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Solutions for
Rail Systems
By 2030 the European route network for high-speed trains will
triple in size. The number of conventional cars with internal
combustion engines in cities will be cut in half by 2030, and
by 2050 they will disappear altogether. The train is becoming
the most important means of freight transport in an integrated
and networked Europe.
What sounds like a utopian vision for the far future is in reality a
clear plan of the European Union - one that already has a great
influence on the Graz VIRTUAL VEHICLE Research Center.
In this issue
What are the current rail trends in Europe? What is new in the
area of vehicle-track interaction? And what challenges are
we facing concerning whole-rail-system assessment? You
will find answers to these and many more questions on the
following pages.
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For more than ten years, the 200 experts of VIRTUAL
VEHICLE reliably provide both in-depth and integrative knowhow. We are proud that we were able to establish a strong
partner network, currently consisting of 150 partners from
industry and academia. Some of the most relevant results of
our mutual research in the rail sector are presented in this
issue of the VIRTUAL VEHICLE magazine.
Being coordinator of the “Virtual Vehicle Austria Consortium”,
the VIRTUAL VEHICLE Research Center is deeply involved
in one of only 19 European consortia and partners, who have
been awarded to participate in Shift2Rail - the first European
rail initiative to seek focused research and innovation. Find
out more about VIRTUAL VEHICLE’s EU project activities
and the future of rail in Europe beginning on page 41.
Enjoy reading!
DR. JoSt bERnaSCH
Managing Director
VIRTUAL VEHICLE

PRoF. HERMann StEFFan

Graz University of Technology

Scientific Director
VIRTUAL VEHICLE
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Staying on Track
Efficient Rail Systems for the Future
Safe, environmentally friendly, and cost-efficient railway vehicles, along with sustainable and reliable rail infrastructure:
for over ten years the experts at the VIRTUAL VEHICLE Research Center have focused on extensive research in
the area of rail system. They are supporting the industry as it improves the „whole rail system.“ The research centre
collaborates with a strong network of industrial and research partners, while simultaneously helping to promote Graz as
an international hub for railway research.

B

y 2030 the European route network for high-speed trains will triple in
size. In 2050 all central airports will be connected via a high-speed
rail network. The number of conventional cars with internal combustion
engines in cities will be cut in half by 2030, and by 2050 they will disappear altogether. The train is becoming the most important means of
freight transport in an integrated and networked Europe... What sounds
like a utopian vision for the far future is in reality a clear plan of the European Union, one that already has a great influence on the Graz VIRTUAL
VEHICLE Research Center.

New solutions for „Efficient Rail Systems“
The European goals for transportation are clearly defined: development
should progress in the direction of intelligent, long-term, holistic growth.
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Trains will be an important part of this progress. In fact, according to experts at the European Rail Industry Association (Unife), the safe and environmentally friendly train is the means of transport of the future.
The VIRTUAL VEHICLE Research Center in Graz has been researching
new technologies in the railway field for over 10 years. As the EU is now
specifically promoting the expansion of the railway network and the development of new rail solutions for Europe, the rail experts are intensifying
their research and innovation activities, together with industrial and scientific partners.
The focus of VIRTUAL VEHICLE researchers is primarily on the holistic
treatment of the rail system, in order to cover analysis and simulations
across all technical and process-oriented fields. With near-reality, compu-

The Research Centre for
Automotive & Rail Solutions

ter-aided modelling, the experts are able to support the design of new technologies
and products in a very early phase.

about VIRTUAL VEHICLE

The research activities of the „Efficient Rail Systems“ group at VIRTUAL VEHICLE
are concentrated in three subject matter areas:
1. Safe, green and cost-efficient vehicles
2. Sustainable and reliable infrastructure
3. Vehicle-track-environment interaction and whole-rail-system assessment

VIRTUAL VEHICLE is an internationally established research
and development centre working on methods and concepts
for the vehicles of the future.There are more than 200
employees in Graz whose expertise makes the efficient
development of affordable, safe and environmentally friendly
vehicles possible.

Safe, green and cost-efficient vehicles
How can air-conditioning systems on trains save more energy and be more environmentally friendly? How can railway wheelsets be optimized efficiently to completely
prevent derailing and serious accidents? How can locomotive drive systems be controlled in order to preserve tracks while still moving long, heavy freight trains safely
and quickly? And how can the functional safety of railway vehicles (meaning the
ability of an electrical or electronic system to ensure safe conditions if systematic or
random errors occur) be improved? These are just a few examples of the multifaceted research questions and activities that VIRTUAL VEHICLE is pursuing in order
to provide future passengers with safe, environmentally friendly, and cost-effective
railway vehicles.

Sustainable and reliable infrastructure
Operational and environmentally relevant influences cause substantial impairment
of track quality over time, and different vehicles react differently to the same existing
rail geometries. For this reason, the rail experts at VIRTUAL VEHICLE are developing new solutions for computing and predicting the interaction between vehicles
and tracks. The goal is a methodical analysis that predicts whether a railway vehicle
has a problem with a specific track geometry and what needs to be done in order to
ensure safe transportation.
The topic of wear and damage (crack initiation and growth) is also a focus of
VIRTUAL VEHICLE. In order to understand the complex interactions of vehicles and
tracks, and to be able to take effective optimization measures for the rail system, physical effects are modelled to the necessary level of precision. The subject of material
modelling plays a substantial role here—particularly when it comes to representing
large plastic deformations at the surface of the rails, as this has enormous significance to the topic of wear and damage.

Vehicle-track-environment interaction
and whole-rail-system assessment
To an even greater extent than in the automotive industry, energy efficiency and costs
are the true drivers of innovation in the railway field. Technical superlatives—such as
maximum speed—are relegated to the background. It is much more important that
vehicles become lighter, quieter, and cheaper, while safety and performance must
be maintained at least at the same level. For this reason, VIRTUAL VEHICLE places
great importance on analysing the rail system as a whole, especially examining the
interaction between vehicles, rails, and the environment.
Previous models for classical contact mechanics have reached their practical limits, and do not sufficiently address tribological effects. This is precisely where
VIRTUAL VEHICLE has placed its emphasis in recent years and has developed
far-reaching expertise in order to be able to take a new approach toward describing

Targets

•
•
•
•

Leadership in the areas of full vehicle simulation, energy
management, HW-SW co-simulation, integrated safety
and intelligent data management
System view rather than individual item view
To attract top researchers and to build up internal
personnel with wide-ranging know-how
To create long-term partnerships with industry and close
cooperation with universities and research institutions

In brief
Founded:
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Headquarters:

Graz / Austria

Employees:

> 200

Turnover:

21.3 Mio EUR

Website:

www.v2c2.at

Shareholders:

Graz University of Technology (40%)
AVL List GmbH (19%)
MAGNA STEYR Fahrzeugtechnik AG & Co KG (19%)
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Joanneum Research Forschungs-GmbH (10%)
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and predicting the forces transmitted between the wheel and rail under all possible
environmental conditions.

An active international network of more than 150 industrial
and research partners

An economical description of the total rail system is also being worked on. The EU
project Roll2Rail is intended to develop a verified cost analysis method that is accepted by all relevant stakeholders of the European railway system, allowing quantitative analysis of the influence of new, innovative suspension technologies, for example, on the overall costs of the rail system.

Innovation in an Industrial network
The close cooperation with industry is not only a tradition at
VIRTUAL VEHICLE, but is also the basis for success in innovative research activities. It is the close integration into industrial
processes and the construction of sustainable, strategic partnerships that guarantees success in cooperation projects.
Industrial Partners (Extract)

Strong industry and research network
Over the last ten years, VIRTUAL VEHICLE has built up a stable, international network of industry and research. The partners include railway vehicle manufacturers
(e.g. Siemens, Alstom, or Stadler), infrastructure operators (e.g., ÖBB, SBB, DB,
or Wiener Linien), as well as vendors and component suppliers (e.g., voestalpine
rails or LB Foster). Through close cooperation with the industry and participation in
numerous committees in the rail community (such as the Austrian Association for
Transportation Studies, ÖVG), the research centre has far-reaching insight into the
trends and needs of the sector.
One of its most important scientific partners is the Graz University of Technology.
There have been very close, long-term cooperative activities with the institutes for
structural mechanics, lightweight design, controls engineering, and mechanics, for
example.

Graz is a „hot spot“ for railway research

Scientiﬁc Basis
The cooperation with scientific partners and the integration
into university networks is of great importance to VIRTUAL
VEHICLE. Together with the Graz University of Technology,
as a key research partner, and further 40 international
institutions, VIRTUAL VEHICLE enables the interplay of
scientific expertise and technical competence.
Scientiﬁc Partners (Extract)

The numerous industrial companies in the Styria region and the Graz University of
Technology, along with research centres such as VIRTUAL VEHICLE, contribute
substantially to the development of the city of Graz and the region of Styria as an
international hub for railway research. This was demonstrated at the 24th International Symposium on Dynamics of Vehicles on Roads and Tracks of the IAVSD, which
was hosted by VIRTUAL VEHICLE in August 2015. The premier global conference
on the topic of vehicle dynamics was held in Austria again after 38 years, and in
Graz for the very first time. Around 350 experts from five continents participated
and were made aware of Graz as an important location for industry and research.
(►For more on this topic, see page 51.)

THE AUTHORS
DR. JoSt bERnaSCH
is Managing Director at
VIRTUAL VEHICLE.

Exchange and Cooperation –
the Success Factors

•
•
•
•

Medium to long-term perspective in the cooperation
Building up mutual trust (e.g. through realistic result
expectation, professional project management,
confidentiality)
Quality of results and cooperation
Fair rights that guarantee a win-win situation for the
use of project results
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DR. MaRtIn RoSEnbERGER
is Head of the Rail Systems Research
department at VIRTUAL VEHICLE
and coordinator of the Virtual Vehicle
Austria Consortium+.

