIIYD
atbue steubys
MOT - MOPUTM puey I03TuUoH
203edTpUY
aanssaxd sansgsaxd
Jopurtko ayead  29purTio oyuag
70I3u0d sayeaq
3030TPUT pIeds poeds a)yeaq ate 0501 ooot Atddy
J0380TpPUY pEOT prot
J030u uoOT3IdRR]  IOJOM UOFIDRIL J03EDTPUT IPERIH apeaxs
2032051puUT paads poodsg ao3exado S07381X830030YD 0007
330330 NOIINYAIO
203BOTPUT WY obueyd Wy a71330a4L, aaT3oRxy Arddy (8) mopuTy IaT7dnod 03 25uEIBTA  OSNITINOD WHOJ¥Ad
JNNos ddilL Jounos 3dAL JoUNos 3dAL
ADVEG3IIL NOIIOV NOIIYWHOINI NOIJIONNA

172



AOPUTH
J03edTpUl
Ixnseaxd
29putTio aywag
203@2TpUT paads
AOBUTH

J03eDTpuy paads

I03e5TpUY PROT
I030m uOTIOLIL

203eDTpUT UOTY
-ysod 3aT3I0AYL

Aetdsya
93303-12M04

303°0TpUT
2In3jevzaduay
J0300 UOTIDERIL
203uwa7puUT pIads

103e0TpUT PPOT
0300 UOTIOLRY

J03POTPUT UOTI
-180d a1330IYL
MOPUTM

303¥dTpUT prOT
30300 UOF3IdLIL

(panunuo)) sisAjeuy syuswennbay UONIY pue uopewiop] “|—g anbiy4

toaex3
30 uoy3saxrd

amssaxd
Iaput1Ad ayead
paads

sTeubts pueH
paads

peot
Jojou uoyIdeIlL

uor3Tsod
a1IIoaIYL

90304-3am0d
axnjexadualy
J030m uoI3Ioely
paads

peOol
J0300 UOTIDRIL

uot3Tsod
213301yl

12aex3
3o uo13daatTq

PeOT
J0300 uoTISRIL

IS XDAOY

1033U0d
ayeaq x1e 0501

a1330I4yL

ar3zoayy

J9839A3Y

TOIUO0D
PToT3 I03LIIUID

18aRa3 JO uoTl
-29a1Tp 98I9A3Y

soyexq
ate osor Ayddy

330339
aat3oeay Ayddy

3310339
aat3oexy Arddy

18awv1y 3O
UOTIDIALP 3IBS

PIoY3 I03e
-2auab ajvayldVv

1ouuosaad punoib
Y3TM 330UTPICOD

tenueu 8,303v3I3d0
s3nopeaa sutbuz
J03BOTPUT IIMO4d

303@2TpUT
1033U0D 19839AY

sn3v3ys xa1dnod

UOY3IDDATP IJUSWIAOK
s3ojouwexed auybug
uo 1amog

1033u0d
298304831 JO UOTITSOd

ONI'TdN0D HI3HD

WIISXS
NOISTNdO¥d MDIHO

Jonos

ddil

Jounos

JdXL

adunos

FdAL

AOVEQ3IIa

ROILOV

NOZLVIWYOJ NI

NOIIONNI

173



JUITWUOITAUD
2138N0dY
PTOTYSPUTA
JIUIWUOITAUD
TeuIayxy
sdetdsTq
naxd

zayeads pue
suoydoaoyu oypey

(panunuoy) sisAjeuy sjuswaiinbay uondy pue uonewsopul °|—g ainbiy

punos Huruaey

A3TTIqISTA

12431 3UGTT

T2A3T 3Y6TT
JIOJUWOD MIID

juaubpaTmouyoR
Xo9yo oumo)

ST0a3U0d
99TA9D butuxmy

10I3u0d
PTaTYSPUTM

s{oaju0d buy
-3UbTT TeURIIXT

s7033u0> bHuy
=3y5TT TRUIIUY

STOIIUOD DVAH

STCI3U0D OTpeRy

S32TARP
butuaem Xo9yD

wua3sis
PIDTYSPUTA YO3YD

But3IyubTY
TeuIDIND YO2YD

buyaybyt
Teusazuy XooYyd
OVAH ¥28YD

OIpPRI XI3YD

sTeubts

Tenusw s, 303ex0dO

19uuosxad punoab
YI¥M 33RUTPIOOD

SO¥3ISTIN
=2eIeyd IATION0D0T

L}]

SWALSAS
AYVITIXAVY NOIHO

steubts puey ob ou/oo MOpUTM puey 103 Tuon OTPeI !MOPUTM sSn3e3s ISOH dNNOOR ND3HD
abueyo
J038OTPUT WAY Wdy autbuz
J03VDTPUT UOTI uor3yTsod
-ysod ar3joayy 1330141 arIzoayy autbus asey
uot3trsod TeI3INdu 03
1033U0) To0x3U0D IasaaAdd UogIDIITP 39S
I03eD
«Jputr 9anssaxd obueyo aimssoad
270A1983X UTEW  JITOAIIS3I UTEN
20300TpUY J03©D exnsgaad
aatea X333es aatea Kjages -Tpur aamssaad 230AII83X 8OT3ISTIIY WALSXS
zossaxdwo) x0ssaxdao) ITOAIDSDI UTEH uyem peay TEenurRw 8, ao3exado -dvaeyo dossoaduo) OIIMRNZNA AD3HD
aounos ddAL aounNos ddXL JNUnos 3dAl
Aovaaadd NOI IOV NOIZIYHHNOJNI NOIZONNZ

174



mopuTH

3038OTPUT
burjuaa 2IN88OAJ

203€d
-Tpuy aanssaad
1aputtio oyvag

MOPUTH
I03ed

-Tpuy Ianssaad
I9putiho ayeag

I03B2TpUT
axeaq osyueulqg

(panunuoy) sisAfeuty sauawainbay uondy pue uonjewopul “|—g aanbiy

sT1eubts puel
buy

-3U3A 2INS8aIIJ
axnsgoad
aaputtio axeayd
stvubts pue)

