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ABS'I'RAC'I': Rai'.lways of Austra.1.ia c'O-or'd1'nates a techn;[C'a.l
deve.lopment proqram "'h.ich, a.lthouqh it main.ly
.invo.lves c.IvLl and mechanica.l engi'neer.inq
d.is'c'ip.l.lne.s, .is becom.Inq 1nczed,s.inq.ly i'nvo.lved
1n new t:ecl1n.z"que,s such a.s· chOose .lncJuded in
cbe Nor'ch Ameri'can Advanced !?z'a..in Contro.l
Systems ..

:roe paper' pz'Ovide,s' an ovezv.z'ew of the z-e,s'eazch
and deve.lopment: proJect,s curr'eot:.ly be.z...nq
conducted or r'ecent.ly comp.leted.. Eenefits
ach..leved to date and ant:.ic.ipated are
identified and compared ",i'th pro.fect costs,
Benefi't:/co.sc rat:.i'o.s az'e an .impor"tant: par't: of
the p.roject: se.lect.ion proce.s.s"

ROA',s ze,seazch pZ'Og'z'am encampas',s'es,
add..ir..iona1.Iy, a srz'Onq empha.s'.l'.s on as.s.i'sr.inq
J.·n, and then Jl1on.irori'nq, .i.'mp.IemenratJ.·on of
teclm.lcCl.l deve.lopments.. 'I'he pro.fect
manaqement .structure rd1.lch ha.s been deve.loped
~o prov.ide roJ.·.s eJl1pba,s'J.s 1'.8 dt.?scr.ibed..
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AUSTRALIAN RAILWAY TECHNICAL DEVELOPMENT

INTRODUCTION

The Railways of Australia organisation co-ordinates matters of common
interest to Australian government railways.. An important part of this activity
involves technology development"

Until recently exchange of technical development information within
Australia's five rail systems had been handled in an ad-hoc fashion" One
response to the increasing rate of technical evolution in railways was a decision
in 1978 to undertake a vehicle/track research program (NibJoe et aL (1987)),
overseen by the ROA Vehicle/Track Studies Co-ordinating Committee"

This group of senior engineers from all rail Systrems has been strengthened, and
renamed the Technology Development and Application Committee (TDAC), a
name reflecting its significantly broader role and set of responsibilities"

Its defined objectives are:-

(i) 'T 0 minimise the operating costs of Railways Systems of Australia by
arranging:

(a) relevant technical researCh, development and investigations related
to vehicles and track.

(b) development of techniques for the application of technical
development outcomes (whether derived in Australia or overseas)
into the Australian railway environment"

(c) monitoring of such application"

(ij) To have responsibility for other technical research and development
activities funded by ROA which are referred to it by senior railway
management"

This paper firstly provides an overview of the range of TDAC activities,
following which a description of technical project activities together with the
project management structure adopted, is given"

The final part of the paper reviews the benefits obtained to date, and comments
on the key elements of what has been a successful technical development
program despite its relatively small scale"

It should be recognised that work conducted under the auspices of TDAC covers
only a part of the total technical research and development of the various
railway authorities.. Each rail System also undertakes significant investigations
pertinent to their individual requirements.. Recognising this, TDAC also plays
an important role in facilitating the interchange of research findings from one
System to another, with the aim being to maximise the benefits obtained while
preventing unnecessary duplication of research"
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2. SUMMARY OF TDAC ACTIVITIES

While the management of technical development projects has continued as the
main TDAC activity, its role in recent years has broadened with greater
involvement in standardisation activities and special projects"

The current activities of TDAC are briefly described in the foHowing sub­
sections"

Technical Development and Application Projects

This is the major activity of the Committee and more details are given in
Section 3" A wide range of technical developments are being pursued" The
concentration is on improving vehicle and track performance although there is
now more emphasis on obtaining fuel savings. In future it is anticipated that a
segment of the project activity wiU be directed specifically to assisting in the
achievement of specific business goals.. Projects must be subjected to a cost...
benefit analysis prior to approval, and a minimum ratio of benefits to research
costs of 8: I has been established for review purposes.

Standardisation Activities

This is a newer role for the Committee, although a number of smaller matters,
e.g", thermit welding, have been under continuing technical examination.

Currently, major activities are being undertaken by the Working Parties
examining:-

(a) National Vehicle Acceptance Standards
(b) Advanced Train Control Systems (ATCS)

A number of potential standardisation activities including:-

(a) Electronic Data Interchange (ED!)
(b) Bridge Design
(c) Vehicle Components

are currently being investigated..