Key player in Shift2Rail
In addition to executing multifaceted research projects, VIRTUAL
VEHICLE is also taking on another essential task within the European rail
community at the beginning of 2016: leadership of the VVAC+ („VIRTUAL
VEHICLE Austria Consortium+“) - one of a total of 19 European companies and consortia nominated as Associate Members of the Europeanwide research initiative „Shift2Rail“.
Shift2Rail is the first and only pan-European promotional programme for
the development of market-oriented rail solutions. The EU expects to see

SuCCESSFuL In SHIFt2RaIL
Promoting a ‚shift to rail‘ by contributing new technologies and research – this is the stated goal of Shift2Rail, a public-private partnership of the European union and Europe’s railway sector. the
VIRtuaL VEHICLE represents the VVaC+ (“Virtual Vehicle austria
Consortium+”), one of only 19 European contributors accepted to
participate in the Shift2Rail initiative. the VVaC+ thereby gained access to research funds of 21 million Euros over the next six years.
Shift2Rail is the first European initiative for focused research and development of market-oriented railways solutions. The goal: New technologies
should be integrated more quickly into innovative products for rail transport. After the research funds have now been granted, the project is set
to go ahead with significant Austrian participation. Both the research and
innovation scene as well as the Austrian transportation system will benefit
from this initiative.

substantial improvements in the European rail system with this 920 million
euro initiative, along with increased competitiveness of the European railway industry in international markets.
Four global market leaders in the rail industry, the largest freight-car manufacturer in Europe, and eight more top players from industry and the
sciences are working with the Graz researchers in VVAC+ to meet the
ambitious targets of the EU. (►For more on this topic, see page 44.) ■

SHIFT 2RAIL
virtual vehicle austria consortium+

Virtual Vehicle austria Consortium+ with twelve austrian partners
Under the coordination of the VIRTUAL VEHICLE, 13 leading and globally respected players from Central Europe (twelve from Austria, one from
Slovakia) will work hand in hand to achieve the ambitious goals of the EU.
The VVAC+ backbone consists of four industrial partners (e.g. voestalpine
oder Plasser&Theurer), who bring inexperience in key railway technologies. Involved suppliers, SMEs, engineering and research institutions will
support with new ideas and approaches, also from other industrial fields
(for example Automotive/AVL List Gmbh) and work together to clear the
path for innovative technologies of the future. “Wiener Linien” is part of this
consortium, as well, and will be engaged in integrating and testing results
with infrastructure.
Find more information
uuu
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International Collaboration

low adhESion phEnomEna
in wheel-rail contact

Low adhesion phenomena in wheel-rail contact can result in loss of performance and in the worst case lead to a
safety issue. The reasons for low adhesion are still not fully understood. The aim of the international research project
is to gain a deeper physical understanding of the phenomenon and to develop reliable prediction models to further
enhance the safety of railway vehicles

T

he rail group of the VIRTUAL VEHICLE Research Center is collaborating with the University of Sheffield and University of Pardubice in
the T1077 „Modelling and quantifying the influence of water on wheel/rail
adhesion levels“ international research project. The project is co-funded
by the UK Rail Safety and Standards Board (RSSB) and Network Rail.
The project is based on the T1042 “Investigation into the effects of
moisture on rail adhesion” project that highlighted the need for a greater
understanding of the effect on adhesion of the transient state between
wet and dry rail, and the role of water in causing low wheel-rail adhesion.
This lack of knowledge of the root causes of low adhesion is likely to
cause substantial inefficiency in the deployment of resources to mitigate
low adhesion problems.
Based on these results, the project at hand will review current research
relating to the effect of water in the wheel-rail contact patch, and develop
a model that can predict its influence on wheel-rail adhesion. It aims to
provide an adaptable and scalable model, enabling industry to take more
targeted and effective short-term measures, and to identify long-term
measures and solutions to be pursued.

PoRtRayInG...

PRoF. RoGER LEWIS
The University of Sheffield

Roger Lewis is an expert in wheel-rail tribology and tribology in
general. He is professor in the Department of Mechanical Engineering at The University of Sheffield. In 2001 he was awarded
the Tribology Trust Bronze Medal and in 2003 received a Brian
Mercer Award for Innovation from the Royal Society. He also
received the Institute of Physics Innovation in Tribology Prize in
2008. He is a Chartered Engineer and Fellow of the IMechE.
One of his main research activities is focusing on wheel-rail
contact tribology – including wear (wheel profile evolution), RCF,
friction management (use of top of rail friction modifiers; grease
lubrication and traction gels), isolation and links to effective train
detection.

Within the consortium, VIRTUAL VEHICLE Research Center will be responsible for modelling issues while the University of Sheffield and University of Pardubice will conduct the necessary testing for parameterisation and validation of the models. ■

macroscopic

microscopic

The aim of RSSB is to help the rail industry in the areas
of safety, standards, knowledge and innovation through
research, understanding of risk and analysis. RSSB brings
different organisations together to make collective decisions
for the complex railway system.
It also supports rail across a wide range of cross-industry
topics and provides a constant point of reference in a
changing environment.

interaction roughness-solid
3rd bodies-liquids
Influencing factors on adhesion in wheel-rail contact

RSSB furnishes the industry with the information and helps it
to continuously improve. RSSB is part of the industry, not-forprofit and independent of any commercial interests. RSSB
spans the whole system, including in their membership
infrastructure companies, train and freight operators, rolling
stock owners and suppliers to the industry.

magazine No. 22|2016

9

Vehicle and Track

a common

intERaction
A trans-European railway system requires safe and continuous train service. To ensure this, detailed knowledge of
the dynamic behaviour of the vehicle-track system is crucial for all involved partners. Therefore, vehicle manufactures
as well as infrastructure operators are asking for new methods for analysing, assessing and predicting the interaction
between vehicle and track. At VIRTUAL VEHICLE, a methodology was developed which allows very effective
estimation of the short- and long-term behaviour of vehicle-track interaction.

T

he interaction between vehicle and track plays an important role in
many areas in the field of railway operations. For vehicle manufacturers, the areas of running safety, ride comfort and acoustics are of great
importance in relation to the design of railway vehicles. For infrastructure
operators, detailed knowledge of vehicle-track interaction is essential to
performing cost-efficient track maintenance.

irregularities are used as assessment parameters in these standards. Various types of vehicles in combination with different operating conditions
such as vehicle speed, wheel/rail profiles and contact conditions react
differently to the same track irregularities. These variations remain completely ignored in the current track geometry assessment methods using
pure geometric assessment parameters.

Meaningful and efficient methods for interaction assessment are necessary for consideration of this common interaction between vehicle and
track. These methods should be available to both vehicle manufacturers
and infrastructure operators. The current European Standards EN 14363
and EN 13848 do not provide a satisfactory solution for both partners.

ETF method considers vehicle-track interaction

Problems of the normative assessing methods
Analyses of the vehicle-track system show that in addition to operating
conditions (e.g. vehicle speed, contact conditions, track layout, etc.) the
dynamic system is excited mainly by track geometry irregularities. Track
geometry irregularities cause the vehicle to vibrate, which leads to vehicle
accelerations (vibration behaviour and passenger ride comfort) and vehicle reaction forces on the track (running safety and track loading).
However, the methods for the assessment of track geometry defined in the
European Standards do not take vehicle-track interaction into account.
Only the „maximum“ and „standard deviation“ characteristics of the track

At VIRTUAL VEHICLE the Empirical Transfer Function (ETF) method was
developed in cooperation with Siemens AG, voestalpine Schiene GmbH,
ÖBB Infrastruktur AG, DB Netz AG and SBB Infrastruktur AG. In contrast
to the normative assessment methods, the ETF method takes into account the dynamic interaction between vehicle and track via an estimation
of the expected vehicle reactions. Therefore, not only are the amplitudes
of the track irregularities evaluated, but the wavelength components of
the irregularities and thus their impact on the vehicle behaviour are also
considered. Theoretical considerations and practical experience of the
project partners show that a vehicle running over different geometrical
track defects (isolated defect and quasi-periodic irregularities) can cause
a complete different dynamic vehicle behaviour although the defects have
the same amplitudes.
As a consequence of this effect, the ETF method transforms the track
geometry irregularities into the wavelength domain and weights these with

Figure 1: The developed
ETF-Method shows a higher correlation between the
estimated vehicle forces
and the reference vehicle
forces (left) than the results
of the normative assessing
methods (right).
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Figure 2: Overview of the method
for interaction prognosis in the
maintenance planning process.
Observation period: Determination of the temporal development
of track geometry and vehicle
reaction by the use of the ETF
method.
Prognosis period: Prediction
of the future development of
assessment values for earlystage planning of maintenance
activities.

so-called representative empirical transfer functions. By using such transfer functions, the behaviour of different vehicles at varying operating conditions can be optimally considered. Lastly, after the weighting operation,
there is a transformation back again to the distance domain. The dynamic
vehicle responses thus estimated in distance domain offer an excellent
basis for assessing the interaction between vehicle and track.

Results of the ETF method
Multibody system (MBS) simulations were carried out to analyse the results of the ETF method. For this purpose, a vehicle model was chosen
with a high level of detail (e.g. non-linear geometrical characteristics
and force laws). The simulation was performed with real track geometry
measurements. As a reference for the interaction, the vertical force on
track is used in this example. Fig. 1 illustrates the relation of section maximum values between the MBS reference simulation and ETF estimation
as well as the MBS reference simulation and a regression model with
normative track geometry (TG) evaluation parameters. The quality of the
maximum estimation is expressed in the scatter-plot representation by
the variance of the points around the ideal correlation line (green). As
shown in Fig. 1, it is evident that the ETF method provides better results
(estimated force values are nearer to the ideal correlation line) because
of consideration of vehicle behaviour, compared to the methods of the
European Standards. Lastly, very useful measures for vehicle design (e.g.
comparability of tracks for homologation tests) and infrastructure maintenance (e.g. ETF calculation for different operation conditions to declare
interaction-based temporary speed restrictions) can be extracted from the
ETF estimation results.

Long-term behaviour of the interaction
Due to limited resources and growing cost pressure, there is a need to
strictly align infrastructure maintenance with life-cycle costs. Infrastructure managers are thus forced to pursue limit-value-based maintenance
strategies. This means that a method for interaction assessment should
provide a prognosis of the long-term behaviour of the interaction. In Fig.
2, an overview of the interaction prognosis method is illustrated. Thus,
prediction models were developed which consider the relevant interaction
parameters in regard to the temporal development of the interaction.
The time axis is divided into two areas: the observation period and the
prognosis period (see Fig. 2). Within the observation period, track geometry measurements are available which indicate temporal development

of the track geometry. For each of these track geometry measurements it
is possible to estimate the interaction by using the ETF method. The advantages of the ETF method compared to other calculation methods (e.g.
MBS simulation) include short calculation time and easy use in practice.
Starting from the last record (see Fig. 2 labelled as “now”) it is possible to
complete a prognosis of the future development of the track geometry and
the estimated vehicle reaction in a defined prognosis period. Prediction
can be obtained by using regression models which deliver estimates of
the time point where the assessment values exceed defined limits. With
this knowledge, infrastructure managers can carry out efficient, proactive
maintenance planning activities.

Summary
The development of an interaction assessment and prognosis process is
enabled through an intensive collaboration of industry partners Siemens
AG, SBB Infrastruktur AG, DB Netz AG and ÖBB Infrastruktur AG in combination with the scientific partners, TU Graz Institute of Mechanics and
Institute of Statistics. This joint development offers great potential for a
shareable and accepted method for vehicle manufacturers and infrastructure operators. ■

The Authors
Dr. Bernd Luber is Lead
Researcher in the group Vehicle
Dynamics – Rail Applications at
VIRTUAL VEHICLE.

Josef Fuchs is Senior
Researcher in the group Vehicle
Dynamics – Rail Applications at
VIRTUAL VEHICLE.
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Friction Prediction

the potential of

REliaBlE modElS
Imagine an area as small as a fingernail bearing a load of more than ten tonnes while transmitting guiding, traction,
and braking forces: this is the wheel-rail contact. To predict the friction that occurs here, the extended creep force
(ECF) model was developed, which takes into account complex tribological effects. This new model can be used to
estimate traction and to predict of squat occurrences (a special damage pattern), and will be important to a multitude
of future applications, ranging from vehicle dynamics to predicting wear and damage of the wheel and rail.

