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PAPER SUMMARIES 

 
  
PAPER 1 Design Review and Development of Friction Damping System for Freight Bogie 
Author/s: Neil Saville, A. Goninan & Co. Limited  
 
In 1996, Goninan placed into service the Code EBA bogies, which were a modified design 
from the Code DCA primary suspension, variably damped, rail freight bogie. The design 
modifications were aimed at upgrading the capacity to 30 tonne axle loads, reducing the 
manufacturing cost of the bogie, and improving the performance of the damping system 
during brake applications. In January 1997, a minor derailment of a Code NHPH coal wagon 
on which the bogies were fitted, occurred. Although there was no direct evidence that the 
derailment was due to the bogie, there was clearly the potential for the “locking-in” of forces 
during unloading of the suspension.  A design review process was conducted to develop an 
improved understanding of the force mechanism of the friction damping system, and to 
ensure that any forces acting on the axlebox from the damping system would not exceed safe 
operational limits. An independent third party certified the design review process. This paper 
presents a description of the process followed, the results of the review, and potential future 
developments. The main conclusion of this work is an improved understanding of the force 
mechanism of the suspension system, the parameters to which system performance is 
sensitive, and a basis for the evaluation of design alternatives. 
 
PAPER 2 Tilt Trains—The Queensland Experience  
Author/s: Ross Hunter, QR  
 
The Rockhampton Tilt Train project involved acquisition of two 6 car electric tilt trains and 
major signalling upgrade works.  The project took almost 5 years to complete at a capital cost 
to QR of approximately $113 million.  Major lessons were learnt during the project with the Tilt 
Train design and construct contract, re-signalling works, safety, operational and infrastructure 
issues.  Where appropriate these lessons have been incorporated into the new Cairns Tilt 
Train project, which involves acquisition of two 9 car diesel tilt trains.  This relates particularly 
to the innovative alliance contract between QR and Walkers Pty Limited to design and build 
the new trains. 
 
This paper summarises the experiences of the Rockhampton Tilt Train project, lessons learnt 
from that project, and their application to the new Cairns Tilt Train project.  It also provides a 
current status on the latter project. 
 
PAPER  3 Freight Wagon Design for the 21st Century 
Author/s: Warren Williams, Williams-Worley; David Ferris, David Ferris & Associates; Ray 
Kimpton, Freight Victoria 
 
Competition between freight transport modes is now supplemented by competition between 
rail operators vying for market share.  Using recent freight wagon design examples, this paper 
seeks to demonstrate how modern design techniques can be used to meet the ever changing 
and more stringent demands of innovation, efficiency, reliability and viable financial returns for 
those who invest in new rolling stock. 
 



Such design and analysis techniques now include: 
 
?? Finite element analysis 
?? Inclusion of second order material behaviour effects 
?? LEFM (linear elastic fracture mechanics) 
?? Modal analysis 
?? Computerised structural optimisation 
?? Dynamic Performance simulation 
   
These techniques have lead to the tangible benefits of lower tare mass, lower life cycle costs 
(even though first cost might be higher), better dynamic performance, greater flexibility of use 
by customers and a competitive edge. 
 
PAPER 4 The Optimisation of Rail/Wheel Lubrication Practice in the Hunter Valley 
Author/s: Stephen Marich, Stephen Mackie and Robert Fogarty, Rail Services Australia 
 
An extensive field study has been conducted recently in the Hunter Valley Region of Rail 
Services Australia with the primary objective of assessing and improving the rail/wheel 
lubrication procedures. 
 
The assessment has been based primarily on the measurement in a range of curves of the 
friction resulting from positioning rail mounted lubricators at different track locations. 
 
The results obtained have clearly shown that in concrete sleepered track containing tight 
curves with well maintained rails and wheels very effective lubrication can be obtained:  
 
?? at relatively long distances away from the lubricators (up to 6-8 km),  
?? by positioning the lubricators at the ends or even within relatively shallow curves. 
 
The results have led to major changes in the lubrication practice, including the considerable 
reduction in the number of lubricators required and the associated improved rail/wheel 
interaction characteristics. 
 
PAPER 5 Setting Rail Rectification Standards—A Difficult Task 
Author/s: Jim Cooper, Speno International 
 
As a manufacturer and contractor in a specialised field, Speno International has negotiated 
hundreds of sets of specifications for the supply of rail rectification equipment or works. In 
parallel, Speno Rail Maintenance Australia has been accumulating experience in local 
conditions. The individual specifications have all been made to work, but occasionally they 
have revealed themselves lacking. 
 
The question has been raised in railway circles of producing a set of harmonised 
specifications for rail rectification. The movement is well advanced in Europe and a draft 
version is currently being discussed. Speno International participates in this action. This 
experience has confirmed that rail rectification presents specific difficulties in definition and in 
measurement.  
 



More importantly, the reflection on rail rectification is taking place within a framework for the 
harmonisation of specifications for trackwork acceptance in general. Broad-based issues are 
also being raised.  
 
The paper is a review of both these aspects with emphasis on possible practical outcomes. 
The company recognises the advantages a set of common standards would offer, but also 
identifies several causes for concern. 
 
PAPER 6 Managing the Wheel/Rail Interface  
Author/s: Fred Mau, Booz Allen & Hamilton  
 
The competitive market environment in which railway transportation operates requires 
business goals to be carefully refined.  These goals may call for high wear of components 
such as wheels or rail, but if this wear is not properly controlled, cost can escalate 
dramatically. 
 
Longevity of both vehicle and track is primarily determined by the structural adequacy and 
quality of maintenance of each.  The paper provides guidelines for the management of both 
train and track.  
 
Considerable description is provided of experience gained with managing the wheel/rail 
interface. Consequences of having, for example, miss-match of wheel and rail profiles, of 
track structure and axle load, of rail straightness and bogie mass, are discussed.  
 
Design rules are provided that enable relatively simple assessment of appropriateness of 
vehicle and of track, and their interface. References are provided to enable further reading 
and study of specific topics. 
 
