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RAILWAY ENGINEERING COMPETENCY PROFILES

FOREWORD

This documentation of competencies involved in and required for the professiona practice of
Ralway Enginering has been developed by the Nationd Committee on Ralway Engineering
(NCRE) of The Indtitution of Engineers, Audrdia

The NCRE congders that the importance of the railway industry to Australia needs wider recognition
by the Augtrdian community and that more encouragement and development of the industry would
be judtified. Of the inputs required to provide for the development of the indugtry, the technology
input isthat of principa concern to the NCRE.

This documentation of competencies is intended by the NCRE to assigt the understanding of thosein
raillway management and educationd circles, in particular, who do not, themsalves, specidise in the
fields of Rallway Engineering. The purpose is to empower those who occupy positions from which
they may influence the maintenance and development of the human sills rdevant to Ralway
Engineering 0 necessary for the long term viability of the rallway indugtry. This recognises the
diverse technological bass of the railway indudtry.

For the practitioners themsdves, both present and future, the fidlds of Rallway Engineering are
atractive because of their absorbing and rewarding multi-disciplinary nature, because of the
chalenges they provide and because of the inherent compatibilities of the raillway industry with the
priorities of today. These prioritiesinclude, in particular, socid and environmenta responsibility.

If this documentation of competencies strengthens the incentives of those who are willing to commit
themsdlves to the betterment of the railway industry in Audrdia then the efforts of the NCRE to
compileit will be amply rewarded.
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RAILWAY ENGINEERING COMPETENCY PROFILES

1.0 INTRODUCTION

11 Development of Document

The development of this documentation of Ralway Engineering competencies for professond
practitioners has grown from the desire of the Nationd Committee on Railway Engineering (NCRE)
of The Inditution of Enginears, Audrdia to explore the diversty of Ralway Engineering and to
contribute, as far as practicable, to the well-being of the industry.

The current pursuit of these godss, by the encouragement of the development of academic courses of
sudy in Rallway Engineering through the documentation of its nature, began by chance discussons
between interested engineers whilst attending the Tenth Internationad Whedlset Conference held in
Sydney in 1992. The ideas then canvassed were promptly recognised by NCRE as worthy of
encouragement and devel opment.

An early step was to carry out a survey within the railway industry to gauge the desire for formalised
Rallway Engineering Education programs and to understand what form they might take. There was
generd acceptance of the proposd in principle, dthough recognition of the potentia benefits seemed
limited, judging from perceptions as to the availability of funding. Definite interest in the adoption of
distance education techniques was shown.

Since 1992 the concept of this document has steadily evolved during NCRE committee discussions
and through the background work of the NCRE Sub-committee on Railway Engineering Educeation.
Condderation was given to the funding of the independent development of the desired
documentation. As plans progressed, it became clear that as there existed a sSgnificant reservoir of
expertise in the subject matter within or directly available to the NCRE itsdf, the most effective
approach would be to develop the documentation as an internal NCRE project.

Ealy in 1996, on behdf of the NCRE, the Sub-committe on Ralway Engineering Education
circulated a questionaire amongst NCRE members. The stated aims were “to develop a set of
guide-linesfor, and routes to, Railway Engineering professionad competency, which may be used asa
basis for sandards of Railway Engineering competency” and “to assist professona formation in .....
Ralway Enginesring”. The responses from the questionaire formed the foundation upon which this
document has been built.

It should be made clear that the NCRE consders this to be a“live’ document and comment on the
content of the document from any interested person willing to contribute would aways be welcome.
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1.2 Definitions

Towards clarification of the scope of Rallway Engineering some definitions of relevance are offered
here for the consideration of the reader.

Technology

Technology is knowledge of the objects, techniques and processes which comprise the practicd arts.
(Source: The Diamond Jubilee symposium papers of The Newcomen Society.)

or

The branch of knowledge that dedls with science and engineering, or its practice, as applied to
industry; applied science. (Source: Macquarie Dictionary.)

Inesri
The art and science of cogt effectively applying technology.

Competency

The ability to perform the activities within an occupeation or to function to the standard expected in
employment. (Source: Glossary of “Nationd Competency Standards for Professond Engineers’,
IEAust.)

or

The possession of skills and knowledge and the ability to apply them to standards sufficiently high as
to meet community needs and expectations.

ill
Developed taent.
or

The ability that comes from knowledge, practice, gptitude, etc., to do something well. (Source:
Macquarie Dictionary.)

Experience
A process contributing to the formation of competency.
or

Knowledge or practica wisdom gained from what one has observed, encountered or undergone.
(Source: Macquarie Dictionary.)
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Qudification

Evidence of sill or of competency.
1.3 Railway Engineering Specialisationsand Generalism

Ralway Engineering is, a once, a specidised endeavour and an occupation affording almost
unlimited breadth of engineering opportunity. Thisis alarge part of its atraction to those involved in
its prectice (and to many on-lookers). Within the redm of Ralway Enginesring, as in dl
goecidisations, there exist various sub-specidisations. These ae the “Spheres of Ralway
Engineering Activity” tabulated in the Rallway Engineering Education Matrix herein.