T

he wheel-rail contact is the interface between vehicle and track. Just
the size of a fingernail, it must bear the load, guide the wheel along
the rail, and transmit traction and braking forces. Predicting the friction in
the contact is of uttermost importance because of its influence on many
critical issues in the development and operation of railway vehicles and
railway infrastructure. Some related questions concern vehicle dynamics,
transmission of traction forces, wear of wheels and rails, rolling contact
fatigue, and fatigue of components.

similar to the strain hardening known from elastoplastic solids. Additional tests have shown dependency on different contaminants (e.g., water
and sand) in the contact area. This has been further confirmed by vehicle
tests performed by ViF in cooperation with Siemens at their test track in
Wildenrath (see also Figure 1). In addition, these tests showed that the
results depend strongly on vehicle speed and creepage, which is defined
as the velocity difference between vehicle and wheel as a percentage of
the vehicle speed.

Creep force models have been developed to analyse the friction. These
models try to predict the traction coefficient, which is the friction divided
by the normal load, using as many influencing factors as possible. The
most widely used state-of-the-art model is FASTSIM, which relies on
Coulomb’s Law, using a predefined and constant coefficient of friction.

The ECF model

With advances in measurement equipment, it became clear that the coefficient of friction is not constant but depends on complex tribological
interactions. For example, high-pressure torsion tests performed at the
Erich Schmid Institute in Leoben and the Department of Mechanical Engineering at the University of Sheffield under the supervision of ViF showed that the coefficient of friction depends on the normal load, similar to
granular materials, and increases depending on the displacement, very

To take into account all of these interactions and influences, the extended
creep force (ECF) model was developed at the ViF in cooperation with
industrial and scientific partners, i.e., L.B. Foster, ÖBB, SBB, Siemens,
and voestalpine, as well as the Institute of Applied Mechanics and the
Institute of Automation and Control at the Graz University of Technology.
The core of the ECF model is the description of the third body layer. In this
model, the layer consists of particles between the wheel and rail as well as
the topmost micrometres of the surface layers of the wheel and rail, which
contain asperities and microcracks. Thus, it can reproduce the influence
of roughness as well as artificially or naturally added contaminants.
The material of this layer is assumed to be elastoplastic to replicate the
displacement dependency observed during the high-pressure torsion
tests. In addition, the properties of this layer are dependent on normal
stress and temperature. The former takes into account the influence of the
normal load, while the temperature increase in the contact depends on the
vehicle speed and creepage. Thus, all of the effects mentioned above can
be reproduced by this new model.
The algorithm itself is modular and allows for the addition of submodels.
In addition to the elastoplastic material model, it consists of an interfacial
fluid model, to take into account the influence of liquid contaminants, and
a local temperature model, which uses the frictional power to calculate
the heat generation. One of the main advantages of the ECF model is its
ability to be parametrised using relatively simple tests instead of complex
and expensive vehicle tests.

Figure 1: Traction
measurements at the
Siemens test ring
in Wildenrath. The
results are used for
validation and parameterization of the ECF
model.
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The results of the model were compared with test data for parametrisation
and validation. One example, measured during the aforementioned vehicle tests, is plotted as a blue line in Figure 2.
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At the moment, there is a notable lack of a single unifying and consistent
explanation regarding their origin. However, they are often linked to the
development of white etching layers on the surface of the rail. Literature
suggests that these layers consist of martensite, which forms due to high
temperatures and high frictional forces.
The ECF model is now being used to calculate the temperature and the
forces occurring in the contact, coupled with relevant damage models.
This analysis of the underlying mechanics will lead to a better understanding of the initiation and propagation of squats and is therefore a first step
toward their prevention.

Summary

Figure 2: Traction characteristic of the wheel-rail contact

The black line shows the results of the ECF model, which feature a very similar increase in traction for small creepages, nearly the same maximum,
and a comparable traction loss for higher creepages. This comparison
has been done for different contaminants in the contact, different normal
loads, and different vehicle speeds. The results showed a qualitative and
quantitative agreement between the model and test data.

The ECF model was developed to reproduce measured effects that are
not considered by state-of-the-art models. The main innovation is to account for an elastoplastic third body layer, where the material properties
depend on the temperature and normal stress.
While the model can be used in different fields, making important contributions to wear prediction or vehicle dynamic simulations, the two main
applications of the model at the moment are traction estimation to optimise control devices and the prediction of squat occurrences. ■

Also shown are the results of FASTSIM as the red dotted line in Figure 2.
Its reliance on Coulomb’s law results in a constant traction coefficient for
high creepages, rendering it unable to reproduce the traction loss observed during testing. Other deviations from test data include a difference
in the increase of traction for creepages between 1% and 5% and the
inability to replicate the influence of vehicle speed, normal load, or contaminants.
These comparisons showed that the ECF model greatly increases the
reliability of friction prediction. This can now be exploited in various applications.

Traction estimation
One application is an estimation of the traction characteristic during normal operation. Various sensors, which are already available on the vehicle to avoid increasing costs, are used to monitor the dynamics of the
vehicle and drive-train. The measured parameters serve as inputs for the
model, which in turn estimates the current friction level.
The result is then used to predict the optimal motor torque. Applied in a
control device, this improves the efficiency of the transmission of traction
and braking forces while simultaneously minimising wear, rolling contact
fatigue, and the appearance of damage patterns.

Figure 3: Squat on the surface of a rail
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Squats
A second application of the ECF model is to predict the formation of
squats. This is a special type of damage pattern, identified by a dark lungshaped spot on top of the rail, accompanied by a network of cracks under
its surface. An example of an advanced state is shown in Figure 3. Their
increased occurrence in recent years has caused great concern for infrastructure operators, mainly because of additional maintenance costs.
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Co-Simulation

modulaR and opEn

rail SyStem deVelopment
Modular system architectures ensure handling overall system complexity – co-simulation via ICOS ensures subsystem
integration – distributed modelling and distributed execution supports consistent development of mechatronic
products, enabling optimized and innovative rail-systems.

I

n today’s development processes the simulation of dynamic systems
allows predictions and concept decisions related to the final product to
be made at an early stage. This not only involves the modeling, simulation
and testing of individual structural components or modules, but also requires the interplay of a large number of functions (with simulation models
and also hardware components from various domains) to build up the
full system (right up to the full rail system), e.g. for dynamically analysing
vehicle-track interactions using distributed simulated multibody vehicle
dynamics, control systems and electric powertrain components.

Virtual integration
In the past few decades a lot of specific simulation tools have been established in industries. However, these tools typically specialise on individual areas of expertise. There is very limited support for a heterogeneous simulation environment. On the other hand, the development of
modern mechatronic (rail) systems requires a much broader approach,
e.g. for development of active-steering bogies. The interactions between
sub-systems from different areas have to be taken into account through a
suitable interconnection of the parts. The integration of existing (specific)

simulation programmes (and the models implemented therein) from different areas of expertise represents a promising approach for the simulation
of the complete system.

Co-Simulation is key
The goal of “co-simulation” is to enable the above-mentioned flexibility during system development. On the basis of a modular system architecture
defined at the very beginning of the system development process (system
design), integrated subsystems can be replaced or exchanged by others,
including subsystems coming from different engineering departments or
subsystems modelled on different Level of Details. Furthermore, using
the co-simulation approach, subsystems are modelled and simulated in
domain-specific and tailored simulation tools leading to an overall distributed modelling as well as distributed simulation approach. Especially
in later stages of the development process, where real subsystem prototypes are already available, real components (e.g. an engine or breaksystems) mounted on testbeds can be integrated into the co-simulation
environment, leading to a mixed virtual/real system rail system prototype
representation. Figure 2 depicts the main ideas behind, where simulati-
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Driver
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Figure 1: Examples of domains
and models that can be connected
via a co-simulation platform
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Figure 2: Integration of virtual testbeds (simulations) and real components testbeds

ons tools, represented by “virtual testbeds”, are cross-connected for pure
virtual system investigations and real components on “real testbeds” can
be integrated seamlessly.
The task of the independent co-simulation platform ICOS, developed at
the VIRTUAL VEHICLE, is to take these complex interactions in a suitable and correct way into account. The platform enables the precise
co-working of different virtual testbeds (right up to the real-time-capable
“Hardware-in-the-Loop” systems) and real testbeds via the so-called cosimulation framework ICOS. Only the verified interaction of numerous
models (and therefore also simulated components) enables a realistic
virtual concept design and validation of the overall system consisting of
vehicle, driver and environment.
One important challenge in system development utilising co-simulation
approaches is the coupling of subsystems with strong differing dynamic
behaviour (time constants). As solution, ICOS offers innovative coupling
algorithms to successfully overcome this problem. Implicit or explicit numerical methods, supporting fixed and variable co-simulation step-sizes
guarantee the correct interaction of subsystems. Beyond this, ICOS implements novel approaches to assess the overall system simulation accuracy on qualitative level.

Application to rail systems
Also for rail system development, each subsystem is typically modelled
within a specific domain by an individual model description language and
solved using a tailored solver. Efficient coupling of these heterogeneous
simulation tools is recommended in order to achieve reliable statements
for the whole-rail-system behaviour. In particular, confidence in purpose designs such as the development and/or evaluation modern control
systems or energy management strategies are improved because of the
holistic system simulation accounting for important and relevant subsystem interactions.
Major advantages and features are as following:
•
System simulations enable testing in a virtual environment and it
supports the assessment of specific measures which are difficult to
assess during real on-track tests. Furthermore, this approach supports to perform the required tests for admission/certification of new
products and the identification of new and required processes.
•
Standardised interfaces for subsystem components (e.g. using
the Functional MockUp Interface, FMI) ensure interoperability and
enable seamless subsystem integration leading to gained flexibility

•

•

•

during system developments. Vendor-/partner-specific component
models in form of both, open-source or closed form (IPR protection)
models can be integrated (support of collaboration in non-differentiating technologies/applications).
Modular simulation stands for distributed simulation topologies. In
fact, subsystem component models can be simulated locally as well
as at partner-side in-house (IPR protection) without any requirement
for exchange of critical information. Only synchronisation related
data have to be transmitted over the network leading to significantly
reduced management efforts and thus shorter and flexible development phases.
Cross-domain considerations are seen as progress beyond the
state-of-the-art in rail-systems engineering. The combined analysis
of different domains (vehicle system, control system, thermal system, environment, track…) supports in finding trade-offs according
defined performance and efficiency measures as well as safety assurance.
Modular simulation enables the use of highly specialised simulation
tools for the individual subsystem component simulation models.
The improved accuracy on subsystem level leads to more accurate
overall system-simulations and thus, to highly optimised solutions in
terms of energy consumption, emissions, noise, and comfort.