PAPER 7 Networked Communications—Gateway to Modern Railway Signalling  
Author/s: Wayne McDonald, Westinghouse Signals Australia  
 
Calculating an optimal timetable for multiple trains on a network is a difficult optimisation 
problem. As the number of trains or the size of the network increases the problem grows 
rapidly in size and complexity. In this paper two approaches to the optimal timetabling 
problem are explored. 
In the first method the problem is formulated as a large binary-programming problem. The 
method of Lagrangian relaxation can then be employed to reduce the size and complexity of 
the problem. In this method the trains are placed one at a time onto a train graph, then 
penalties are imposed whenever two trains are occupying the same segment at the same 
time. With these penalties imposed, the cheapest path for each train will gradually move away 
from these conflicts. Some conflicts may not be resolved after these penalties have been 
added and so a heuristic method is used to resolve the remaining conflicts and produce a 
feasible timetable. 
Another technique is Problem Space Search, which imbeds a fast dispatching heuristic within 
a probabilistic search procedure. The dispatcher generates a timetable based on the problem 
data i.e. segment running times. The search procedure uses perturbed segment running 
times to generate alternative dispatching decisions. Many timetables are constructed and the 
best one kept. The timetables are evaluated against one another using a cost function of the 



su m of the delays experienced by each train. Both methods are tested on a problem 
consisting of 34 trains and 62 segments that are to be scheduled daily. 
 
PAPER 8 Train Timetabling on Complex Networks 
Author/s: Scott Mackenzie, University of South Australia  
 
Calculating an optimal timetable for multiple trains on a network is a difficult optimisation 
problem. As the number of trains or the size of the network increases the problem grows 
rapidly in size and complexity. In this paper two approaches to the optimal timetabling 
problem are explored. 
In the first method the problem is formulated as a large binary-programming problem. The 
method of Lagrangian relaxation can then be employed to reduce the size and complexity of 
the problem. In this method the trains are placed one at a time onto a train graph, then 
penalties are imposed whenever two trains are occupying the same segment at the same 
time. With these penalties imposed, the cheapest path for each train will gradually move away 
from these conflicts. Some conflicts may not be resolved after these penalties have been 
added and so a heuristic method is used to resolve the remaining conflicts and produce a 
feasible timetable. 
Another technique is Problem Space Search, which imbeds a fast dispatching heuristic within 
a probabilistic search procedure. The dispatcher generates a timetable based on the problem 
data i.e. segment running times. The search procedure uses perturbed segment running 
times to generate alternative dispatching decisions. Many timetables are constructed and the 
best one kept. The timetables are evaluated against one another using a cost function of the 
su m of the delays experienced by each train. Both methods are tested on a problem 
consisting of 34 trains and 62 segments that are to be scheduled daily. 
 
PAPER 9 Development of Safety Related Logic Program in Networked RTU System 
Author/s: Vincent Yuen, Foxboro Australia 
 
Traditionally, safety related systems have been designed utilizing the application of hardwired 
systems adopting relay logic to ensure a proven measure of protection against inadvertent 
operation. However, recent technology changes have resulted in the traditional hardware 
based systems being replaced with software based systems. This approach is consistent with 
the experience gained in other industries such as the aviation and nuclear power industries. 
The challenge is to design and develop maintainable systems that can be expanded inline 
with dynamic user system changes whilst ensuring that any problems can be quickly 
diagnosed and solutions be easily implemented. 
This paper presents an overview of the system design, configuration tool, development 
process, and the system assurance adopted in the development of a safety related control 
system to be deployed for an air conditioning and ventilation system in an underground 
railway environment. 
 
PAPER 10 Locomotive Performance Identification Using Neural Networks 
Author/s: Colin Cole and Dudley Roach, Centre for Railway Engineering  
 
The aim of this paper is to present a method of extracting locomotive performance information 
using an artificial intelligence technique.  Artificial Neural Networks, (ANNs), were trained to 
provide a function that describes the traction and dynamic brake performance of the 
locomotive from measured data obtained during normal train operations.  Several ANNs were 



trained with differing results. It was shown that the effectiveness of this technique was 
dependent on the comprehensiveness of the data set.  The results were then compared with 
operational data cluster diagrams to establish limits of validity.  It was concluded that the 
properties of ANNs can be used to extract locomotive performance information from normal 
train operation data if the data sets are comprehensive.  If the data sets are not 
comprehensive the network remains valid in the domains for which data is available. 
 
PAPER 11 A High Degree of Operational Reliability with Suitable Journal Roller 

Bearing Designs 
Author/s: Edgar Pröschel, FAG Australia  
 
Rolling bearings in rail vehicles are subjected to high dynamic loads which are not equalled 
by any other vehicle.  Therefore they have to be suitably dimensioned for this field of 
application and must be made up of components which are adapted to the extreme 
requirements. 
 
Rolling bearings reach endurance strength if their specific contact pressure in the rolling 
contact areas does not exceed a certain limiting value.  As long as the loads are transmitted 
via an intact lubricating film, which completely separates the partners in rolling contact, and as 
long as no harmful contaminants penetrate into the rolling contact surface, rolling bearings 
will, as a rule, not fail due to material fatigue.  This holds likewise for cylindrical roller 
bearings, tapered roller bearings and spherical roller bearings, which are the journal roller 
bearing types commonly used in rail vehicles. 
 
Taking into account the operational reliability, yet another significant bearing parameter has to 
be taken into consideration: bearing temperature.  In a comparison of the three bearing types 
commonly used for journal roller bearings, provided that the mounting, lubricating and 
operating conditions are identical, that bearing type is the safest one which yields the least 
impaired performance.  In view of the variety of loads and stresses found in field operation, 
which can be simulated only insufficiently in a laboratory test, field tests are the preferable 
choice for selecting the suitable bearings.  In this way uneconomic decisions can be avoided 
which, in view of the generally large number of journal roller bearings needed, would 
represent a considerable cost factor. 
 
PAPER 12 Use of Reliability Data in Determining Maintenance Strategies of Electric 

Passenger Cars 
Author/s: Alan Bellrose and Sam Cassar, MainTrain 
 
This paper describes the various maintenance philosophies applied to the rail industry as well 
as in general industries.  The data is captured at various sources being customer in service 
periods and internal work performed, with the result being reliability performance indicators.  
From these parameters the optimum change out period, spare equipment required, and a 
cost effective maintenance program will be obtained.  In this paper the techniques for data 
collection and sanitisation are described as well as the techniques for obtaining the optimum 
service time.  
 