aanssaad
Iaputiio axeag

uot3oe
ayezq ostweulg

1033u0d axyeaq
juapuadapul

[03I3u0D Bayraq
juaspuadapul

70I3U0D FINOIND
ayeaq syweuliag

sayexq
oso1 aseatay

sayel1q
oosoy Atddy

Inejns axeaq
otueulp 398

tTauuosaad punoab
Y3lyM ajeurpaood

uorjvaado ayeag

SIS3IL Advad
0001 WH03¥3d

I9)eaxq aoyearq JO3BOTPUT
J03edYpuy peoy puwot 3TRD2TD 3TNOITO ayeaq uotr3tsod yoajzuod bury
axeaq oyweukqg a)exq otweula a)eaq syueulq otweudp 233s ajeaq otweulq =395 a3elq IUISIA
J038DFPUT WY abueyd Way
J03eD1puy preol
aye1q otuweuiq a)yeaq otaeukq butuyexy
10a3u0d oyexq 8913TT1TqEedeD UOTIRID
I0302¥put pIads poads axeaq otweuiqg otweudp Ayddy 1enuew s,I03eI9do ayeaq otweulq
2038OFPUT pPROY peot
20301 UOTIDEIL  I030W uUOTIdERyY
J03e0TPUT 233ds paads
203ROTPUT UOTI uot3tsod 330339 ayeaq aNvud
-1s0d ay3ijoxyl ar3IIoayL ar3loayl aat3oeay A1ddy ytenuew s,303e1ado otueuip jo sbuey OIWVYNAG MDIHD
mﬁmuuvuuoo
330339 T0I3U0d NN LUT 398, 8aH day
973303yl OAT3IORII 98vITIY
buyzayag sodo1 adiyL
sautbua yre 330339
203edF¥pUT NJY uy abuwyd> Wad at130aYL aay3oezy Aiddv buyzatag 80007 3O 23Iquny 1531 NW WwHoJydId
JNNOS JdAlL JOUNOS JdAl JNUNOS JdXL
Advaaaad NOIZOV ROILYWYOJNI NOILONNA
1w .
“ L]
3 '

175



5- ... Y [ 4
L) L)
\EQQQ.QEQU\ u.sg\gc‘ atmgh.sgt uonoYy pue uohyewsopuy ‘1—8 Eb@l
203 sucpaads poads
30382
~-3ypuy amssaad aanssaad 10a3u0d 3Ixeiq - 330339
29pUiTAS 9xead  I9PUTIAD 8)eId 2TV BATIOWODIOT puryeaq a1yvy
AOPUTH gseubys puvH
I03027pUT paads poady ajel UOTILIDTIIBY
203 U231puUl peol peol .
Jo30W YOT3IDEI]  I030m uOoIIdVAL buyuyezl 331 UOTILADTIIDY
203@2TPUT UOTI uog3ysod 330339 154y
-y80d 3133034l 2TII0AYL 31330323y aat3oexy Arddy HOY WHOM 34
Touuos
-x2d punoab 1033U0d s8ayeaq 1w
AOPUTM woxj [eubys  Oyeiq aye 0d01 L30T osevOTYY
13uuos
-19d punoxp 1033U0D sayeaq 821351397 ROILIANOD
AOPUTH wox3y [wubys axvaq 1ye 0501 1te osoy Atddy  {enuew 8,3039x3do -0RIVYD SATIOWORT  FIAVEE 0D0T ADFHO
aNNos 3dal a424N0s adxy dodn0s ddAL
AOVHAIIA NOILOVY NOILYWIOJNI ROILONDA

176



I03edTPUT
uoT3or §83xdwo)

(panunuo)) sishjeuy syususriinbay uondy pue uonewuosul °j—g ainbl4

J03eDTPUT 2INS uoy3oe
-33xd adrd axeag I038a3duo)
203BOTPUT
abuwyo wo3sds ayeaq uoIINGIIISIP
I0JVOTPUT WA HQY auybugz ar3IIoIYL utex3 abxeyd sgew uyexy y3buat ugexlr
I03EeDIPUT SINS axnssaad TOIJUOD aanssaxd S9738TIN saIvId
-sazd adid ayexg adid axezd BATRA PIBJ adrd axeaq 398 Tenuvw 8,303eaady =2BlBYD IATIOWOIOT NIVYL 40 13s
20390TpUT axnssaxd 203W0TpUY
axmssaad 110 170 pedd sassaad 110 Janssaxd 110
J03BeDIpUT J03wdTpuUl
Janod auybug Jamod peay 203 BOIPUT IIMOd sn3e3s Iamod
203 WDTPUT IINn3 aam3ezadwol 303 RDOTPUT 2I03
-g1adual autbuzm autbus peay ~eaodual aulbug aanjzeladwal aupbuzg
J03@0TPUT J03@DTPUT 103e2TpUt
110 80T 130 peay K3F3uend 1y0 110 ForA3TIUEnd
buyurexy SOTIST SUALINNIYD
Tenueu 8,x03exado -I930BIRYD SuTbuzg ANIONZ NOIHD
IxNNos ddxl annos ddXL dounos ddiL
#vaaaad ROLIIOV NOILYWNOJANI NOILONOQ

177



oypey

I10300TpUT Sans
-saxd I70A1959X
I9z11eNba

203EDTpUT IaIns
-sa1d adyd ayeag
ROBUTM

I03827pUY
MOT3 ATV

203eDTPUT SINs
-saxd adyd ayeag

(panunuo)) sishjeuy sjuawsiinbay uondy pue uonewiojuy *|—g ainbi4

asooqed
e aanssaxd
adtd ayexg

aanssaad
IT0AIBSDI
xazt1enb3
aanssgaaxd
adrd axeaxg
steubys pueq

MOT3 TV oyexd

aanssaad
adyd ayeag

oypey

1013105
ayeiq Ite uyeayg

MopuIA lorpey

aatea
3303n0 ayeay

Xoot12o z03eorpUT
MOT3 ate ‘xo3ed

asooqed nuwz
UOTIBOTUNRIOD

sayeaq
uTLI3 ISLITIY

uotjeiado ayeaq
utexy ydayd

Atddns aye uadp

203EDTPUT -1Tput 2anssaid
#MO0T3 ATY M0T3 ate ayeag adtd axeay abeyes Yo8Yyd
I03EOTpUT aans ainssaad aaTeA
-saad adyd ayeag ad1d ayead 3303n0 ayeay A1ddns ate 3nd
a03ed
-tput 3xnssazd UuoT3IELD0T
. ad1d ayeag burjovag IBTSUOD IJIoWIY
JO3edTpuy Ians aanssaad {10I3U00 Iyeaq saxeaq
-s3xd adyd ayeag adtd ayeaq ITe uyexrl utexy Aiddy Butzarxa saajeaday
10380
-Tpur aanssaxd axnssazd
ITOAIISIT UTERYW JATOAIISIT UTeR buryarag I3y eam
103@DTpUY dINS axassaad saxeaq uoTINQIIISYP 1S3l IAVyd
-saxd adyd aevag adyd axeag aATeA paag utexy abaey) ssew uyeayl uywal jo yaibuaq NIVYL WdOJdu3dd
3ounos JdAL JNNOS JdAL FNNos JdAL

AOVEATIS

NOILOV

NOILVWHO4NI

NOILONNA

178



"