As for general mechatronic products also modern rail systems need a
cross-domain approach, which emphasises on integrated modelling, development, validation, and testing is fundamental for leveraging the costefficient and reliable implementation of whole-rail-systems and to ensure
an optimal level of technical harmonisation. Standardised interfaces of
virtual and real subsystem components pursue this dedicated and modular system development approach and will allow the stepwise integration
of models or hardware components leading to mixed virtual and real system prototypes to demonstrate whole rail-system scenarios. ■
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Friction Management

an intEgRal paRt

of the railway SyStem
L.B. Foster Rail Technologies (formerly KELSAN Technologies) has been pioneering the area of friction control
between wheel and rail for more than 25 years. A key success factor for this was and is the fundamental understanding
of the mechanisms behind wheel/rail interaction. Our collaboration with the VIRTUAL VEHICLE Research Center
provides an important contribution to understanding, simulating and predicting the effects of the central point of
wheel/rail interaction: the wheel/rail contact.

T

he term friction management refers to the intentional adjustment of the
friction levels between the “gauge face/wheel flange” and the “top of the
rail/wheel tread”. Both of these areas require specific but different friction levels to provide a number of benefits without impacting safe train operations.
Gauge face (GF) lubrication (at the gauge face/wheel flange area) has been
used since the early days of railway operations to reduce wheel flange and
rail side wear in curves. The concept of a top-of-rail (TOR) friction modifier
to control the friction between the wheel tread/TOR contact area was introduced in late 1980s by Kelsan Technologies Corp. (now L.B. Foster Rail
Technologies) to overcome a squeal and corrugation problem at the newly
introduced Vancouver SkyTrain system in Canada.

contrast, “dry” wheel / rail contact will lead to a negative slope beyond the
point of maximum traction (“creep saturation”). This positive friction will
prevent so called stick-slip oscillation that can result in noise emissions
and damage effects (such as rail head corrugations).

Friction modifier technology

By our definition (and set out in various papers by Reiff of TTCI and others
in the 1990’s), a friction modifier is a material, which provides an intermediate coefficient of friction (COF) between the wheel tread and the
top-of-rail over a wide range of different material application rates. An
intermediate friction level is one that is below dry contact conditions but
safely above lubricated conditions e.g. desired for the GF (see figure 1a).

In order to understand the functional concept behind a friction modifier, it
is necessary to have a very close look into the rail/wheel contact. Typically in the contact patch wheel and rail are separated by a very thin interfacial layer – the so called third body layer. The composition and height
of this layer are strongly dependent on operational and environmental
conditions. Wheel/rail friction is strongly dependent on the shear properties and the composition of this layer. L.B. Foster has developed friction
modifier technology that intentionally manipulates the shear properties of
this third body layer to provide the desired intermediate COF. The FM can
be applied in solid stick form or as a water based Friction Modifier. In the
case of the liquid material the water only acts as transport medium that
quickly evaporates under wheel-rail contact conditions leaving the pliable,
dry friction modifier particles mixed into the third body layer.

A second key characteristic of a FM is that of providing “positive friction”
characteristics between wheel and rail over an extended creepage range
compared with dry conditions. This refers to a positive slope of the traction / creepage curve over the influenced creep levels (see figure 1b). By

The FM technology provides a clear contrast to lubricants that adjust the
friction through mixed-mode lubrication mechanisms where the achievable friction is strongly dependent on the amount of lubricant present in the
rail-wheel contact.

Definition of a Friction Modifier (FM)

0.8

0.6

“dry” rail-wheel contact

Dry Rail

0.5
0.4
0.3

Friction Modifier

0.2
0.1
0

Lubricant
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Coefficient of Friction (COF)

0.7

negative
friction characteristics

Stick (roll) - slip
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Friction Modifier
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positive
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Creepage %

b.)

a.)

Key characteristics of a Friction Modifier: a.) intermediate coefficient of friction located between dry and lubricated conditions and
b.) positive traction characteristics over an extended creepage range to prevent stick (roll) - slip oscillations from appearing.
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All Pictures: L.B. Foster Rail Technologies, Corp.

a.)

b.)

Example of corrugation mitigation by Friction Modifier application: a.) dry conditions
45 days after grinding. b.) 280 days after grinding with FM application.

Example of typical wayside and onboard application systems in a heavy haul railway
environment.

However, friction management does not stop with providing the material
technology alone. Significant development efforts by L.B. Foster are also
focused on providing the appropriate and optimised application system.
Trackside systems apply well controlled material amounts to the rail surface. Passing axles will pick up the material, providing benefits for all passing trains over a certain distance after the application site. On the other
hand on-board application systems (sticks, liquid material spray systems)
are used to protect either specific trains or whole fleets over extended route lengths or targeted locations according to the control systems selected.

Successful collaborative research

System level approach
A holistic approach to the wheel/rail system is seen as a key success factor for L.B Foster for effective friction management. Consequently friction
management should not be seen as a standalone solution. By understanding its interaction with other system key components like track geometry,
rail and wheel materials, rail and wheel profiles and maintenance strategies (preventive / corrective grinding), FM benefits can be maximised.
Extended field trial activities and pilot projects with multiple customers
and research partners have proven the following benefits of TOR FM:
• Reduction of lateral forces: reduced creepage and improved vehicle
steering will reduce lateral forces in curves and will impact track and
track component life in general.
• RCF and wear mitigation: the optimised friction on TOR will reduce
the rail and wheel wear and will extend the time to formation of RCF
(rolling contact fatigue) damage.
• Derailment prevention: reduced friction on TOR and GF will positively impact wheel climb derailment likelihood.
• Noise development: Especially curve squeal is related to negative
traction characteristics under trail rail/wheel contact conditions. FM
application will effectively prevent squealing noise by providing positive friction characteristics between wheel and rail.
• Corrugation mitigation: A friction modifier will positively impact rail
corrugation by addressing the two main factors for corrugation development: firstly wear damage is reduced, benefitting all forms of
corrugation; and secondly prevention of stick-slip oscillations (combined with improved vehicle steering) reduces or even eliminates
rutting corrugation in curves.
• Energy consumption: an optimised friction level will reduce the train
resistance in tangent track and curves resulting in significant energy
and fuel savings.

Collaborative research activities with external partners are understood as
important success factors for L.B. Foster to provide new and innovative
friction management solutions. Traditionally L.B. Foster in Vancouver and
in Sheffield have worked closely with local universities like the University
of British Columbia, the University of Sheffield, with research centres like
the NRC (National Research Council of Canada) or the TTCI (Technology
Transportation Center) and with North American Heavy Haul railroad customers as well as passenger rail systems all over the world. Starting the
collaboration with the VIRTUAL VEHICLE Research Center in 2010 provided the opportunity for L.B. Foster to expand these collaborative efforts
to an extended international level. The results of the DynKraS Project and
the still ongoing Traction Estimator Project have increased the understanding of relevant rail/wheel contact phenomena. The developed simulation
tools and models are expected to support future research activities and to
act as an important business differentiation against competition especially in new and emerging markets.
Besides the technical aspect of the projects together with VIRTUAL
VEHICLE, the networking and broader experience sharing with the partners of the project consortium are also seen as valuable parts of the collaboration for L.B. Foster.
The experience and results so far clearly endorse the decision to take
part in collaborative research efforts between suppliers, customers and
research centres like the VIRTUAL VEHICLE. Such collaborative efforts
provide the opportunity to effectively solve rail/wheel contact related problems and to strengthen/implement Friction Management as an integral
part of the railway system. ■
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In the Name of Safety

Railway axles
put to the test

Railway axles are the most important security parts of railway vehicles because their fractures directly cause
derailment. Together with the German railway industry and many central European research institutions the VIRTUAL
VEHICLE develops new methods to ensure the safe operation of railway axles in the frame of the large-scale
research project „Eisenbahnfahrwerke 3“.

W

ith the development of modern high speed trains, railway axles are
subject to more severe loading conditions, and the dimensioning
and reliable prediction of the fatigue lifetime is still a challenge. In Europe,
a two-stage concept is used for the dimensioning and safe operation of
railway axles. In addition to dimensioning according to the Safe Life concept, examinations are conducted for existing damage with non-destructive test methods in the course of recurrent inspections during operation.
In application of the „Damage Tolerant Design“ concept, the inspection
interval is set in such a way that the smallest detectable error may grow
only to the extent that a failure of the component is excluded. After these inspections, appropriate repair or replacement work will be initiated if
necessary. The inspection interval is often derived from operating experience and cannot be specified either theoretically or experimentally at the
present state of the art. The great relevance of this topic with respect to
safety and cost has resulted in a comprehensive research project to study
theoretical and experimental determination of inspection intervals.

The Eisenbahnfahrwerke III Project
While previous research activities have mainly focused on the application of the Safe Life Concepts on railway axles, the fracture mechanical
aspects were considered for the first time in the „safe and economic operation of railway bogies“ project (EBFW 2). However, crack propagation
calculations on railway axles led to distinct deviations between computational prediction and experimental results in this research project. The aim
of the EBFW 3 project is to clarify these discrepancies and to improve the
predictability of crack growth in railway axles. In organisational terms, the
overall EBFW 3 project consists of two COMET K2 projects, “Prediction

Figure 1:
Experimental design

of crack initiation and failure for highly dynamically loaded components”
at VIRTUAL VEHICLE and “Probabilistic fracture mechanical methods for
the design of railway bogies” at Materials Center Leoben (MCL). Further
research services are financed by the industry to complete the project.
Additionally, an independent scientific advisory board was established
with members from Italy and Austria as well as industry representatives
and railway authorities from Germany. This board accompanies the research and assesses the results with respect to their plausibility and applicability. The overall budget of the research project is around €5 million.
The research can be broadly divided into three areas. The first exploratory focus lies in the development of fracture mechanics models based on
laboratory tests on small-scale specimens. This work is conducted by a
cooperative of Materials Center Leoben (MCL), the Erich Schmid Institute
of Materials Science (ESI), the Austrian Academy of Sciences in Leoben,
the Fraunhofer Institute for Mechanics of Materials (IWM) in Freiburg and
the University of Leoben. The second focus is on the topic of load assumptions and the generation of test loads for full-scale tests. This work is
conducted by VIRTUAL VEHICLE and TU Clausthal. The third topic comprises full-scale tests on railway axles to validate the improved fracture
mechanical models. These tests shall approve the transferability of the
fracture mechanics models from small-scale to full-scale under realistic
conditions. These tests are carried out at the University of Technology in
Graz (TU Graz).

Material model and experiments
An important aspect of this research project is the transferability of computational and experimental results from different sample shapes, sample
sizes and load spectra to the real component. For this purpose, a test
sequence is defined and only one parameter is varied in each case to see
the influence on the crack growth. This stepwise experimental characterisation and accompanying modelling is expected to significantly reduce
the previously existing uncertainties with respect to the jump from singlestep laboratory tests to a multi-step component test.
This sequence of tests ensures that the models, which were mainly developed from small samples in single-stage tests, can be extended to comprise a detailed prediction of crack behaviour in railway axles under the
actual operating load. The influence of each of the mentioned parameters
is explained by a corresponding theoretical model. Remaining differences
- such as the batch influence - can be treated as a largely random variance and modelled using appropriate statistical distributions.
uuu
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Figure 2: Method of synthetic
test load generation
Figure 3: Test bed at the Graz University of Technology

Load sequence effects

Conclusion

Previous studies indicate the great sensitivity of the crack to the lengths
and sequences of block loads. However, the influence of the occurring
block lengths and block loads has never been investigated in detail. For
this reason, VIRTUAL VEHICLE is developing a numerical method to automatically identify block loads from operating loads by using advanced
statistical and probabilistic methods such as the kernel density estimation
or the inverse probability integral transform. It is now possible for the first
time to derive realistic load assumptions which take the load sequences
into account. The great advantage of this synthetic signal generation is
the manifold generation of statistically identical test loads, which allows
good estimation of crack growth sequence effects in small and full-scale
test configurations. It is also easy to adapt these test loads to the boundary conditions for full-scale component tests which take place at the Institute of Lightweight Design at TU Graz. In addition, various extrapolation
methods for load spectra are examined to identify their applicability in
the railway sector with the help of measured operational data. Finally, a
guideline for the determination of a representative load spectrum is created which takes the occurring operational load sequences into account.