It must be recognised that the practice of Railway Engineering is not restricted to those who work for
ralway enterprises. Practitioners find employment in consultancies and within the rallway supply
indudtries, and this to an increasing extent. The sgnificance of the work being carried out by these
practitioners is increasing as they assume an increasing proportion of the drategic work of Railway
Engineering, particularly design and development.

The bags of this document is the thes's that whilst one may commence in the practice of Professond
Engineering in a gandard specidisation, such as civil, dectrica, mechanica engineering, €tc., evenin
aralway enterprise, it is necessary to gain extensve additiona knowledge and experience within
Railway Engineering practice to gpproach proficiency as a Rallway Engineer. It is to be hoped that
the education and experience of professond Railway Engineers can be made so broad that they will
have an understanding of the basic issues to be consdered in areas of sub-speciaisation other than
their own or, at leadt, that the substance of such issueswill be quickly assmilable.

At the sametime, it is aso to be hoped that there will be developed a pool of candidates for senior
ralway management positions composed of engineers who, amongst their wider accomplishments,
are able to adopt a generdist or interdisciplinary approach to their railway vocation, based on
competencies achieved in arange of Rallway Engineering sub-specidisaions.

When consdering the development and encouragement of the professona practice of Ralway
Engineering and the promotion of the railway industry, an gppropriate approach would seem to be to
identify the various areas of sub-specidisation in order to define what is a Specidised, but integrated,
multi-disciplinary segment of the engineering professon at large.

There has been no attempt, during the development of this document, to identify core competencies
in Ralway Enginering.  Whilgt the rdevance of such identification for particular purposes is
recognised, it is believed that the purpose of empowerment is better served herein by the broader
gpproach which has been adopted. The AS 4292 series of Rallway Safety Management Audtrdian
Standards list many factors relevant to the identification of core competencies.
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2.0 RAILWAY ENGINEERING EDUCATION
21 General

Academic grounding is recognised as an important dement of the routes to competency. The
achievement of an gppropriate academic qudification a the outset, or later in on€'s career, is an
indispensible step towards the achievement of recognition as a professond practitioner.

As is wel known, engineering academic studies have usudly followed a pattern based on accepted
standard specidisations, typicaly civil, dectrica, mechanicd, etc.. Amongst courses at the longer
established universties this has made engineering courses appear directed or vocational when
compared with some of the other more generd courses offered. Misconceptions as to the
appropriateness of engineering academic grounding for the broader demands of life may have arisen
from this. Equaly, the true breadth of a good engineering academic grounding may have been
underestimated.

In the context of a specidised endeavour such as Railway Engineering Education it needs to be
accepted that it matters not so much what the subject matter of education may be as how it is
approached and to what depth. The processes of educetion are, surely, more sgnificant than the
subject matter itself. Academic studies having a vocationd bads smply add vaue in that they ded
with information and impart knowledge having reasonably direct practica gpplication.

If the foregoing is accepted it would follow that Railway Engineering Education could be as vauable
and appropriate a under-graduate level as at post-graduate level. 1t is acknowledged, however, that
the introduction of Railway Engineering Education in Audrdia is more likely to be initisted at post-
graduate leved (by distance education) than as an under-graduate course of study. Thisis so because
of the current rdaively smal sze and low dengty of the Audrdian raillway engineering industry and,
no doubt, because there exigts a perception that what may be viewed as specidisation at an early
stage may lead to narrowed opportunities for subsequent employment.

The Rallway Engineering Education Matrix herein has been drawn up with the aim of illustrating both
the linkages which exist between the spheres of Ralway Engineering activity and the areas of
applicability of the various fidds of sudy which might be pursued with benefit by a Railway Engineer.
The spheres of Rallway Engineering activity are the sub-specidties which are to be identified to
define the redlm of Railway Engineering and the linkages are what cause it to be an integrated whole,
worthy of definition. Whilgt the matrix may not be exhaugtive, it is offered herein to contribute to an
underganding of the conditution of Ralway Engineering. Thus, the matrix is pivotd to this
document. Put to practica use, the matrix should provide useful guidance for the planning of courses
of sudy in Rallway Enginesring Education, an important outcome aimed &t by those involved in the
cregtion of this document.

It should be recognised that the Rallway Engineering Education Matrix herein is limited to some
specifics of Rallway Engineering. Accordingly, the matrix covers only a portion of the ground to be
conquered in the formation of a Professond Engineer. Other publications of The Inditution of
Engineers, Audtrdia provide broader information for any person wishing to qudify as a Chartered
Professond Engineer.

10
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2.2 Background

Ausdrdia provides chdlenges for trangportation, including raillway transportation, by its combination
of great distances and sparse population coupled with relatively great naturd and economic wesdlth.
The need for efficiency improvements in trangportation within Audrdia, in the interests of nationd
competitiveness, has been identified by economic studies. A well developed transportation products
industry would offer support for efficient transportation and export opportunities important to
Audrdia Despite dl of this there is a dearth of forma study courses in transportation, especialy
rallway trangportation.