 
 
 



PAPER 13 Effective Infrastructure for Operational Efficiency—A Paradigm for the 
21st Century 

Author/s: Max Michell, SAMROM Pty Ltd  
 
The national rail network suffers from inadequacies in condition, alignment and capacity on 
major existing routes, while at the same time being unable to justify extension or re-alignment 
of routes to tap new freight sources.  The position is exacerbated by the slow but inevitable 
shift of production focuses from traditional locations in major cities to greenfield sites well 
away from established rail facilities. 
 
The author would argue that this is an inevitable consequence of the relative inefficiency of 
existing routes coupled with lack of innovation in provision of new or improved track to meet 
the needs of freight generators at an affordable cost.  A major factor has been an institutional 
insularity, with infrastructure being designed to engineering rather than commercial criteria, 
for operators unwilling to forgo over-endowment in exchange for efficiency.  
 
The essentials are for infrastructure at an affordable cost, designed to allow running of trains 
at an affordable cost, and capable of keeping up with competitive productivity gains.  Indeed a 
tall order! 
 
Cases are presented demonstrating how, with the help of train simulation, engineering and 
operational aspects can be coordinated to achieve the necessary affordable and effective 
outcome.     
 
Specific aspects covered are 
  
?? grade profile refinement on new and re-aligned lines to reduce construction costs without 

adverse effects on operations; 
?? use of speed ramping to reduce train times and fuel consumption; 
?? the impact of consistent track speeds on transit times; 
?? increasing track capacity with performance turnouts; 
?? referencing local infrastructure development to the global picture; 
?? extending the reach of the network at an affordable cost. 
 
The author illustrates how modified approaches to infrastructure and operations can point rail 
toward being a transport service provider with a vital future in the 21st century.  
 
PAPER 14 Low Cost Solutions to Track and Structures Maintenance and Upgrade 

Needs  
Author/s: Philip Walsh & Edward Calvert, Tranz Rail Ltd.(NZ) 
 
This paper explores the importance of recognising the situations when existing solutions, 
practices and technologies are not an appropriate fit for the maintenance or upgrade 
challenge facing the engineer employed in a commercial rail road. The paper examines the 
issue with a number of scenarios that have faced Tranz Rail Engineers in recent years. These 
are considered under the headings of the situation facing the engineer, the desired outcome, 
the solutions / practices available, and the result of pursuing an innovative solution. The 
scenarios included range from equipment development (a tamping solution for small sites & a 



rail vibrator) to software development (a database for track management). The planning and 
implementation of a low cost upgrade of bridging to allow the profitable running of at risk 
traffic is also described. The authors conclude that situations arise for a small commercial 
operator that can only be economically solved by solutions tailored for the situation. 
 
PAPER 15 Track Infrastructure for High Speed Passenger Operations on Metre 

Gauge Networks 
Author/s: Clive Plunkett, QR  
 
This paper records the Infrastructure Standards required for the operation of a 160 km/hr Tilt 
Train on a 1067 mm gauge railway, over a 650 km long route.  This route also carries unit 
coal trains, general freight traffic and other slower Intercity Services and long distance travel 
trains.  Some brief details are also given on the general research and development methods, 
and other investigations necessary to determine minimum standards. 
PAPER 16 The Development of a Train Dynamics Monitor 
Author/s: Michael Gorman, Dudley Roach and Colin Cole, Centre for Railway 
Engineering 

Ted McLeod, QR  

A prototype Train Dynamics Monitor (TDM) has been developed for fitting to the drivers cabin. 
The unit is designed to give indications of excessive force and acceleration levels at selected 
points in the train. From these indications it is possible for the driver to infer the level of train 
dynamic action in sections of the train located a considerable distance from the drivers cabin. 
The development is particularly relevant to the operation of long trains and distributed power 
trains. Initial responses by drivers to the prototype cabin device have been positive. 
 
PAPER 17 Development of Strategic Infrastructure and Train Operations Modelling 
Author/s: Alex Wardrop, TMG International Pty Limited and Peter Pudney, University of 
South Australia 

There have been major changes to Australia’s railway industry arising from the combined 
effects of introducing new interstate train operators, the application of the National 
Competition Policy and the progressive privatisation of previously Government-owned 
railways.  The most noticeable impact is the separation of the management of railway 
infrastructure from train operations.  There is no single model for doing this in Australia but 
the effects are similar in different jurisdictions.  There is more awareness about the capacity 
of railway infrastructure to handle competing train operators’ train flows.  However the means 
of determining the capacity of a stretch of railway or the best ways of augmenting this 
capacity to handle given train flows are still being sought. 

In response to this deficiency in analytical tools TMG International and the University of South 
Australia began developing a sketch infrastructure and timetable modelling system.  This tool, 
SKETCH, is aimed at the planning for and evaluation of existing and proposed railway 
infrastructure and/or train timetables. 

In its first stage of development SKETCH models the infrastructure of a simple railway 
network, overlays it with an input timetable and resolves this into a feasible, but not 
necessarily optimum timetable.  SKETCH accepts logical infrastructure and timetable data 
and reports resolved timetables in classical tabular and graphical forms. There are added 
diagnostics to compare train lengths against refuge lengths, which is a vital issue for freight 
train operators wanting to run longer trains.  In its next stage of development SKETCH will 



incorporate a controllable level of optimisation to improve output timetables and to reduce the 
risk of rejecting infrastructure arrangements because they might not deliver the requisite 
capacity. 
 
PAPER 18 Energy Efficient Driving Strategies for Long-Haul Trains 
Author/s: Phil Howlett and Peter Pudney, University of South Australia  
 
The energy costs for railways are significant.  By driving efficiently, these costs can be 
significantly reduced. 
On suburban trains, energy is minimised using a drive-coast-brake strategy that maximise the 
duration of the coasting phase between each pair of stations, but so that the train arrives at 
each stop on time. The Metromiser system developed at the University of South Australia 
helps suburban train drivers save energy by calculating when to switch to coasting, based on 
the location and speed of the train and the time remaining for the journey section.  Tests on 
many different railways have shown that, using Metromiser, drivers are able to achieve 
energy savings greater than 15% and significant improvements in timekeeping. 
The optimal driving strategy for longer journeys is based on speed holding.  The basic speed-
holding journey is usually disrupted by steep grades and speed limits.  An optimal driving 
strategy can be calculated, however, using standard methods of optimal control.  We have 
demonstrated these calculations for real journeys, and are currently developing improved 
calculation methods that will enable efficient journeys to be calculated within simulators and 
on long-haul trains. 
 
