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RAILROAD ENGINEER REQUISITE

KNOWLEDGE AND SKILLS

1. INTRODUCTION

This is the first in a series of preliminary reports concerned with
the identification of minimum knowledge and skill requirements for the
safe performance of selected railroad jobs. This report is concerned
with the railroad engineer and will be followed by a report on the train
dispatcher and a report on the conductor, front and rear end brakemen.

Preliminary reports of job knowledge and skill requirements will
be critically reviewed by all cognizant individuals. Thus, the format
and content of draft requirements are subject to change before appear­
ing in the final technical report for this proj ect in February, 1975.

II. ASSUMPTIONS AND REQUIREMENTS

At the .outset of the contract, it was stipulated that the analytical
efforts should be primarily concerned with over-the-road freight
operations, as opposed to passenger operations and yard operations.
Although there is a great deal of commonality among all these oper­
ations, it was felt that over-the-road freight operations, on the
whole, were the most demanding of the engineer in terms of knowledge
and skill requirements. Diesell electric locomotion was another
given, to the exclusion of all other forms of existing locomotion.

In developing the inventory of knowledge and skills, several
other guidelines were stated.

First, the requirements developed should be minimum, safety­
related requirements, amenable to evaluation and regulation by the
Federal Railroad Administration under provisions of the Federal
Railroad Safety Act of 1970. The scope and detail of the analysis
should, therefore, be sufficient to determine that personnel in
safety-critical railroad jobs Ilpossess that minimum of knowledge
and skills required to assure safe performance of their jobs. " ':'

-,­",
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In support of the foregoing objectives, it was also necessary
to bear in mind that the knowledge ..and skills identified be rrleasurable.
Knowledge requirerrlents rrlust be so stated as to define behavior
which is rrleasurable by oral and/or written examinations .. Skill
requiren'lents rrlust be expre s sed so as to specify behavior which
rrlay be observed and evaluated in the real world or sirrlulator
environrrlents.

Finally, the contract stated that the '1derivation of the products ...
shall be guided by, but not necessarily constrained by, the forrrlats
and techniques specified for air crew rrlerrlbers in the Federal Avia­
tion Regulations. II ':<

III. METHOD

Extensive technical docurrlents on all aspects of railroading were
arrlassed with the kind assistance of the contract technical rrlonitor .

. Most of these docurrlents appear in the reference section of this
docurrlent. An intensive review of these docurrlents was conducted
with the airrl of identifying rrlajor railroad engineer activities and
requisite knowledge in support of these activities. Analytical work­
sheets were prepared to organize the developrrlent of the inforrrlation
base. An exarrlple of such a worksheet appears on the next page. For
each rrlajor function which an engineer rrlay perforrrl, the activities
or tasks in support of that function were listed in the ACTIVITY
colull'ln~ For each activity entry, the necessary supporting elerrlents
of knowledge were listed in the RELATED KNOWLEDGE colull'ln.
The rrlajor functions identified in the Railroad Enginerrlan ' s Task and
Skill Study, prepared for the Federal Railroad Adrrlinistration by
the McDonnell Douglas Corporation, served as an ini tial basis for
organizing and developing our analysis. In addition to the docurrlentary
resources, valuable inforrrlation was gained by the project staff frorrl
a three hour ride in the cab of a freight train on a northeastern
railroad. During the ride, extensive discus sions were held with the
road forerrlan and enginee l' regarding train handling and operating rule s.

>,'<
Contract No. DOT-TSC-736, p. 3.
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JOB ENGINEER-----_-:.-_------------- FUNCTION F. I Responding to Obstruction(s) on Tracks I of 1

ACTIVITY RELATED KNOWLEDGE

1. . Reduce speed appropriately, upon warning of a possible
obstruction ahead

2. Observe/recognize particula+ obstruction on track~

3. Determ.ine need for and feasibility of stopping for
obstruction; weigh threat ~6 life and cargo on board as
a result of colliding or attem.pting. to stop vs. threat
to above plus cargo or life associated with the
obstruction if a collision is allowed

I

Vol
I

4. Take appropriate reaction to obstruction, whichm.ay
include:

No action
Sounding of ho}"!).
Service application of brakes
Em.ergency application of hrakes
Measures for personal and crew protection

1; I Radio telephone procedures, m.essage form.ats
L 2 Content/form.at of train orders
1. 3 Norm.al stopping/slowing procedures

