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PREFACE 

The Department of Transportation is sponsoring a research program to develop 
a locomotive cab design under the technical direction of the Transportation 
System Center for the Federal Railroad Adminis tra tion . As part of the 

design development program a full scale hard mockup of a cab design was 
constructed . The mockup was used as a human factors tool to assess the new 
desig�concept .  Experienced locomotive engineers from the former Penn 
Central Transportation Co. ,  participated in the evaluation and testing of 
the mockup . This document presents the results of the evaluation and test 
program. 

The author would like to thank the Penn Central for arranging for the con
tact with the engineers, particularly Mr. Joseph Spreng Assistant General 
Manager . The author would also like to acknowledge the contribution of 
Dr . John Jankovich, the Technical Monitor, for his comments on the test 
plan; Dr . Donald Devoe, who witnessed one of the test sessions; Mr. Norman 
Macdonald of the Electro-Motive Division of General Motors, the principal 
subcontractor; who was a member of the test team; and Mr . William McLean, 
Boeing Vertol R&D Manager, who provided the neces sary program and adminis
trative direction . 
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1. INTRODUCTION 

DOT/TSC is funding a program to design and develop a modern cab for line 
haul freight locomotives . As part of this program a full scale mockup of 
a locomotive cab was buil t .  The cab mockup was used in a preliminary test 
program to demonstrate its utility in a modern freight environment . The 
tes t program is considered a logical extension in the design development 
process . It provided an opportunity to perform a design iteration based 
on an analysis of engineer performance and preference. This was important 
because if design deficiencies were found to exist or additional concepts 
were identified that needed testing , modifications to the cab design could 
easily be incorporated and evaluated prior to committing to a more exten
s ive program such as prototype hardware . 

The second purpose of the test program was to gain experienc e applying the 
techniques of human factors evaluation to locomotive cab s .  The test pro
cedures were reviewed to improve them in the event further tes ting is con
templated in the mockup and to refine a research tool that could be applied 
in a research or operational set ting . 

The locomotive cab mockup performance evaluation tests were conducted during 
the period April 12 to April 28, 1976. The tes t personnel included eleven 
engineers from Conrail (formerly Penn Central) and one officer of the 
Brotherhood of Locomotive Engineers (BLE) . 

, 
As expected the participants exhibited many individual preferences based 
on their experiences in train handling and 

-
the idiosync�acies of their 

operating division . However, the overall design concept was very favorably 
received by all the men . 

The procedures used and the test results are describ ed and discussed in the 
following sections . 
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2. TEST PLAN 

2. 1 TEST SITE 

Prior to conducting the performance tests, a test plan was prepared. This 
test plan is included in this report for reference as Appendix A. It is 
appropriate however, to discuss it briefly . 

The mockup evaluation was conducted at the Bo�ing Vertol factory. The 
mockup was mounted on a wooden platform ten feet wide, twenty feet long 
and five feet qigh to locate the cab at its proper operational height 
above the rails. A photograph of the mockup mounted on the platform is 
shown in Figure 1.* 

The platform was placed over a section of track as shown in Figure 2, to 
provide some visual realism. 

2. 2 PERSONNEL 

The test participants were from the Northeast Corridor of the Consolidated 
Railway Corporation (Conrail). There were twelve experienced enginemen 
including one officer from the Brotherhood of Locomotive Engineers (BLE) . 
The men were selected from a list of enginemen who had expressed interest 
in improving the design of locomotive cabs. The list was provided by 
Mr. Joseph Spreng Jr. , Assistant General Manager, Central Region ot Conrail. 

The men were all highly qualified and were presently operating or super
vising trains in high speed service on the Northeast Corridor. They repre
sented a cross section of experience from the New Haven Line, Harrisburg 
District, Washington, New York and Philadelphia. 

The men weighed from 155 to 255 pounds, their heights varied from 68 to 75 
inches and their ages ranged from 32 to 60 years. Their years experience 
varied from 3 to 25 years. All of the men were experienced in both line 
haul freight and passenger service. Four of the men had experience on the 
mountainous terrain near Harrisburg and two were familiar with early ver
sions of radio controlled, "locomotive helper devices. They had handled 
trains in a variety of cabs on both electric and diesel/electric locomo
tives. Some examples are GG-l, E-44, Metroliner, SD35, and U38. One man 
had operated a turbo train while another had steam experience. Each man 
spent an entire day at the test site. 

During the course of the program the evaluation and tests were witnessed 
on one day by Dr. Donald Devoe of TSC, Mr. Harry Eck, Supervisor of Loco
motive Operations and Mr. Larry Kast, Manager Locomotive Training Center 
of the Chessie System. 

*The details of the mockup are described in LOCOMOTIVE CAB DESIGN 
DEVELOPMENT, Report No. D339-l0043-l, Volume 3 - Design Applications 
Analysis. 
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Figure 1. Mockup Exterior View 

Figure 2. Visual Realism 
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3. TEST METHOD 

The assessment of the locomotive cab mockup was done in the following 
sequence. 

1. Pretest briefing 

2. Evaluation and test 

3. Post test debriefing. 

3. 1 PRETEST BRIEFING 

Each participant was supplied with a copy of the operator's manual (Loco
motive Cab Design Development, Volume 4, Report No. D339-l0026-l) prior to 
his scheduled appearance at the test site. All stated that they had read 
it and many had marked up the margins with questions. 

The pretest briefing was conducted in three phases. 

1. Introduction 

2. Familiarization with mockup concepts 

3. Test instructions. 

3. 1. 1 Introduction 

Upon arrival at the test site, approximately one half hour was spent in 
explaining the purpose of the proj ect and getting the engineer relaxed. 
To provide an appropriate frame of reference, it was explained that the 
Locomotive Cab Design Development Program is being conducted as part of a 
research effort to evaluate new concepts in cab control/display design, 
operating procedures and general working and living environment. 

It was further explained that the engineers proficiency was not being 
tested but rather that it was their collective experience in existing cabs 
that provided the necessary expertise to further develop the design concept 
along utilitarian lines. They were encouraged to consider that someday 
they or their associates may have to operate a locomotive derived from 
the present design and therefore to be candid during their critique. Thus, 
every effort was made to set up an atmosphere in which the men would feel 
they could be as critical and subjective as possible and that the tes.t 
personnel were not looking for compliments nor would their feelings be 
hurt. 

This aspect of the briefing was a valuable feature of the test program. In 
fact several of the engineers later said that they had experienced some 
apprehension as to what would be expected of them when they arrived at the 
test site. This suggests that if further tests are done the engineers be 
sent a schedule and a statement of what is required of them so that they 
know what to expect. 
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3.1.2 Familiarization with Mockup Concepts 

The second part of the prebriefing consisted of an introduction to the new 
design concept. Briefing materials included photographs, sketches and the 
operator's manual. The engineers attention was directed to the similarities 
and differences between the new design and cabs he was accustomed to. 

The engineer was shown the slides in serial fashion; that is, starting with 
an overview of the mockup exterior and crew station and ending with detailed 
drawings of the various controls and displays. After the presentation of 
the general cab features, the engineer was shown photographs of the Electro
Motive Division (EMD) of General Motors "Clean Cab" mockUp built at the 
request of the Locomotive Control Compartment Committee. (The work of this 
committee is discussed in Locomotive Cab Design Development, Volume 3, 
Design Application Analysis, Report No. D339-l0043-l.) He was told that 
safety features developed under the "Clean Cab" program would be incorporated 
in the new cab design if appropriate. During the course of this informal 
briefing the man was asked his opinion on a variety of topics and was en
couraged to ask questions. 

This dialogue was established because all of the men had strong and diver
gent views on at least some of the mockup features. 

3.1.3 Test Procedures 

The third part of the prebriefing concerned the test procedures. The 
engineer was instructed that he would be given the opportunity to inspect 
the mockUp in every detail. He was told that he would be required to per
form simulated locomotive and train handling procedures contained in the 
operator's manual according to a prepared scenario. Upon completion of 
the mockup inspection and checkout of procedures he would be required to 
rate each mockup item. The ratings would be done in the mockUp to provide 
the engineers with the opportunity for a more detailed inspection of a 
feature prior to assigning a rating. 

3.2 MOCKUP EVALUATION 

Following the briefing the engineer was taken to the cab mockup and walked 
around the outside. A ,brief description of the crashworthiness concept 
followed. The men were generally pleased with the crashworthy concept. 
When asked whether they missed a nose door they said "No", and appreciated 
the lack of drafts and leaks which accompany any forward opening. When 
asked if they missed the protection of the short hood they said "No", since 
they were accustomed to Metroliners and other MU equipment which affords 
little protection. They noted that the slanting windows offered better 
deflection possibilities against flying obj ects. Most of the men, when 
asked, wanted the switchman's step on the right front corner, although a 
few wanted it located under the side cab window. They also liked the high 
cab conspicuity. 

The engineer was then taken into the mockUp and spent some time familiar
izing himself with the interior design (see Figure 3.) He reviewed the 
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Figure 3. Interior View - Looking Forward 
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lavatory compartment and noted its features. The men all liked the light 
colored cab interior, although one man did remark that the aluminum interior 
which is in some PC cabs had been too bright and glary. They did not feel 
that a brakeman's window was necessary on either side of the cab and did 
not mind the blind spots. Most of the men wanted the third seat behind the 
trainman's seat, a few wanted it in the middle and one wanted it back 
against the rear wall. They all liked the high operating position and 
liked the raised platform since it sot them out of slush, water, and drifts. 
They all appreciated the work console surface with a place 'for train orders 
and timetables. It was noted that a lip around the console would be de
sirable to keep objects from rolling off. One man suggested a small shelf 
j ust under the left of the operator's console to store small items. All 
of the men wanted an adjustable rear view mirror that was vibration proof. 
Some of the men wanted a full length rear view mirror while others desired 
a glass wind vane with the mirror on the bottom. The consensus was that 
brow lighting under the top lip of the console was highly desirable and 
an additional utility light should be provided overhead at both work sta
tions. This light should be controllable from both the work stations and 
by a switch located on the wall by the cab rear doors. The men liked the 
panel and instrument lighting. One man pointed out that it would be de
sirable to be able to change light bulbs without the use of tools especially 
phillips head screwdrivers. Recognizing that some states require that an 
ash tray be provided in the cab, the men suggested various locations in and 
around the control stand. Their major concern was that it should be in a 
place where ashes would not be blown up. The men suggested that t�e foot
rest be extended under the entire console, and that a similar footrest be 
installed at the trainman's con�ole. Finally, several men stated that all 
items must be well maintained or the whole concept would be self defeating. 