The Transport Branch of The Indtitution of Engineers, Audrdia sponsors a technica program and
two British based bodies, a least, The Chartered Inditute of Transport and The Ingtitution of
Ralway Sgnd Engineers, have active Audrdian chapters. Also, for engineers wishing to keep in
touch with raillway matters, in particular, there is the option of subscribing to specidist divisons of the
mgor overseas engineering Ingtitutions and Societies, such as the Rall Transport Divison of the
American Society of Mechanical Engineers or the Railway Divison of The Ingtitution of Mechanical
Enginears.  For civil engineers there is the option of membership of the American Ralway
Engineering Association, for example. It should dso be noted that there are, particularly in the
United States of America, some fine industry based specidist societies in the Rallway Engineering
realm which have education as a centra part of their charter.

Professona links such as those mentioned here are maintained, necessarily, by many Railway
Engineers in Audrdia  With advantage they might well be supplemented by the opportunities for
Continuing Professsond  Development which locdly avalable courses of sudy in Ralway
Engineering could provide.

Audrdian initiatives to this end, in recent years, have included the operation of the Railway Civil
Engineering Course by Queendand Rail, at Cedar Lake, Queendand, and a joint project between
City Ral and the Universty of Wollongong for a traning program for senior saff involved in
maintenance engineering management. In 1996, the Central Queendand University sponsored an
industry mesting, at its Sydney Campus, to discuss a Graduate Diplomain Railway Engineering.

Oversess there have been numerous ingtances of academic ingtitutions pursuing raillway studies and

providing Railway Engineering study courses over many years. In the 1920s there was a Chair of
Trangportation at the Harvard Business School. Before that Purdue University had a locomotive
testing plant. Later, the Universty of Illinois carried out and reported on important railway related
investigation work at its Engineering Experiment Station.  The People's Republic of China has a
Univergty dedicated to railway studies. Sheffidd Universty has established the Advanced Rall

Research Centre which offers a post-graduate course.

There must be many examples of specidist courses in Rallway Engineering in addition to those

quoted above. The main points to be recognised are that the idea of conducting such coursesis well
established and that the practice continues.

11
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2.3

Railway Engineering Education Matrix

The purpose of the Ralway Engineering Education Matrix, which follows, is explained at
2.1. To congtruct the matrix, the sub-specidties of Railway Engineering have been grouped
into nine spheres. The nine spheres and a liding of fidds of study gpplicable to Rallway
Engineering have been arranged in matrix form to enable the illugtration of linkages between
the spheres and the fidlds of study.

At the conjunctions of the matrix are shown references to the schedules of 24. These
schedules are lisings of Rallway Engineering specific subject matter relevant to each of the
listed fidlds of study.

The linkages are to be interpreted from the heavy shading, light shading or the absence of
shading, a matrix conjunctions, according to the key which follows the matrix. Heavy
shading at a conjunction between any sphere and a particular fidld of study indicates thet the
particular field of study is central to the sphere and that a detailed knowledge of the field of
sudy is required, sufficient to enable its subject matter to be put into practice in detail. Light
shading indicates that, in the foregoing terms, a genera knowledge of practice is sufficient.
An absence of shading a a conjunction indicates that a Raillway Engineer, active in any
sphere, requires no more than a basic knowledge of the principles specific to the field of
sudy.

The lightly shaded conjunctions identify sgnificant linkages which may not be obvious & first
sght and which do require more than a basc knowledge. The clear illudration of these
particular linkagesis centrd to the adoption of the matrix.

The firg fidld of study tabulated in the Rallway Engineering Education Matrix, “Introduction
to Rallway Engineering’, is just as its title suggests, a preliminary and broad coverage of
what is essentid to Railway Engineering. There is no schedule of subject matter specific to
thisfidd of study as its subject matter is that of dl of the other listed fidds of sudy. A
gyllabus for a course of sudy in this field would be congtructed following consderation of dl
of the spheres of Rallway Enginesring.