The work on ATCS is of particular interest" The ATCS project is a major
technical development of the North American raBroads which is intended to
provide the precise and continuous control of aiL resources involved in train
movement. Extensive use is being made of electronic/computer technology ..
Because of the ability of these Systems to directly feed information in other
computer databases, train operation and management systems may potentially
be radicaUy improved..

Special Projects

From time to time, as requested by the Chief Executives of Railways, special
projects are managed through the Committee.. These activities are not
continuous in nature although at times they may have significant scope"
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FIG. 1 - TDAC PROJECT NUMBERS AND STATUS
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International Liaison

The objective of this activity is to maintain an awareness and, if appropriate,
arrange for the transfer of overseas technology" International Union ,?f
Railways (UJ"C .. ) and Association of American Railroads (AAR) contact IS

maintained" Membership of the International Heavy Haul Railways Association
provides another focal point.. A technical exchange agreement is operative with
Amtrak.

Co-ordination of Technical Trials Conducted by Individual Railway

The objective is to facilitate the introduction of new techniques through
providing an awareness of trials being undertaken"

This is normally achieved through the transfer of brief reports on such matters
as steel sleepers, bogie trials (e"g", UTDC frame bracing, etc.),.

In some limited cases, the co-ordination may be managed on a project basis,
e.g", current testing of microalloy wheels..

A regular report is issued on technical developments (civil and mechanical)"

Technical Support Activities

These activities are limited but include the management of ROA
instrumentation equipment; maintenance of some computer programs and
reports; preparing technical publications, e.g.., Track Design Review
(Martinovich et al. (1987)) (O'Rourke et aI, (1988», and membership of the
Australian Welding Research Association..

TECHNOLOGY DEVELOPMENT PROJECTS AND IMPLEMENTATION

Fig" 1 illustrates the growth in technical development projects since 1985"
Because of the limited technical reSOurces available within railways to examine
and implement new developments, of which the TDAC work is only one part, no
further growth is now planned"

While the number of active technical projects has increased in recent years the
number of projects in the test and development stage has been relatively stable"

recent increase in active projects has been solely due to the emphasis on

~
fa~:!~~~~~:~~:( in overall research project management.. Projects are not

complete at the end of the development stage" Implementation is
and monitored on a project basis..

focus of technical projects was directed towards obtaining basic
errloiric:al data or the development of a theoretical model, e"g., the Simcar
vellic.le model described by Shelley (1987).. More recently, however, increasing
errlDha.'L. has been given to application oriented development, which can provide

in the shorter term, using the latest technical advances in order to
lmpr."v," ,!;~I;'(ay productivity" An example of this is the work on wheel/rail

listing of current active projects is given in Appendix 1..
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RESEARCH MANAGEMENT

The ROA development program operated through 1'DAC differs in management
structure and resource location from the conventional form adopted by many
research oriented organisations in Australia"

Most importantly the technical development resources are highly decentralised
with use being made of the skills contained within individual railways and
consultants - in particular BHP Melbourne Research Laboratories p. and, where
appropriate, tertiary institutions..

The disadvantage of this approach is that the technology skills to be utilised in
particular projects are not always readily available at the skill level required in
the short term, while the retention of skills in the longer term will be difficult"
The advantages however are considerable as:-

(i) there is greater flexibility available in choosing the appropriate resource,
since it is not necessary to utilise manpower and equipment previously
dedicated to different developments"

(ii) the potential for implementatiQn of research results is greatly enhanced
as often railway personnel drawn into the research programs (e"g", in
trials) will be involved in implementing results"

(;ii) management can concentrate on research project management as less
emphasis needs to be given to managing personnel and resource
requirements.

(iv) a wider pool of available resources including manpower skills and
equipment can be called upon"

The dose involvement of railway system personnel in the research programs is
a necessary ingredient for success since not only must the research be
technically successful but new practices must also be implemented if 'potential'
productivity improvements/costs benefits are to be actually achieved"

To assist in achieving this involvement, each active project is managed by a
project team consisting of a nominated officer from each railway System" One
officer acts as project manager" The project team and manager are not
involved in the project development work.. Rather their role is to provide
oversight and input to the development resource" The project teams also have
an ongoing role at the end of the development phase to monitor
implementation"

A small central management provides oversight of particular programs,
allocates the limited capital available for technology development, and reviews
and assists in implementation of research results..
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With centralised research, research reports often become the major means of
co,nv,eying research results to the potential implementers.. Unfortunately, these

can become bookshelf occupiers in some organisations despite the
n"aJitv and effectiveness of the research"

contrast, experience with the decentralised structure is showing that
implementation, at least on a trial basis, is often underway before final reports
are issued. As such the role of the research report is as a complementary
information resource, with the objective of end-of-project documentation being
secondary"

In the same way the research program being conducted is complementary to the
enlgineerinlg concerns of each individual railway System ..