The engineer was then seated at the locomotive control console and allowed 
to work the controls and study the displays. A mission scenario had been 
prepared to provide the opportunity to use the new design features accord
ing to the procedures described in the operator's manual. Although the 
scenario was conducted in a static mockup, the engineer was able to.get 
the feel of the location of displays and location of switches and controls. 
He was told that the locomotive was on the ready track with the engine shut 
down, and no air pressure. He set up his controls, simulated starting the 
engine, released the hand brakes, made a brake and sander test, set up 
lights, and prepared to move to the yard. When leaving the ready track, 
a cab signal and ATC test was performed. When on the main track, the 
engineer activated the reverse control panel to make a four-mile run back
wards to the departure yard. He then coupled the locomotive to the waiting 
train, charged and tested the air brake system. The engineer then took the 
train out of the yard and picked up speed with his train. He power braked 
around a curve and used the train handling indicator as desired. After 
cresting a grade, he used dynamic braking down a hill. Regaining speed, he 
approached his destination and brought the train under control entering the 
yard. An emergency took place as the train negotiated a crossover. After 
recovering and entering the yard, he cut off his train, went to the diesel 
house and properly set up his controls before leaving the unit. 
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The scenario provided an opportunity for the engineer to exercise the cab 
features in a controlled sequence as he would when driving a standard pro
duction cab. The general comment concerning the controls and displays was 
that, "its different, but its handy and I would get used to it. " These men 
were especially interested in and receptive to new ideas and innovative 
changes in part because of the wide variety of equipment which they oper
ated. 

Following the task simulation, the engineer was asked to rate cab items on 
a scale of 1 to 7, 1 being very inconvenient and 7 being most convenient 
to use. A 4 was considered the same as.present ·locomotives. He was also 
asked to explain why he arrived at each rating. The ratings and the co� 
ments were entered on a prepared form (attached to the test plan in the 
appendix) and the test concluded. 

3. 3 POST TEST DEBRIEFING 

Upon completion of the mockup ratings, the engineers were debriefed. This 
provided an opportunity to critique the design approach in its broader 
aspects, suggest improvements to the present design, identify areas where 
further investigation might be required and comment of the test procedures. 
Before they left, each engineer was told that if he had any additional 
suggestions or comments he should feel free·to ·convey them to the test 
team. Several men said they would tell the brotherhood about the cab 
mockup at the first opportunity. -
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4. TEST RESULTS 

This section presents the results of the mockup testing. First a summary 
of the ratings will be presented and then the ratings are discussed on an 
item by item basis. 

Tables 1 through 12 show the engineers ratings of the various mockup fea
tures on the 7-point scale described previously. Next to the ratings two 
measures of central tendency are shown, the median and the modal ratings 
of an item and the range of the responses. These statistics were used to 
troubleshoot the data to locate potential mockup design problem areas. It 
should be noted, when examining these tables, that some items were not 
rated by all of the engineers. In most of these instances the engineers 
did not assign a rating because they felt they needed more experience with 
the item before a meaningful rating could be assigned. 

Overall, 85 mockup items were rated plus an additional rating of the over
all design concept. Ninety-two percent (78 items) of the items received 
a median score of six or greater. Eight percent (7 items) received a 
median score of less than six and were flagged as critical. These are 
denoted by an asterisk in the tables. Next, an item analysis was performed. 
All items rated below a 4 (comparable to present day production cabs) by at 
least one engineer were identified. The item was examined and comments 
summarized. These items are denoted in the tables by a double asterisk for 
each identification. The remaining comments were then reviewed an�summar
ized. Following is a discussion of each item as it appears in the tables . 

• 

4.1 MAIN CONTROL PANEL 

Figure 4 shows the arrangement of the main control panel. The following 
functions are contained on this panel and the individual ratings shown in 
Tables 1 through 4. 

1. Sander control 

2. Train brake control 

3. Independent brake control 

4. Throttle/dynamic brake control 

5. Throttle/dynamic brake interlock 

6. Stop all engines control 

7. Direction control 

8. Console lock 

9. Emergency stop control 

10 . Bell control. 
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Table 1 

The train brake lever handle location was generally acceptable, however, 
most of the men preferred the tee handle to be higher from the panel sur
face so that their fingers would more comfortablY fit around it. One man 
noted that he could not see the release label when the handle was in the 
release position. One man suggested that the automatic brake have a 
straight back movement rather than gates so that it would be distinctly 
different from the locomotive brake. Most men wanted the train brake 
labeled "AUTOMATIC BRAKE". Finally, one man wanted the release position to 
line up with the release position of the independent brake for easy refer
ence. With the exception of the suppression position, the remaining po
sitions were deemed satisfactory. The 2 rating was assigned to the suppres
sion position by the same man who down rated the train brake lever fo� the 
same reason, namely, that the gate is not necessary. 

Table 2 

The independent brake lever, with its auto release position was well re
ceived by most of the engineers. One man commented that he liked the auto 
release position because it frees his hand during high workload periods 
and would be an aid when power braking. One man felt that the emergency 
release position was not necessary, while another thought that the auto
matic release should be spring loaded. 

Table 3 

The throttle/dynamic brake controller was accepted by the majority of the 
men. Some suggested that the interlock be moved so that it could not be 
accidently engaged with the palm of the hand. 

Some suggested that the window be made larger and provision made for pro
viding dirt free or mar-proof material over the window. One man suggested 
a window on each side of the controller. Many of the men wanted the 
surface of the dynamic braking portion of the wheel, which is smooth, as 
rough as it is now in power and the power portion rougher than present. 
Officers of the Chessie System thought the wheel concept was ridicoulous 
for handling long heavy freight trains pulled by high horsepower locomotive 
consists but could not give a satisfactory reason why. Their position is 
questionable considering that high horsepower remote helper units are oper
ated with table-radio size, rotary switches. The 1 rating was assigned by 
a man objecting to the reversed power setting from what he is accustomed 
to and another thought that dynamic braking and motoring should be controlled 
separately. The set up position should have a positive "snap-in" feel to it 
according to one man. Many of the men stated that the device did not have 
appropriate feel and one felt that the reverser control panel throttle would 
be more appropriate. One man stated that the wheel should have a pseudo 
click as the throttle/dynamic brake was advanced or retarded as an additional 
cue. 
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Table 1 • 
. 

FEATURE 

T RAIN BRKkE 

ITEM RATING MEDIAN MODE RA.�GE 
1 2 3 4 5 6 7 \ 

TRAIN 
B RAKE LEVER - 1 - 3 3 3 2 5.2* 4,5,6 2-7 

RESET 
POS IT ION - - - 1 2 3 6 6.5 7 4-7 

, 
RELEASE 
POS IT ION - - - 3 1 3 5 6.2 7 4-7 

MIN IMUM -
REDUCT ION 
POSITIon - - - 2 1 5 3 6.0 6 4-7 

SERVICE 
RANGE 
POS IT ION - - - 2 2 3 5 6.2 7 4-7 

FULL 
S ERVICE 
POS IT Ion - - - 2 - 4 6 6.S 7 4-7 

SUPPRESS ION 
POS IT ION - 1 - 2 - 4 5 6.2 7 2-7 
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Table 2. 

FEATURE 

INDEPENDENT BRAK E 

ITEM RATING ME DIAN MODE RANGE 
1 2 3 4 5 6 7 

IN DEPEN DENT 
BRAKE LEVER - - - 1 1 5 5 6.3 6,7 4-7 

EMERGENCY 
RELEASE - - 1 - 2 3 6 6.5 7 3-7 

AUTOMAT IC 
RELEAS E 
POS IT ION 1 - - - 1 2 8 6.8 7 1-7 

RELEASE 
POS ITION - - - 1 1 3 7 6.6 7 4-7 

FULL 
SERVIC E 
POS IT Ion - - - 1 - 3 8 6.7 7 4-7 
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Table 3. 

FEATURE 

THROTTLE/DYNAMIC BRAKE 

ITEM RATING lo1ED IAN MODE RANGE 
1 2 3 4 5 6 7 

THROTTLE 
D YNAMIC . 
BRAKE 
HANDWHEEL** 1 2 - 5 - 2 2 4.1* 4 1-7 

� 
IDLE 
P OS ITION** - 1 1 2 1 1 6 6.5 7 2-7 

POWER 
SETTINGS - - - 1 2 3 6 6.5 7 4-7 

: 
DYNAMIC 
BRAKE * * - - 1 3 - 2 5 6.0 7 3-7 

SET UP 
POS ITIOn** - - 1 2 1 3 5 6.2 7 3-7 

DYNAM IC 
BRAKE 
SETTINGS - - - 3 - 3 4 6.2 7 4-7 

INTERLOCK 
P USHBUTTON - - - 3 1 1 7 ·6.6 7 4-7 
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Table 4 

Generally, the direction lever was favorably received. There were no ob
jections to the lift to reposition feature, although some men wanted the 
positive lock feature in all three positions rather than just the neutral 
one. One man wanted the lever to have a higher (bat type) handle for a 
better grip. It should be recognized that the assumption underlying the 
use of this switch is that the engineer need only move the control in the 
direction that he desires to go without reference to the numbers 1 and 2 
Ends of the locomotive. However, one incorrect setting, for example in 
yard duty, could have serious consequences in terms of the safety factors 
associated with locomotive movement. This possibility was examined during 
the test program and is discussed in the section concerning the reverse 
control panel. No one objected to the lighted arrows on the main control 
panel revers�r switch. 

None of the men objected to the relocation of the emergency stop pushbutton 
from the train brake controller to the right side of the control panel. 
However, one man did insist that the emergency stop should be a high re
sistance mushroom control and downgraded the present device accordingly. 
A second man said that he would prefer "EMERGENCY BRAKE" as the label for 
this device, rather than "EMERGENCY STOP". 

The bell pushbutton (latching) location was acceptable to the men. 

The men were told that the feed valve knobs were located in recessed com
partments under the engineer's side window. This location was acceptable 
to all of them. 

The manual sand pushbutton location was well received by the men. The 
majority of the men desired latching sanders although a few did not want 
the latching feature. The men did not seem to be familiar with the newer 
automatic sanding and wheel slip systems used on diesel locomotives today. 

The reverse control panel pushbutton switch and the proposed pOSition of the 
controls when making the changeover was acceptable. 

The stop all engines pushbutton was well received by all the men and one 
man suggested that a placard be provided to remind the engineer that it is 
there. It should be noted at this point that nO.provision was made to 
evaluate deadman.pedals. Some locomotives today have them and others do 
not. Our survey of trends for the next 10 to 15 years indicates that these 
devices will gradually disappear in their present form. 

4.2 MAIN DISPLAY PANEL 

Figure 5 shows the arrangement of the main display panel. The following 
functions are contained on this panel and the individual ratings shown 
in Table 5. 