PAPER 19 Vertical Wheel Force Characteristics of a Coal Wagon Determined by 

Sideframe Strain Measurement 
Author/s: Mitchell McClanachan and Dudley Roach, Centre for Railway Engineering  
 
Measuring forces at the wheel-rail interface requires sophisticated and expensive technology 
such as instrumented wheelsets.  The cost of such equipment restricts research into wheel 
rail forces.  A less expensive method to determine the vertical wheel force is by measuring 
the strain in the sideframe. Limitations are placed on the vertical wheel forces found by this 
technique because of the inertia of the wheelsets and the influence of lateral wheelset forces.  
Vertical wheel force measurement using sideframe strain has the additional benefit over 
instrumented wheelsets as it can be used during braking.   
This paper describes how sideframe strain measurement was used to determine vertical 
wheel force in operational train tests involving 70 tonne wagons with constant friction damped 
three-piece bogies. Experimental results that are presented include vertical wheel force 
distributions for the whole haulage operation.  These wheel force distributions enable a 
comparison of wagon performance and can be used to identify track sections that continually 
exhibit low vertical wheel forces. The vertical wheel force measurements also located many 
interesting wagon dynamics. These include hunting, wagon bounce, suspension lock, the 
effect of longitudinal force transients on wheel forces and the superposition of multiple 
dynamic events. 
 
PAPER 20 Indian Railways Electric Locomotives—Supply and Transfer of 

Technology 
Author/s: Neal Lawson and David Gale, Daimler Chrysler Rail Systems (Australia) Pty. 
Ltd. 
 



In July 1993, Indian Railways awarded the contract to ABB Transportation Systems Ltd., 
Switzerland to design and manufacture 11 high-speed passenger locomotives and 22 freight 
locomotives featuring state-of-the-art GTO traction technology.  The contract also included a 
complete Transfer of Technology (TOT) of both the electrical and mechanical design and 
manufacture to enable production of the first indigenously produced GTO three phase drive 
locomotives in the history of Indian Railways. 
 
For the execution of this project a consortium was established between ABB Transportation 
Systems Ltd. (Switzerland) and ABB Transportation Systems (Australia) Pty Ltd. 
 
Part of the fleet of freight locomotives was shipped in kit form directly to India. Final assembly 
and commissioning was undertaken by Indian Railways staff, under the guidance of Adtranz 
representatives, at the Chittaranjan Locomotive Works (CLW) in the State of West Bengal. 
Thereby started the “the hands on” Transfer of Technology for manufacture of state-of-the-art 
GTO locomotives to Indian Railways. 
 
In November 1998, Indian Railways “rolled out” the first indigenously produced locomotive, 
featuring three-phase propulsion with microprocessor control, demonstrating satisfactory 
execution of the Transfer of Technology by Adtranz. 
 
PAPER 21 Comsteel Unidamp Railway Wheel Dampener 
Author/s: John Dobbie and Lindsay Reid, Comsteel, J Padgett; 3M Australia 
 
The paper describes the development and testing of a dampening device for railway wheels 
(Unidamp) and its application in reducing the level of wheel squeal in curved track.  Results 
from laboratory tests on 1/3 scale and full-scale wheels are shown.  Field test data for wheel 
squeal sites at a suburban rail station and in a concrete tunnel are detailed, with significant 
reductions in noise level readings. 
 
PAPER 22 A Catchment Based Approach to The Mitigation of Erosion Problems in a 

Railway Cutting 
Author/s: Yeboah Gyasi-Agyei and J. Sibley, Centre for Railway Engineering 

P. Truong, Queensland Department of Natural Resources and D. Nissen, QR 
 
The strategies used to mitigate complex erosion problems in a railway cutting are presented 
in this paper. The field trials site consists of a 650 m long cutting located in the Boundary Hill 
coalmine railway balloon, approximately 40 km north-east of Biloela, in Central Queensland. 
A catchment-based approach was adopted in the mitigation of the erosion problems at the 
field trials site, viewing the cutting as an integral part of a drainage system that extends 
beyond the railway easement. Several earth banks and catch drains were constructed to 
divert runoff away from the railway cutting crest. A series of rock check dams were put in the 
catch drains to help control flow velocity, erosion, and trap sediment. All erosion pipe inlets 
and outlets were excavated and filled with basalt spoil material obtained from the nearby 
mine. The site was well graded to prevent ponding of runoff water on the disturbed areas. The 
batters are being stabilised with grasses and soil ameliorants. Although it is too early to fully 
assess the effectiveness of the strategies employed, the field trials are successful so far. It is 
believed that the research outcomes from the field trials have a high potential for transfer to 
other erosion problem sites. 
 



PAPER 23 Stabilisation of Rail Track Formation and Embankments 
Author/s: Ian Kayes and Darryl Nissen, QR and John Adamson, Pavement Technology 
Ltd 
 
Great improvements in Rail track technology have been achieved in recent years, especially 
in the fields of ballast specification, sleeper design, rail weight increase, rail profile 
maintenance by grinding, rail-wheel interfacing and suspension improvements to rolling 
stock. 
 
As a result trains are running faster, with greater axle loads and at an increasing frequency 
as the demands for carriage of raw materials to port for export and general freight 
continually increase.  
 
Yet with all these improvements, speed restrictions on discrete sections of track are still a 
major cause of frustration to the scheduled running of trains.  
 
One of the major causes of these speed restrictions is attributable to the failure of the track 
formation to adequately support the track infrastructure and the rail traffic thereon.  Often 
this failure is caused by variations in moisture levels in the clay formation subgrade, which 
lead to shrink and swell of reactive clays and shear failure of saturated clays.  
 
These problems can be rectified by Slurry Injection Stabilisation of the clay formation and 
subgrade, whereby cementitious slurry is pumped under pressure into the subgrade from a 
hi-rail vehicle without the need to remove and replace track infrastructure.  
 