2. I Proper scanning procedures for track ahead
2.2 Types of obstructions which m.ay be encountered

3. I Locom.otive capabilities, if any, of obstruction
3. 2 D~mage potential to train's crew or cargo from.

collision with obstruction; threat to life as so- .
ciated with obstruction from. collision with train

3.3 Abili~y to stop, 1. e. :

3. 3. I . Train dynam.ics and condition, i. e. :

Present speed
Num.ber of cars
Type of cars
Locations of heavy and light cars
Pres~nce of special, fragile ~r dangerous
cargo
Type and condition. of brake system.
Mass action of entire train

3. 3.2 .contour of trackage (e. g. ,curves, grades)
3. 3. 3 Weather conditions

3.4 RR operating rules governing this. situation

4. 1 Procedures (com.m.unication, control actions) for:

Service and emergency applications
Ho.rn sounding

4~ 2 Location and function of relevant controls and
displays

4.3 RR operating rules governing this situation



...._------_._-_._----~-~----------------------

Drafts of requisite knowledge and skills were developed frolTI the
analytical worksheets ani doculTIents. A final draft of these require­
lTIents was reviewed by an operating engineer who serves as a staff'
consultant.

IV. REQUIRED KNOWLEDGE AND SKILLS

In reviewing sections A and B below, the reader is advised to
bear several points in mind.

The organization of knowledge requirelTIents does not necessarily
denote the organization that would be optilTIulTI for a course of in­
struction. With the identified body of minilTIUlTI knowledge as a given,
the attelTIpt was lTIade to organize it into logical and topical groupings
for the purpose of this presentation alone. Thus, if one were to
develop a minilTIulTI course of instruction frolTI the lTIaterial elTIbodied
in Section A, good instructional logic and continuity might require
a different organization and sequencing of lTIaterial.

In arranging the body ofminilTIulTI skills found in Section B,
the foreseen lTIethod of skilllTIeasurelTIent served as the organizational
guideline. NalTIely, lTIinilTIulTI skill. requirelTIents were ordered in
the n1.anner which they could be observed in a reasonable operational
sequence during a " checkr ide" in the real world or a silTIulator.

Finally, it should be clearly understood that the entire body
knowledge and skill requirell1.ents set forth here willnot apply to
all engineers on all railroads. Railroads' differ in their lTIodes of
operation, such as terrain features of operating territories, equip­
:rnent/hardware in service, train traffic control lTIethods and signal
systelTIs, operating procedures and rules, etc. Therefore, in applying
Section A and B to a specific railroad, an accounting will have to be
lTIade of which requirelTIents are applicable to the railroad IS lTIodes
of operation and which are not. Unapplicable requirelTIents should
be dropped frOlTI further consideration. Once the knowledge and
skill requirelTIents are calibrated to each specific situation, then
they lTIay be applied.

-4-



A. RAILROAD ENGINEER KNOWLEDGE

A railroad engineer must demonstrate a practical knowledge and
understanding of at least those following subjects which are applicable
to the railroad's modes of operation:

1. Railroad Organization

a, Territorial layout and terrain features of the railroad's
divisions and branches

b. Duties of key operational personnel such as division
engineer, master mechanic, trainmaster, road foreman,
engineer, pilot, fireman, brakemen (front, rear),
conductor, train dispatcher, tower operator and tra,in
order operator.

2. Equipment and Facilities

.a. Locomotives

1) Locomotive types and capabilities (e. g. manufacturer,
horsepower, range, equipment suites)

2) Diesel/electric power equipment

a) Function, location, interrelationships and re­
quirements for safe operation and control of
major components, i. e. engine, generators and
traction motors

b) Function and location of operating controls and
indicators for the power system

c) Operational concepts

Problems of engine overspeed, generator
and traction motor overload

Tractive force as a function of number of
powered axles

3) Braking equipment

a) Air brakes

-5-



Cornrnon types of air brake systerrls available
to include No. 6, 24 RL and 26 L

' .. For each systerrl,the function, location,
interrelationships and requirerrlents for safe
operation and control of:

Major cOrrlponents, i. e. cOrrlpressor,
reservoirs, valves, brake cylinders
and shoes

Brake handle positions for the independent
and autOrrlatic brakes for application and
release