1. Brake pipe air flow 
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Table 4 . 

. 
FEATURE . 

PRIMARY CONTROLS 
--

ITEM RATING MEDIAN MODE RANGE 
1 2 3 4 5 6 7 

D IRECTION 
LEVER - - 1 3 2 1 5 5.5* 7 3-7 

FORWARD 
POSITION - - 1 3 - 1 6 7.0 7 3-7 

-NEUT RAL 
POS ITION - - 1 2 - 2' 7 6.6 7 3-7 

REVERSE 
POSIT IOU - - 1 3 - 1 5 6.5 7 � 3-7 

EMERGENCY 
STOP 
BUTTON** 1 - - 1 - 2 8 6.7 7 1-7 

BELL 
P USHBUTTON - - - 2 - 3 7 6.6 7 4-7 

CONSOLE LOCK 
P USHBUT TON** 1 - - - 1 1 9 6.8 7 1-7 

FEED 
VALVE KUOBS - - - 1 - 3 8 6.7 7 4-7 

MAN UAL SAND 
PUSHBUTTON - - - - 2 2 8 6.7 7 5-7 

REVERSE CONTR OL 
PANEL P USHBUTTON 
SWITCH - - - 1 - 2 9 6.8 7 4-7 

STOP ALL , 

ENGINES 
... 

P USHBUTTON - - - - 1 - 11 6.7 7 5-7 
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Table 5 • 

. 

FEATURE 

MA IN D ISP LAY PANEL 
_. 

ITE1� RATING MEDIAN MODE RANGE 
1 2 3 4 5 6 7 

BRAKE P IPE 
AIR FLOW D IAL - - - 1 1 1 9 6.8 7 4-7 

MAIN RESERVOIR 
PRESSURE D IAL** 1 - - 1 3 2 5 6.0 7 1-7 

EQ UALIZER 
RESERVOIR/BRAKE � 
P IP E  PRESSURE 
GAUGE - - - 1 - 1 10 6.9 7 4-7 

BRAKE CYLINDER 
PRESSURE D IAL - - - 2 1 1 8 6.7 7 4-7 

SPEEDOMETER 
D IAL - - - - - 1 10 7.0 7 6-7 

POWER/DRAWBAR 
FORCE D UAL 
POINTER D IAL - - - - - 3 9 6.8 7 6-7 

CAB SIGNALS** 5 1 1 1 - 1 3 2.5* 1 1-7 

CONS IST ALARl4 
ANNUNC IATOR** - 1 - - - 2 8 7.0 7 2-7 

BRAKE COND ITION 
ANNUNC IATORS 
LIGHTS - - - 1 - 4 7 6.6 7 4-7 

., 

TIMER - - - 2 - 1 9 6.8 7 4-7 

, 
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2. Main reservoir pressure 

3. Equalizing reservoir and brake pipe pressure 

4. Brake cylinder pressure 

5. Emergency brake on indicator 

6. Brake pipe venting indicator 

7. Consist alarm indicator 

8. Speedometer 

9. Cab signals 

10. Power/drawbar force indicator 

11. Timer. 

MOst of the men were not familiar with the brake flow gauge. A few who 
were, wanted a caution light adjacent to the gauge. The Chessie men pre
ferred an "IN" scale from one to fifteen with the resolution they are now 
getting from a new Salen gauge. This gauge gives data in the area where 
the present gauges now pin at ten. It was understood by the men that the 
gauge would have an adjustable pointer in addition to the regular pointer 
to set inthe value at which the brake system is fully charged. 

There were a wide variety of opinions concerning the cab signals. The 
Penn Central men are somewhat special in that they have cab signals that 
are somewhat more elaborate than those found on other properties in' most 
of the United States. The location of the signals and acknowledging 
devices was the subject of much concern. The signals were downgraded 
because they did not have enough aspects, and were not centrally located 
in the cab as they were used to. One man commented that the signals in 
their present location may be lost in the clutter of displays and there
fore, may not be attention-getting enough. A suggestion was made that 
there should be a device for performing a cab signal test in the cab in 
addition to the yard test. If such a device were installed it could pos
sibly be connected with an acknowledger. One man suggested that the cab 
signals could be displayed on the CRT provided. 

It was quickly apparent that the engineers missed the Signal acknowledger 
that they were accustomed to. It was generally agreed that an acknowledging 
device was necessary in locomotive cabs operating where there is automatic 
train control (ATC). The men had various opinions concerning the location 
of such a device. Some wanted it located either on the right or the left 
side of the main control panel. Some thought a foot pedal would suffice. 
The issue developed, from a human factors standpoint, is that an acknow
ledger is required in ATC areas to prevent a penalty application of the 
brake system. The implication for a final design is that the acknowledger 
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should be integrated rationally with the other display and control devices 
and not simply placed ad hoc where space happens to be available. 

The consist alarm annunciator with reset feature was acceptable. Some men, 
however, wanted the annunciator light divided into four sections. This was 
because they wanted to know whether the malfunction was in the first , 
second, third, fourth and beyond un�ts. In addition, some men expressed a 
desire to be able to isolate the second through the fourth units from the 
lead unit. 

The brake venting and emergency brake annunciators were acceptable. Most 
men appreciated the auditory cue associated with the onset of the light. 
It was also pointed out that the brake venting annunciator would have an 
associated auditory cue that would remain on as long as the annunciator 
was on. 

Most of the subjects endorsed the idea of the electric timer while some 
felt it was unnecessary. One man questioned the accuracy of such a device 
and felt that the engineer would have to calibrate it against his watch 
much as he calibrates the speedometer today. 

The numberless air reservoir gauge elicited mixed opinions among the 
engineers although it was favorably received. This seemed due to their 
unfamiliarity with present diesel compressors and the insufficient capacity 
of the air compressor systems on some electric locomotives; therefbre they 
preferred numbers (absolute value) at both high and low ends of the scale. 

There was almost universal acceptance and admiration for the brake pipe 
pressure/equalizing reservoir vertical scale indicator. Some men questioned 
the 110 psi high resolution limit and it was pointed out that the indicator 
was designed for line haul freight use and that today's train air brake 
systems may be charged up to this value. They pointed out that they run 
piggyback trains at 100 psi brake pipe pressure. 

There was general acceptance of the brake cylinder gauge. Again some men 
questioned the high upper limit of 120 psi. It was pointed out that some 
newer locomotives are at 90 psi and that readings higher than that would 
alert the locomotive crew to improper air hose connections resulting in 
air from the main reservoir being applied directly to the locomotive brake 
cylinders. 

There'was universal acceptance of the speedometer. A suggestion was made 
that provision be made so the engineer could recalibrate it. Most men ex
pressed dissatisfaction with digital readouts for freight trains although 
they found them acceptable on metroliners. Some men did not like digital 
speedometers in any application. This is because digital speedometers are 
distracting. There is a tendency to look at it more than necessary with 
the attendant possibility for overcontrolling the train. 

The function of the power/drawbar force indicator had been described to 
the engineers in considerable detail. The lack of numbers of the dial face 
was discussed and most men did not object. A few suggested numbers 1 through 
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10 as reference marks. Several men thought the meters should be separate 
rather than a duplex gauge. 

4 . 3  SECONDARY DISPLAY AND OVERHEAD PANELS 

Figures 6 and 7 show the arrangement of the secondary display and overhead 
panels respectively. The following functions are contained on these panels 
and the individual ratings shown in Table 6. 

Secondary Display'Panel 

1 .  Advisory/caution and warning annunciator 

2 .  Communications handset 

3. Train handling display. 

Overhead Auxiliary Control Panel 

1- Dynamic brake cutout 

2 .  Generator field 

3. Engine run 

4 .  Fuel pump 

5. Ground relay 

6. Cab temperature control 

7. Class light 

8. Traction motors 

9. Engine condition 

10 . MU-2 valve 

11 . Cutout valve 

12 .  Windshield 

13. Exterior lights 

14 . Headlights 

21 
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Table 6. 

FEATURE 

SECONDARY D ISPLAY AND OVERHEAD PANEL 

ITEM RATING MED IAN l10DE RANGE 
1 2 3 4 5 6 7 

, 
RAD IO** - 2 3 2 - 1 4 4.0 7 2-7 

TRAIN 
HANDLING 
D ISPLAY * * - 1 1 1 1 1 7 6.6 7 2-7 

ANNUl�C IATOR 
PANEL - - - - - 1 10 7.0 7 6-7 

OVERHEAD 
CONTROL 
PANEL * * - - 1 1 - 2 8 6.7 7 3-7 
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15. Panel and instrument lights 

16. Remote consist control. 

Most of the engineers liked the idea of having all of the annunciators in 
one location within their field of view. Only one man preferred them on 
the rear wall where he was accustomed to them. One man had the idea of 
dividing the functions into three vertical columns. The first column would 
contain annunciators indicating malfunctions that required almost immediate 
action such as wheel slip, brake warning, PC light, etc. The second column 
would cover items possibly requiring a response that would be deferred such 
as hot engine. The third column would consist of maintenance advisory 
annunciators signaling malfunctions such as clogged filters. One man 
thought that the covered maintenance advisory lights should be relocated to 
a maintenance panel and not be at the engineer's work station at all. The 
men were queried to determine their attitudes concerning inadvertant move
ment of the locomotive when the hand brake light is on. Three options were 
offered to them. 

1. Bell sounds when generator field switch is energized 
. 

2 .  Bell sounds when throttle is opened to notch 1 and power is obtained 

3. Bell sounds when throttle opened and no power is obtained. 

Most of the men when asked this question stated that they preferred that no 
diesel power be allowed to develop when the handbrake is on. One man 
wanted a bell to sound when the handbrake is on and the generator field is 
energized. 

Finally, one man suggested that the annunciator panei display all malfunctions 
for all locomotives in the consist. 

The radio was of considerable interest to the men. All of them liked the 
location but some downgraded it for differing reasons. It was necessary to 
explain to the men that the ·cab would be much quieter than the ones they 
were accustomed to. Therefore, there would be little, if any, ambient 
noise to interfere with normal communications. If this were the case, the 
man preferred a push to talk built-in microphone to the present handset 
because someone always wants to talk during high workload period. It was 
also pointed out that if a handset was used that it should be on � theft
proof cord such as that found on public telephones. A handset, as shown 
in the present design, was deemed acceptable for use by other occupants of 
the cab if necessary. During discussions of railroad communications some 
men commented on the quite noticeable lack of communications discipline. 
They felt the radio, in practice, was used like a citizens band and·ex
traneous chit-chat should be eliminated. Many men also felt that only the 
engineer should have access to the radio. However, when they were reminded 
that there is a genuine need for other trainmen to have access to the radio 
in a freight locomotive cab, they agreed that a duplicate radio should be 
present in the left seat. One man commented that there should be separate 
passenger and freight channels and disciplined communications channel usage. 
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A final comment was that the possibility of using a beeper to page the 
engineer should be explored with a floor mounted push-to-talk control. 