(panunauoy) sisAjeuy syuawasinbay uondy pue uonewioju| -} —g 3unbi4

AOpUTH
ACpuUtH
I03ed7pUT

{eubts qud

AOpPUTM

Teubys ITQIPNY

1eubys puels
YIJIINS pedy

subys
apysyoeI]l pead

{rubIS
qed> pead

syeubys
ber3 pedy

saopadio)}

203 TUOW

MAOpUTH 898N3J 103 TUCKH
sreubys
MOPUTH puey pead
MOpUTH s3oadse pusy jooq aTny Jwuxoj (eubys STYNOIS avdd
sabessau
aouabyTTa3uT uoyd auoydatvy 10
orTpwy oypwd -5193 apysdes  UIIITIMA BATION
gobessau
ojped S3uaUBPITAOUNDVY oypwd oTpel JATIOY
sabegsgau UOTIEDTUNWLOD YJHOLYISIA
otpwy duo03 IpJs orpey oypw OTpEl pUds K103 Tpne/Tensta 22URIVITD PAVX HLIM CHKOD
ao%nos adil aoynus adil JoUnos AdAL
AOVEATIZ HOLIIOV NUILVWRHOANI NOIIDNOA
(43 .
’ e .

179



] [ o - €
. L]
) o
\bmht.ato.u\ &m\égv\ &QNEN.QSEQ QQ.BQ( pue uonewiopuy °I—g m\b@n\
danssaid wo3sds buryeaq
adtd ayeag 19430 3O sniels
sTeubTs pueH poseaTIa SINLaIY Iayojedsrtg aouezeaTd
303e2TpUT poads poadsg J03EDTPUT prOT wa3sis
10304 UOTIORIL uorsyndoad 30 sSn3eas
I03©d
-TpuY 2anssaad 2anssaad 1033U0D sayexq Ite J03e0TpUT SINVYL
2aputTio axead JIBpurIdAd ayexyg ajeaq xre 0d0T 0207 asearay anano/apeay 2IN3PAIND/3PRID 0201 ASYITI
burzatag XTW DATIOWOD01
anL uoTINGTIISTP SSEN
203eD1IpuUT aanssaad
2anssaad I9putT A
I9puUtTTAo oyevag ayeaq peayd aKL sprOT (etroads
awl sat3dws sa prol
awd IR0 JO I3qUMN
I03eDTPUT dANS sanssaad
-saxd adid ayeaq adtd ayexq pedy and utexs jo yibuaq
. uot3yoadsul butaeaq adAy
203R2TPUT aaano
pajen3Ts uteayl /opeab peay uot3ioadsul juawdinba s)eaq adAL
NOILVWHOJNI
I03vDTPUT }oeys jyoers peay burzatag sdnyoyd/siaoys NIVYL MIIATHE
adInos ad adUnos adAL Jounos 3dAL

AdDYEAI3A

HOILOV

ROILYWHOJANI

NOILONNI

180



asooqed
wox3 abessan

203ed1puUt paads
ao3ed

-1put Ianssaid
ITOAIISIT utTeRW

(Panunuoy) sisAjeuy spuawaiinbay uondY pue uoneuLoful ‘j—g anbi4

paseat
-21 sayeag

paads

aanssaad
ITOAIISIT utey

103edTpuUt YOels

vanssaad
Ioputiis oyeag

MOpUTM fOTpPH

UOTITPUOD YDBTS

sua3sis buyyerq
a9Yy3ao 3jo snjeys

2ouRIEITD

wa3sis

Jo3eaTpur sanssaxd 103e2TpUT peRoO1 uotsindoad jo snije3s
aanssaad 1toa ITOAIDSD
-13531 1aztrenba 1az11Enb3 uoTINQIIISTP
ssew utexy 83185 30 3Iybrom
103ed1put aIns sanssaad 10aj3uod> ayeaq I03VDTPUT SsINvHd
-saad adid ayerq adtd axexqg ate urely utexy IseITdY JAaINd/BpeIn sanjevaand/apeas NIVYL 3SVITay
JoNos 3dAL JounNos Jnunos ddAL
AOVda3Id ROILOV NOILVWHOJINI NOILONNI
/
-t .

181



Iy

=) .
(poTITU0D) stsATeuy SjusmRITINbAY UOTIOY pue uorjeuwtoyul “I-€ 2an8tq
Jo3eotpuy 203QPTPUl as104
223103 Ieqmexd 90303 aeqmeaq 905304-33M0d 92304-I9M04 PuY
I039d asyo3edstia JueIraTd
-7puy buypues butpues
IUSTWIACY
203VOTPUT -1 4 ¢ 29839A9Y 3O uoT3IIIILaA
drrs 1o9uM /dI1s 199uM 10a3uU0> pues pues Atddy
butyatag 2IYILIM
2s00qwd
oyp®y Y3atm oumod 2039D7pUY
aaano/apeas aanjzeaxnd/apeas
JOIEDTPUT AOPIS uot3lIoe YoPrlS
203eDTpUT
proy prol [eYoads speot (erdads
2933WpROT 1 030U UOTIDEIL
J03BD¥pUT
I233wopaads paads 8IRd JO IaqWnN sIed 3O I2qUNN
JO3EedTPUl UO¥I uotytsod 330339 203BOIPUT XDeTS UOTITPUCD Yoels
-1sod 3133034yl a1330I4yL 373301yl  2daT3oex3 AITPOK
uoy3dadsujg juaudtnbs oxwaq odLy
J03BOTPUY YOPIS uoT3ION YIRIS
S2TISTIN
peot butrjotag -JvIBYD ISTSUOD 0307
Ja3aupeo] J030W uOYTIDVXY,
ydeab uoyInqyay uorang
133auopa’ds poads «-8FP S88VW uyeal -JI38TP SSBUW uveRiL
I03e2TPUT UOTIY uoyr3ysod 3II033ID LNTWIAOH
-1sod a13301Y], 3rIoayL ar3joayyl anTiovIy ATddy NIVYL JLVYILINI
3nos 3dAL acinos ddXl addnos ddil

pted -{ekc KR

NOIIOV

HOILVIWMOJNI

HOILONNA

182



JI03V2TPUT XOBTS

(pPanunuoy) sisAfeuy siuswalinbay UoONdY pue UONBULIONU|

uoy3oe yde(s

sasod ITIH
20at1dawyl

I03EeDFpUT
abueys jo ajex
203e0Tpuy paads

I933upRo]