Pressure gauges for the reservoirs and
brake pipes

Operational concepts

Requirerrlents for charging and rrlaintaining
air pressure

Effect of train length on brake application
and release tirrle, brake pipe gradient

Causes of penalty brake applications

Causes of unintentional brake releases

COilditions for· which independent
brakes are recorrlrrlended and not recorrlrnended

Conditions for which autorrlatic brakes are.
recornrnended and not recorrlrrlended

b) Dynarrlic brakes

COrrlInon types of dynarrlic brake systerrls
available, to include taper, flat, extended range

For each systerrl, the function, location, inter­
relationships and requirerrlents ~or safe operation
and control of:
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Major cornponents, i. e. generators,
motors, cooling grids

Brake handle positions and indicators

Operational concepts

Use of traction rnotor s -as -generators

Conditions under which dynatnic brakes
are available and useful

Conditions under which dynatnic brakes
are not recornrnended

Advantage s and disadvantages of using
dynarnic brakes in conjunction with _
air brakes

lnte rlock with air brakes

c)· Handbrakes

Location and operation of various types
available

Conditions for ernpl~yrnent

4) Sanding equipment

a) Manual and autornatic systerns

b) For each syste:m, the function, location, inter­
relationships and requirernents for safe operation
and control of :major cornponents

c) Operational concepts

Situations requiring auto:matic or :manual
sanding

Benefits and precautions associated with
sanding
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5} Safety and communications equipment

a} Function, 10 Cd.."ti on, and operation of all such
equipInent, to include safety control pedal,
electronic alertnes s control, autoInatic train
stop/control, overspeed control, train radio,
auditory signals (bell, horn), flares / fusees,
torpedoes, and fire extinguishers.

b} Situations for deployInent or continuous
operation of this equipInent

b. Cars

1) Types of COInInon cars in service

2) Function, location, interrelationships and require­
Inents for safe operation of:

a) Couplers and draft gears
b) Air brake cOInponents, i. e. reservoirs, valves,

brake pipe and connectors, brake cylinders and
shoes.

c) Handbrakes

3)· Operational concepts

a} Performance characteristics loaded versus
unloaded

b} Special requireInents for handling certain cars
or hazardous cargoes

c) Advantages and disadvantages of journal bearing types

c. Trackage and associated equipment

I} Types of conunon trackage, e. g. Inain, siding,
single and Inultiple

2} Function of trackage as sociated equipInent i. e. towers,
hUInps, retarders, switches, derails, frogs, bunters,
detectors and transInitters for overheated journals, train
speed and autoInatic train stop/control sensors and
transInitters

"

3} Advantages of welded vs. jointed rails
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d. Signals

1) Design, location and operation of all fixed
roadside visual signals and cab signals

2) Types of ITlanual visual signals, e. g. hand, flag, laITlp

3) Aspects and indications of all visual signals

A) Types and ITleanings of horn signals

e. TerITlinals, yards, enginehouse/turntable

1) Functions and locations of these facilities

2) Rules and requireITlents for safe operation within
or near these facilities

3. Operations and Procedures

a. Mission preparation

1) Required inforITlation for ITlis'sion, i. e. train orders,
timetable and rules, special notices, official railroad
tiIne, load consist inforITla tion

a) .' Need for verification of received inforITlation

b) COITlITlunications with yard personnel and crew
ill preparation for ITloveITlent

c) Procedures for executing required reports

2) Procedures for perforITling inspections of power consist,
i. e. exterior froITl ground, engine rooITl(s), lead unit
cab, trailing unit cab(s)

a) Satisfactory and unsatisfactory indications

b) Corrective actions and reports

b. Starting and initial rnoveITlent

1) Initial conditions prior to starting engine

2) Procedures for starting engine

3) Po st- start inspections

4) Procedures for forITling power consist·
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a) Lead/trail setup and control configurations
b) Air brake application and leakage tests
c) Corrective actions and reports

5) Procedures for coupling power consist to load
consist and ver.i£ication of coupling.

a) Air brake application and leakage tests
b) Corrective actions and reports

6) Rules and procedures for m.oving trains through
yard to m.ain track

c. Over-the - road

1) Basic handling

a) Factors affecting use of power and braking:

Train and track considerations af­
fecting tractive and braking
forces, 1. e. friction (rolling resistance,
wind resistance, rail adhesion, wheel! shoe
resistance, track curvature), grade,
speed, type and location of power
consists, train length, train weight
and weight distribution, track aligmnent.