The train handling display was unfamiliar to the men. They expressed great 
interest in its operation, and all felt that they would have to get used to 
it. Some men felt that it would be useful as a training device but would 
be turned off when the engineer became familiar with the territory. One 
man thought the device would be misused by management in that inexperienced 
men would be expected to use it1and rely on it. 

The issue was also raised as to why the train handling display couldn't 
move vertically from bottom to top instead of left to right. Finally, one 
man noted that the CRT would be a good place to display the cab signals. 

The majority of the subj ects generally like the overhead control panel. 
Men who wore bifocal glasses commented that, with the size lettering provided 
and the lighting, that they had no difficulty reading the panel legends 
even without their glasses. Most men commented that they wanted the sliding 
switches turned 180 degrees so that the "ON" position was up rather than 
down as they are now. Some wanted the headlight dimming function moved 
from this panel to the main control panel and some wanted a foot button 
similar to an automobile with an indicator light. They commented that 
they liked the overhead panel as long as the switches provided were those 
that seldom have to be used. Some expressed the desire to be able to 
configure the locomotive rear class lights while seated oat the codtro1 
stand. One man noted that the positions of the dynamic brake cutout switch 
were reversed. He recommended that all slides switches be in the on or off 
positions. The men liked the MU-2 set up switch in preference to wordy 
placards. As the men were not familiar with remote consist operations 
these functions were not evaluated. 

4.4 REVERSE CONTROL PANEL 

Figure 8 shows the arrangement of the functions on the reverse control panel. 
Not shown are a horn and bell mounted on the right side. The functions are 
listed below and the individual ratings shown in Table 7. 

l. Train brake 

2. Independent brake 

3 .  Throttle 

4. Emergency stop 

5. Direction lever 

6. Horn 

7 .  Bell 

8. Light. 
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Table 7. 

FEATURE 

REVERSE CONTROL PANEL 

ITEM RATING MEDIAN I MODE RANGE 
1 2 3 4 5 6 7 

EI4ERGENCY STOP 
PUSHBUTTON·· 1 - - - - 1 10 6.9 7 1-7 
DIRECTION . 
LEVER·· - - 1 1 2 2 6 1).5 7 3-7 
TRAIN BRAI(E 
CONTROL·· - - 1 3 - 2 6 6.5 7 3-7 
RELEASE DETENT - - - 2 - 2 8 6.7 7' 4-7 
MINIMUM 
REDUCTIOl.J 
DETENT - - - 3 - 2 7 6.6 7 4-7 
SERVICE RANGE 
POS ITION - - - 3 1 1 7 6.6 7 � 4�7 
FULL SERVICE 
POSITION - - - 3 - 2 7 6.6 7 4-7 
INDEPENDENT 
BRAKE CONTROL - - - 1 - 2 9 6.8 7 4-7 
EMERGENCY 
RELEASE 
POSITION·· 1 - - - - 2 7 6.8 7 1-7 
AUTOMATIC 
RELEASE 
POSITION·· 2 - - - - 2 6 6.7 7 1-7 
RELEASE 
POSITION - - - 1 - 2 7 6.8 7 4-7 
SERVICE RANGE 
POS ITION - - - 1 - 2 7 6.8 7 4-7 
FULL SERVICE 
POSITION - - - 1 - 2 7 6.8 7 4-7 
PANEL POWER 
IUDICATOR 
LIGHT - - - 1 - 2 9 6.8 7 4-7 
THROTTLE 
CONTROL·· 1 - - • 1 - 2 8 6.7 7 1-7' 

... 
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The reverse control panel was generally well received. However, some men 
were concerned that even though the panel was not designed for general 
main line reverse running, they would be expected to operate the locomotive 
over an entire division with this panel j ust because of its presence. The 
limited operation possible with this panel should preclude such an expect
ation. Most men felt that the handles were a little small . One man 
severely downrated the panel because he thought the emergency stop push
botton should be located on the opposite side of the panel. Several men 
stated that due to the convenient location of main controls, when leaning 
out the side windown and looking back, the panel was unnecessary. Several 
men indicated that the automatic release position and the emergency release 
position were not needed in this application. The same man who noted that 
the power settings on the main control panel were reversed from what he is 
accustomed to, downrated the throttle on the reverse control panel for the 
same reason. 

In the event of a failure the functions implemented on the panel should 
fail safe. The suppression position of the train brake lever is not needed 
because ATe is inoperative when pushing freight cars. 

As stated earlier the movement of the locomotive, particularly in yards," 
must be accomplished very carefully. While the panel was in use the men 
were asked if they preferred labels such as forward and reverse in addition 
to or in place of the lighted arrows. The men could foresee no problems with 
the arrows alone. However, when given a hand signal to backup - that is 
move in the direction of the long hood - he pulled the reverser toward him 
thus initiating movement in the no hood direction. This could be dis
asterous in an operational situation. Therefore, it should be emphasized 
at this point that the men must be absolutely familiar with this and any 
other new device. Moreover, control devices must be designed such that an 
error is not catastrophic. 

4. 5 TRAINMAN CONSOLE 

Figure 9 shows the functions on the trainmen's (brakeman's) console. The 
individual ratings are shown in Table 8 and are as follows : 

Speedometer Dial Heating/Air Conditioning Switch 

Cab Signal Indicator Emergency Brake Valve 

Lighting Switch Communications Handset 

The speedometer dial at the trainmen's work station was j udged by some men 
to be unnecessary , and therefore, it was downrated. The cab signals 
elicited much the same comments as those previously noted, and those had 
to do with concern that they were not correct aspects and not located high 
in the center of the cab as they were accustomed to. 
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Table 8. 

FEATURE 

TRAINMAN CONSOLE 

ITEM . RATING l.fEDIAN 140DE RANGE 
1 2 3 4 5 6 7 

SPEEDOMETER -

DIAL * *  2 1 - 1 1 1 6 6.5 7 1-7 

CAB S IGNAL 
INDICATOR* * 4 - 2 1 - - 5 3 . 5 *  7 1-7 

LIGHTING 
Sl'lITCH * *  - 1 - 1 1 3 6 6.5 7 2-7 

HEATING/AIR 
CONDITIONING 
Sl'1ITCH* 1 - - - - 1 9 7 . 0  7 1-7 

EMERGENCY 
BRAI{E VALVE - - - 1 - - 1 1  6.9 7 4-7 

COMl<1UNICATIOU 
IWlDSET** 2 1 1 1 - 1 6 6.5 7 1-7 
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The lighting switch was downrated as being nothing new. 

With ode exception, all of the men approved the independent heating and 
air conditioning control at the left-seat work station. The exception 
preferred that the environmental control be under the sole management of 
the engineer. 

The emergency brake valve (not shown in the figure) was acceptable to all 
of the man. 

The communications handset was discussed previously. 

4 . 6  MOCKUP REAR WALL 

Figure 10 shows the mockup rear wall and the ratings of the facilities 
provided are shown in Table 9 .  

The men were generally pleased with the cab facilities. The trash container 
was downrated because some men wanted it located within reach of the en
gineer. They felt no one would open it in its present location. One man 
pointed out the importance of designing it for ease of removal to empty it. 

The storage compartment was generally acceptable. There was agreement 
among the men that it should be lighted. The men were divided regarding 
shelves and cost hooks versus bars and hangers. 

The men all liked the lavatory compartment although one man was concerned 
about the proximity of the fuse panel near a water faucet. The men were 
assured that the compartment would have a light. One man suggested that 
toilet seat covers be provided. 

The men all liked the food storage refrigerators. 

The drinking water compartment provoked some interesting comments. One 
man thought the door should have a positive lock not a magnetic gasket. 
Some men felt that a separate water dispenser was unnecessary or even down
right undesirable. They would like the water in a container in the refriger
ator. The men thought that the container should not be plastic as the 
flavor of the plastic may be fmparted to the water after a period of tfme. 
The fusee rack and torpedo holder were generally j udged to be in a good 
location. However, some downrating occurred because some of the men wanted 
fusees in a dispenser that allowed the crew to see how many remained. 
One man noted that no provision was made for stowing a red flag. 

4. 7 EMERGENCY PROVISIONS 

Table 10 shows the ratings of the mockup emergency provisions. The two 
rear doors shown in Figure 10 were very favorably received and no problems 
were forecast concerning exiting the cab in an emergency situation. One 
man pointed out that the door mouldings should be rounded to make it 
easy to sweep out the cab. 
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Table 9. 
--

FEATURE 

CAB FACILITIES 

ITEM RATING ME DIAN MODE RANGE 
r i - 3  4 5 6 7 

TRASH 
CONTAINER"! * 2 - 1 1 - 1 7 6 . 6  7 1-7 

� 
STOWAGE 
COMPARTMENT - - - 1 - 3 2 6 6 . 5 7 4-7 • 

LAVATORY 
COMP ARTlofENT - - - - - 1 11 6 . 9  7 6-7 

FOOD STORAGE 
REFRIGERATOR - - - - - 1 1 1  6 . 9  7 6 -7 

DRIUKING 
WATER 
COMP ARTl.fENT* * 1 - 1 2 1 3 4 5 . 8 *  7 1-7 

FUSEE AND 
TORPEDO 
HOLDER* * - 1 1 1 1 1 7 6 . 6  7 2-7 

34 



--

Table 1 0. 

FEATURE 

EMERGENCY PROVIS IONS 

ITEM RATING MEDIAN !-IODE RANGE 
1 2 3 4 5 6 7 

REAR DOORS - - - - - 2 8 6.9 7 6-7 

S I DE 
WINDOWS ·· 1 - - 1 - 1 9 6.8 7 1-7 

FRotiT 
WINDSHIELDS " 1 1 - - - 1 9 6.8 7 0 1-7 

ROOF HATCH · ·  1 - - - - 2 8 7.0 7 1-7 

FIRE 
E XTINGUISHER 
LOCATIOU · ·  - 1 - - 1 2 8 6.7 7 2-7 

FIRST AID 
KIT LOCATIon· · - 1 - 1 - 2 8 6 . 7  7 2-7 
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The side windows were well received. The low rating was assigned because 
although the windows are large enough to escape through they were too high 
from the ground. The concern about jumping from a high place with the 
potential for serious injury is a very real one. 

Most of the men rated the front windshields favorably for escape. Two men 
were very concerned that the push out feature of these windows would compro
mise window integrity in the event of an impacting object . 

The roof hatch was rated highly by all the men except one who thought that 
it was unnecessary. It should be noted that the engineers were told that 
instructions for removing the hatch would be printed both inside and outside 
of the cab either directly on the hatch or in close proximity . 