RECENT BENEFITS OF TDAC DEVELOPMEN'IS

section of the paper describes the results and benefits from a number of
projects completed in 1987 and 1988, viz:-

Wheel/Rail Profile Optimisation
Rai] Design Module
Track Buckling
Rail Thermit Welding Stress Device

«."un. from early work on vehicle/train dynamics and the benefits are given in
et al (I 987).

a coned 1:20 wheel profile has been used by all railways in

technical output from the project has been a range of modified wheel
shapes such as those shown in Fig" 2,. The actual modification consists

change in geometry in the area between the start of the taper and
flange. Undertaking this modification in general requires little or !J£

exoens""

numt,er of trials were initially conducted to obtain compat:'ative performance
The first of these trials were conducted with Westrail woodchip traffic
travels over a route with gradients as steep as 1:40 and curve radii down

160m" Forty-five percent of the track length is curved and of these curves
two-thirds have a radius of 300m or less"

results obtained are shown in Table 1. Significant flange wear reductions,
av,or" ... of over 50 percent, were obtained from the modified wheel profile,

with the standard profile installed at a back-to-back dimension of
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TABL.E 1

Wear Reduction Achieved by Westrail

Wear Expressed as a Percentage of
the Standard Profile Wear Rate

Left Hand Side Right Hand Side

Flange Tread Flange Tread

Modified - 997 62% 94% 72% 90%
Back to Back

Modified - 990 64% 100% 33% 90%
Back to Back

Another major trial on Queensland coal traffic proved particularly effective"
Results in this application are given in Fig" 3.. After 80,000 km of travel wear
rates were reduced by about 2/3 on leading wheelsets and were almost
negligible on trailing wheelsets. The graph also illustrates that the greatest
benefits from improved wheel profiles are obtained during the initial wearing in
period where wear rates on the standard wheels are greatest"

Modified profiles are now being widely implemented throughout Australia" The
costs of wheel purchases and wheel machining are about $50 million p"a" and it
is expected that benefits of $15 million p"a. will be obtained in the longer-run
as the fleet is changed over to the new pr'ofiles" This may be compared with a
development cost of less than $100,000..

As wheel and rail wear are proportionally related rail replacement costs will
also reduce as will energy costs (energy is absorbed in wear) by approximately
$4 miJIIon p,a..

'"

Fig" 2 : Modified Wheel Profile - Queensland, Victoria"
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Rail Design Module

Fig" 3 : Results of Queensland Tests

This project was directed at the development of a computer program which
incorporated. the most up··te-date rail design procedures with an economic
analysis.. The aim was to assist railway engineers to more effectively
determine rail replacement and operating requirements.. More details on the
module are given in S"lieman et al (1988)"

A llsting of applications of the tail design module by Australian raiiway systems
Is given in Table 2" Some, such as the assessment of the effects of various
vehicle types, are straightforward technical analyses" In other analyses,
however, the use of the rail design module in examining rail performance forms
only one part of the overall study, e.g .., the investigation of increased axle loads
on the Moura coal Hne in Queensland..

Because of its use as a design tool and the difficulty in allocating benefits in
multi-faceted projects an exact estimate of project benefits is difficult.. It
should be noted, however, that ten per cent of the benefits in two cases given in
Table 2 would amount to $0..5 million p"a.. The development cost was less than
$100,000.

As further evidence of benefits rail purchases by railway Syst~ms fell to a
seventy year low in 1988/89"

on this project was completed in 1988 and the management procedures
deve.lo~>ed to prevent track buckHng are now being implemented in a limited
numt,er of locatIons on a trial basis" Further details of the project are given by
Hagamao. and Kathage (J 988)..
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TABLE 2

Implementation of the Rail Design Module

System

V/Line

V/Line

V/Line

V/Line

WA

WA

WA

WA

SRA

QR

QR

QR

AN

AN

AN

Application

Melbourne - Albury: Standard Gauge Upgrading.

Rail Wear Criteria for 4-7kg/rn raiL.