Environ:rnental considerations, i. e. :rnois­
ture, snow, and visibility restrictions

Ti:rne and distance considerations, 1. e.
brake application and release ti:rne, required
stopping.distances for various grades,
curves, and train lengths/weights.

Develop:rnent of lateral forces and their effect
on wheel lift, rail spread and roll over, and
possible derall:rnent.

b) Slack control

Slack develop:rnent and location within train

Procedures for controlling slack, i. e.,
bunching, stretching
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Effects of ineffective slack control, i. e. ,
run-in, drawbar pull

2) Intermediate handling

a) Grade and curve territories

Procedures for negotiating, .stopping
and re starting trains on:

Level territory with curves
Straight territory with light and heavy
descending grade(s)
Straight territory with light and heavy
ascending grade(s)
Light and heavy ascending and descending
grades with curves

. Cresting grades
Undulating grades
Sag or dip territory
Hump, knoll or hog back

Procedures for controlling train by:

Cycle braking
Dynamic braking coupled with autOInatic
braking
Throttle modulation
Handbrake and retainers, when required

Precautions to be observed, e. g. wheel slip,
wheel slide, rail burn, traction motor com-­
mutator stall burns, excessive draw bar forces,
stringlining

Unadvisable actions on grades and curvep,
e. g. stopping on cresting grade; speed changes
within, near beginning or end of curve; exces­
sive -throttle or brakes on curves

b) Power assistance

Remote control equipment
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Available ll1.odes of operation
Advantages and precautions associated
with rell1.ote control equipll1.ent
Procedures for setting up and checking
out configuration
Procedures for cOll1.bined power and
braking operations

Pusher and helper

Procedures and precautions associated
with pusher and helper operations

c) Braking assistance

Procedures for setting up and checking out
repeater relay systell1.

Procedures for operating in consort with
repeater relay systell1.

3) Special Handling

a) Procedures for:

Re starting train after penalty brake application

Operations in the event of loss of dynanlic
brakes on ll1.oderate to heavy downgrade

. .

Operations after ell1.ergency brake application

Operations after unintential brake release

Operations after break-in-two

Operations after minor and ll1.ajor derailll1.ents

Correcting and/or reporting operating difficulties,
e. g., engine ll1.al£unction and shutdown,
excessive air pressure le,akage, overcharged
brakes, broken brake pipe, sticking brakes,
sanding ll1.al£unction/ failure, traction ll1.otor
malfunction/failure, overheated journal
bearing(s)
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4) Train traffic control

a) Standard thne and the ti:metable

b) Classes of trains, i. e. regular, extra

c) Classes o[ train speeds, i. e. li:mited,
:mediu:m, reduced, restricted, slow, yard

d) General rules for :move:ment of trains over
'the road

e) Design and operation of :major trafiic
control system( s) in use, e. g.

Train order
Block signals

Manual
Auto:matic

Auto:matic cab signals
Centralized traffic control
Voice train control

£) Procedures for protecting a train which :may
be overtaken or intercepted by another train

5) Co:mmunications

.a) . Rules and procedures for operating train radio
in following :modes: .

To and fro:m dispatcher
To and from outside crew
To and fro:m caboose

b) For:mat and content of train orders

. c) Rules and procedures for telephone com:munications

d) Require:ments for co:mpletion of work order /
defect report
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d. Mis sion cOlupletion

1) Rules and procedures for leaving main track and
,moving through yard to final destination

2) Requirements for securing (engine running) and
shutting down and securing the power consist

3) Procedures for completion and filing of operational
and maintenance reports with proper authorities

'4. Safety

a) Engineer fitnes s

1) Physical and mental fitnes s requirements

2) Major sources of engineer pe rformance decrements:

a) Distraction
b) Fatigue
c) Physical impairments

Alcohol
Drugs
Injury
Disease (e. g. epilepsy, diabetes, etc.)
Sensory and/or motor impairment

b) Injury avoidance

1) Types and locations of potential hazards and
injuries

a) Electrical
b) Thermal
c) Chemical

'd) Acoustical
e) Physical force

Being struck
Falling
Striking an object
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2) Recommend protective clothing and equipment

3) Precautions for:

a) Moving on or about tracks
b) Getting on/off lOCOITlOtives and cars
c) Operating the lOCOITlOtive
d) Inspecting or maintaining locomotive
e) Operating handbrakes
f) Use of tools or appliances