The location of the recessed fire extinguisher was acceptable although one 
man did not want it in the cab at all . 

Most of the men liked the location of the first aid kit in the lavatory com
partment where they felt it was less likely to be stripped . One man wanted 
it in the cab compartment where the fire extinguisher is located . 

4. 8 VISIBILITY 
. 

Table 11 shows the ratings of the cab windows for visibility. As" shown in 
the table entries the windows were rated favorably for visibility. Several 
men recognized that although the windows in the rear doors were larger than 
those found in today ' s  production cabs they were further back and thus the 
apparent size was the same and rated them accordingly. 

When the test plan was written, provision was included to perform a visi
bility test. It was planned to place simulated visual targets around the 
cab at various heights and distances to represent the visual environment. 
This plan was abandoned because the visibility from 'the mockup was judged 
vastly superior to that found in today' s  diesel electrics by experienced 
railroad personnel who had visited the mockup prior to the test program. 
This judgment was substantiated by the favorable ratings . 

4. 9 MISCELLANEOUS 

Table 12 shows the individual ratings of the following items : 

1. Horn (floor) 
2 .  Horn (reverser) 
3. Bell (reverser) 
4 .  Overall mockup rating. 

The horn is a floor mounted control positioned for actuation by the engi
neer's left foot. The horn location was favorably received by most of the 
men . One man wanted the horn to be hand operated and located on the main 
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Table 1 1 . 

FEATURE 

VIS IB ILIty 

ITEM RATING ME DIAN MODE RAUGE 
1 2 3 4 5 6 7 

LEFT SIDE - - - - - 1 9 6 . 9 7 6-7 
WINDOW 

LEFT FRONT - - - - -

WINDOW 
1 0 10 7.0 7 6-7 

RIGHT FRONT - - - - - 1 9 6 . 9 7 6-7 
WltmmoJ 

RIGHT S IDE - - - 1 - 1 9 7.0 7 4-7 
WIUDOW 

REAR - - - 2 - 2 7 7.0 7 4-7 
1'1INDOW 
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Table 1 2. 

FEATURE 

MISCELLANEOUS 

ITEM RATING MEDIAN MODE RANGE 
1 2 3 4 5 6 7 

HORN * *  - 1 - 2 1 2 6 6.5 7 2- 7 
(FLOOR) 

� 

• HORtl 
( REVERSER) - - - - 1 2 9 6.8 7 5- 7 

BELL* * 
( REVERSER) 1 - - - 1 2 8 6.7 7 1- 7 

OVERALL 
RATING - - - - - 4 8 7.0 7 6- 7 
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control panel. Some interesting ideas were discussed 'concerning this device. 
Some of the men stated a preference for a two position control that would 
permit them a high intensity sound or a low intensity sound to be used when 
passing through residential areas. Some were against this provision. ·  . They 
wanted a single loud position. The men were also divided in their opinions 
on whether the bell should come on automatically when the horn was turned on 
or whether they should be independent. One man stated that the locomotive 
should · not be equipped with a bell because a bell does not attract attention; 
it should be replaced by a very loud unfamiliar siren . Upon questioning many 
men stated that they would like the horn to come on at the end of the loco
motive leading the direction of travel .  

One man did not see the need for a bell control o n  the reverser. 

The overall ratings shown in the table reflect the men 's  opinaons of the 
overall design concept which, as shown in the table, were quite favorable . 
It is clear at this point that the preliminary mockup evaluation and test 
program developed a great deal of information and insight into the nuances 
of a human-factors locomotive cab design that should prove quite valuable 
during subsequent design development . 
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5 .  CONCLUSIONS AND RECOMMENDATIONS 

The tes t results presented in this report should be interpreted and applied 
very cautiously. The small sample size used precludes generalizations to 
engineers nationwide . The general lack of familiarity with mountainous 
terrain and remo te controlled slave locomotives should be considered as well 
as the typical operating environment .  It should a1so

'
be recognized that the 

mockup evaluation and test program was a very preliminary study with two 
principal obj ectives . The firs t was to gain an understanding of the problems 
facing the locomotive engineer in a complex modern operating environment in 
the context of a user evaluation of a potential cab design . The second was 
to develop a methodology for assessing new cab des ign concepts and defining 
problem areas . 

Regarding the firs t point , although the new cab was liked by all the men , it 
is clear that extensive evaluation by engineers is an essential element in 
the design process during preliminary design programs . The men were gener
ally enthusiastic and interested in the des ign . The favorable attitudes and 
high ratings , however ,  may be influenced in part by the novelty of the con
cept and tes t situation thus generating a halo effect .  

This phenomenon is widely recognized in the .behaviora1 sciences and has been 
extensively discussed in the literature . This phenomenon can be generally 
defined as a measurable positive change in attitude or behavior as �a function 
of special attention and interes t that occurs independently of the specific 
test situation. The possibility that the halo effect contributed in part to 
the ratings cannot be discounted in the present study . However ,  it is con
cluded that the ratings do reflect 'real differences in attitudes toward both 
existing designs and the new design concept . This conclusion is based on 
the detailed examinations of the comments made concerning the reasons any 
particular rating was given, either high or low . The men had very logical 
reasons in most cases . 

It should be pointed out , too , that when the engineer assigned a rating to 
an item the rating was entered on the form by the tes t conduc tor. This pro
cedure was followed because it was assumed that it would keep the conversation 
going which for purposes of the preliminary study was a significant source of 
information to supplement the absolute value of the assigned rating . However , 
again a potential bias may have been introduced into the results becaus e it 
could equally be assumed that had the engineer filled out the rating sheet 
privately both the ratings and the comments may have been quite different. 
Although every effort was made to remain obj ective and keep conditions as 
constant as possible during the tes t program the research team was also 
strongly motivated and deeply interested in the program. 

As a final comment on the tes t procedures it should be noted that the tes t 
team was also learning as the evaluations progressed . For this reason a 
decision was made to avoid being so rigid as to preclude developing new in
formation and modification of procedures if the si tuation clearly warranted 
it . 
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The seating in the mockup consisted of two high back chairs on pedestals that 
rotated , were adj us table up and down and forward and backward . The armres ts 
could be lowered for quick eXit from the chair . These chairs are manu
factured by the Freedman Seating Company of Evans ton, Illinois . All of the 
men liked these seats . The seats were no t formally evaluated for two reasons . 
Firs t ,  the mockup seats used were a tes t expedient to facilitate the tes ts .  
Although they approximated the functional requirements es tablished for 
seating during design development they were clearly no t suitable for the 
rugged cab environment . Second , the Association hf American Railroads was 
concurrently performing an engineer field . evaluation of two seats they have 
had developed for locomotive cab use .  The results of these tes ts mus t be 
aWaited prior to making a final determination on a suitable s eat . 

4t is recommended that the mockup evaluation and tes t program be extended 
to include a geographically representative sample of personnel , possessing 
a wide range of operating experience over a variety of train make up , ter
rain and train handling situations . The test program should also include 
additional crewmembers such as firemen and brakemen to evaluate the train
man ' s  work station at the left side of the cab . The seven point rating 
scale should be modified to include items such as pneumatic control valves . 
In addition , it is recommended that a supplementary ques tionnaire/ survey 
form be developed . This feature is important because there are significant 
features of cab func tions that do no t lend themselves to the rating format 
but rather to a multiple choice format . For example ,  the horn button that 
is now in the cab mockup was rated highly in its present location . However,  
additional information should be developed - should the horn have two posi
tions - a high intensity position and a low intensity posi tion for use in 
residential areas - or should it modulate from low intens ity to high inten
si�y? The extended mockup tes ting cons titutes a logical extension of the 
design development process by providing an addi tional opportunity to per
form a des ign iteration based on a representative sample o f  user performance 
and preference . This is important because the design can be easily modified 
as new functions are recognized on the drawing board prior to commitment 
to hardware development . A second advantage of extending the tes t program 
is to fine tune the cab evaluation techniques so that they could be used 
during an operational tes t and provide a tool suitable for predicting oper
ator field performance . Finally ,  it is recommended that a field survey of 
engineers be undertaken nationwide . This could be accomplished by vis iting 
all of the Class I railroads with all of the briefing materials used during 
the present tests plus the revised rating forms and new ques tionnaire . 
Groups of engineers would be assembled and the material presented via slides 
and viewgraphs . They would then be required to fill out the forms . There 
are two advantages to doing this . The exposure of the concept could b e  
significantly increased very economically and additional inputs could be 
received by making the same presentation to railway operating officers . 

Finally , on the b asis of the evaluation and tes t to date , some �reliminary 
recommendations can b e  made on modifying the locomotive cab des ign described 
in Report No . 0339-100 17-1, Locomotive Cab Design Development , Volume II , 
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"Analys is of Cab Environment and Development of Design Alternatives" .  
These recommendations are listed below with a b rief statement o f  the reason 
for selection. 

Main Display Panel 

1 .  The timer should be relocated t o  the secondary display panel and 
the cab signals expanded to five larger aspects with a lamp push 
to test feature. The five signal aspects will fulfill two require
ments . Firs t ,  all of the signaling sys tems used on maj or rail
roads can be accommodated with this design. Second , expansion of 
the cab signaling display capability provides some designed-in 
flexibility for assessing new s ignaling concepts if necessary. 

2 .  A master caution annunciator should b e  added , located to the upper 
left of the equalizing reservoir/brake pipe pressure indicator . 

3. The air and emergency b rake venting annunciators should be located 
to the left of the equalizing res ervoir/brake pipe pressure in
dicator and centered among the air gauges . This will keep the 
cab signals and annunciators as separate as practical for maximum 
discrimination . 

Main Control Panel 

1 .  

2 .  

3 .  

4 .  

5. 

A guarded , lighted pushbutto� should be added in the upper left 
hand corner . This button should be labe�d equalizing reservoir . 
Lifting the latch and depressing the button would allow the 
equalizing reservoir to b leed to zero . This feature is accom
plished in the "HANDLE OFF" position in today ' s locomotives . The 
new design does no t have this position on the train brake control 
therefore an additional function is required . 

The headlight set up control , including dimmer , and headlight slew 
switch should be relocated from the overhead panel to the left 
hand side of the main control panel . 

The throttle/dynamic brake interlock should be changed to an 
illuminated pushbutton (guarded) and located to the right of the 
wheel . 

An acknow1edger should be added located near the bottom of the 
panel and to the right of the throttle/dynamic brake . 

Two swit.ches should b e  added near the bell to provide the engineer 
with selectable options for sounding the horn and bell either 
independently or together and modulating the horn .  
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S econdary Display Panel 

1.  Add timer between caution annunciators and communications set . 

2 .  Convert communications handset to push to talk instead of handse t .  