I03807pUT YORTS

MOpUTy

J03R01pUt poads

203e0TpUT
923103 Ieqmeq

I03EDTpUY
paads 3oayd

ues jo ajex
podads 103 Tuon

peot aojouw
uoTIOoNI3 pedy

yoeTS peay
SITWTY
poads pedy

poads peay

20103
Ieqmesp peay

103wDTpuUY paads
s1eubts opisiem
sIapac 1eyoads
SI9pI0 ugexy
burjatag

Bburjatad

aKL

dits 1eouym
J03VITPUT XOels

J03edTPUT
aAIND/3pRI

I333upeo]

aanssaxd Iaputrédon

ayexrq faxus

-53xd adyd ayexg

1-§ 241614

paads tenjoy

paads 33bae],
I9Y3IEM

SOTIST
-3930€vI0YD UTEexYL
dr1s 1osym

UOTITPUOD YOEBTS

2anjeaand/apeasn

3I0JJOo SATIDRIYL

uoTI TPUOD
ud3sks oyeag

Q33IdS YOLIKOW

20382IpUT pROT] 030u cOuuwwww Ia39wopaads paads
J03@D2TpUY poaads paads Tenuew s,xo3ezado arqerreae dd
agooqed J03e07put NOILOV
otpey Y374 OmUOD J03IVDTPUT AOEIS XOB[S peay 3aaano/apean aanjeaind/apeln MOVWIS HOLINOW
annos Faxx addnos ET7E FoUN0S FdAL
qovaa3aad ROILOV HOILYWIOINI NOILONOZ

re)

183



] om Oo W €
. .
(panunuo)) sisAreuy siuawainbdy UoldYy pue uojjewsopul “4—g aunbi4
asooqed
oypey Y3ITA OWIO) awl uoTINQTIISIP SSUW
steubys
steubrs qed qed I03TUON anl speoy 1e1o9ds
steubts
mOpUTM punoab 303 TUOl [(TRA utexl jo yabuol
203L2TPUT YDELS uotT3ITPUOD YOers
s{eubts
MOPUTA puey 103 TUOKH 203007pUY poads paads
uox3 TP
MOoputH =U0D YdITMS/xdeIl
FEVESY 1.0 uotT3IPWIOIUT SAHILINS
moputM uor3zIsod yojTMS moputM lo3Tucuw A[rensiA 1enstA ayodaedstqg uotr3ysod yoytms FIVILODAN
203E2TpUY
buypues puvs ojne peady
sbutpeada
I03e27puUr suotr3ed
11aus =-Tpul uorloung
Spunos arqrIpny -Tew 103 TUOH
I03e27puy
buypues bUTPUES 03I TUOW
303E2TpUT opT1S/dy1s SDT13STAd3 W3LSXS
dits 1oauym 199ym pedd Tenuew s,x03exado -2uvieyd WI3IsAs aAariIg dAINA YOLINOW
3NUN0S JdAL JNNOs 3diL Jo4nos JdAL
ADVHaAI3Id ROILOV NOIIYWAIOANI ROILONNI

184



(panunuoy) sisAfeuyy syuswelnbay uonRdy pue uoneuropu| “{—g ainbl4

ayexq ujei]
94BIq FIUDPULIPUT
9T3IF0a2YL

ayviq ugesy
2391q 3Judpusdapul
at3doayr

I03wdTpUT HoeTs

1enstA

tensta

orpey

orpey

Za3edTpuy paads

(ub1s apys
AOVIY) MOPUTH

uye;
9IVIAITO29Q

uyexy
83w181300Y

yoers puay

abpaysaouydy

syeubys
puey 203 JUOW

abpatmouxoy

3800QqED WOIZ
abessaw aayoday

poads 303 TUOW

ITWEl paek puay

pueaye
aIn3eAInd/opezd
sTeubys qud
sreubys punoxy
subys JIFWFT paadg
83a9pI0 ujyeay

¥ooq atny

203RdFpUT
20303 avqaexq

I93awopaady

wezbeyp
uolINQYIISTP S8YN

I0IUITPUT
AORTS uyeal
sreubys puwy

otpuy

xooq Ty

2032 TpUT
aAINd/dpely

20380Fpuy paads
jooq ayny

ueabeyp
UOTINATIISIP SEERW

Ifuyr poads

satny

wa3sAs ajeyadoxddy
30 uoT3IdUNg 3B

82303 xeqaevag
paads
uoTINGTIISTP
sgsew urexl

aanjeaind/apexn

sn3vs uyer]

DURIRDITO pavx

gaanpasoxd oyped

82738Y
=3930e28Yd> UIRIII]

paads
83TNI paex

utexy jo yibuag

a3ads LIYVL
aNINNaLaa

SWALSAS
AMVITIXOY TDYNYA

185

AOWIS YOLINONW

3soouvd
HLIM OWWOO

SLIKIT
QYVYX YOLINOW

JoNNnos JoHN0Y

ddAL

dOoNN0y

ddAL

Avaadds

- NOILOVY

NOTLVYWHOSNI

KUILINAL




(Panunuoy) sisAfeuyy swuswasnbay UONDY pue UOREWIOM] “f—g 3inbl

I03©d
-Jpuy uoyaysed
373303} 1103BD
-7puy aanssaad

uoI3IOE ITIN0AYI

adyd ayeag /a)eaq autwaalaqg INOpeaI IRVqMEI] UOTITPUOD ¥OOLS
uoyrjexbazuy uoTIVRIOIUT
butuyexlr Te3uan aouataadxa 3Ised aaInd/3pe1
I03e05TpUT poads paadsg

yoexy
soputy I03Tucuw ATreEnsIA Mmoputm {burjetad UOTITPUOD NovaY
Bbutzatag EETEY-L T
2038OTpUY aAInD J03®OTPUT UOTING uoTINQGIIISIP
aaIno/ape1s /opeab peay -TIISTP SSVM uTRIy 880w uyexl
Tenuew s,303uxadp SOT3ISTILIDLVINVYD 02017
..—Oumu_"ﬂcuc saers uoy3Ioe YOe(S

ueaberp

UoOTINQTIISTP SSEN speol (eydads

UOTJTPUOD
MopuT™ RO} IAISSqO buyzotad KITTIQISTA
axnjeaxnd burzatag Jayesy

ISL /opeab pesy
MOPUTM uoT3ITPUOD ADBIYL

(ubys apys SITWIT FUNLYANOD
¥oVX3) ACPUTA paods pead b ¢34 aIn3VAIND/BPRID /3aVdD YOLINOW
3UN0s ddrL FNINOS ddAL aninos ddxl