PAPER 24 State of the Art Large Scale Testing of Ballast 
Author/s: Buddhima Indraratna, University of Wollongong, D Ionescu, La Trobe 
University 

H.D. Christie, Rail Services Australia 
 
Poor performance of rail roads is often associated with the loss of cross level, track profile 
and track al ignment.  The initial as placed condition of ballast and its engineering behaviour 
govern the stability and the performance of a railway track.  The load bearing capacity of 
ballast and its short and long term degradation characteristics can only be studied using 
large scale testing equipment, because the conventional geotechnical equipment cannot 
accommodate the relatively large aggregates. Large-scale testing provides specific 
geotechnical knowledge on the shear strength and particle degradation of ballas t, in relation 
to the particle size distribution.  The influence of principal stress ratio on the deformation 
aspects of ballast is also investigated. The variation of shear strength, angle of internal 
friction, dilation rate and the degree of particle crushing at different confining pressures and 
principal stress ratios, are described by non-linear relationships that are different to 
conventional criteria developed for other granular materials. The University of Wollongong in 
collaboration with the Railway Services Australia (RSA) of NSW has initiated a major 
research project on railway ballast, where both static and dynamic testing of ballast are 
being conducted. The settlement characteristics of railway ballast were also studied in the 
laboratory, by simulating the correct axle loads of trains. The static behaviour was evaluated 
using a large scale triaxial apparatus and consolidometer, while the dynamic behaviour was 
investigated using a cubicle triaxial rig. The role of particle degradation, number of load 
cycles and the degree of wetting is discussed in relation to the settlement. 



 
PAPER 25 Greenhouse Gas Reduction from Track Upgrading 
Author/s: Philip Laird, University of Wollongong  
 

The paper outlines the growth of rail freight over the last twenty five years and its increasing 
energy efficiency. Although the iron ore railways in Western Australia are the most energy 
efficient in the world, other Australian rail freight operations lag United States Class I railroad 
performance. 

A potential saving of 672 500 tonnes of carbon dioxide, per annum, by 2015, if Australia's 
interstate rail track alignment is upgraded is noted. Such rail track upgrading, and an 
improvement in road pricing for heavy trucks, are clear 'no regrets' measures to reduce 
greenhouse gases. Planning, including land reservation where need be for such work, and 
long term capital programs are needed by both rail systems and Government. 
 
PAPER 26 Developments in Rail Simulators and Computer Based Training to 
Increase Training Efficiency and Effectiveness  
Author/s: Duncan Ward, Paul Tyler and Michael Eichinger, Sydac Pty Ltd 

Pat Wilson, Delphic Consultants  
 
Recent advances in computer software and hardware has allowed development of new 
methods of computer and simulator based training.  Sydac Pty Ltd has recently upgraded and 
developed a number of simulators that provide new capabilities designed to increase training 
efficiency and effectiveness.  This has been done in conjunction with QR who have extensive 
experience in the use of Train Driving Simulators and Part Task Trainers for their competency 
based training and action learning programs.  
The underlying training effectiveness and efficiency goals, the new capabilities and 
functionality plus an outline of how these have been implemented in upgraded 3000 class 
electric locomotives console simulators and the new 4000 class diesel locomotives full cab 
mobile simulator are presented.  A discussion of the success achieved since their introduction 
is included. 
New capabilities introduced to meet the QR training objectives are explained.  These include 
the trainee only operation, swipe card access and training performance logging system and 
the facility for remote access via the QR network provide through the use of “web enabled” 
software.  New training features such as the provision of automatic expert driver, a fully 
configurable lesson option menu definable for a specific user or group of users and a 
graphical train building tool are discussed. 
 
PAPER 27 Freight Train Driving Strategies Developed for Undulating Track through 

Train Dynamics Research 
Author/s: Benjamin Scown and Dudley Roach, Centre for Railway Engineering; Patrick 
Wilson, QR 
 
Collaborative research agreements between Queensland Rail and Central Queensland 
University resulted in the development of a train dynamics test platform, the Multi-Wagon 
System (MWS). The MWS was used to record dynamic parameters on six wagons and driver 
actions and dynamic parameters at the locomotive over sixteen hundred kilometres of track 



from Brisbane to Cairns and return for a series of tests. Each test involved revenue-raising 
trains that were marshalled for load destination. 
Queensland Rail's driver training simulators and the Centre for Railway Engineering's 
longitudinal simulators were used to replay the recorded driving strategies. The train 
dynamics, fuel and brake usage, and running times resulting from these simulator runs were 
then compared with a range of alternative driving strategies.  Driving strategies were 
developed for this particular section of track that optimised the three criteria: 

1. Driving to meet schedule. 
2. Driving to minimise energy consumption. 
3. Driving to minimise train dynamics. 

The paper presents the details of the track section, details of the driving strategies that were 
recorded, details of the driving strategies that were trialed on the simulators and detailed 
analysis of the train dynamics that resulted from each strategy with respect to the above 
criteria. 

PAPER 28 GIS: The Spatial Technology for the 21st Century 
Author/s: Ron Lister, Rail Services Australia  
 
Rail Services Australia, in conjunction with its client Rail Access Corporation, is implementing 
a spatial asset management system using GIS technology to provide enhanced management 
and operational opportunities. The underlying objective of the system is to rationalise the 
maintenance of data used by the diverse information systems in the operation of the rail 
infrastructure. Coupled with this is the need to provide improved viewing and analysis tools.  
 
Unlike some other organisations, the GIS is not being implemented as a specific stand-alone 
project. Rather, the GIS is being implemented as a by product of other projects which require 
the spatial data and, in some cases, the functionality of the GIS to support their operation.  
 
Data and applications are being progressively added as projects dictate. The basic 
Smallworld GIS functionality is being enhanced to meet the needs of users, taking advantage 
of Web browsing features to provide access across a wide geographical area. There is no 
limit to the number of people who can concurrently see and use the same data, unlike the 
paper based and island systems it is replacing. 
 
The paper provides a brief review of past developments, an overview of current projects, the 
positive impact those changes are having on the business and a brief insight into how spatial 
information system technology is likely to be applied to meet the commercial needs of rail 
organisations, particularly rail organisations, in the 21st century.  
 
The paper describes some of the benefits to be realised from utilising the latest GIS 
technology. A case study using the Electrical SCADANet Project is presented. 
 
PAPER 29 Keeping the Lights on in South Australia 
Author/s: Bruce Sismey & Warwick Stoddart, FreightCorp  
 
Flinders Power is the owner and operator of the coal fired Northern Power Stations at Pt 
Augusta providing base load power to South Australia.  In 1999 FreightCorp commenced a ten 
year contract with Flinders Power for the haulage of coal from its Leigh Creek Coalfield to Port 



Augusta.  This was FreightCorp’s first stand alone interstate venture and it gave the 
Corporation the opportunity to break out from some of the traditional moulds.  The operation is 
sleek in terms of staff and equipment and attention has been focussed on optimising the 
operation to minimise costs to FreightCorp and in turn to Flinders Power.  The successful 
introduction of this operation is a clear demonstration of the ability of the rail industry to meet 
and even exceed the expectations of customers while operating in a competitive environment. 
 