In summary, the key project result should be a detailed theoretical and
experimental safeguard of the crack growth prediction on railway axles in
operation. The biggest challenge is to attain high predictive accuracy of
the crack growth calculation in order to achieve low failure probabilities of
detection and high inspection intervals for non-redundant safety-critical
components. These accuracy requirements can be reached by the innovative approach of combining detailed deterministic and probabilistic
modelling. On the one hand the prediction accuracy can be increased
and on the other hand the statistical scatter of these predictions can be
safeguarded. Detailed experiments are performed to verify the theoretical
models during the development process. These results are taken to complete the project in a standardised calculation method. The sum of these
methods adds up to a possible numerical determination of inspection intervals for railway axles on the basis of representative operation loads
and corresponding material parameters. ■

Full-scale tests
Crack propagation tests on 35 full-scale axles are performed in addition
to the development of crack propagation models based on small-scale
samples. Starting with a defined initial notch, crack growth is measured
under realistic rotating bending stresses. The large number of tests and
the associated statistical analysis of the results provide a solid data base
for validation of the deterministic crack growth models
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Efficient Air Conditioning

Reducing Energy consumption
of train air conditioning systems

Reduced energy consumption and avoidance of climate-damaging refrigerants – the Air-Cycle system provides a
sustainable solution for train air conditioning systems. In a research project with industrial partner Liebherr, the Virtual
Vehicle has achieved significant system improvements by using measurement and simulation technology.

T

he reduction in energy consumption as well as the development of
environmentally-friendly technologies in the field of air-conditioning
technology have become increasingly important in recent years. With up to
20% of the energy demand, the air conditioning (heating and cooling) system is the highest consumer of energy in the train after the drive system. It
is the case for all types of vehicle (not only rail vehicles) that demands for
passenger comfort are increasing. The use of conventional technologies is
generally associated with a further increase in energy consumption.

The „Air Cycle“ system is an environmentally friendly technology, as the
ambient air is used as refrigerant. This means there are no direct emissions, which can be caused by leaks in the system using conventional
technologies.

To satisfy these passenger requirements while at the same time taking
into account environmental and ecological aspects, Liebherr Transportation Systems (Korneuburg) is breaking new ground.

Increased efficiency through water injection

Use of environmentally-friendly refrigerants
Cold vapour systems are the main systems currently used for air-conditioning in railway carriages. The refrigerant most commonly used is R134a.
But R134a has a high global warming potential (GWP = 1300) and therefore cannot be a long-term solution. The alternative which is normally
sought for domestic cars - R1234yf - is not feasible for use in trains due
to its flammability. From an operator perspective there are currently two
promising solutions:
• Development of cold vapour systems with the natural refrigerant CO2
• Further development of air-based refrigeration systems (Air Cycle)

Liebherr has already equipped the German Railways ICE3 with air cycle
refrigeration systems. In this project, we have looked at other measures in
order to further increase the efficiency of the system.

The effect is known from cooling towers: By exploiting the latent heat of
water (or „evaporation cooling“), heat exchangers can be designed to be
particularly efficient. Unlike in cooling towers, where given enough water
the heat exchanger can be exposed to a constant flow and the excess
water pumped around in a circle, in the Air Cycle system no water is allowed to escape from the heat exchanger. The drops would get inside the
turbocompressor where they would cause erosion damage. In this case
the target service life of 30 years would not be achievable.
The aim therefore was to measure out the water exactly and to distribute
it in a way that the maximum possible efficiency is reached, without water
in liquid form leaving the heat exchanger. What distinguishes this from the
Liebherr system is that no additional water has to be supplied; the condensate which settles on the cold side of the heat exchanger is used instead.

Figure 1: Structure of the
air-based-refrigeration
system for trains
Liebherr
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Figure 2: Test rig used for characterisation of the air-to-air heat exchanger

Figure 3: Experimental set-up for determining the water loading using laser
light section and evaluation of the distribution for two different positions

Measurements for model development

Summary

But how much water does the heat exchanger „tolerate“ under different operating conditions? To answer this question, a test rig was built
(Figure 2). A section of the heat exchanger was electrically heated, while
at the same time cold air was passed through the channel and different
amounts of water were injected. The measurement results were then used
to develop a semi-empirical heat exchanger model.

The objective in this project was to increase the efficiency of an air-toair cooling system for trains using water-injection. Experiments were first
carried out on a part of the heat exchanger to determine the maximum
quantity of water as a function of various operating parameters. The
measurement data were then used to build up a semi-empirical model of
the heat exchanger which could be used to calculate the optimum water
distribution. Using CFD simulations of the entire system, the position of
the spray nozzles was then optimised so that a close approximation to
the desired spray distribution was obtained. The improved design is now
being implemented and validated on a prototype. ■

From a partial model to the complete system
CFD calculations were carried out to simulate and optimise the entire system. Measurement data such as local flow velocity and direction, as well
as the water load (Figure 3) were used to validate the simulation.
With the semi-empirical model, by taking into account the exact flow conditions from the CFD simulation, it was now possible to calculate the optimal water load. The next step was then to apply the water spray in such a
way that it reached the heat exchanger in a proper distribution. In multiple
optimisation steps (Figure 4) the target distribution was reached, thereby
enabling to increase the efficiency of the system.
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Figure 4: Calculation of the spray divergence (shown
5/100 seconds after the starting the spray application)
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Vibro-Acoustic Simulation

noiSE REduction
in rail tranSport

Traffic noise, caused by air, road and rail transport is a source of stress for a large proportion of the population in
industrialised countries. The development of low noise vehicles is therefore an important project which requires
urgent implementation. In rail transport, knowledge about the interaction between vehicle and infrastructure is
particularly relevant for the development of reliable approaches to noise reduction. The VIRTUAL VEHICLE, with its
expertise in the area of vibro-acoustic simulation, supports the development of low noise vehicles and infrastructure.

I

n the case of railway transport, it is mostly freight and high-speed passenger trains, as well as the large volume of traffic, which have led to
significantly higher noise levels in the past few decades. But the introduction
of technical measures to increase the safety and service life of vehicles and
infrastructure - such as new variants of wheel bearings, axles, wheels and
rails - has had a markedly negative effect in terms of noise pollution. While
the World Health Organization (WHO) warns against adverse effects on human beings at night above a sound level of 42 dB(A) [1], the measured noise
level in the vicinity of main routes currently exceeds 80 dB(A) in places.
According to the WHO, in Western European countries more than a million
healthy years of life are lost due to traffic noise, making traffic noise the
second greatest health hazard after air pollution.
But it is not just people who live next to railway tracks for whom railway
noise and vibration are a problem. In the passenger compartment of the
railway carriages standards of comfort are also increasing, and this depends primarily on vibration and noise. For this reason, in addition to the
reduction of external noise, vehicle manufacturers are also working intensively on reducing vibration and noise inside the vehicle.

Causes of railway noise
The total noise emitted by a passing railway vehicle in the lower to medium speed range arises mainly from wheel-rail contact. In straight travel
stimulates the overall roughness of wheel and rail induces vibrations in
the system, which are radiated both by the wheels and the rail. But also,
wear-related phenomena such as flat spots, non-roundnesses of the

The simulation methods used today for calculating sound propagation already deliver mostly reliable data on interior and exterior noise, even in
the absence of measurement surveys.
Below we describe some selected simulation methods which are currently
in use on the VIRTUAL VEHICLE for noise reduction in rail transport.
In order to validate the simulation results some experiments will also be
conducted, and their areas of application are also described.

Exterior noise calculation
The exterior noise is particularly suitable for calculation by the boundary element method (BEM). This method is based on the discretisation of
elements for solving boundary integral equations. The boundary element
method is particularly suitable for calculating the noise emission, since

propulsion noise

Figure 1: Primary source of
noise emissions dependent
on the vehicle speed (2)
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wheel and grooves in the rails, induce vibrations which can be heard and
felt. When travelling through curves, phenomena such as track squeal
occur, where in this case the vibrations are excited by tribological effects
in the wheel-rail contact. Acoustic studies have shown that in the case of
the track it is mainly the shape of the sleepers, the stiffness of the intermediate layers and shape of the rail that are responsible for the emitted
noise level. On-board the vehicle, the wheel shape, wheel size and any
wheel vibration dampers present control the sound radiation. In addition,
the noise from the engine and in particular the brakes often cause disturbances to residents. It is only at high-speeds of more than 160 mph that
the influence of the aeroacoustic noise exceeds the rolling noise (Fig 1).

rolling noise
aerodyn. noise
overall noise
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only the surface of the radiating structure needs to be linked. It is used for
acoustic calculations of interior and exterior spaces and usually combined
with the finite element method (FEM). The FEM is used in this case for
calculating the structural dynamic excitation.
Figure 2 shows a train wheel with sound dampers, in which the structural
dynamic vibration has been calculated by FEM. This enables the simulation of the vibro-acoustic excitation and therefore an assessment of the
effectiveness of the wheel dampers in terms of sound emission.

Interior noise calculation
For the interior noise calculation the statistical energy analysis (SEA)
method can be used. SEA is based on the principle of energy conservation: the overall system is divided into sub-systems and the exchange of
energy between the subsystems is balanced, taking account of energy
supplied and any losses due to attenuation. This approach is a statistical
method, which means that the predicted variable is a spatial and temporal
mean of the vibration energy in a frequency band.
Statistical energy analysis is particularly suitable for handling structureborne noise problems at higher frequencies. Splitting the system under
investigation into a small number of sub-systems means that the computational effort is manageable even in the higher frequency range, which
is an advantage in particular compared to the discretisation method. In
the lower frequency range, or for smaller, complex components the mode
density of the structure is usually too low. In these cases, extensive expertise has been developed on the VIRTUAL VEHICLE in the area of hybrid
FEM-SEA, where the SEA parameters are determined using FEM.