Avaqaad

NOILOVY

NOLLYWYO4NI

186



(panunuo)) sisAfeuy s;uswsinbay UONIY pue uonewioul “|—g a4nbly

2038DTPUT Hurauaa
Butjuda anssaad 2I883xd
I03ed
-Tput axnssaad aangsaad
IT0AIDSIT UTRW  ITOAIISII UTWW
J03eD5TpPUT NS ainssaaxd
-soad 1azyrenb3 2T0AIISII uUYeH
I03EDTPUT Jans axnssaad
-83ad xazyrenba 32z110eNnb3
JO3e5TIpuUl .2ans sanssaad 10a3u0d sanssaad adyd J03BOTPUT UOTIING
s521d 2d1d ajyeag ad1d oxeag oyeaxq 3TV 9jeaq 2o0pay -TIISTP 8S°W ureIL yabuat ureal
J03e0TpUT
30300 aAnInNd/apern Ianzeaand/apers
-1puy 2ansgaad
IT0A29801 UTEW  ITOAIIBIX UTEH J03EDTPUT AOBIS uoT3ITPUOD YOS
20302TPUY 2INS sangsaad wuexbeip uoranqg uoTINQIIISTIP
-sa23d zoztrenba aozy1Onb3 -TI3B8TP SSUW uyely ssew utexy
303eD57puUt dans anssoad 10a3U0d sayexq
-gaad adrd ayeag adrd ayeag aexq Ity ate asearay (mopuim) ubys paads poads 3abxel JHO3IT ONIXYHE
203e27put paads poads x03juon 203827pUY paads paads YI¥ XJIAONW
JINNOS 3dAL Jnnos ddAL aounos ddAL
AOVEQ3a3d HOILOY NOILYWMOJ4NI NOILONNA
L 4
. a .
L] » -

187



L] b .
i . o <)
L]
§vm§e<~=sxy\m&ngtxsc‘mﬂeﬁs:m:wanmz& uonJdy pue uoneuuoyul .huumﬁmu=m$&
SS3UITCAY Surzatag UOTITPUOD XOBIL
J03VDTPUT YORTS UOTITPUOD XIU(S
J03VdIpuUT I03wDTpUT
20303 Ieqaelq IoqaeIp pead I03BDIPUY 9peIs apean
apeab I03EDTPUT uOTING uoy3ng
I03edTpUT opely JO ssaouaieay -JIISTP SSVI UTRIL -j338Ip ssvw uyeal
Io3ed
—tpur d¥TS T199YH dyis ToouM
I03BDTPUT YOOS xoutrs
303e37pUY Paads paads
peot
I03EOTPUT PROT 1030 UOTIDVIL
I03VDTPUT UOTI uotaysod 330339
-1s0d 913303YL ataloayy 3133034y IaTIdexy LFTPOoW Ja32upeot prOT I030W UOTIdRIYL
40dd3
103e07pUY pPIdds poaads I03TUCH a03vDTIPUY pPIds poaads AATLOVYL A31IA0W
UOTITPUOD ORI
TensyA 3O SSIUIITAY putrzotad UOTITPUOD YoeIyL
I0382FpUY 233103
20103 3PQMRIQ Jeqmeap peay I03¥0TPUT YOETS UuoT3TPUOD YOELS
J03B27PUT
9381 paads abueyo 30 93ed
J03E0TPUT
poads paads 203 TUOKH J03EDTPUT apean apeIo
03827 pUT uotiIng
uoTINQTIISTP -TI3STP SSRW I03EDTPUT UOTING UOTINGTIISTP
gsvu uyell 3O ssouaxemy -TIISTP SSEW utell goew uyell
2038DTPUL
dtris T199yM
X038dIpUt YOels
I03e0TpuUY pPoOads dI1s [99uM
puot 2038¥07pUT peOl
203@2TpPUY PROT  J030W UOTISRIL a030u UOTIDEIL proy Iojom uot3Idwly
JO3BOTPUT UOTI uog3¥sod 310332 140443
-1sod a13joxyl 3T3IzoaylL aT3IIoIYL aay3oeay Ayddy Jo3eotput paads poads AATIOWIL XT4dY
anNos 3dxL 3oNUN0S dadxl JoMNos JdAL
AOVEA3ad NOILIDV HOILYWHOJNI NOILONNA