Stresses and wear life of existing rail under possible
changes in axle load and speed"

Justification of deferment of rail replacement in
curves"

Effects on rail of new DA class locomotive"

Effect on rail of new AN 15 Pack' container wagons.

Effects of proposed NG-Class locomotive on rail.

Effects of 19 tonne axle load on 60lb WA rail..

Hunter Valley rail operation options, e.g., increasing
speeds for lOOt vehicles from 60 to 80km/h and
increasing axle loads from 25t to 27t between UIan and
Newcastle"

Investigations of wagon fleet options for the Mt Isa
line"

Investigations of increased axle loads on Greenvale
nickel railway and on the Newlands and Moura lines..

Tangent track rail wear limits"

Optimum rail section for 23t 1l0km/h operations"

Investigations for relaxed axle load/speed for particular
vehicles, e.g.., type AFIY wagon speed constraints at 20
and 23t; 800 or 930 Class locomotive operation on
60/631b rall; 25t axle load wagons on 80lb rail in
Tasmania.

A variety of other investigations, e"g", cant and cant
deficiency in Adelaide Hills; track structure upgrading
options for Leigh Creek"
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Initial trials of the Buckling Prevention System (BPS) led to a reduction in the
incidence of buckling with one single trial location in the Brisbane area giving
benefits greater than the project cost"

The main area of concern is the time/organisation required in utilising the BPS"
This concern should be addressed more fully during the next two years, when
wider field experience is available" The project management team continues to
actively monitor progress and address these issues..

Rail Therm!! Weld Stress Device

During 1988 a prototype device to aSsess the stress-free temperature of rail by
measurement before and after thermit welding was produced and delivered" A
field trial in VILine foHowed by more detailed examinations is now planned for
1989,

No benefits have been achieved to date.

SUMMARY

The past four years has seen an increase in the scope of engineering research
and development being conducted by Australian railways.

The aim of the research is to improve the productivity of particular facets of
railway operations and results from work which has been completed, e"g", on
wheel profiles, rail design, etc. indicates that real benefits are being obtained
as is evident by the high benefits/cost ratio being' achieved with these
completed projects..

To ensure benefits are obtained emphasis is being placed in the management of
research on implementation.. The involvement of railway personnel in a
decentralised and flexible research framework assists in this as the research
program in a very real way complements the engineering initiatives of the
individual railways..
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CURRENT RAIl.WAYS OF AUSTRAt.lA TECHNlCAL PROJECTS

APPENDIX 1

NO

"

IVESTRAll TEST TRACK (IVA)

SIMCAR MODEL
ENHANCEMENT a BOGIE
COMPARISON (AN)

WHEEL/RAIL PROFIl.E
OPTlMISATION

WHEEL DETERIORAnON 6:
FAILURE (Sp'"msfitOAJ

TRACK BUCKLING (QR)

OBJECTIVE (TECHNICAL)

To determine tile lifetime
e')Sts of different s'"ndards
of tra<::k nruc:tun,

To IllCorporatl! difl'm:nt l>Q1:lcs
cUI1;ing and tr&r:k geometry in
Slm<'.ar. Com~re alternative
bogies using Slmc:ar

To de'"elop wheel and rail
prolHes to reduce wheel
wcar.

To C'"alllllte the performance 01
impro,'o:d whcC!1 metaU'Jrgics in
S<'r\'i!::c .,ith ,'le... to rccludng
wheel wear and assodatcd
maintenance

T" reduce the incldenec of
traek bUC'.kllng and U5OI"iated
derailments

CURRENT STATUS

Due for completion 1990{91. Force
and track geometry data M"e been
analy$Cd. Tile a.ueumenr of

~~:~~~~~ar:~;:~~;~:!ete,

TangeO! '''''''''In! and modelling
complete.
Bogie appraisal commenced

De,'dopmeO! c:omp!ete.
Implementation underwa)'
rllrcugllout AUsTral~

MkrOll.lIoy wheels obtained and are
being lnsfalledln "UiOUI
applir.... tiol'lJ Some lrials are now
underway

Technkal de,'e!opmeO! compkte
Now being implemenTed

RECENT RESUl.T5

Dynamic track lo.Idings
Mse been establiShed for
se,'eral traffic: c1...ses.

Assessment of li\'e-~d,

performa.....-e by AN"
Thre.,.pie.:e ~ie
performl......e w,th sid.,.
tlel.Ters 4ependent On let
up height and stiffness.