Aeroacoustic calculation of rail vehicles
The aeroacoustic noise calculation determines the aerodynamic noise
under partly simplifying assumptions. Varying pressures on the surfaces
and fluctuations in the surrounding airflow are calculated, both of which
represent significant acoustic sources.
On the VIRTUAL VEHICLE a hybrid approach is adopted: The flow field is
calculated using Computational Fluid Dynamics (CFD). Based on the data
from the transient flow simulation, the OpenFOAM CFD code package
is used to calculate the acoustic source terms on the fine CFD lattice.
These source terms are then interpolated onto a coarser acoustic lattice
and serve as input to the subsequent computational aeroacoustics (CAA)
calculation with the finite-element research code CFS++ (Coupled Field
Simulation). The CAA method can be used in a wide frequency range
from 100 Hz to 10 kHz, where the frequency range is only limited at the
upper end by the computing power.
In the railway field, the CAA is also used for acoustic optimisation of pantographs, air-conditioning systems and attachment parts.

Measurement methods and experimental methods

Figure 2: Calculated mode shape of a
train wheel with wheel damper

Figure 3: SEA model of a railway car

potential of simulation for the development of quieter vehicles, the numerical methods will need to be combined with experimental methods as
intelligently as possible. On the VIRTUAL VEHICLE therefore, the „the
best of both worlds“ approach is taken where experimental methods are
used and further developed, such as:
• Proof-of-concept trials for determining material and system para-

meters, such as calculation of young‘s modulus and damping from
measured natural frequencies and transfer functions
• System and test rig experiments for the verification and validation of
methods under clearly defined boundary conditions
• Operational tests or measurements for measuring specific scenarios,
in order to validate overall models and their range of validity
• Operational and/or test rig measurements to capture the vibroacoustic actual state of a system (vehicle and/or infrastructure), and/
or its components, and to derive improvement measures from these
for implementation
The application and further development of numerical methods in combination with experimental methods allow us to describe the behaviour
of the overall railway system in terms of vibrations and acoustics, and to
optimise it with regard to exterior and interior noise. ■
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The performance of modern simulation methods for noise calculation for
railway vehicles has increased considerably. In order to realise the full
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High-tech

made in styria
Will voestalpine be able to keep a production site in Austria for the long haul? What opportunities will Industry 4.0
bring for the rail sector? And how much vehicle know-how does voestalpine need for its products?
Dr. Michael Schmeja, Head of the Information & Process Management Department at VIRTUAL VEHICLE, talked
with Dr. Franz Kainersdorfer about trends and challenges in the rail sector and asked him about his idea of the ideal
future workplace.
VVM: The automobile industry is reporting record profits. The latest hype
is centred on the notion of “autonomous driving”. Does the old rule that
the rail business is countercyclical still hold true? Do you expect an uphill
struggle again soon in your industry?
Kainersdorfer: No I don‘t, and here‘s why. In Europe we‘re currently
experiencing catch-up effects that are a result of the reduced 2008/09
rail investment budgets. You can do that for a few years with rail, but then
you have to start investing again, or end up having problems with the
tracks and signalling technology. For the tracks in particular, you have to
begin investing again after three or four years of reduced maintenance,
to prevent speed restrictions. German rail is a good example, having now
received additional resources from the federal government to service its
entire network and bring it up to standard.
How long can voestalpine still afford a production site in Austria?
Voestalpine will certainly be able to keep a production site in Austria for
the long haul. The question is simply under what conditions. The issue of

CO2 certificates, a kind of additional tax, is of particular concern. You can‘t
burden European steel companies with additional CO2 costs that are completely disconnected from the world market and therefore threaten their
export competitiveness. Naturally we‘re working very hard to continue to
reduce CO2 emissions, but in our view this can only be addressed with a
global approach, instead of just burdening the industry that happens to be
on the front line for the added value that involves CO2 emissions. Steel is
used by and benefits everyone. Like in the energy industry, where CO2
certificate prices are passed on to customers, the steel industry needs a
regulated form of cost sharing.
Industry 4.0 is the smart answer to the simple recognition that manufacturing is almost always energy-intensive, and that Europe has disadvantages compared with Russia, China and the US in this area. What
opportunities do you see in the smart factory in your industry?
The smart factory is nothing new for us. For example, we are currently
investing in a new wire rolling mill that integrates both product-related and
logistics-related networking with customers. This goes as far as our cu-
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stomers warehousing the material they need with us. We‘ve even built a
high-rise rack for 18,000 tonnes of wire for this purpose. Customers send
their transport lorry based on their just-in-time requirements. It is loaded
within an hour and can be delivered to the final customer without delay in
northern Italy or in Germany. The whole system is managed by networked
EDP systems which simultaneously take care of the certificate transfers.
All planning from primary material production to rolling mill production is
reverse-scheduled from the customer deadline, so that customers always
have their materials available on time.
Other industries hardly make money with products any more, but are making
a good living in the service sector. Is there a trend towards rail systems also?
In terms of rails and seamless tubes we have a proportion of finished products of over 80%. A seamless tube in its finished form as an assemblyready oil and gas field pipeline is a ready-made product with threads and
the corresponding sleeves, tested and certified. Much of that can of course
be characterised as service. We don‘t primarily make money from the service related to these products, but it is absolutely crucial that we offer appropriate installation services as an added value with our products.
We don‘t simply install our heat-treated premium rails either, but rather
work together with the customer to observe how the rails behave when first
installed. Our service technicians are frequently on location with the customer to check wear patterns and discuss appropriate grinding strategies
with them for an optimal service life.
A good example is switching technology, where we now not only supply
the product but the entire drive engineering. Here we work in the electrical and electronics fields and deliver the entire service including logistics.
That means we pre-assemble the points in the factory, deliver them to the
construction site in large ready-to-install units, and provide service technicians for installation support.
We recently founded a joint venture with ÖBB, the Voestalpine ÖBB Weichenservice Gesellschaft, which will take over a portion of ÖBB‘s signalling

maintenance. This is the first time that a rail company and a manufacturer
are operating services together on the railway line.
With the University of Leoben, Graz University of Technology and a
strong landscape of excellence centres, Steiermark has a very techfriendly atmosphere. What role does proximity to the university play in
your choice of location?
We were there before the universities existed. So in that sense they were
not a decisive factor, but we take great advantage of both Leoben and
the TU because the skills and expertise we need in our work can truly be
found there. I could mention the examples of the materials institutes in
Leoben and Graz, or the Institute of Railway Engineering and Transport
Economy. Of course we also work a great deal with many other institutes
at both universities, and also with the associated centres of excellence.
And we‘re glad of this, because they form an excellent complement to our
own research and development activities.
What trends and challenges do you see as relevant to the rail systems
sector, looking ahead to 2020, and which of those are also addressed at
VIRTUAL VEHICLE?
The major challenge that I see for rail systems is the issue of cost optimisation of the track. Track maintenance and the related operating costs for
tracks are crucial components of total cost of rail operation. Every railway
faces budgetary pressure to reduce costs, and that can only be achieved
with a combination of good products with a long lifetime and the appropriate maintenance strategies.
Collaboration with VIRTUAL VEHICLE is a very important area for us here,
because we have a rail test bench, but this only reflects real-world conditions
to a certain degree. We also need simulation programmes and simulations,
in order to model conditions comparable to those found on the actual tracks.
With the help of the global systems approach that VIRTUAL VEHICLE uses,
we are better able to understand the complex mechanisms that impact a
rail or switch, and to apply this knowledge in further product development.
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Another important VIRTUAL VEHICLE connection for us is Shift2Rail, the
new EU platform in which we are participating via the VVAC+ consortium
initiated by VIRTUAL VEHICLE. The research centre gives us the perfect
opportunity for access, because despite the size of our business we don‘t
have the critical mass to make a stand-alone contribution to this project.
Prof. Riessberger once said, wheel and rail should fit together like an
upper and lower jaw. How much vehicle know-how do you need for your
products?
In the last 10 to 15 years especially, drive concepts for locomotives and
traction vehicles have changed significantly, and this has considerable
impact on the tracks. The main consideration here is slippage in wheelto-rail contact and the corresponding interactions. To better understand
the interaction between rolling stock and our rail and switching products,
VIRTUAL VEHICLE is once again very, very important, because VIRTUAL
VEHICLE understands the rolling stock, in particular the locomotive and
traction vehicle drive designs, and integrates this interaction into wheel-torail contact. You can‘t develop any kind of rail today without looking at it as
a comprehensive and interactive system.
VIRTUAL VEHICLE is involved in many studies about the workplace of
the future. What does your personal future workplace look like?
If I could have just what I wanted, my future workplace would let me never
have to drag binders around with me again. I‘d have everything on a laptop
and always have all the information I need wherever I am. That requires
an continuous, fully up-to-date and optimally arranged information base
that gets its data from a perfectly functioning IT structure and organisation.
This includes everything from business indicators to technical topics, with
well-organised filing to find and read things quickly. I place little value on
pretty desks. What matters is that the laptop works, that we have a WLAN
connection in every office and the best possible interactions with all our
co-workers. No one should have to wait longer than a day for a reply to an
email. That‘s the top priority, because waiting leads to frustration and also
delays processing of orders and assignments.
Will there someday be a voestalpine without a conference room?
No, that will never happen, because I believe that personal interaction between different project participants is extremely important. Projects involve
collaboration at every possible level and personal contact counts for that.

But I also think that for reasons of efficiency, we will increasingly rely on
communication systems where you don‘t need to make some huge effort
to dial in, but where different people in different places and different offices
can meet on a well organised internal platform.
Are there necessarily ethical issues with conflicting goals in the life of a
manager, and if so, how do you deal with them?
I don‘t believe these conflicts exist. However, there are ethical issues, including those that have to do with the fact that employees cannot and
should not only find satisfaction in monetary compensation. Satisfaction
always involves a bundle of factors that motivate employees and support
their performance, and we pay attention to this at all our sites. Twenty
years ago, this location was about to close, but rose again like a phoenix
from the ashes with the right support, including public funding. Today we
once again have a plant cafeteria where up to 300 employees eat lunch
every day. In the plant we have a brand new renovated snack bar that‘s
open around the clock. We also work to offer our employees additional
well-being programmes, such as exercise programmes, training courses,
nutrition courses, all the way to mental health support and consulting from
the occupational medicine department. And the staff appreciate this.
What is your recipe for a good work-life balance?
Taking enough time to exercise. You should be able to spend at least an
hour outdoors every other day. Exercise clears your head. It makes you
better able to perform. I think that the most important thing in life is to be
able to shape your life in a way that brings you satisfaction, and that includes both at work and in personal life. Of course, everyone has their own
goals and ideas. But the important thing is to be able to take your own path
to achieve personal balance and satisfaction. ■
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Granular Materials

Small paRticlES
with Big impact

Solid-like granular materials play an important role in railway operation. The stiffness and settlement of ballast is an
example where granular material significantly affects vehicle-track interaction. Another example is the influence of
sand in the wheel-rail contact on the transmission of traction and braking forces. Reliable prediction models for the
short- and long term behaviour of such granular materials are therefore of high importance in an overall consideration
of the railway system.

G

ranular materials – conglomerations of discrete macroscopic solid
particles – are present in nature as well as in technical applications.
Processes like landslides and avalanches are highly influenced by the
static and dynamic behaviour of such materials. Two important technical
applications are the design of hoppers for safe storage and discharge of
granular media and the production of pill medications.
Concerning railways, sand in the wheel-rail contact and ballast in the
tracks are the most important applications of granular materials. Here
sand as well as ballast behave mainly like solids because the particles
are fairly stationary relative to each other. Reliable prediction models describing the short- and long-term behaviour of such granular materials are
of great interest with respect to the development and operation of railway
vehicles and railway infrastructure.