188



P

(Danunuoy) sisAfeuy spuawsaiinbay uondYy pue uoleulIofu|

AopuTty

MODUTM

I03®2TPUT
uoTINGTIISTP
ssew uyell

203BOTPUT
axexq otweulq

JO3EDOTPUT IINS
-533d adid oxelg

203BOTPUT UOTI
-1s0d I7IIOIYL

I03e0TPUT pEOT
2030@ uUOTIOLIY,

Z03ed>YpUT Paads
203ed7puT

JAIND /IPRIH
I03EDTPUT YOeTS
I03RDTPUT

uoTINGTIISTP
ssemt uyeirl

303807pUT
uOTINGTIISTP
SSEl UTe1L

uor3ysod
yo3¥Ms peady

syeubis peay

uorINQIIISTP
sSew uyexy pedy

UoT3ITPUOD IYRAqQ
oTweuip pead

aanssaad
adyd axexq pead

uoy3ysod
a1330aYy3 peany

pwoy Ioj0u
uoy3IoRI} pEIY

paads peay

aanjeand
/opexb peay

UOT3ITPUOCD
Aoe(s peay

uoTINQTIISTP
SSPW UTeI]} pedy

uoTINGTIISTP
asew ujery peoy

sooq BYny
jooq arny

¥ooq ayny

uy3aTIng
Teuoy3IRINPI
¥oog any

Tenusu §,303e39d0

303B03pUT uOTINQ

~3I38IP SSWI uTeRL

Tenusw 8,x03ex2do

‘1—g ainbiy

Kbotoquis TeubIS

STYNDIS

sarny Hhuy3ersdp ONIHOLIMS HOLINOW

JeuWI0] IBPIO UTRIL

S8aTNX bujipuey urexl

g97381193003VYD
3878UOD BATIOWODOT

dnayeu uteal

80738 FIBIOLIVYD
38TEU0D DATIOCWODOT

SIMOHS d40 NOIL
=-¥O0171 ANINYILIA

NOILIGROD MOVIS
IINVYL ANIWNALIA

NOILNETIY¥ISIA
SSVW NIVHI MIIAT

adNos Joanos

4dAL

annos

adAL

q0YEq93I3a

NOIIDW

NOILVWHOJINI

NOILORNd

189



9 { ¢ '
L]
(Panunuo)) sisAreuyy syusweasinbay UoNIYy pue uoiewlopu| ‘—g ainbid
uyey
MOpUTH Um0 I03 TUOH
303 BDTpUT
Teubys qey areubys qud pedd
203BOTPUT aanggsaad
aanssaxd 1t0A IT0A23801
-1989x 3azyrenba IozyTenbg
J03ediput axns azngsaxd
-g3xd adyd ajyeag adid ayeag TOIIV0D 310332 buy
203807pUY pIads paads ayexq I¥¥ ~-jexq ave KJTpoN
203VOTPUY PROT peot
0304 UOFIOWI],  I030W UOTIDEXL
J0309TpuT pasds paads
203BOTpPUT UOTI uoyaysod 330333
=1s0d 37II0IYL atIloxyyr I13I30aYL aATIOoRIY AITPOR
I03EDTPUT NOBTS poads 103 TuOH ubys paads ITEIT
‘I9pI0 uyexl poads DPAT3OTIISAY
203e07puUT paads paads IO3ITUOW MODPUTM UOTITPUOD YIIIAMS
Iayojedstp
orpey wary SuoTIDAITQ
suyery Iay3o I3pI0 uteay uoT3IDaITa
PU3 I3Y3l0 wWOI3 o3 sabessauw IapIo urezl ssetrd
otpey  IUSWHPITAOUNDY otpey puas/aa1sody Iapro uyeayr aybry
arqe3awuyy Hy a1qe3IsWIL
syeubts J03eOTPUT uOIING uoTINQIIISTP
#OpUTM JO3Tucw ATTENSTA -TIISTP SSew utexy SSPW utely
I03RDTPUT
SIYOITIAS saana/asexn aanjyeaand/apels SHIAOSS0YD/SIN0
moputy I03tucu Afrensya 303edYpuy pIads paads -N3AL JLVILOOAN
83304s 30 SLUYOHS 40 KOILV
8219pI0 UYRI] UOTILUTISOP pedANY ¥ooq atmy ITWIOF IIPIO uyex] -NILS3IA INIWYALIQ
aNNos 34AL IDUNOS 3dAl aNninos ddRL
Aovaaaaa NOILOY HOILYWYOJINI NOILORNA

190



te)

(penunuoy) sisAjeuy swawasnbay UOHIY pue uoneuLIO]| “|—g dInbld

uo1STIOP
yooq 210y ob ou/ob INEH
DAT3IOD3ITP  uOtIdadsur [enstA
uoyjeaTIqnd WY yy maTASYH ’ S1TsuTS
SpunNos ALIY3AAZS
xooq a1ny S8BTNI ADTAIY 830399TpUl guwojduks warqoxd WIATAOYd ANIWYILAA
sourui0333d UO SUOTY
222N0S UOYIDUNZ pututeal -dunjivd JO 8303333
UOTIDUNITOH =T8I I03TUOW
80738§13300aVYD
arery wieye I03TUCH tenuew s,303v39d0 teuoyievzodo uyeay
Toued NOILYDIANI
x03eT1 v 3I03et peay NOILONNITVW 3ISHIS
asooqed
orped wo13 oumod
303es1pUT paads poaads
30300TpUT prOT peoy
20300 UOTIDEAL  JOJICW UOTIORAL
203VDTPUT UOTI uotT3Tsod 320339
-ys0d 373I30IYL 9133034l ar3loaul aayjoeay Arddy
asooqed
otped WOXF CUMOD
J03BDTPUT danS 2anssaad T023U0D sayexq J03EDTPUT uoIINg S1LS3L ALI¥O93INI
-g83ad adyd a9yeag adyd ayeag Ixyexq urerl uTell 9SRITIY -TIISTP SSPW uteay yabuar uyear NITYI WHoJddd
annos 3dxlL a0¥N0S adAL annos aAdRL
HovagIdld NOILOV ROILVWHOJINI NOILONNI
t
- @. a ? G ]

191



(panupuoD) sisAjeuy sluawainbay ucndy pue uonewiouf ‘1—g ainbld

yooq ITny

203v0TPUT
aAInd/apexd

I03@DTPUT
oyeaq osyweulg

203BDFTpUT
aanssaad
adyd axeag

J03@dYpUY prol
0301 UOFIOBIL

I03eDTPpUT paads
I03ED2TPUY
teubts qed

Teubts ayqIPnyY
MOPUTM

fooq Itny

s1o0a3uod axyeag
3133034l

uot3ieorIqnd WH

Butuesu
1eubts moTAdd

uoT3 TPUCD
uTexy Ij3enteag

Teubrs pesy

sTeubls
3o Xboroquis
pue sanx peay

utery dois

dta3 anuyjuod

SIATIDIITP
¥y Matady

sooq a0y

Rooq BTNy

£A3t1I9A95 watqoag

@ «“

(STYNDIS OL)

sorna butiezado IASNOISIY INIWIALIA

IeaI0F
Aforocquis pue agny

pautu
-xa30p Arsnotaaad
uoI3OP FO ISINOD

XD0TOHHAS ANV
STATNY ANIWYILAA

ROILOY
AAILOTYYOO IAYL

NOILOY 30
¥ooq arny §9TNX MOTATY swoiyduis woiqoxd K3taoass warqoagd  FSHUNO0D INIWMNIALIAA
aNnos adAL aJuUN0s 2dAL aDunos adxL
MOVEaIAd ROILOV ROILYWYOJNI ROIIONNA

192



a

ao3ed

-Tputl MOT3 ITV
203e51puUT 2Ins
-soad adrd axexg

20390

-TpUut MOT3 ITV
X03EDTPUT PI3ds
203e9TPUT 2ans
~g23d adrtd ayeag

103e0TPUT pasds
10302TpUT aans
~-ga1d adyd ayeag

X03BOTPUT pPEOT
Joj0u HOTIIR1Y,
203e2TpuT paads
J03¢DTPUT UOTI
-¥sod 3133014l

Jo3edTput poads
I03EDTPUT AN
-gaad adrd ayeag

g03e0tpur prOT
20308 UOT3IDERAY
J03EdTpuT paeds
203e5TpuUT UOT3
-1sod at3joIyL

I03eDTpUT paads
I03BDTPUT AIns
-saad adtd ayeaqg
J03EdTpUT peotl
Jojou uoI3IoRll

(panuipuoy) sisAjeuyy suswannbay UonIY pue uopewloul *j—g ainbiy

MOT3 ITY
aanssaxd
adtd ayeag

MOTF ITV
poads
sanssaad
adtd axexq

poads
2anssaad
adtd ayeid

pEOY

J030W UOTIOERAL
paods
uot3ytsod
ag3zoayy

poads
amsgsaad
adrd ajyeag

peot

Ioj0u uUOTIoRIL
paads

uotytsod
ar3zoayy

poads
axnssaad

adrd ayeag
peoy

J030W UOTIOERAL

1013U0D
Kouabaouz

1o0I3u0d

ayeaq utreay

1033uU0d
ayexq utexy

at3joayy,

10I13U0D
oyeaq uyeirl

*M01YL

1033u0d
o)eaq utell

oanpovoxd Laua
-fI3ud 93eTITUL

utexry do3s

poads 9s5ealddd

203edTpUT paads paadg
203VITPUT UOTI uotytsod
-150d 373301YL ar3IIeAYL ara3loayL poads aseaxdur
(STYNDIS OL)
uotyoe pouTY NOILOVY
Juasaad IanurIuwc)  -1939p ArsSnotadxg gILNISTId STUNDIS FAISNOASTY IAVL
FRINOS ddiL JoNnos ddXL JoUNOs JdXL
AOVIa3Iad NOILOY NOILVWIOINI NOIIONNA
1]
’ 4