Railway Engineering Education Matrix

FIELDS
OF
STUDY

SPHERES OF RAILWAY ENGINEERING ACTIVITY

Business
Liaison

and

M anagement

Power
Supply for
Electric
Traction

Railway
Planning
and
Economics

Rolling
Stock

Signalling
and
Communicat-
ions

Terminals

Track
and
Structures

Train
Control
and
Operations

Workshops

Introduction
to Railway
Enginering

Railway
customer
liaison

Schedule 1.1

Schedule 1.1

Schedule 1.1

Schedule 1.1

Schedule 1.1

Schedule 1.1

Schedule 1.1

Schedule 1.1

Schedule 1.1

Railway
traffic
planning

Schedule 1.2

Schedule 1.2

Schedule 1.2

Schedule 1.2

Schedule 1.2

Schedule 1.2

Schedule 1.2

Schedule 1.2

Schedule 1.2

Railway
general
management

Schedule 1.3

Schedule 1.3

Schedule 1.3

Schedule 1.3

Schedule 1.3

Schedule 1.3

Schedule 1.3

Schedule 1.3

Schedule 1.3

Railway
power supply
design and
specification

Schedule 2.1

Schedule 2.1

Schedule 2.1

Schedule 2.1

Schedule 2.1

Schedule 2.1

Schedule 2.1

Schedule 2.1

Schedule 2.1

Railway
power supply
manufacture
and
installation

Schedule 2.2

Schedule 2.2

Schedule 2.2

Schedule 2.2

Schedule 2.2

Schedule 2.2

Schedule 2.2

Schedule 2.2

Schedule 2.2

Railway
power supply
operation

Schedule 2.3

Schedule 2.3

Schedule 2.3

Schedule 2.3

Schedule 2.3

Schedule 2.3

Schedule 2.3

Schedule 2.3

Schedule 2.3

Railway
power supply
maintenance

Schedule 2.4

Schedule 2.4

Schedule 2.4

Schedule 2.4

Schedule 2.4

Schedule 2.4

Schedule 2.4

Schedule 2.4

Schedule 2.4
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SPHERES OF RAILWAY ENGINEERING ACTIVITY

FIELDS
OF
STUDY Business Power Railway Rolling Signalling Terminals Track Train Workshops
Liaison Supply for Planning Stock and and Control
and Electric and Communicat- Structures and
Management | Traction Economics ions Operations
Transportat-
ion Schedule3.1 | Schedule3.1 | Schedule3.1 | Schedule3.1 | Schedule3.1 | Schedule3.1 | Schedule3.1 | Schedule3.1 | Schedule 3.1
economics
Railway Schedule3.2 | Schedule3.2 | Schedule3.2 | Schedule3.2 | Schedule3.2 | Schedule3.2 | Schedule3.2 | Schedule3.2 | Schedule 3.2
planning
Rolling
stock design | Schedule4.1 | Schedule4.1 | Schedule4.l1 | Schedule4.l1 | Schedule4.l | Schedule4.l | Schedule4.l | Schedule4.1 | Schedule4.1
and
specification
Rolling Schedule4.2 | Schedule4.2 | Schedule4.2 | Schedule4.2 | Schedule4.2 | Schedule4.2 | Schedule4.2 | Schedule4.2 | Schedule 4.2
stock
manufacture
Rolling Schedule 4.3 | Schedule4.3 | Schedule4.3 | Schedule4.3 | Schedule4.3 | Schedule4.3 | Schedule4.3 | Schedule4.3 | Schedule 4.3
stock
oper ation
Rolling Schedule4.4 | Schedule4.4 | Schedule4.4 | Schedule4.4 | Schedule4.4 | Schedule4.4 | Schedule4.4 | Schedule4.4 | Schedule4.4
stock

maintenance

14




Railway Engineering Education Matrix (cont.)

FIELDS
OF
STUDY

SPHERES OF RAILWAY ENGINEERING ACTIVITY

Business
Liaison
and

M anagement

Power
Supply for
Electric
Traction

Railway
Planning
and
Economics

Rolling
Stock

Signalling
and
Communicat-
ions

Terminals

Track
and
Structures

Train
Control
and
Operations

Workshops

Signals
design and
specification

Schedule 5.1

Schedule 5.1

Schedule 5.1

Schedule 5.1

Schedule 5.1

Schedule 5.1

Schedule 5.1

Schedule 5.1

Schedule 5.1

Signals
manufacture
and
installation

Schedule 5.2

Schedule 5.2

Schedule 5.2

Schedule 5.2

Schedule 5.2

Schedule 5.2

Schedule 5.2

Schedule 5.2

Schedule 5.2

Signals
operation

Schedule 5.3

Schedule 5.3

Schedule 5.3

Schedule 5.3

Schedule 5.3

Schedule 5.3

Schedule 5.3

Schedule 5.3

Schedule 5.3

Signals
maintenance

Schedule 5.4

Schedule 5.4

Schedule 5.4

Schedule 5.4

Schedule 5.4

Schedule 5.4

Schedule 5.4

Schedule 5.4

Schedule 5.4

Railway
communicat-
ions systems
design and
specification

Schedule 5.5

Schedule 5.5

Schedule 5.5

Schedule 5.5

Schedule 5.5

Schedule 5.5

Schedule 5.5

Schedule 5.5

Schedule 5.5

Railway
communicat-
ions systems
manufacture
and
installation

Schedule 5.6

Schedule 5.6

Schedule 5.6

Schedule 5.6

Schedule 5.6

Schedule 5.6

Schedule 5.6

Schedule 5.6

Schedule 5.6
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FIELDS
OF
STUDY