Secondary Control Panel 

1.  Relocate remo� control unit from the overhead panel and place 
next to the primary control panel for ease of us e .  These are 
critical controls when this mode of operation is employed . Eli
minate the drawbar force indicator . This information is available 
on the train handling display on the secondary display panel .  

2. Add ash tray and permanent clip for paperwork , and recessed coffee 
cup holder . 

3.  Provide enhanced lip at bottom to prevent items from rolling off . 

Overhead Panel 

1 .  Delete remote control unit.  

2. Relocate functions to take advantage of this additional space and 
reduce panel size . 

General Interior 

1 .  Provide light switches at entrances to cab (j ust inside door) and 
inside lavatory , storage compartment and cooler. 

2. Eliminate water dispenser and make provisions to provide water in 
containers for storage in the coo ler. 

3. Move fuse and circuit breaker panel from lavatory to rear wall . 

4 .  Reverse locations of trash container and fuse holder . 

5 .  Extend engineer ' s  footres t the entire length o f  console and add 
footrest at trainman ' s  console. 

A s ignificant problem area was discovered during the tes t  and evaluation 
program . The train brake control in the locomotive cab mockup does not 
have a "HANDLE OFF" position such as is now provided on the s tandard AAR 
air brake control stand .  When the brake pipe on freight trains is charged 
to a pressure greater than 80 psi a full service reduction cannot be achieved 
because brake valves are cammed for a maximum 23 psi reduction in full ser
vice regardless of the initial charge in the brake pipe . Full s ervice is 
defined as the application of the automatic air brake to the pOint where the 
auxiliary and brake cylinder pressures are equalized . The following table 
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shows the relationships between the initial brake pipe pressure (BP) , brake 
pipe reduction (BR) to ob tain equalization and service equalization pressure 
(SEP) • 

BP (PS I )  BR (PS I )  SEP (PS I )  

110 3 2  7 8  

10 0 2 9 7 1  

9 0  2 6  6 4  

8 0  2 3  5 7  
I 

7 0  2 0 5 0  

T o  achieve an over reduction , that is , brake pipe reductions o f  26 , 29 and 
32 psi with present brake systems , the engineer mus t place the automatic 
brake handle in the "HANDLE OFF" position . Mos t  of the northeast corridor 
engineers who participated in the present inves tigation had occasion to use 
this position but did not mind its absence • .  One engineer had worked freight 
over the mountain area near Harrisburg and insis ted that it be included . 
The officers from the Chessie Sys tem considered the over reductio� feature 
mandatory . The Southern Pacific was queried and replied that they do not 
recommend the procedure but state how to do it in their operating manual . • 
The real problem seems to be that the present day automatic brake valve , 
des igned in the early 1950 ' s , was set up for a brake pipe charged to 7 0  
psi . At any setting higher than 8 0  psi the over reduction position is 
necessary to obtain full equalization since railroads seldom use the 70 
psi brake pipe setting today. The trend is toward higher initial settings . 
The engineer will be required to employ the over reduct ion position more 
frequently for initial terminal air brake tes ting and while nego tiating 
maj or downgrades . 

It is concluded that a new approach is required and therefore the following 
human factors recommendation is made. Two bugs should be added to the 
equalizing reservoir/brake pipe pressure indicator as shown in Figure 11 . 
The mas ter bug would be adj ustable along the indicator bezel from 70 to 
110 psi .  By setting the bug at the particular pressure at which the brake 
pipe is charged ,  the engineer would initiate a command Signal to the air 
brake circuitry logic to set up for full equalization according to the 
table presented above . In the sketch the master bug is set at 80 ps i .  The 
slave bug shown in the sketch is linked to the master bug and moves with it.  
It indicates the service equalization pressure which in the example is  57  
psi.  Full service equalization would always be achieved regardless of the 
initial brake pipe pressure setting when the train b rake is placed in the 
full service position. 
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The slave would track the mas ter in 7 psi increments or decrements for 
every 10 psi change in pressure setting . This concept is addi tionally 
attractive from a human factors s tandpoint because the service range is 
clearly delineated between the two bugs and therefore directs the engineers 
attention to the appropriate place to monitor his control inputs . 

This is shown by the shaded area in the sketch and will vary in magnitude 
as a function of the setting . Further research will be required of this 
concep t from human factors , safety , cos t ,  and reliability engineering 
disciplines . 
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1 .  INTRODUCTION 

DOT/TSC is funding a program to des ign and develop a modern cab for line 
haul freight locomotives . A full scale mockup of the locomotive cab was 
built . The mockup will be used to demonstrate that the cab meets or exceeds 
all human factors criteria for work station design , habitability and occu
pant protection and that all functional requirements are met . The mockup 
tests are a logical extension of the design development process . It is the 
first opportunity to perform a design iteration based on an analys is of user 
performance and preference. This is important becaus e ,  if des ign deficien
cies exist or additional concepts need to be tried , modifications to the 
design can be made and evaluated using partial simulation techniques prior 
to committing to a prototype cab . The second purpose of the tes t program is 
to gain experience in the techniques of cab evaluation . Preliminary data 
will be refined and approaches developed that could be applied in a dynamic 
or operational tes t environment .  

A mockup evaluator and data form were devised . Their purpose is to provide 
a standardized format for eliCiting the engineer ' s opinions and recording 
the data. The data will be used to troubleshoot the design , identify prob
lem areas , take corrective action where appropriate , and gain some prelimi
nary understanding of cab evaluation techniques . 
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2 .  TEST SITE 

The mockup evaluation will be conducted at Boeing Vertol. The mockup will 

be mounted on a wooden platform ten feet wide, twenty feet long and five 

high to locate i t  at the proper operational height above the rails . A 
sketch of the mockup mounted on the platform is shown in Figure A-I . 

The platform will be placed over a section of track located within the 

Boeing Vertol facility, as shown in Figure A-2 to provide some visual 
realism. 

-

1IIIIIIiIoI� .... '. . ..• "-

Figure A-f. Mockup Installation 
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Figure A-2. View from Engineer's Seat 
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3 .  PERSONNEL 

The Penn Central Transportation Company has provided Boeing Vertol with a 
list of twelve qualified enginmen who have expressed interes t in partici
pating in the program. These are all highly qualified enginmen who presently 
operate or supervise trains in high-speed passenger service in the Northeas t 
Corridor .  They represent a cross section o f  enginmen from as far north as 
the New Haven Line, Harrisburg Dis trict , Washington, New York and Philadelphia .  i 
Some of the individuals listed are officers of the Union as well as engine- ' I 
men and others are officers of the Company . Although the number is small 
from a statistical standpoint it should be sufficient for the initial pre-
liminary evaluation due to the high levels of experience represented by the 
participants . 
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4 .  METHOD 

The preliminary assessment of the locomotive cab mockup will be done in the 
following sequence : 

1 .  Pretes t briefing 
2 .  Tes t and evaluation 
3. Post-test debriefing. 

4 . 1  PRETEST B RIEFING 

The engineer will be briefed upon arrival at the test site. The briefing 
will cover three areas : 

1 .  Introduction 
2 .  Familiarization with mockup concepts 
3 .  Test instructions . 

4 . 1 . 1  Introduction 

The introduction will be structured to o rient the engineman to the 
locomotive cab deve lopment program. To provide an appropriate tes t  
response set , i t  will b e  explained that the new cab design i s  being 
developed as part of a research program to evaluate new concepts in 
display/ control design, operating procedures and general working and 
living environment. It will be emphasized that the engineman is not 
the obj ect of the tes t and that it is his experience in existing cabs 
that provide the necessary expertise to further develop the design 
concept along realistic lines . He will be encouraged to consider 
that some day he may have to operate a locomotive from a new cab derived 
from the present design and therefore to be candid during his critique. 

4 . 1 . 2 Familiarization with Mockup Concepts 

The second part of the prebriefing will consis t of an introduction to 
the new design concept .  Briefing materials will be prepared and will 
include photographs , sketches and the Operator ' s Manual . The engine
man ' s attention will b e  directed to the similarities and differences 
between the new design and cabs he is accus tomed to . 

4 . 1 . 3 Test Ins tructions 

The third part of the prebriefing will consist of an explanation of 
the test instructions . The engineman will be ins tructed to inspect 
all of the mockup features . He will be required to perform the pro
cedures contained in the operator ' s manual ; that is , pre-run , running 
and post-run procedures . Upon completion of the mockup inspection and 
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procedural review , the engineman will be given a rating scale for 
evaluation of the cab features . (The scale is discussed in Section 
4 . 2 . 2 . )  The features to be evaluated have been organi zed into the 
following categories : 

a .  Main control panel 
b .  Main display panel 
c .  Secondary display panel 
d.  Annunciator panel 
e .  Overhead panel 
f .  Remote control panel 
g .  Reverse control panel 
h .  Left seat controls and displays 
i .  Cab facilities 
j .  Emergency provisions 
k. Visibility 
1 .  Seating 

The ratings will be done in the mockup to provide the engineman the 
opportunity for more detailed inspection of a feature before assigning 
a rating . 

4 . 2  TEST CONDITIONS 

Two tes t conditions will be employed . These are : 

1 .  Visibili ty tes t 
2 .  Mockup evaluator 

4 . 2 . 1  External Visibility 

External visibility from the cab mockup will b e  assessed by placing 
visual targets at various heights and dis tances around the cab . The 
engineer will be ins tructed to observe the visual field as he normally 
does and report the location of each target .  The targets will be 
selected and located in a manner that is representative of the railroad 
environment . The . test conductor will record the number and location of 
detected targets . 

4 . 2 . 2  Mockup Evaluator 

A mockup evaluator was prepared to standardize the evaluation as shown 
in the following pages . The evaluator will be used as an ins trument to 
gather the information based upon which subsequent analysis will be 
made . The evaluator form is in three parts : The mockup item to be 
rated , a rating s cale and a place for the engineman to explain why a 
particular rating was ass igned . The rating scale j s  a seven point 
s cale where a I on the scale means very hard to use while 7 indicates 
very easy to use .  As a benchmark , the engineman will be ins tructed ' to 
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assign a rating with respect to typical cabs he is used to . After 
assigning a rating , the engineman will be ins tructed to explain why 
he assigned that particular rating in the comment column of the 
evaluator.  

The engineman will be asked to make a final overall evaluation after 
completing the detailed evaluation . Employing the same seven point 
scale he will be asked to rate the overall cab wi th respect to what 
he is used to . 