193




) .
v} L]

I03WDTPUT HOUTS
203827put poads

I03WOTpUY
axe1q ostuvuia

203edTPUT YOBIS
203801put paads

103RDTPUT
ayexq ostweuiq

(panupuo) sisAjeuy spuewslnbay UoNIY pue UCLIEULIOJU|

¥outs
paads

peot
ayeaq otweuig

RFowls
paads

proy
axeaq otweuiq

1033u0D
ajexq oyawuig

1033402
ajeaq oyueuiq

MOPUTM
otpwd

Teubts puejl
uxo}y
aybrtpedn
ortpry

AOPUT.A

MOPUT 4

yooq 210y

butxwIq
otueuip I5°ITY

butyeiq
ostuwudp A1ddv

Jbessow 9AYIO3YU

obesSsSau puds

gautod
yo3 1ms 03 tTUOH

Teubts
yo31ms peay

jyooq aTna pead

Iqusy poeds

X0302TpUy
aaand/ase1n

uotang
-TI3STPp SSEW uvely

J03BOTPUT XOOIS

30300TPUT poaads

{enueu §,I03912d0

21qRIDITL

s1apIo utell

yooq aTny

‘4—g anbld

paads 3abael

2In39AIND/3003ID

85138T
=Id30e38Yd utell

uoTITPUOCD DTS

paads

abuex ajeaq otueuig

arqelauTs

5$3I9pa0 uyell

Aboroquis

pueas yoitas

Ioqunu utexl
3ybTI utrRIy

ONINWYE DINYNAG
X3IAOH XTddaY

SNIVHL ¥3HLO
HLIA JLYNIGHO0D

SIHOLINS HOLINOW

513p30 ssers urexl s370d
s10p10 uteal uyeay peay 810p10 uyeal uoT3Io2aTp uveIl TYIJ3ds MITATS
STUYNOIS
«STeubts pesy, 29 YOLINOW ATTHUASIA
INNOS ddAL ao¥nos JdXL aounos 3dil

AOVEQ3Iad

NO1LOVY

HOILVWIOJINI

NOIIONN

194



(panunuo) sisAjeuy suawasinbay uoiIdYy pue uonewiopul

ujel3 Iay3xo o3

" —g anbt4

»PBq
10 poob, ST payoIyd

oTped  3IUIWBPITAOUNOV oyped oabessaw 3TwWsueIl 18NSTA buteq utely IIYIAYM
uteay AJIHD
MOPUTH I3YI0 IOIFUOW 203e0TpUY poads paady Ad~TIOH WIOJMAd
«33TNY
Teyoads MOTASY, 995 SATNY INIWIALIA
. pEOT IpTa
aJuvIeaTO BPTIS Awvidstp Jub1y 303 5013878 HONEIVITD
MOPUTa =303} I03TUOK PROT OpPTA/YBT;l  -DBIRYD uTeI} AITAY NIVYL JdNIWY3ALAQ
auoudynpa apys . INIWIINO3 44IS
MOPUTed =}OBI3} IOJITUOH 810pPI0 uFeIy 839pao uyexy, =NOVYL HOLINOW
I03B0TpUT padds poaady
uot3 FpUOD
MOPUT joexyl I03 TUCH burzarxg IaYyIedy AL YOLINOW
I03edDFpuy
IAIND/IpRIDH 3INIBAIND/BPEIH
Aerdsyp uoting uoINqTIISIP
«-7I38TP 8SVW uyevIy ssew uyexl
203wdfpuy paads paads peau 8073873193
Teauvw §,303exadp ~Jeaeyd IAFICWOS07]
203e01pUY 310330 burxiexq ONINVYY
ay)vaq oyueulqg oyuwulip pesy  [enuea 8,z03vIado adky oxevaq oyweuiq DIMYNXAQ YOLIKOW
dNNOs adil 404003 JdRL Jdnus ddXL
ADWIATAL NOLIOY NOILYWMOJINI ROILONNSA
° 4

195



/] a < 4 d . "
1
(panunuoy) sisAjeuty syuswannbay uonay pue uonewiojul “—8g aunbily
sabesssu
auoyd auoydatal
oypey Jusubpatacuyoy -2193 apYsdes JATIOI/PUdS
sabussau
dnyotd ap1siey ua233TIA pway
steubys
AOPUTa puey 03 TUOW suoy3y
-BOTUNLAIOD SNOTAIIJ
puUnoOsS 3TISTUM 10I3UCD UIOH uloy punoy
uorl
abessau soTny ~BOTUNAIOD 103 PIIN
otpeyd ORI 3ATIDNY
85138%
sbussau  Tenuwil S,I03e3ady -I330wIvyd otped SKOILVIJINNAAOD
Jusubpaymouxoy otpeyd oTpeI puay yooq TNy 82INPISOId OTPRY YOLINOW IOYNYW
punos {1y TOXJUOD 1T IT°q punos
540IA3A
punos uxojl TOIJUOD U0l uxcy punog jooq a1ny 89Ty OHINEYH JLVYATIOV
3I0JUOD MIID MOT3F ITY MoputTd But3jusa [OIIU0) nALSRS
ONINUILIGNOD MIV
TOIUCD amm3e Judubpnl /NOIINIIINAN/ONT
3XOJUO0D MDD aanjeaaduay aan3zeIadwdl  -Jadwe3 [oIjUO) 33I0JWOD MIID 3I03W0D qud =IVdH JHOYIIRO0D
1ensSTA JO OTpeEd JuaWbpaTMOUNDY
powaxogzaed Buyaq oY%
20309dSUT Woxy oypux x2u9yd eyl uoylId3ds NOIHO
IUnSIA 30 OIpey obwssSsw IATI20Y I0 TRUBYS pumy =UT WOXF UOTIVDFPUIL AU~T1I08 IATIOHY
JoUN0S ddAL JOUNOs ddAL FRTITEE JdAL