Sanding of wheel-rail contact
Under certain contact conditions the available friction in the wheel-rail interface can be insufficient to generate high enough traction and braking
forces. Sand is introduced into the contact patch under such conditions to
improve the frictional behaviour (see also VIRTUAL VEHICLE magazine,
No 14, II-2013, Optimised Sanding Systems). Figure 1 (a) shows an example of sanding equipment. Due to the high loads within the contact, the
sand particles get crushed and a fine granular powder develops. Figure 1
(b) shows sand in a so-called high pressure torsion test rig before and (c)
after normal loading. At the end the shearing behaviour of this fine granular
powder embedded between rough wheel-rail surfaces under high pressure
determines the frictional behaviour of the wheel-rail interface and with it the
traction and braking performance of the vehicle (►read more on page 12).
The development of appropriate prediction models describing this behaviour (short-term behaviour) is a challenging task and must take into account
several complex physical phenomena as described above.

Ballasted track systems
Ballast is very commonly used at railway tracks to support the sleepers
on which the rails are mounted (see Figure 2). This granular ballast is an
important sub-system of the track responsible for transferring the loads
from the wheel-rail contact to the subgrade. Thus, the ballast contributes
significantly to the overall stiffness of the track system which is very important regarding vehicle-track interaction. With respect to modelling, an
accurate prediction of the compression and shearing behaviour (shortterm behaviour) is needed. Here, the influence of the size distribution,
ballast particle shape and porosity of the packing, among others, need to
be properly taken into account. Additionally, the influence of the material
properties of the ballast particles and tribological aspects (roughness in
particle-particle contacts, fluids, etc.) should be adequately considered.
Another important aspect in modelling is consideration of the long-term
behaviour of ballast. Looking at the initial situation (new track or newly
maintained track after tamping), an initial settlement of the ballast occurs
quite rapidly during the first load cycles. This initial settlement results from
repositioning of the particles (size segregation) and the breakage of ballast particles due to exceeding their strength limit. After this rapid initial
settlement, further settlement occurs in a slow process due to wear within
the particle-particle interfaces and particle breakage due to high cycle
fatigue. The resulting settlement ultimately changes the track geometry
continuously and introduces track irregularities (►read more on page 10).
These track irregularities have a negative impact on the vehicle-track interaction, resulting in the need for maintenance activities which involve
high costs.
Thus, reliable models taking into account these effects (particle repositioning, particle breaking, wear in particle-particle interface, etc.) are of high
interest especially with respect to the mentioned maintenance activities.

Figure 1:
Sanding of wheel-rail interface.
(a) sanding equipment, (b) principal
experiments with sand on a high
pressure torsion test rig before loading
and (c) after loading.
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Figure 2:
Track system cross-section. Ballast transfers the loads from the wheel-rail contact over
the sleepers to the subgrade.
Source: F. Auer, 39. Tagung Moderne Schienenfahrzeuge (2010), Graz, Austria.

Modelling
There are commonly two approaches used to predict the static and dynamic behaviour of solid-like granular materials. Continuums theory is
often used in geophysics, representing a phenomenological approach.
Several effects resulting from particle interactions or their interaction with
the environment cannot be described sufficiently in this way. Such effects
always have to be smeared across elements without insight into the real
ongoing physical effects.
In contrast, particle-based modelling tries to predict the behaviour of the
overall granular material by modelling the particles individually taking into
account all its interactions (Discrete Element Method – DEM). The method provides a good physical understanding for the complex processes
within the granular material. Although this approach leads to increased
calculation times, it allows for consideration of physical parameters on
particle scale (e.g. shape, size, material properties of particles). Hence,
this approach has been chosen in the ongoing project P 27147-N30:
Short- and Long-Term Behaviour of Solid-Like Granular Materials funded
by the Austrian Science Fund (FWF). The main goal of this project is
the enhancement of existing DEM simulation codes with respect to tribological and wear phenomena in particle-particle contacts. Consideration
of particle breakage due to exceeding the strength limit and high cycle
fatigue, and the development of parameterisation methods based on principal experiments will also be an important field of research.
Figure 3(a) shows the side view of a three-dimensional shear box experiment in DEM environment. The particles are modelled as spheres with
a certain size distribution. The upper box is fixed, the lower one is moved laterally. The normal load is controlled at a constant level, the lateral
displacement of the lower box is prescribed and the necessary lateral
force is measured. This lateral force is plotted over the shear path of the
lower box in Figure 3(b). The macroscopic shear behaviour of the granular
material shows a steep increase at the beginning followed by a phase of
reduced increase. Due to the granular matter, force chains develop within
the material as shown in Figure 3(c). This experiment and its sufficiently
accurate prediction are of high relevance for investigations on the shear
behaviour of laterally loaded ballast in curves.

Summary
Solid-like granular materials play an important role in many technical applications. Sanding of the wheel-rail contact and ballasted track systems

Figure 3:
DEM modelling of shear box experiment: (a) particle distribution within the shear
box, (b) lateral force over shear path and (c) resulting force chains within the
granular material during the test

are two examples from railway operation. Prediction models, describing
the short- and long-term behaviour of these materials are of high interest
during the development process and the operation of railway vehicles
and railway infrastructure. Thus, one of the research aims at VIRTUAL
VEHICLE is the development of particle-based models. Such models
are able to predict the overall behaviour of granular materials based on
physical parameters on particle scale. Such models can be used e.g.
to gain a better understanding of the impact of different sand types on
the transmission of traction and braking forces in wheel-rail interface. A
further use-case is the appropriate choice of ballast material, shape and
size distribution to optimise static and dynamic behaviour as well as the
settlement behaviour for reduction of maintenance activities. Furthermore, tamping strategies depending on the type of ballast could be an
interesting application of these models. ■
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Interview with Mark Topal-Gökceli
All about the Customer

the future of

passenger rail transport
Like the VIRTUAL VEHICLE Research Center, Austria’s Federal Railway (ÖBB) is one of the project partners of
Shift2Rail, the first European joint rail technology initiative to seek focused research and innovation. A good reason
to ask Mark Topal-Gökceli, Head of Rail System Engineering & Operations at ÖBB, a few questions on the current
challenges in Austrian and European passenger rail transport.
VVM: It is commonly known that railway passenger transport is evolving. So,
what is the ÖBB’s strategy to further increase passenger transport?

And now thinking a bit more comprehensively: what can be done in the
future to further improve the system as a whole?

TOPAL: I think it is all about the customer. The number one priority is
to better understand why some people still think that rail transportation
is not appealing enough for them, and why they still use other modes of
transport. When looking into long-distance train trips with more than 1000
km, it is obvious that taking a plane may be a time-efficient solution. But
for shorter distances, when you need to go from city centre to city centre,
such as from Vienna to Munich or from Paris to Brussels, we already
recognise a shift to rail. Our objective is to push this trend even more. But
as mentioned before, this is only possible when you look into details and
understand the individual needs of your customers.

I think the magic word here is still harmonisation. Technical harmonisation seems to be the only way to get rid of the barriers we see in the
system, which still cost a lot of money. Fifteen years ago, the idea of the
ERTMS (European Railway Traffic Management System) was to finally
have a harmonised system within Europe, so it would be easier to operate
cross-border traffic and to better manage fleets. But instead of this, new
nationalized systems were introduced. We were too quick to harmonize
the technical system, and we forgot about harmonizing the operational
system first. Currently, a lot of those partners, members, and companies
who have already been investing in this system are seeing stranded costs
and are re-investing in new updates every year. This is harming their competitiveness in comparison with other transport modes and threatening
the goal of shifting more traffic to rail.

You said it is all about the customer. What are the key factors of success
for attracting them?
The three main factors for long-distance passenger transport are time,
service and money. Time is absolutely an argument, at least for those who
decide not to travel by train. New solutions in the area of customer service
are crucial, as well. For example, we have to offer our passengers travel
solutions from their origin to the final destination, not only from station A
to station B. That means it is important that we combine different transport
modes. This is connected to intermodal ticketing - the passengers need to
be able to organise their entire journey, including public transport, taxi, car
sharing, and so on. Our challenge is to provide a low-threshold service so
that passengers can use the whole mobility chain very easily.
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Talking about research, where do you see the need for a more detailed
R&D in the system?
In general, I think we should concentrate on using existing technologies
better, rather than on developing complete new solutions. One goal of
future R&D projects should be to improve the interfaces to the customer.
I am sure that digitalization will be able to solve a lot of issues in this
context. Another topic is predictive maintenance. It’s something we have
been talking about for a couple of years now, but I don’t see it working
or being operational like it is in the aviation industry, for example. So we

MaRk toPaL-GÖkCELI
heads the Rail System Engineering & Operations department at
ÖBB-Holding AG. His responsibility covers among other areas
the strategic management of R&D, rail system technology and
innovation within the ÖBB group.

still have a lot of things to develop. Basically, what we need for all R&D
activities is appropriate data management, innovative models, efficient
processes, and effective systems to better use ”big data” in a way to generate real benefit.
R&D always involves collaboration. How does ÖBB look in terms of collaboration with research organizations?
As we are not a research company, ÖBB itself is not in the position to
do real research work. However, research is important to us, of course,
and we are always willing to learn from others. The perfect collaboration
from our point of view would look like this: we face a problem, we define
functional specifications, R&D partners with expertise in the specific area
develop possible solutions and, after a certain time, a prototype of the
product becomes available. Once it comes to the evaluation of intermediate results and demonstration under real operational conditions, we will
collaborate closely with our R&D partners and provide our expertise. But
the most important part happens after this step: we need to learn from
what we created. In most cases the successful demonstration is the end
of the R&D project for the partners, but for us, it is the beginning of a very
long-term operation with something new!
All in all, we need R&D partners with professional project management,
good ideas and high innovation capacity combined with broad experience
and a collaborative mentality. Moreover, we want our R&D partners to
analyse their competitors very closely and check whether other research
institutions already have developed solutions for the same or similar problems, and whether they have been successful or not. When doing so, it
is important that they don’t just investigate their national competitors. We
live in a globalised world and therefore need to know about the global
market in innovation, as well! But I would not go that far using the same
words like the Commissioner of the US Patent Office, Charles H. Duell, in
1899: “Everything that can be invented has been invented.”

The European Commission has issued the Fourth Railway package in
order to achieve the Single European Railway Area. What is your opinion
about that?
As it is promised in the technical part of the Fourth Railway Package,
the European Railway Agency is meant to be a one-stop shop for vehicle authorization and the competent authority for ERTMS. I really
do believe in that and think that the Agency can be a game changer,
particularly in terms of harmonizing the systems in Europe. There are
a lot of interesting aspects, such as the revision of the safety directive
and the interoperability directive, which we believe will improve the
process. Nevertheless, there is still the cliché that whatever comes
from Brussels is very bureaucratic. And we have to admit, that the
plans and procedures still seem to be very complicated and not easy
to apply. Focusing on too many details, regardless of their real impact
and benefit for the European rail system, could be seen as over-regulation. This will certainly challenge us a lot.