4 . 2 . 3  Debriefing 

upon completion of the mockup ratings the engineman will be deb riefed . 
He will be provided the opportunity to critique the design approach in 
its broader aspects , sugges t improvements in the present design and 
areas where further inves tigation may be required . 
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Weight 

CAB MOCKUP 
EVALUATION FORM 

Height 

Years of Experience as an Engineman : 

Locomotive Experience 

GE GM 

Test Director Date 
------------------------------
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.. � -

./ 



>. N I-' 

HAI�: CONTROL 
P�'IEL ( Cont ' d )  

ITEM 

� 6 . Reverse 
Posi tion 

2 7 .  Emergency 
S top 
Button 

-

2 8 .  Bell 
Pushbutton 

2 9 . Conso le Lock 
Pushbutton 

30 . Feed Va lve 
Knobs 

1 2 

1 2 

1 2 

1 2 

1 2 

, .  

RATING COMMENT 

3 4 5 6 7 

.. 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

. 

3 4 5 6 7 

. 

913 C!:..B MOCKUP EVALUATOR --



=r N N 

�·tAI=: D I S P L.;\Y 
P;�:!EL 

ITEM 

l .  Brake P ipe 
Air Flow 
Dial 

2 .  Main Reservoir 
Pressure 
D i a l  

3 .  Equa l i ze r  
Reservoir 
Pres sure/Brake 
Pipe Pressure 
Vertical S ca le 

4 .  Brake Cy linder 
Pre s s ure 
Dial 

5 .  Brake 
Condit ion 
Ann un ciators 
Lights 

- - - ------

1 2 

1 2 

1 2 

1 2 

1 2 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

. 

3 4 5 6 7 I 
, 

-

--
913 CAB MOCKUP EVALUATOR 

' .... 



:r N W 

MAI:� DISPLAY 
PAnEL ( Cont ' d ) 

ITEM . 

6 .  Speedometer 
Dia l 

7 .  Cab signa l s  

. 

8 .  Power/Drawbar 
Force Dual 
Pointer 
Dial 

9 .  Timer 

10 . Start 
P ushbutton 

1 2 

1 2 

1 2 

1 2 

1 2 

, .  

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

. 

3 4 5 6 7 

. 

913 , 3  MOCKUP EVALUATOR 
--
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�,LZ·.\.I:l D I S P LAY 
PA:IEL ( Cont ' d ) 

ITEM 

�1 . S top 
Pushbutton 

2 .  Reset Function 
to Z ero . 
E l apsed Time 
Readout . 

� 3 . Mi les 
Ent ry 

p. 4 .  Speed 
Readout 

1 5 .  Con s i s t  
Alarm 
Annun c i a tor 

1 2 

1 2 

1 2 

1 2 

1 2 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

I 
I 

. 

3 4 5 6 7 
" 

. 

. � -

913 CAB MOCKUP EVALUATOR 
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SECO!1DARY DISPLAY 
PANEL 

ITEM 

l .  Radio 

2 .  Channel 
S elector 

. 

3 .  Volume 
Swi tch 

4 .  Handset 

5 .  Train 
Handling 
Disp lay 

1 2 

1 2 

1 2 

1 2 

1\ 

1 2 

, .  

RATING COMMENT 

I 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

. 

3 4 5 6 7 

. 

3 4 5 6 7 I 
I 
I 

I 
-

I 

913 CAB MOCKUP EVALUATOR 
"-



> J N en 

SL:CONDARY DISPLAY 
PA.:.EL ( Con t ' d ) 

ITEM 

6 .  Grade 
D i splay 

7 .  Dra ft/Buff 
Display 

8 .  Brake P ipe 
Pressure 
Gradient 
Display 

9 .  Curva ture 
Display 

10 . ON-OFF 
Switch 

1 2 

1 ' 2  

1 2 

1 2 

1 2 

.. 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

I 

. 

3 4 5 6 7 
. 

. 

- - -

913 CAB MOCKUP EVALUATOR 
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=r N '-I 

SECm1DARY DISPLAY 
PANEL ( Cont ' d ) 

ITEM 

11 . Con tras t  
Contro l  

12 . Brightness 
Control 

. 

RATING 

1 2 3 4 

1 .  2 3 4 

1 2 3 4 

1 2 3 4 

1 2 3 4 

, 0  

COMMENT 

5 6 7 

5 6 7 

5 6 7 

5 6 7 

. 

5 6 7 

. 1 I 
'--

913 CAB MOCKUP EVALUATOR 
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Amnr.IC IATOR 
PAnEL 

ITEM 

1 .  Traction 
Motor 
Hot 

2 .  l'lhee l  S lip 

3 .  Overspeed 

4 .  Excita tion 
Limi t Fa i l  

5 .  Pneumati c 
Con tro l 
Switch Open 

1 2 

1 2 

1 2 

1 2 

1 2 

. ' 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 

-

3 4 5 6 7 

-
3 4 5 6 7 

. 

3 4 5 6 7 
, 

--
913 CAB MOCKUP EVALUATOR 

�l 



=r N \0 

}UI�im1CIATOR 
PA�JEL ( Cont ' d ) 

ITEM 

6 .  Crank case 
Oi l Pressure 
High 

7 .  Engine Hot 

. 

8 .  Uo Bat te ry  
Charge 

9 .  Oi l Leve l 
Low 

1 0 .  Blower 
Fai lure 

1 2 

1 2 

1 2 

1 2 

1 2 

. 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 " 

3 4 5 6 7 

3 4 5 6 7 

. 

3 4 5 6 7 

. 

913 CAB MOCKUP EVALUATOR 
'-



� w o 

A!l�l mjCIATOR 
PA:lEL ( Cont ' d ) 

I I .  

12 . 

1 3 .  

1 4 . 

1 5 .  

- --

ITEM 

Fue l  
Pre s s ure 
Low 

Oil 
Press u re 
Low 

Turbo Oil 
P ump 
Fail 

Wa ter 
Leve l  
Low 

Hand Brake 

1 2 

1 2 

1 2 

1 2 

1 2 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

. 
. 

3 4 5 6 7 
. 

-

- - -

913 CAB MOCKUP EVALUATOR 

�. 
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�.:4�1UNCIATOR 
PfuiE L (Cont I d )  

ITEM 

1 6 . Lamp Test 
Pushbutton 

-

1 

1 

1 

1 

1 

RATING 

2 3 4 

2 3 4 

2 3 4 

2 3 4 

2 3 4 

COMMENT 

5 6 7 

5 6 7 

5 6 7 

5 6 7 

. 

. 

5 6 7 

. 

-
913 CAB MOCKUP EVALUATOR 



=r w N 

OVERP.E.�.D CO:ITROL 
p ]'l�rEL 

ITEM 

l .  Dynami c Brake 
Cutout 
Swi tch 

2 .  Genera tor 
F ield 
Switch 

3 .  Engine Run 
Switch 

4 .  Fue l  P ump 
Swi tch 

5 .  G round Re lay 
Rese t 
P ushbotton 

1 2 

1 2 

1 2 

1 2 

1 2 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

. 

3 4 5 6 7 
" 

. 

- - -913 CAB MOCKUP EVALUATOR 



IIj w w 

OVERHEAD CONTROL 
PA.:1EL ( Con t ' d ) 

ITEM 

6 .  Cab 
Temperature 
Cont rol 
Swi tch 

7 .  Air 
Conditione r 
Push button 

8 .  Heat 
Push button 

9 .  C las s 
Lights 
Selector 

1 0 . Traction 
Motor Cutout 
Swi tch 

1 2 

1 2 

1 2 

1 2 

. 

1 2 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 
, 

3 4 5 6 7 

3 4 5 6 7 

. 

3 4 5 6 7 

. 

913 CAB MOCKUP EVALUATOR 
"-



:r w � 

OVEREL.�D CO:'!TROL 
P .;,NE !.. ( Con t ' d ) 

I I .  

1 2 .  

1 3 . 

14 . 

1 5 .  

L.- �--

ITEM 

Engine 
Condition 
Swi tch 

MU-2 Valve 
Swi tch 

C utout Va lve 
Swi tch 

t'li ndshie1d 
Defog/Deice 
Swi tch 

Nindshie1d 
1-1iper/Wa sher 
Control 

- -�-- -

1 2 

1 2 

1 2 

1 2 

1 2 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

I I 
3 4 5 6 7 

. 

. 

3 4 5 6 7 
' j  

-

- - -

913 CAB MOCKUP EVALUATOR 
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,0 

OVERHEA D CO}lTROL 
PA!�EL (Cont i d )  

ITEM 

16 . Cab Dome 
Light 
Switch 

1 7 . Number 
Lights 
Swi tches 

1 8 . S tep 
Light 
switches 

1 9 . P la t form 
Lights 
Swi tch 

2 0 .  Spare 
Switch 

1 2 

1 2 

. 

1 2 

1 2 

1 2 

... 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 . 

3 4 5 6 7 

3 4 5 6 7 

. 

3 4 5 6 7 

. 

I 

913 C� MOCKUP EVALUATOR "-



:r w 0\ 

0VERIIr:AD CO:;TROL 
PA�IEL ( Con t ' d ) 

ITEM 

2 l .  Instrument 
Light 
Swi tch 

2 2 . Pane l 
Light 
S\",i tch 

2 3 .  Headlight 
Control 
Swi tch 

2 4 .  Head l ight 
MU Set-up 
Swi tch 

2 5 .  Headlight 
S lew 
Swi tch 

. j  

• 

1 2 

1 2 

1 2 

1 2 

1 2 

� 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

I 
I 

3 4 5 6 7 

. 

3 4 5 6 7 

__ � I  . 

' -
913 CAB MOCKUP EVALUATOR 

., 



· .. 
.. 

RE�10TE CO:ITROL 
PA:IEL 

RATING COMMENT 
ITEM 

1 .  Nhee1 s 1 ip r 2 3 4 5 6 7 
Indicator 

2 .  Power 1 2 3 4 5 6 7 
Cuto f f  
Indicator 

:r w 
" 3 .  No Continuity 1 2 3 4 5 6 7 

Indicator 

4 .  Lead Radio 1 2 3 4 5 6 7 
Indicator 

. 

5 .  Remote Radio 1 2 3 4 5 6 7 
Indicator 

.. 

913 CAB MOCKUP EVALUATOR 
.-
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RE:·10TE CO: IT ROL 
PAHEL ( Con t ' d ) 

ITEM 

6 .  Helper 
Emergency 
Brake 

7 .  Lamp Tes t  
P ush button 

B .  Train Drake 
Lever 

9 . Independent 
Brake 
Thurnberwheel 

1 0 . Alarm 
Lighted 
P ushbut ton 

1 2 

1 2 

1 2 

1 2 

1 2 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

. 

3 4 5 6 7 

. 

.�-

913 CAB MOCKUP EVALUATOR 



• 

� W \0 

REMOTE conTROL 
PJUJEL ( Cont I d )  

ITEM 

ll . Ground 
Relay Lighted 
P ushbutton 

1 2 . Drawbar 
Force 
Dial 

. 