AdOvdaddd

HOILOY

NOILVIYOJINT

HOILONNA

196



PIITYSPUTA

PI2TYSpPUTM

PI2TYUSPUTM

usuw
-UOITAUD UTQERD

Jusauw
-uoITAUD UTQRD

Jusw
-UOITAUD UTqED

s3usu
-nIISUT POIYLIT

shetdsyp paIybyl

(panuuo)) sisAjeuy wuawasinbay uoIYy pue uopeuLIoul “1—8g aunbir4

KIFTIQISTA
paseaIsuy

£33119181A
PIBEIIDUL

A3rTIq18taA
PosSEOIdUL

UoTIRUTWNITY
Kouabxdud

uofIRUTWNILY
Aaeryixay

uofaeu
-Funily uTYwd

SIUUNIJIBUT
3o A3yTIqTbaT

Touvd
30 AITTIYTDI

TOIJUOCD I3YSVA

10I3U0D X3d¥e

1033U02
20Bbo3aq

1033U0d IYLIT
KAouabaaud

103a3U0d IYHTY
AIQTITXNE
TeuIauI

1033U0D
YbTT UTEDd

{0x3uLd YL
JusunI3IsU]

T0a3U0D
IYBYT teurd

1013u0D IYbIY

PISTYSPUTA YSen

PIOTYSPUTA 3dTa

PIOTYsputA Bo3zayu

uotjeu

-TWNTI¥ TeUIdUT
Aduabaawe a5
uoTIRU

~JWUNTIY [ruIajul
KAxerryxne asn
utyed YIeUTUMTTI
S3UIUNIIS

-ut a3eurmMIIX

TYuvd ajeuTumiTi

*039 ‘sAemyTem

AOpUTH

burzaray

TUNSTA

&A71119181A

aIYILIA

YLIT IuBTYuY

STOYLNOD TI4IHS
=QNIA JHNDIIR0D

ONILHOIT TVHEEL
=NI HHOLIINRVD

A3TTTQISTA KieyrrXne ‘sdoys 107133
MAOPUTM pasvaadur TRUIIINY «X2 dJRUTUMTITI
10a3U0D
AYBIT Ixpmmy sJaqunu Kerdsta
TOIIU0D ssero
aybry ssetrd uteay Lerdsyd
KITTIQISIA 1023100 810930 UTRIAL 8seyd uyell OUNITHUIT TVN
MOpUTH paswvaadug IYLIIPeaf ufwel} IJeUTUMTIIL jooq TN satny =d3dLXd FHADIINVD
a0UNos 4dXL axdnos ddXL qouanos ddXL
AovaUad3 ROILOV HOIINWHOINI NOILONOA
¥
i ;
® i A 1 -

197



e Vo q (% d . )
)
\RQE.QQQU\ &g\mt_\ atggbgt uoidy pue uonewtoul “t—§g 93@-.\
s300dse i 3L0dasv
MOpUT  /STRUBTS 203 TUOK yo0q Iy Abotoquis Teubys /STVHOIS JANASHO
satnx SIUNAIS0Td
sjooq oTnd Kjazes peay HO0Oq 2Ind SITNI pPROITIVY X1L3AVS adlady
«STRUBTS pesdy, 93§  SIYNDIS €YD Qv
819pa0 uotyelaad S4agyo
§I3p30 uteal uyeal peay jooq arny -I93UT IIPI0 uyRIL NIVHL Qvad
2 SUOTIEDTUNIIOD dUYSSIA NOIXVLS
I03 TUON/abeURN, 333 GANNVH avd
LSUOTIEDTUNLALOD STUNDIS
I03TUOW/BbRUCH, 335 AGNVH YOLINOW
«SUOTI BRI TUNIEZOD
IO} TUOH/IbRUEBK, 335 01avd JdOVNYH
ERITG Fixa a5dnos qaxL 334N0S a4dil
¥oveaaas HOILOY NOILYWHOANI NOILONNG

198



(panunuoy) sisAleuy sjuswasnnbsy uondy pue vonewiopu; j—g ainbly

s1eubys

MOpPUT:) puey 103 UOK
J030D aanssaad
-TPUt 3Inssaxd aIpuTTLAD
23pUTTAD ayexy ayexy
10I3U02 a)exq
203uedYpuy poady poads ayeaq ate od07] oootr At1day
203B2TpPUT UOTY uoT3 Tsod
-ysod ar33loIyL a1330IYL
20300TPUT poads paady sTRULTS purjl pordnooun sY uteil
20300TpUT peROT peot uoT3ILDIPUT IpRIH apeay
X030W UOTIDBRIL  I03O0W UOTIORRY
310339 S0Y1381193 NOIIVYIdO
2038DTPUT WY abueYd Wad ar3loayL aaT3oway Atddv  (enuwu s,I03uaady -DRINYD SATIOWODOT UNITINODNA WHOJHdd
MOPUTA teubys do3s
203LDTIPUT 9INS
-83xd 3dia Ijeid 3I103j° butyexq atv
uot3§sod [O0IFUOD
oIy dyweuld
I03vatTput 330330
Iraq DTWRUAQ butyerq sturuig
uor3tsod a1330IyL
proy
1030W uvI3zdEIy 310339 IATIONRIL
203wOTpuUt paads paads
Aerdsyp uoranq uor3ng JINYL ONId
~T2ISTP ISUU uteay =TIJSTP SSBU UTRIL -dOLs ANINNZLAA
JONNOs ddAL 42MN0s ddXL ERITIV ddAL
AOVEQIAI HOILOV NOILYWIOJINI NOILONOZ
)

199



L A < A: 4 o , \ﬂw
£
(panunuoY) sishjeuy suswaiinbay uondy pue uonewiou| “4—§g aunbi4
1013400 soeaq
a)vaq urear urteal a9z
TOXIUVD dAvIq 203 ¥DTPUT
JUIPUIABPU]L sS9yvaq odOT I8 butipuey ureal apeay
Ayaxadoad WILSAS
7auuosaad punozy UOTITPUOD ayeay ayvaq puey sayvaq puey 239y qooxyy aTny ButT3VI3dO JO sSIYTNY dAId JHNVILNOD
STRUDTS puey pajooyun ST uyexy
STEUbTS MODPUTH ToUUOSIaA punolb SNOILYd3dO
MOPUTH PUBYy I03TUOK otTved YITA 93RUTPI0COD  UNINVOHNIY WHOJHdd
o003 JdAL dddnus ddAL SIdnus JdAL
AOVUA4dd NOLLOV NOTIIVHUUINIT NOILONNG

200



L\.

APPENDIX C

REPORT OF INVENTIONS

During the course of this project no innovations, discoveries,
or inventions were made. The study has, however, applied
state~of-the-art human engineering system principles and
design practices to develop an improved freight locomotive

cab.

frU. 5. GOYERNMENT PRINTING OFFICE: 1977--700-515--88

201/202
365 Copies



A b=y






ky
-

H:i.-;l A

Mo
I.TN! N T

A
.zr;_