PAPER 30 Railway Fitout of the New Southern Railway—Sydney 
Author/s: Mark Harris, Rail Services Australia  
 
The new Southern Railway is a significant addition to Sydney’s railway infrastruc ture, and is 
the first of a number of planned extensions of the Sydney rail network. 
This project has been designed and built by the private sector.  The prime contractor, 
Transfield Bouygues Joint Venture (TBJV), undertook much of the work with its own 
resources, but subcontracted the railway system fitout of the completed tunnel and stations. 

This major subcontract was won by Rail Services Australia in July 1997 and was completed at 
the end of January 2000 ahead of programme. 

This paper describes the significant contribution the fitout project has made in applying state-
of-the-art systems engineering to the development of a fully integrated railway design that has 
had to satisfy strict performance criteria in a hard dollar contract. 

This project has set a new standard for railway design and construction in the Australian rail 
industry, and will be the benchmark for future major projects. 
 
PAPER 31 Dapto to Kiama Electrification—Concept Study 
Author/s: Garry Taylor, GHD  
 
GHD Transmark was commissioned by Fluor Australia to investigate extending electric train 
services further south of Wollongong from Dapto to Kiama a distance of 24 km.  Fluor 
Australia, under an alliance type contract with Rail Access Corporation are responsible for the 
Infrastructure Works and maintenance provision of the Waterfall to Bomaderry rail line.  
 
Extension of electric train services from Dapto to Kiama is one of the major projects included 
in the NSW Government’s “Action for Transport 2010” plan. 
 
While studies had previously investigated the further extension of the current electrification to 
Dapto, Fluor Australia engaged GHD-Transmark to provide accurate and sufficient project 
documentation to enable them to make an application to Rail Access Corporation and NSW 
Department of Transport for funding and project approval. 
 
GHD Transmark carried out concept designs for civil and permanent way, signalling, 
communications, power and traction supplies and overhead wiring.  A key outcome required 
by Fluor Australia was that the investigations had to ensure innovative and cost effective 
solutions. 
 
The evaluation process included value management and risk management workshops, an 
economic evaluation and recommendations on project delivery strategy. 



 
The outcome of the investigations and evaluation was that the project was economically 
viable.  This was possible by challenging standard designs and identifying areas of significant 
savings.  
 
PAPER 32 Diesel Engine Development—The Combined Cycle Recuperative 

Locomotive 
Author/s: Peter Jones, Granville College of TAFE  
 
This paper gives a description of a proposed new locomotive called; “Combined Cycle 
Recuperative”. The proposed locomotive is expected to reduce locomotive fuel consumption 
by approximately 30%. It will incorporate the following features: 
The adiabatic engine with internal cooling by steam. 
Combined cycle by steam expanded in the cylinders of the diesel engine. 
Separation of compression and power strokes by intermediate compressed air storage. 
Recovery of braking energy by air compression. 
Turbine compounding 
The proposed design also seeks to overcome the main cost disadvantage of the locomotive 
engine compared to marine and aircraft engines. That disadvantage is that the locomotive 
engine operates at its rated power for only a small part of most journeys. Most of the time the 
engine is idling or only partly loaded. By separating compression and power strokes with 
intermediate compressed air storage it is possible to obtain a higher peak power output from 
the engine. We can then use fewer engines to perform the same transport task. Each engine 
will have an operating range which can vary from air compression strokes only to power 
strokes only, with set combinations between these extremes. Thus one large locomotive with 
one engine could replace the three locomotives with their own separate engines normally 
required to haul a Sydney to Melbourne superfreighter. 
The proposed new locomotive would then overcome the uneconomic duplication of 
components which occurs now with triple heading. Apart from the traction motors, bogies and 
frames, numbers of most components will be able to be reduced to one third of those used at 
present.  
 
PAPER 33 Development of a High Performance Narrow Gauge AC Traction 

Locomotive for QR 
Author/s: David Semple, Clyde Engineering  
 
Clyde Engineering was awarded a contract by Queensland Rail in early 1998 to supply 38 
high performance AC traction narrow gauge (1067mm) locomotives.  Clyde Engineering 
developed a completely new locomotive model designated the GT42CU/AC for this 
application.  In addition to AC traction this locomotive incorporates an ergonomically designed 
driver’s cab, steering bogies and features to minimize fuel consumption.  This paper 
describes the technical features of these locomotives as well as the design process that was 
utilized for the development. 
 
PAPER 34 Hybrid Active Damping for Control of Resonance in Rail Traction 

Applications 
Author/s: Steven Senini and Peter Wolfs, Centre for Railway Engineering 
 



Resonant interactions can occur between the traction supply and the power factor correction 
equipment on a locomotive. Passive resistive damping only offers a partial solution and 
results in large power consumption in the damping resistor. This paper proposes an 
alternative damping approach, which uses an active element to provide damping and control 
of resonance. This offers superior damping performance under all conditions and reduced 
power consumption. The concept is verified through simulation studies using parameters from 
existing locomotive systems, known to have resonance problems. 
 
PAPER 35 Performance Monitoring Systems 
Author/s: Al Reinschmidt and Firdausi Irani, Transportation Technology Center Inc. 
(USA)  
 

Transportation Technology Center, Inc. (TTCI), a wholly owned subsidiary of the Association 
of American Railroads (AAR) has been involved for over a decade in the development of 
performance monitoring systems.  The objective of such systems is to identify rolling stock 
with defective components and sub-optimal behavior in order to reduce accident risk, 
excessive wear, and operating costs and to implement condition based but economically 
sound maintenance policies.  Monitoring vehicle performance over time combined with 
intelligent removal criteria and trend analysis can allow timely maintenance to be scheduled in 
advance, greatly increasing fleet efficiency.  TTCI has utilized its knowledge of vehicle and 
track dynamics to help in the development of sensor systems and in detection/removal criteria 
development.  In addition, TTCI has applied its expertise and knowledge in the engineering 
economic arena to assess the impact of condition based maintenance policies on the bottom 
line.  Taking advantage of the communications revolution, TTCI is developing an internet 
based performance monitoring scheme which will be able to deliver information using sensor 
data, trend analysis, and removal criteria on a 24 hour/7 days a week basis. 