SPHERES OF RAILWAY ENGINEERING ACTIVITY

Business
Liaison
and

M anagement

Power
Supply for
Electric
Traction

Railway
Planning
and
Economics

Rolling
Stock

Signalling
and
Communicat-
ions

Terminals

Track
and
Structures

Train
Control
and
Operations

Workshops

Railway
communicat-
ions systems
oper ation

Schedule 5.7

Schedule 5.7

Schedule 5.7

Schedule 5.7

Schedule 5.7

Schedule 5.7

Schedule 5.7

Schedule 5.7

Schedule 5.7

Railway

communicat-
ions systems
maintenance

Schedule 5.8

Schedule 5.8

Schedule 5.8

Schedule 5.8

Schedule 5.8

Schedule 5.8

Schedule 5.8

Schedule 5.8

Schedule 5.8

Railway
freight
terminal
design and
specification

Schedule 6.1

Schedule 6.1

Schedule 6.1

Schedule 6.1

Schedule 6.1

Schedule 6.1

Schedule 6.1

Schedule 6.1

Schedule 6.1

Railway
freight
terminal
operation

Schedule 6.2

Schedule 6.2

Schedule 6.2

Schedule 6.2

Schedule 6.2

Schedule 6.2

Schedule 6.2

Schedule 6.2

Schedule 6.2

Railway
passenger
terminal
design and
specification

Schedule 6.3

Schedule 6.3

Schedule 6.3

Schedule 6.3

Schedule 6.3

Schedule 6.3

Schedule 6.3

Schedule 6.3

Schedule 6.3

Railway
passenger
terminal
oper ation

Schedule 6.4

Schedule 6.4

Schedule 6.4

Schedule 6.4

Schedule 6.4

Schedule 6.4

Schedule 6.4

Schedule 6.4

Schedule 6.4
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Railway Engineering Education Matrix (cont.)

FIELDS
OF
STUDY

SPHERES OF RAILWAY ENGINEERING ACTIVITY

Business
Liaison
and

M anagement

Power
Supply for
Electric
Traction

Railway
Planning
and
Economics

Rolling
Stock

Signalling
and

Communicat-

ions

Terminals

Track
and
Structures

Train
Control
and
Operations

Workshops

Track design

and
specification

Schedule 7.1

Schedule 7.1

Schedule 7.1

Schedule 7.1

Schedule 7.1

Schedule 7.1

Schedule 7.1

Schedule 7.1

Schedule 7.1

Track
manufacture
and
construction

Schedule 7.2

Schedule 7.2

Schedule 7.2

Schedule 7.2

Schedule 7.2

Schedule 7.2

Schedule 7.2

Schedule 7.2

Schedule 7.2

Track
maintenance

Schedule 7.3

Schedule 7.3

Schedule 7.3

Schedule 7.3

Schedule 7.3

Schedule 7.3

Schedule 7.3

Schedule 7.3

Schedule 7.3

Pointwor k
design and
specification

Schedule 7.4

Schedule 7.4

Schedule 7.4

Schedule 7.4

Schedule 7.4

Schedule 7.4

Schedule 7.4

Schedule 7.4

Schedule 7.4

Pointwor k
manufacture
and
construction

Schedule 7.5

Schedule 7.5

Schedule 7.5

Schedule 7.5

Schedule 7.5

Schedule 7.5

Schedule 7.5

Schedule 7.5

Schedule 7.5

Pointwor k
maintenance

Schedule 7.6

Schedule 7.6

Schedule 7.6

Schedule 7.6

Schedule 7.6

Schedule 7.6

Schedule 7.6

Schedule 7.6

Schedule 7.6

Railway
structures
design and
specification

Schedule 7.7

Schedule 7.7

Schedule 7.7

Schedule 7.7

Schedule 7.7

Schedule 7.7

Schedule 7.7

Schedule 7.7

Schedule 7.7

Railway
structures
maintenance

Schedule 7.8

Schedule 7.8

Schedule 7.8

Schedule 7.8

Schedule 7.8

Schedule 7.8

Schedule 7.8

Schedule 7.8

Schedule 7.8
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SPHERES OF RAILWAY ENGINEERING ACTIVITY

FIELDS
OF
STUDY Business Power Railway Rolling Signalling Terminals Track Train Workshops
Liaison Supply for Planning Stock and and Control
and Electric and Communicat- Structures and
Management | Traction Economics ions Operations
Train control | Schedule8.1 | Schedule8.1 | Schedule8.1 | Schedule8.1 | Schedule8.1 | Schedule8.1 | Schedule8.1 | Schedule8.1 | Schedule8.1
systems
Train Schedule 8.2 | Schedule8.2 | Schedule8.2 | Schedule8.2 | Schedule8.2 | Schedule8.2 | Schedule8.2 | Schedule8.2 | Schedule 8.2
systems
Train Schedule 8.3 | Schedule8.3 | Schedule8.3 | Schedule8.3 | Schedule83 | Schedule8.3 | Schedule83 | Schedule8.3 | Schedule8.3
handling
Railway
wor kshop Schedule9.1 | Schedule9.1 | Schedule9.1 | Schedule9.1 | Schedule9.1 | Schedule9.1 | Schedule9.1 | Schedule9.1 | Schedule9.1
design and
specification
Railway
wor kshop Schedule 9.2 | Schedule9.2 | Schedule9.2 | Schedule9.2 | Schedule9.2 | Schedule9.2 | Schedule9.2 | Schedule9.2 | Schedule9.2
oper ations
Railway
wor kshop Schedule 9.3 | Schedule9.3 | Schedule9.3 | Schedule9.3 | Schedule9.3 | Schedule9.3 | Schedule9.3 | Schedule9.3 | Schedule9.3
plant
maintenance
KEY:
Basic General Detailed Introduction
knowledge of | knowledge of | knowledge of | to Railway
principles practice practice Engineering
required required required