Significant wheel weu
reduetions of tletween
20 and 80'1> obtained,

Redur.ed buc.kling
inddenr:e e,·ident in
QR field trials

FREICHT SOC.ll:. MAINTENANCE B)' monitoring bogie performanco RC'iew 01 worl<shop practices and
STANDARDS {V{Line!Sptemsl establish apprO?r~temaintcna.nce tolera.nce range complete.

stand&r<ls" Assenment 01 tolerance eIJe<::u
complete"

Need for impro"ed
standar4s for high(!r
speeds. Wheel r:!!&metcr
dillerenr:e signifir....nt

"

"

"

JII1

sIn

6/11

WHEEL STRESS
MEASUREMENT DEViCE (UOTJ

UNIT TRAIN
AERODYNAMICS (RMlTl

RAIL. CRINOINC. (MRLI

RAIL LUBRICATlON
(SRA{MRLI

RAIL STRESS DEVICE {UOTJ

Al.L.OWABl.E WHEEl.
GEOMETRICAL DEFECTS
(SG/ANl

SL.ACKlESS COUPl.ERS
• L.ONGITUDINAL. FORCE MODEL

TlMBER SLEEPER
DEVEl.OPMENT {QRI

WHEEL. MANAGEMENT (MRLI

To dC"o·elop a dC" ke which ......n
differentiate wheels SlllIering
a residual stre$l ctlange due 10

h.lglI thermal l04dings.

To assess the tee:nni......1effct:tivc.·
ness of "arious ,"';'icle design
mollilic"....tIOl'l and add-on de"lees
in reduc:ing aeroc:ly.....mie drag and
h.ence energy ...on$Umption,

To de,"elop a procedure ..... lr:h
will enable the effectlverICSS of
rall prolile grinding praetir:es
and lhe appr09'"iate grindi,,!
cyde 10 be asSC$sell.

To tri.il and determine the
effeeti'"eness of '"ariaus
lubrir.... lion ledmiques and
greases in redl'l':ing energy
consumplion,

To dC\"elop a protoerpe device to
be u.sed in c.neo:ing tail stress
free temperatllre after thermit
welding

To examine geometrk....l w!leel
defecls and th.cir d)'namlr.
effects and mnsoquences with
I. view to C$tabllshlng limits

To esrabll$h r:urrent ccuplet' and
dralt gear enarar.tCf'istlcs and
what may be dl-Slrable c:haracrer..
lstles u$lns: m«lelUng.

To esrabUsh more ell«:!h'e
spe.-..ilk".. t'Ol'l, managcmetit, and
inspectiOl'l methods wilh timber
sleepers..

To dC'o'elop a prosram to asseu
management and seleetion
procedures for wheel purenase
and liming 01 ...heel mammitIS.
and to provide prderred flange
I.nd rim Ttlielcn=sllmits.

754

Prototype de\'ir:e and field trials
complete. Comparative assessment
of strain gauge measuremetits and
dC','ice O<ltput underway"

Funded by NEROOC. Wind tunnel
tests ..omplete. Projeet team
is eumining implementation 01
several design features,

Profiles fully implemented in
Queensland and designs finalised
lor Wesrrail, Inter.S)'Stem use
Westrail are trii.lling

Hi-ralll"brir.a.tor tests completed
in SRA, WA &; QR, New Hth.ium
base greases being intrcllur:ed,
New lubrir.... tors tilted 10 SR'"
locomotives are under trial..
Computer program to as~s
energy SI.'·i,,!s on specific
routes distributed

Device completer:! V/Line is now to
arrange testing,

Commeneed oetober 19U,
Field tesls eompleted in AN
Theoretical work underwar

Requires linal appro\"al,

QR commenr:er:! proj«:! in 1989
Due for r:omplerion 1991

Commeneed 1989. D.&ta eolJe.:tion
underWa)' in rail Sj'Stems

SRA, V/Line, Hll< MNM
tr~ls indiea.te new and
se,,"ir'e wheels dearly
diUerent!&Ted

Pl.Ttial r:o,"ering of Iloppers
ma)' pro'"ide ....ost eHe<::t.
ive meilJ\S of rec:lur.ing drag
and inr:reasing ...arrying
<"....pIIc,')·.

Minimal wear in lOOm allCl
SOOm trial C:Uf\"es I.lter
9 months {lOMGn. Some
,urface spalling {limitedl
to be in'·estigated..

SRA Trials indi('.&te 10'l>
fuel SiIl"ings on spedlie
tra<".k sc<:t;Ol'lS. Westrail
r"sull, indicale , to
10% SiIl"ings,