 
PAPER 36 Capacity Management Tools 
Author/s: Les Brearley, Union Switch & Signal  
 
The growing resurgence of rail as a transport mode coupled with new operators taking 
advantage of the current open access regime has placed increased demands on existing rail 
infrastructure. There has been limited funds available for investment in railway infrastructure 
over the past decades and there is every indication that funds will continue to be extremely 
limited as we start the 21st century.  Hence there is increased pressure on access providers to 
obtain the maximum capacity from the existing infrastructure and furthermore ensure 
maximum benefits from the limited funds available for infrastructure improvements. 
 
Software tools are now available to assist in the better management of infrastructure capacity.  
These tools include planning and scheduling tools, resource management tools, crew 
optimising tools and detailed network simulation tools which take into account grades, curves, 
traction characteristics and the operation of the signalling system.   
 
This paper will discuss the elements to be considered in assessing capacity, give details on 
the operation of two capacity management tools, give examples of benefits achieved in 
operating rail systems, illustrate the potential benefits for the current rail industry and explore 
how the concepts might be expanded into the 21st century. 
 



PAPER 37 A Dynamic Algorithm of Automatic Train Control in Moving Block 
Signalling Systems 

Author/s: Yangzhen Zou and Keith Hoffman, Queensland University of Technology 
Wardina Oghanna, Australian Railway Research Institute 

 
A dynamic Automatic Train Control (ATC) algorithm has been developed for the moving block 
signaling operation environment, which takes the advantages of modern communication 
technologies, as well as accurate locating technologies, to increase railway capacity. The 
algorithm considers the potential inter-train interaction within the dynamic running state, 
shapes the train running profile, and thus reduces train velocity fluctuation. Consequently, the 
smoothness of the train movement can bring benefits of upgrading service levels and less 
traction power consumption.   The performance of the algorithm is simulated by a 
Matlab/Simulink based model, which can be used as a test-bed to evaluate different ATC 
algorithms. 
 
 
PAPER 38 Recent Developments in the Design of Cut and Cover Construction of 
Railway Tunnels and Stations 
Author/s: Roger L. Williams and Gary Chalmers, Opus International (NZ)  
 
As we move into the next millenium the demand for mass transit railways to be built in urban 
locations is increasing and this inevitably means that long lengths of track have to be 
constructed below ground. 
 
The design of cut and cover tunnels needs to consider many factors including resistance to 
flotation, soil lateral loads, water pressure, overburden, superimposed loads, construction 
loads, de-watering, effects on adjacent structures, settlement, sequence of construction, 
water tightness, drainage, ventilation, piston effects, rolling stock clearances, fire and 
passenger evacuation etc. 
 
Constructability, maximising overhead development potential and minimising project cost, 
environmental effects, and traffic congestion due to construction are also critical factors. 
  
This paper describes these issues and how they may be addressed. 
 
This paper also describes the design of cut and cover stations at North Greenwich and 
Canada Water as part of the Jubilee Line Extension on the London Underground and the 
design of cut and cover tunnels on the New Airport Line in Hong Kong. 
 
PAPER 39 Improving Rail Performance 
Author/s: Adi Lau and Richard Keefe, MTR Corporation Hong Kong  

S.S. Ravitharan, BHP Institute of Railway Technology 
 
MTR Corporation operates one of the world's most densely utilised urban mass transit system 
with high expectations for service reliability from the customers. As a result demands on the 
track and its management are high. On its 43.2 route km Urban Lines it carries 2.3 million 
passengers per day and has annual tonnages of traffic of over 45 million gross tonnes on one 
track.  
 



MTR recently has opened two new lines, operating at 135 km/h. One, the Airport Express 
Line provides a high quality, limited stop express service to the new Hong Kong International 
Airport on Lantau Island. The second, the Tung Chung Line provides a mass transit service 
from central Hong Kong to the new town of Tung Chung. 
 
One of the key components of the track system is the rail. Continuous improvement in the 
performance of the rail is necessary to ensure a safe and reliable permanent way which can 
meet the increasing demands placed on it in a cost effective manner.  
 
In this paper the authors describe the holistic process which MTR Corporation, with technical 
support from BHP Research Melbourne Laboratories (now BHP Institute of Railway 
Technology, Monash University), has adopted for improving rail performance with respect to 
selection, profile deterioration, corrugation growth management and wear rates. 
 
The paper contains specific examples of the technical performance of the rails on its Urban 
Lines and the benefits achieved through the process, some of which challenge generally 
established expectations concerning wear rates. The results identify the actual improvements 
in performance achieved through implementation of a rail management model and the 
adoption of heat treated rails. 
  
The initial rail performance of the Airport Express and Tung Chung Lines is reviewed and 
predictions for the future made. The authors conclude with a consideration of the merits of the 
process adopted by MTR Corporation and its expectations for future improvements. 
 
PAPER 40 Track An alysis: Load Determination, Fatigue and the use of Simulation 

Modelling 
Author/s: Mark Williams, GHD  
 
This paper discusses an approach to track capacity analysis. It utilises a distribution based 
assessment of the stresses and strains imposed on the track by a mixture of train loading, 
and moves away from an absolute limit approach. 
The modelling method is discussed including the determination of vertical loading, the stress 
and strain analysis undertaken and how an assessment of the damage can be undertaken. 
It recommends that this form of analysis should be enhanced through experimental validation, 
extension of currently used failure modes and analysis of the effect of damage predictions on 
the asset. It concludes with the observation that this form of analysis will need to continue as 
owners, operators and maintainers question the understanding of the track asset. 
 
PAPER 41 Implementation of Trackside Detectors for Early Warning of Bearing and 

Wheel Defects 
Author/s: Don Skerman, QR, Andrew Blakeley-Smith, Andrew Blakeley-Smith & 

Associates 
Paul Webb, R.C. Wright & Associates 

 
This paper describes the background, evolution, and commissioning of a network of Infra-red 
Hot Bearing and Hot Wheel Detectors (HBD/HWD) installed, in its first stage, on the QR 
Goonyella line and associated mine branches. 
 