18
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24  Railway Engineering Education Subject Matter Schedules

The schedules which follow, one for each of the fidds of sudy listed in the preceding Railway
Engineering Education Matrix (at 2.3), are not syllabi. A scheduleisalisting, not necessarily exhaugtive,
for use as a guide to subject matter to be included in a thorough study of the rlevant field. The items
listed in the schedules are arranged dphabeticdly, not in any order of priority.

A syllabus for a course of study would be prepared from an extensve knowledge of the fidd. The
relevant and associated schedules of 2.4 could ad the framing of a particular syllabus by documenting
acceptable demarcations of subject matter.

Many of the lisingsin the schedules are raillway specific and thisis clear from the wording. Where more
generd wording has been adopted for a listing, it should be assumed that the subject matter should be
gpproached within the railway context for purposes of Ralway Engineering Education. This does not
preclude the development of broad syllabi designed to place dements of Ralway Engineering in

perspective.

24.1 BUSINESS LIAISON AND MANAGEMENT

Business Liaison and Management is the area of professond Railway Engineering practice which lies at
the interface between railway freight or passenger marketing and operational management (typicaly a
non-engineering activity) and the management of the (engineering) resources which provide and develop
the technologica basis necessary to arailway enterprise.

This sphere of activity facilitates the focussing of the technologica resources of aralway enterprise upon
customer needs and expectations and the adaptation of the rolling stock and infrastructure of arailway
to changing demands of traffic. It incorporates activities which can be taken to form part of the
processes of railway genera management.

Schedule 1.1 Railway customer liaison

Railway freight busnessliason

Railway operations and processes

Railway passenger business liaison

Railway vehicle maintenance and congruction

Schedule 1.2 Railway traffic planning

Emergency planning

Fudl conservation

Railway operating methods and operations control
Tran communications sysems

Train operations moddling

Train scheduling techniques

Vehicle information and tracking sysems

19
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Schedule 1.3 Railway general management

Accreditation procedures

Capita investment dtrategies

Codes and standards

Environment protection

Equipment procurement and support policies
Financid moddling

Incident management

Management of information sytems
Marketing

Organisng for quality

Personnel practices and career planning
Public reaions

Railway accounts

Ralway comparative dtatistics and performance indicators
Railway finanding

Ralway legd isues

Railway organisationd structures and system coordination
Ralway safety accreditation

Risk management for railways

Rolling stock interchange agreements

Safety and training at work

2.42  POWER SUPPLY FOR ELECTRIC TRACTION
(OFF-TRAIN SOURCES)

Power supply for eectric traction encompasses the whole range of engineering options which may be
involved in the provison of railway traction eectric power from off-train sources.

Schedule 2.1 Railway power supply design and specification

AC and DC dectric power digtribution systems
Current collection systems - overhead and track based
Protection

Switchgear

Traction current return systems

Train regenerdive brake systems

Transformers and convertors

Schedule 2.2 Railway power supply manufacture and installation

Railway power supply manufacture and ingalation
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Schedule 2.3 Railway power supply operation

Current collection systlems in operation
Power supply supervisory systems
Regenerative braking

Train interaction

Schedule 2.4 Railway power supply maintenance

Safeworking practices for power supply maintenance

243 RAILWAY PLANNING AND ECONOMICS

Railway planning and economics provides the technology focus required for the development of rationa
trangportation policy and initiatives.

Schedule 3.1 Trangportation economics

Codts of trangportation system establishment, operation and maintenance
Forms of railway trangportation

Higtory of transportation systems

Political and microeconomic implications of trangportation

Socid and environmenta accounting in relation to transport systems
Trangportation planning for the community

Schedule 3.2 Railway planning

Agriculturd and sugar cane rallway planning
Freight termina operations

Freight termina sysems

Freight train systems and strategies

Freight wagon systems

Intermoda systems

Light rail sysems

Passenger train types and their gpplications
Passenger termind planning

Railway operating methods and operations control
Track gauge

244 ROLLING STOCK
Ralling stock engineering encompasses a multi-disciplinary sphere of technica engineering practice. Itis

aghere of professona Rallway Engineering activity which, after nearly two centuries of existence,
continues to involve the rapid development and gpplication of awide range of specidised technologies.
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Schedule 4.1