1 3 .  Interlock 
P ushbutton 

1 4 .  Thrott le 
liheel 

15 . Override 
P ush button 

1 2 

1 2 

1 2 

1 2 

1 2 

" 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 

• 

3 4 5 6 7 

3 4 5 6 7 

. 

3 4 5 6 7 
. 

. 

. ... -
913 CAB MOCKUP EVALUATOR 



RE�tOTE COnTROL 
PA!lEL ( Cont I d) 

RATING COMMENT 
ITEM 

16 . Sand 1 2 3 4 5 6 7 
Pushbut ton 

1 7 .  Air Brake 1 2 3 4 5 6 7 
Feed Valve 
Pushbutton 

t .p-o 
1 8 .  System Test 1 2 3 4 5 6 7 

Pushbu t ton 

1 9 .  t-m/IND 1 2 3 4 5 6 7 I I 
Control 
Pushbutton 

-

2 O .  Panel 1 2 3 4 5 6 7 
Power 
Pushbutton 

-

--
913 CAB MOCKUP EVALUATOR 
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:r � .... 

, . 

REVERSE CONTROL 
PANEL 

ITEM . 

1 .  Emergency 
S top 
P ushbut ton 

2 .  D i rection 
Lever 

. 

3 • Train 
Brake 
Control 

4 .  Release 
Dent 

5 .  Minimum 
Reduction 
Detent 

1 2 

1 2 

1 2 

1 2 

1 2 

" 

RATING • COMMENT 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

. 

3 4 5 6 7 

. 

3 4 5 6 7 

. 

.-
913 CAB MOCKUP EVALUATOR 



...... 

=r � N 

REVERSE cmtTRoL 
PAUEL (Cont ' d ) 

ITEM 

6 .  Service 
Range 
Posi tion 

7 .  Ful l  Service 
Pos i tion 

8 .  Independent 
Brake 
Cont rol 

9 .  Emergency 
Re lease 
Posi tion 

1 0 . Automat i c  
Release 
Posi ti on 

0. 

1 2 

1 2 

1 2 

1 2 

1 2 

RATING 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

913 CAB MOCKUP EVALUATOR 

. 

COMMENT 

. 

_j . '  J 

. 

.-



:r � w 

" 

REVERSE COnTROL 
P�IEL (Cant I d )  

ITEM 

11 . Re lease 
posi t ion 

12 . Service 
Range 
Pos i tion 

1 3 . Full Service 
Pos i tion 

14 . Pane l Power 
Indicator 
Light 

15 . Throttle 
Control 

1 2 

1 2 

1 2 

1 2 

1 2 

,. 

RATING COMMENT 

3 4 5 6 7 

. 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

. 
3 4 5 6 7 

. 

. 

"-913 CAr. MOCKUP EVALUATOR 



LEFT SEAT 
CONTROLS .a.ND 
D ISPLAYS (Cant I d )  RATING COMMENT 

ITEM 

6 .  Communication 1 2 3 4 5 6 7 
Handset 

-

1 2 3 4 5 6 7 

. 

1: � 1 2 3 4 5 6 7 

. 

1 2 3 4 5 6 7 

. 

1 2 3 4 5 6 7 

. 

--
! 913 CAB MOCKUP EVALUATOR 
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" 

LEFT SEPo.T 
CONTROLS AND 
DISPLAYS 

ITEM 

1 .  Speedome ter 
Dial 

2 .  Cab S ignal 
Indi cator 

3 .  Lighting 
Swi tch 

4 .  Heating/Air 
Conditioning 
Swi tch 

5 .  Emergency 
Brake 
Valve 

1 2 

1 2 

1 2 

1 2 

1 2 

... 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

. 

3 4 5 6 7 

. 

3 4 5 6 7 

. 

" -! 913 CA13 MOCKUP EVALUATOR 
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-

CAB 
FACI LITIES 

ITEM 

1 .  Tra s h  
Container 

2 .  S towage 
Compartmen t  

3 .  Lavatory 
Compartment 

4 • .  Food S torage 
Re frigera tor 

5 .  D rinking 
Water 
Compartment 

}I 

, 

1 2 

1 . 2 

1 2 

1 2 

1 2 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

. 

3 4 5 6 7 

. 

913 CAB MOCKUP EVALUATOR 
'-
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• 

CAB 
FACILITIES (Cent ' d)  

6 .  

ITEM . 

Fuse and 
Terpedoe 
Holder 

" 

- --

I 2 

I 2 

I 2 

I 2 

1 2 

.. 

RATING COMMENT 

3 4 5 6 7 

. 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 
. 

. 

3 4 5 6 7 -

. 

913 CAE �OCKUP EVALUATOR "-
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EMERGEHCY 
PROVI SIO�lS 

ITEM 

l .  Rear Doors 

2 .  Side l'1indm'ls 

3 .  Front 
Nindshields 

4 .  Roof 
Hatch 

5 .  Fire 
Extingui sher 
Loca tion 

1 2 

1 2 

1 2 

1 2 

1 2 

RATING COMMENT 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

I 
3 4 5 6 7 I 

. 

3 4 5 6 7 

. 

---
913 CAB MOCKUP EVALUATOR 

• ! . .  



" • 

, 
E!-lERGE:1CY 
P ROVI SIONS I ( Cant ' d )  RATING COMMENT 

ITEM 

6 .  Fi rst Aid 1 2 3 4 5 6 7 I 
Kit 
Location 

-
1 2 3 4 5 6 7 

. 

! I \0 
1 2 3 4 5 6 7 I 

-

I 
1 2 3 4 5 6 7 I 

i I I I 

. 

1 2 3 4 5 6 7 

. 

'-
913 Ci' - .  MOCKUP EVALUATOR 
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VI S I BI LITY 

ITEM 

l .  Le ft Side 
l-lindow 

2 .  Le ft Front 
1-1indow 

3 .  Right Front 
1-1indow 

4 .  Right Side 
Window 

5 .  Rear 
1-1indow 

1 2 

1 2 

1 2 

1 2 

1 2 

------

.' 

, 

RATING 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

913 CAB MOCKUP EVALUATOR 

� -----. ,.. L c  _ _ __ _ 

COMMENT 

. 

. 

., " 

I 
I 

'-
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• 

SEATING 

ITEM 

1 .  Seat 
Rotation 

2 .  Seat 
Comfort 

3 . Seat 
Adj us tment 

4 

1 2 

1 2 

1 2 

1 2 

1 2 

.. 

RATING COMMENT 

3 4 5 6 7 

-

3 4 5 6 7 

3 4 5 6 7 

3 4 5 6 7 

. 

3 4 5 6 7 

. 

913 (. .  3 MOCKUP EVALUATOR ... -



5 .  ANALYSIS 

There are some inherent limitations to the methodological s cope of the 
proposed evaluation. Some of the mos t serious of these will be discussed . 
The firs t limitation is the nature of the sample . It is reasonable to 
as sume that the proposed sample will be neither random nor stratified . To 
provide a random sample, Penn Central would have to select engineers from a 
table of random numbers . This is often impractical in an applied human 
engineering inves tigation. To provide a s tratified sample based on s uch 
factors as age , experience , size and proficiency would require a larger 
number of test subj ects than is now contemplated . 

It should also be recognized that not only will the Penn Central engineers 
possibly no t be truly representative of all Penn Central engineers but may 
not resemb le freigh t engineers working on other railroads in various parts 
of the country . This is true because railroads operate under different 
rules , terrains , and with quite divers e equipment and appurtenances . For 
example , it is likely that many Penn Central engineers will be unfamiliar 
with dynamic braking or radio controlled remote locomotive cons is ts . Turns 
on the Penn Central right of way are in some cases qui te sharp and grade 
crossings frequent.  On the other hand , on a railroad such as the Southern 
Pacific , for example , the engineer may set his throt tle in no tch 8 and have 
very few other tasks to do for periods up to six hours . Therefore , inter
pretations of the results will be offered with considerable caution as to 
their potential for generalization to the engineer population at large . 

5 . 1  EVALUATOR 

To accomplish the human factors analysiS of the rating data a series of 
preference profiles will be cons tructed along the example shown in Figure 
A-3 .  Each sub system will be represented by a matrix. The features evaluated 
in each subsys tems will be lis ted in order as determined by the sys tem 
functional analysis . Entries in the matrix are the number of engineers 
selecting a particular descriptive category . 

For example , the firs t item in the subsystem was rated very easy to use by 
all engineers , the third item was rated evenly across categories , and the 
fifth factor j udged very difficult to use .  Casting the data in this will 
permit (a) a preliminary analys is to determine if the functional require
ments are met ,  and (b) that good human engineering design criteria have 
been applied . It is assumed that if all entries , for example , fall into 
Columns 6 and 7 that the functional requirements have generally been met 
and implemented with a good human engineering design . A distribution 
such as that shown in item 3 will be examined to determine if the functional 

A-52 
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_. 

Subsystem Rating 

I tem 1 2 3 4 5 6 7 

1 - - - - - - X 

2 - - - - - X X 
. 

3 X X X X X X X 

4 X X - - - - -

5 X - - - - - -

Figure A-3. Sample Preference Profile 

requirements are no t met or if poor human factors design is influencing the 
engineer ' s j udgment . A dis tribution such as that shown next to items 4 
and 5 will beinterpreted to indicate that the funct ional requirements were 
no t met and therefore there are serious defects in the human factors design . 

To determine whether the downgrade is due to failure to mee t  the functional 
requirements or poor design or both, a content analys is will be performed 
on the comments made in Column 3 .  That is,  comments will b e  classified and 
compared to the engineer ' s rating of a mockup feature . A final analysis 
will b e  performed to evaluate the effects o f  age and experience on the 
engineer ' s j udgment . 

S . 2  VISIBILITY ANALYSIS 

Data ob tained from the target detection tes t will be used to identify blind 
spots that occur due to the intrusion of cab s tructures into the visual 
field , such as collision pos ts . Where modification of s tructure is imprac
tical an appropriate observing procedure will be developed to provide 
appropriate fields of view. 

The completed analysis will provide a preliminary check on the completeness 
of the functional analYSis , problem areas where the present design could be 
improved, experience in cab mockup assessment techniques , and suggestions 
for further research and development .  

A-53 
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APPENDIX B 
REPORT OF INVENTIONS 

An inovative device for inclus ion in the locomotive brake control sys tem 
is identified on pages 44 through 47. Patent application has been initiated 
under the title Automatic Brake Pressure Compensator . 

There are no o ther inovative discoveries , improvements or inventions 
associated with the program during this phase, nor were any new techniques 
utilized in the conduct of the test • 

B-1 