The paper traces the establishment of the primary design parameters from an investigation of 
bearing failure mechanisms and an incident analysis of bearing failures on the QR Coal and 
Minerals operation. The design builds on previous analysis of HBD data by BHP Iron Ore to 
provide reliable data for early intervention to prevent derailments whilst minimising false 
stops. Because of the range of bearing types and sizes used by QR, the higher level of data 
analysis was considered essential. 
 
The analysis techniques and architecture of the system are discussed together with the 
design concepts and interfaces to other systems such as the Wheel Impact Load Detector 
(WILD).  The system provides a high level of reliability through use of redundancy and 
graceful degradation. 
 
The final system incorporates Dragging Equipment Detection and the collection and logging 
of a range of formerly isolated alarm systems.  Data analysis has been enhanced with the 
inclusion of train running information and consist management information.  The merged 
information is made available to various users via train radio, integration with CTC,  GSM 
Short Messaging Service and LAN/WAN database access.  
 
The paper concludes with a description of the debugging and fine tuning during installation 
and commissioning which inevitably make projects of this nature both challenging and 
memorable. 
 
PAPER 42 Video Imaging for Wayside Condition Monitoring of Rolling Stock 
Author/s: Dr Monica Kilian, Hilary Ranwala and Kris Kilian, Lynx Engineering 
Consultants  
 
Video imaging techniques can be used for real-time condition monitoring of rolling stock 
without the need to take wagons out of service for inspection. Video imaging removes the 
need for ore car examiners to manually inspect each train on arrival and departure. LynxRail 
is implementing a video imaging system for BHP that monitors and assesses the condition of 
critical wagon components as the train travels past the video scanning station at normal 
operational speeds. The system monitors the condition of critical components and alerts the 
control centre via radio when there is a problem that could compromise operational safety. 
This method is not only cost-effective, but also removes human error that may occur during 
manual checks.  The system provides real-time monitoring and analysis, as well as trending . 
 
PAPER 43 Electronic Monitoring of Wagon Condition 
Author/s: Chris Hunt, National Rail Corporation and Peter Milton, PKM Consulting Pty 

Ltd 
 
The installation of the wagon monitoring station has provided National Rail with the ability to 
quickly and accurately monitor the condition of a large number of wagons and locomotives 
within the National Rail fleet.  The monitoring of wheel defects has allowed the detec tion and 
subsequence removal of wheels and bogies with defects that could potentially lead to bearing 
or wheel failures.  The use of the Wagon Monitoring Station (WMS) coupled with the 
implementation of procedures to check wheel bearing grease condition has seen a significant 
reduction in derailments of National Rail wagons due to screwed journals. 
 



PAPER 44 Management of Rail Safety through Best Practice Benchmarking of 
Performance 

Author/s: Terry Atkinson, Land Transport Safety Authority, New Zealand  
 
Railway owners, operators and regulators need to be able to assess how safe their railway 
operations are in relation to what is acceptable and what can be afforded. The setting of 
standards in isolation is unlikely to provide an optimal solution and although absolute safety is 
a credible ideal, in practice it is necessary to accept a lesser position. One means of 
determining the safety health of an organisation is to compare it with other similar 
organisations, recognise and make allowances for any differences and take action as 
appropriate to the answers received.  Benchmarking and comparison of safety performance 
with other railways in a number of measurable parameters can give a railway a credible 
means of determining how well or how badly it is performing.     
 
PAPER 45 Enhanced Integrity Testing of Train Order Computer Systems 
Author/s: Kevin Anderson and Matthew Lambert, Risk & Reliability Associates  
 
This paper describes the enhanced integrity testing of Train Order Computer Systems 
(TOCS) by applying the international safety critical software standard, IEC61508, to railway 
Train Order Working (TOW) operations in New South Wales and Victoria.  This process is 
used to ensure that the TOCS is complete, consistent, and correct as well as to ensure that 
the Safety Integrity Level (SIL) requirement of the supporting GPS Watchdog is fulfilled. 
 
The paper is presented in six sections.  The first section covers the background and 
describes the risk-based approach, the background model as presented during Core 95 and 
an update for Core 2000. 
 
Sections 2 & 3 describe the overall system definitions and the concept understanding.  These 
include the activities and the procedures involved, the application of IEC 61508, the role of 
the Functional Safety Assessor and the concept of risk timelines.  The overall system 
definitions include the physical equipment and the procedures involved in the Train Location 
sub-system, the Train Control sub-system, the Communication sub-system and the Train 
Driver Safety sub-system. 
 
Section 4 describes the hazard and risk analysis.  This includes the updated model detailing 
the sequence of events leading to hazards as well as the consequence and frequency of 
events and a discussion of relevant human factor issues. 
 
Section 5 describes the overall safety requirements of the system.  This includes the use of 
enhanced integrity testing, the process of proving the system is complete, consistent and 
correct.  This section also discusses the peer review of the Safety Integrity Level of the GPS 
Watchdog, the tolerability of the risk from each hazard and suitable risk criteria.   
 
Section 6 discusses the next steps.  This includes the future of enforcement, in cab 
communication and location systems or enhancements to the basic Train Order System. 
 
 
 
 



PAPER 46 Risk Management through Systems Assurance 
Author/s: Alena Griffiths, Foxboro Australia  
 
To show that systems are acceptably safe for deployment into an operational railway, a 
program of systems assurance is necessary. What is acceptably safe is dependent on the 
risks associated with system operation. As such, a supplier’s systems assurance program 
must evolve in response to the railway authority’s risk management requirements. The basis 
for expression of a railway authority’s risk requirements has typically been a set of risk tables. 
These tables provide a mechanism for classifying: (i) accident severity; (ii) accident 
frequency; (iii) risk; and, (iv) risk tolerability. To achieve risk reduction, there has been a 
growing reliance on the use of Safety Integrity Levels (SILs). 
This paper discusses our experiences in developing an integrated systems assurance 
program, in response to the risk management requirements of our customer base. We 
consider the risk tables that form the basis for risk classification and risk tolerability, and 
recount from our experience cases where risk tables and rules about safety integrity level 
allocation have led to anomalous results. In relation to SIL allocation, the problem of 
commercial-off-the-shelf (COTS) software is specifically noted. As a way forward, we suggest 
that more detailed risk models should be developed and maintained by rail authorities, with 
the suppliers of safety-related systems being asked to contribute to and support those 
models. 