. 5.. Basic railroad terminology required for safe and efficient
communication

-15-



B. RAILROAD ENGINEER SKILLS

A railroad engineer rrmst demonstrate an ability to perform satis­
factorily at least those following activities which are applicable to the
railroad's modes of operation:

1. Mission Preparation

a. Obtain required information for mission to include at least
the following:

1) train o'rders
2) timetable and rules
3) special notices
4) calibration with official railroad time
5) load consist information

b. Perform the following types of locomotive inspections:

1) exterior from ground
2) engine room(s)
3) lead unit cab
4) trailing unit cab(s)

2. Starting and Initial Movement

a. Start engine and perform checkout

b. Form and checkout power consist

c. Couple locomotives to load consist and verify coupling

d. Charge air brake system as· required and perform brake
application and leakage tests

e. Move train through yard to designated main track

3. Over-the Road Operations

a. Basic handling

. 1) Accelerate train and maintain designated speed

2) Decelerate and maintain one-half designated speed

3) Stop train employing each of the following braking
systems/methods as appropriate:
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a) service application(s) of automatic brake
b) independent 1;>rake
c) dynamic brake
d) automatic brake and dynamic brake
e) power braking

4) Bunch slack and resume movement

5) Enter and leave a siding

6) Drop-off and pick up cars

7) Whileenroute:

a) Comply with the indications of all road and
cab signal aspects

b) Comply with and/or initiate all other visual or
auditory signals, as necessary, on:

The condition of own train
The condition of passing trains
Malfunctioning signals or roadside equipment
Defective tracks, switches, etc.
Other hazardous conditions

c) Control throttle so as to avoid stress on engine,
generator and traction motors

d) . Control throttle and brakes to avoid wheel slip
and wheel slide

e) Control slack within train, avoiding excessive
buff action and coupler /draH gear strain

f) Control automatic brake system so as to prevent:

Failures or unintended releases 'while
underway or stopped
Sticking brakes

g) Respond to applications of automatic brakes
from the caboos e

h) Recognize and take appropriate actions sufficiently
in advance of:

-17-
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Grade crossings
Environ:mental hazards (natural, :man :made)
Equip:ment and trains adjacent to track
Message pick-up points
Obstructions, debris
Onset/offset of grades, grade crests,
undulating territory
Onset/offset of curves

b. Inter:mediate Handling

1) Grade and curve territories

a) Negotiate, stop at designated location(s)
and restart train in the following situations
as appropriate:

Level territory with curve(s)
Straight territory with light and heavy descending grade (s)
Straight territory with light and heavy. ascending grade(s)
Light and heavy ascending and descending grades
with curves
Cresting grade
Undulating grade
Sag or dip territory
Hu:mp, knoll or hogback territory

b) De:monstrate cycle braking and dyna:mic braking
c6upled with auto:matic braking in the above territories

c) Demonstrate :manual sanding, as appropriate

2) Power assistance

a) For operations· in consort with remote control
equip:ment (RCE), helper and pusher operations,
perform the following activities:

Set up and check out configuration prior to
employ:ment

Employ brakes and power functions

For RCE, switch between independent
unit, partially independent unit and
multiple unit rnodes of operation ..
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b)· Operate as a pusher or helper unit

3) Braking as sistance

a) Set up and check out repeater relay system

b) Operate in consort with repeater relay system

c. Special Handling

1) Demonstrate procedures for restarting train after
penalty brake application

2) Take appropriate action following a failure of
dynamic brakes on a moderate to heavy downgrade

3) Recommend and/or take appropriate actions to
correct the following operating difficulties:

a) Engin~ shutdown
b) Excessive air pressure leakage
c) Brakes overcharged
d) Broken brake pipe
e) Sticking brakes
f) Sanding malfunction/failure
g) Traction motor malfunction/failure
h) Overheated journal. bearing(s)

d. Communications

1) Employ train radio to send and receive messages
in the following modes of operation:

a) Locomotive to dispatcher
b) Locomotive to caboose or outside crew

2) Comply with written or oral train orders

3) Execute work order/defect report

. 4. Mission Completion

a. Leave main track and proceed to yard
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b. Stop train at appropriate destination and secure power

consist; then shutdown and secure power consist

c. File appropriate operational and maintenance reports
with proper authorities

-20-
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