Ralling stock design and specification

AC and DC traction systems

Air brake systems

Air-conditioning sysems

Applied loadings on rail vehicles

Brake gear design

Diesd traction power plants

Door systems

Draft gear and coupler systems

Dynamic and regenerative braking sysems
Dynamic response attenuation and wear reduction strategies
Electric multiple unit vehide design

Electric power tranamisson systems
Electropneumatic braking systems

Freight containers

Freight wagon design

High speed train design

Hopper design

Light rall vehicles

Loading and discharge systems
Locomotive and train auxiliary sysems
Locomotive configurations

Locomotive design

Noise and vibration andlysis and attenuation
Non-electric power transmission systems
On-board condition monitoring systems
Pantograph design

Passenger compartment design

Passenger vehidle communications sysems
Passenger vehicle design

Payload characteristics

Pressure sedling sysems

Rack locomotive systems

Rail vehicle Sructurd design

Rail vehides and running gear structurd testing
Remote control driving systems

Rolling stock and bridge interaction
Running gear and vehicle dynamic response
Running gear and bogie design

Running gear dynamics

SAfety issues

Suspensgon system design

Track and train dynamics

Traction control systems

Vehicle gability

Vehideteding

Whed and rall sudies
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Schedule 4.2

Schedule 4.3

Schedule 4.4

Whed bearing systems
Whed set design
Work gation design and ergonomics

Rolling stock manufacture
Roalling stock manufacture
Ralling stock operation

Roalling stock incident investigetion
Vehicle performance monitoring

Rolling stock maintenance

Costing and performance indicators for rolling sock maintenance
Facilities and equipment for rolling stock maintenance

Panning and recording for ralling sock maintenance

Vehicle condition monitoring

Vehicle configuration control

2.4.5 SIGNALLING AND COMMUNICATIONS

Signdling and communications encompasses al engineering input required to provide sgndling and
communications for aralway system.

Schedule 5.1

Schedule 5.2

Schedule 5.3

Signals design and specification

Advanced train control

Autométic warning systems

Electromagnetic interference

Geographicd circuitry and land crossings
Interlocking and control equipment principles
Ralway sgndling principles

Remote control systems

Sgnd and track circuit layouts

Sgndling equipment design

Train decription and detection systems

Signals manufacture and installation
Sgnas manufacture and ingtdlation
Signals operation

Sgnd location and Sghting
Sgndling supervisory sysems
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Schedule5.4

Schedule 5.5

Schedule 5.6

Schedule 5.7

Schedule 5.8

Signals maintenance

Safeworking for sgnals maintenance
Railway communications systems design and specification

Railway communications systems design and specification

Railway communications systems manufacture and installation
Railway communications sysems manufacture and ingtdlation
Railway communications systems oper ation

Railway communications systems operation

Railway communications systems maintenance

Railway communications sysems maintenance

2.4.6 TERMINALS

Terminas encompasses the engineering aspects of raillway terminas of al kinds.

Schedule 6.1

Schedule 6.2

Schedule 6.3

Railway freight terminal design and specification

Freight termina automated systems
Freight termind layout and design
Freight termind planning and economics
Intermoda systems

Layout and design of freight terminds
Materids handling systems

Railway freight terminal operation

Dangerous goods handling
Fraght handling

Freight termina operations
Load securement

Railway passenger terminal design and specification
Passenger termind design for interchange
Passenger termind layout and design

Passenger terminal planning and economics
Ticketing systems for passengers

24



RAILWAY ENGINEERING COMPETENCY PROFILES

Schedule 6.4 Railway passenger terminal operation

Passenger handling
Passenger termind operations

247 TRACK AND STRUCTURES

Track and structures encompasses the engineering aspects of the whole range of trackwork and railway
lineside sructures required for arailway system.

Schedule 7.1 Track design and specification

Cumulative track damage

Life-cycle costs of track

Ral metdlurgy

Route location and aignment

Sleeper, balast and sub-grade system design
Structura design of rall

Testing Sandards and techniques
Track and train dynamics

Track design for eectric traction
Track incident investigation

Track irregularities

Track stability

Track system design and specification
Wheelset and track interaction

Schedule 7.2 Track manufacture and construction

Bdlast manufacture and testing
Rail manufacture

Rall welding

Sleeper production

Schedule 7.3 Track maintenance

Rall defects

Rall lubrication sysems

Rail running surface maintenence

Rail stress and track stability management
Safeworking for track maintenance
Track ingpections and records

Track machines

Track maintenance

Track maintenance planning and coordination
Track upgrading

V egetation control
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Schedule 7.4 Pointwork design and specification

Pointwork design
Pointwork operating system design

Schedule 7.5 Pointwor k manufactur e and construction

Pointwork assembly
Sted foundry technology

Schedule 7.6 Pointwor k maintenance

Pointwork maintenance
Pointwork maintenance planning and coordination
Safeworking for pointwork maintenance

Schedule 7.7 Railway structuresdesign and specification

Drainage and flood protection for railways
Railway bridge and structure rating

Railway bridge and structure types

Railway bridge structurd desgn

Railway overhead equipment structural design
Structure clearance outlines

Tunnd design for rallways

Schedule 7.8 Railway structures maintenance

Railway bridge and structure ingpection

Railway bridge and structure maintenance

Railway bridge and structure maintenance planning and coordination
Safeworking for rallway structures maintenance

2.4.8 TRAIN CONTROL AND OPERATIONS
Train control and operations encompasses the technical basis of train operations on arailway system.
Schedule 8.1 Train control systems

Automated and on-board sgndling and control

Centralised traffic control

Safeworking for train operations

Sgndling sysems

Tracking technology for vehicles and trains

Train description and detection systems
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Schedule 8.2 Train systems

Agriculturd and sugar caneralway train sysems
Freight train systems and Strategies
Light rail sysems
Passenger train systems
Train braking sysems
Schedule 8.3 Train handling

In-train dynamics
Remote control driving systems
Train brake manipulation and control

249 WORKSHOPS

Workshops encompasses the engineering and management aspects of arailway workshop which are
peculiar to that form of workshop.

Schedule 9.1 Railway workshop design and specification

Electric traction requirements
Roall-over jigs

Turntables and traversers
Whed shop equipment
Workshop planning and layout
Workshop trackwork design

Schedule 9.2 Railway wor kshop operations

Control of contract maintenance

Production control

Safeworking for workshop operations

Specid techniques for the manufacture and maintenance of rolling stock
Vehicle cleaning and preparation

Workload balancing

Workshop management

Schedule 9.3 Railway workshop plant maintenance

Railway workshop plant maintenance
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3.0 STANDARDS AND ROUTESTO COMPETENCY

The professond standards of competency and practice required in the realm of Railway Engineering
should not deviate from those laid down for corporate membership or Chartered status by the mgor
engineering Inditutions, including The Indtitution of Engineers, Audrdia

In conformance with the guidelines for professiona formation laid down by the Ingtitutions, bases for the
attainment of competency include:
academic grounding;
involvement in rlevant and cregtive origind work (especidly design involvement);
the achievement of responghbility for
- strategy
- the efficient management of resources,
demonsirable accountability for key outcomes;
the achievement of a breadth of understanding of an interdisciplinary nature
across arange of areas of speciaisation;
involvement in Continuing Professona Developmertt.

Broad categorisations, such as those above, need not be and should not be restrictive.  Criteria for
judging the standing of any individua in such categories of achievement should not be dlowed to
become unduly prescriptive. There is dways room for individudity in respect of knowledge and
experience and the patterns of two individuas will never precisdy match. Consderations will include
the length and variety of experience gained and the levels achieved.

Rather than an gpproach involving ranking and the possible exclusion of some practitioners, it should be
the am to begin by setting a minimum acceptable sandard and then to inditute programs to ad
Continuing Professond Development, these widely accessble and having a theme of encouragement
rather than duress. The overdl purpose would be to assist as many practitioners as possble to
demonstrate compliance with the standard.

The routes to competency may vary condderably from individud to individua, depending upon
circumstances and opportunities. The particular sphere of Rallway Engineering activity being aimed at
(initialy) would dso influence the approach.

For some years, now, a re-ordering of the railway industry in Audtraia has been dtering the availability
of opportunities for professond formation in Railway Engineering to a consderable extent. Higtoricdly,
in Augrdiain paticular, rallway employment has been aworking lifetime single employer careeer. The
rallways operated comprehensive gpprenticeship and training schemes and usudly sponsored the more
able participants in further education. Any employee with initiative and ability and reasonably good
fortune could gain agood grounding and excellent professond development within asinglerailway. The
modern lack of such circumstances (in the main) is an aspect being addressed herein.  Modern
circumstances gppear to dictate that gaining experience with a variety of employers within the raillway
industry will be amost desirable route to competency.

Obvioudy, participation in high quality academic courses of study in Railway Engineering would form an

excelent part of a most appropriate route to competency as a Rallway Engineer. The potentia benefit
to the railway industry isenormous. This has been the theme of this document.
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40 CONCLUSION

Having gathered together the data presented in this document, it is hoped that the result will be found to
be ussful for reference in the formulation of plans for the betterment of the practice of Ralway
Enginegring a a professond level and, thus, the rallway industry served. Ralway Engineering
Education should be an important focus of such planning.

It is believed that this document contributes to the development of an enhanced definition of Railway
Engineering as a professond pursuit, especidly in Audtraia. Thisis seen as necessary and appropriate.
Jugt as it is a function of The Ingtitution of Engineers, Audtrdia to define Professona Engineering, o
mugt it be it a function of the Nationd Committee on Rallway Engineering, of The Indtitution, to define
Railway Engineering within the professona context.

Whilgt this document has been designed to stand aone, it should be recognised as a building block for
the implementation of wider strategies of the NCRE, and of other concerned parties, in support of

Railway Enginesring.

Findly, it is emphassed that condructive input to asss the enhancement of this document will be
welcomed by the NCRE at any time.

0000000
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