We need R&D partners
with professional project
management, good ideas
and high innovation
capacity combined with
broad experience and a
collaborative mentality.

Shift2Rail will soon be firmly established and the ÖBB will play an important part in this programme. What do you expect next?
I definitely hope for new solutions, innovations, and products that will help
the rail sector to decrease its costs, to increase both customer satisfaction and safety, and to become a more attractive transport mode in the
next six or seven years. Shift2Rail is a huge thing. It will be very challenging in terms of administration and coordination, but we are happy to
be part of it. I am also glad to see a lot of other Austrian partners in this
initiative, including VIRTUAL VEHICLE and the VVAC+ (►read more on
page 44). We are looking forward to an interesting time developing great
solutions that hopefully become real game-changers for the railways! ■

All pictures: ÖBB
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Improving CAE-supported Development Processes

a framework for

multidiSciplinaRy optimiSation
Numerically-driven multidisciplinary optimisation in railway vehicle development is a novel topic that requires
research and development of specialised tools and methods. A project consortium headed by VIRTUAL VEHICLE
has successfully developed a framework for multidisciplinary optimisation to meet the special requirements of train
development engineers. This framework has been evaluated within two real train development tasks at Siemens,
wheel profile optimisation and bogie frame optimisation.
Industrial awareness for numerical optimisation

V

irtual product development includes all IT-supported processes based on the virtual model for the creation of a new product. It is increasingly used in the rail industry to develop products ranging from single
parts to full trains. Virtual evaluation of the performance of parts and their
assembly has become state of the art, and its application in rail development processes is now obligatory.
The availability models and results in digital form allow greater automation of numerical processes and therefore increase industrial awareness
in numerical optimisation research. Numerical optimisation holds the
potential to optimise increasingly complex development tasks in the future that require a great deal of effort today. The application of numerical
optimisation to industrial practices, however, still requires research and
development of suitable methods and tools to support train development
engineers in performing optimisation tasks, especially those with multidisciplinary aspects.

A framework for multidisciplinary optimisation tasks
The project consortium consisting of VIRTUAL VEHICLE, Graz University
of Technology, Siemens Austria, and Fast Concept Modelling & Simulation GmbH cooperates in researching and developing a multidisciplinary
optimisation framework that aims to address the trade-off between standardisation and flexibility mentioned above. The requirements for such
a framework have been captured in 15 interviews with potential future

users, who are train development engineers from various departments.
The scope of this cooperation is to transform a general optimisation setup
(Figure 1) into a software architecture (Figure 2) and then to implement
the architecture with state-of-the-art technologies for evaluating the framework in typical development tasks.

General optimisation setup (Step 1)
A general optimisation setup typically consists of three main elements, as
shown in figure 1. The first element is the optimisation algorithm, whose
task is to drive the system to the best behaviour while finding optimal levels
for all design variables. The second element is a data and solver manager,
which generates the input decks, launches the solver, and then extracts
the needed results. Additionally it can monitor issues which could come up
during operation, such as numerical instabilities or an abort of the simulation. The forward-problem solver is the third element. Its task is to produce
results from the inputs generated by the optimisation algorithm and provided by the data and solver manager. These can then be interpreted by
the optimisation algorithm. A forward-problem solver can be, for instance,
a finite-element programme, a multibody system, or a calculation script.

Software architecture (Step 2)
The general optimisation setup is used to conceptualise suitable software
architecture, shown in Figure 2, as a basis for running optimisations to
meet specific requirements for train developers. The core of the underlying architectural concept is the optimiser. The optimiser connects tools,
model parameters, algorithms, and optimisation tasks. In this context, a
tool means an interface to a forward-problem solver that handles inputs
and outputs. It must be adapted based on the specific task to be solved.
Objectives and constraints define the optimisation task. Model parameters contain the design variables, the fixed parameters, and any special
model descriptions such as subvariables. The optimisation algorithms are
also connected to the optimiser.

Architectural implementation (Step 3)
A fundamental requirement stated by future users during the interviews
was to use a software technology that they already use themselves and
that is widespread in the industry. Matlab meets this requirement best,
and was therefore selected for implementation. Below is an abstract and
generic description of the use case as implemented:

Figure 1: General Optimisation Set-Up
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Figure 2: Software
Architecture

The work process within the implemented framework (i.e., a software programme) starts for the user with the definition of the optimisation task
and the configuration of the tools that interface with the forward-problem
solvers. This step always requires some software development effort for
customisation. If the optimisation task and the interfaces have been defined correctly, the framework automatically supplies system responses.
The user can then select the objective (function to be minimised or maximised) or the constraints (functions which need to be held below, above, or at a certain value) from the responses. In the next step the user
chooses the optimisation algorithm. The user can either choose from the
algorithms available in the Matlab software package or develop a specific
one if highly specialised tasks need to be optimised. The result of the
optimisation task is visualised in a plot module that contains the most
important diagram types, as identified in the interviews with future users.
Available diagrams include plots for objectives, design space, and constraints. Because design spaces are often multidimensional, a colorised
parallel plot has also been implemented. The flexibility of the optimisation
framework allows the user to add more diagrams if needed.

The setup of this automated process is shown in Figure 3. The framework
is able to control this complex optimisation task.

Summary and outlook
The developed framework for multidisciplinary optimisation has been
shown to be an appropriate solution beneficial to train development engineers. It was evaluated in a typical train development tasks for bogie
frame optimisation, and received a high level of user acceptance. Its high
flexibility along with a sufficient level of standardisation has proven to
be a successful design decision for satisfying the various requirements
of engineers. The developed framework allows either standard pre-defined tasks to be run, or highly specialised multidisciplinary problems to
be solved, including customised algorithms and procedures. In a future
research project, the framework will be further elaborated and verified in
even more challenging scenarios. ■

Framework evaluation (Step 4)
The use case for evaluation is bogie frame optimisation. The requirements
on the bogie frame are contradictory. While the frame must be compliant
to improve its dynamic behaviour in curves and avoid derailment, it should
also be stiff to lower the stress level. Balancing these two requirements is
an ideal optimisation task.
The procedure is done in the following way: In the first step the tools are
configured to the forward-problem solvers. SimPack, a dynamic solver,
provides the derailment coefficient, while OptiStruct, a finite-element solver, provides the stress response. The objective of this optimisation task
is to improve the derailment coefficient with respect to a set stress level
as a constraint. The special challenge within this optimisation task is the
integration of geometry and finite-element analysis, which require full automation of the entire calculation process consisting of parametrisation,
meshing, pre-processing, and solving.
To assure that the optimisation task will be finished within a satisfactory
amount of time requires a reduction of the degrees of freedom within the
geometric model. This is supported by using the Fast Concept Modeller
(FCM), which has the capability to build complex geometric models from a
small number of controlled variables. The generated numeric models are
represented by solids and can be meshed automatically and then solved.

Figure 3: Automated Process for
Finite Element Analysis

THE AUTHOR
MICHaEL aLb is Senior Researcher for numerical optimisation
at VIRTUAL VEHICLE and Ph.D.
student at University of Padua.
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Wear & Rolling Contact Fatigue

influEncing
factoRS
Rail-bound transport has successfully increased its payloads, which places increased demands on infrastructure and
vehicles. The higher stress on and damage to infrastructure and vehicles needs to be counteracted with increased
maintenance. A prognosis method for damage caused by wear and rolling contact fatigue and its application to metro
operation is presented. By relating global vehicle dynamics to local damage, it is possible to analyse daily operations
and plan maintenance strategies before damage even occurs.

R

ailway vehicles contact the rails via their wheels, typically in small
contact areas the size of a 1-euro coin. These small contact areas
transfer high loads (about 10 t) from wheel to rail, resulting in high contact
stresses and severe plastic deformation near the surface. In combination
with the large number of passing trains this may lead to crack initiation under unfavourable conditions. A common damage pattern from this rolling
contact fatigue is head checking (see Fig. 2).

prognosis more difficult and unreliable or even impossible. One way to
improve the quality and reliability of this prediction is to additionally use
computer-aided prediction models that also have a physical basis. This
allows maintenance interventions to be planned purposefully and in line
with demand.

The rolling contact is always accompanied by some wear, which removes
the topmost material layer, shortening any RCF crack that has been initiated. Thus both mechanisms interact with each other and a certain amount
of wear may be beneficial, as it shortens RCF cracks.

In a consortium composed of vehicle & rail manufacturers and infrastructure managers, VIRTUAL VEHICLE developed a simulation tool-chain
to predict wear and RCF (see Fig. 1). The global vehicle dynamics are
calculated using multi-body dynamics (MBD) software, including the local stress and creepage distribution. After the contact analysis, wear and
RCF damage are determined. The RCF-damage model approximates the
near-surface plastic deformation and hardening per load cycle while considering the interaction with wear. In the end the plastic deformation is
determined as a function of depth.

Limitations of maintenance
Wear and RCF damage are immanent mechanisms of the complex railway system. Almost any contact between the wheel and rail is unique because the wheel and rail are changing continuously due to wear. Despite
this complexity the maintenance strategies and measures developed by
infrastructure managers keep RCF and wear damage under control. However, increasing availability and payload demands place more and more
stress on the railway infrastructure and its maintenance. Maintenance interventions must be planned well in advance—eighteen months is already
reality—while the allowable intervention time is reduced. To uphold the
high quality of the infrastructure, efforts are needed to limit maintenance
costs and support the planning of maintenance interventions. These long
planning time periods allow substantial changes within the railway system, e.g., the introduction of new vehicles and thus changes to the traffic
mix. These changes, which can be substantial, make inspection-based

Prediction of wear and RCF

Although the rail bears a very large degree of deformation, the likelihood
of failure due to crack initiation increases with every additional cycle. Comparing the calculated plastic deformation function with a critical deformation function gives the criticality of RCF failure. This criticality of RCF-failure
can further be combined with e.g. Wöhler based damage/lifetime methods
and thus the time to RCF failure can be calculated.
To analyse large number of load cycles or train passes, the change to the
profile geometry needs to be taken into account. This is done by updating
the profile geometry based on the wear calculation. After this profile update the next train pass can be calculated. These calculations are repeated until the desired number of train passes is reached. To limit calculation
time each link in the simulation tool-chain is as accurate as possible while
still being computationally efficient.

Application in the Vienna Metro
The developed simulation tool-chain has been applied to different locations
in the Vienna Metro. The following calculation shows the results for one track
location. The track location is fully underground and has a 300m curve radius.

Figure 1: Simulation
tool-chain for wear
and RCF damage
calculations
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The relevant travelling vehicles of the metro line being analysed are modelled in the MBD simulation using measured wheel and rail profiles. These vehicles use conventional and passive steering designs to best adapt
to the tight curves.
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Figure 2: Comparison of predicted and observed crack orientation after about 4 million passes. Magnetic particle inspection
picture overlaid with calculation results (red)

After calculation of the global vehicle dynamics, the contact stresses and
creepages are applied locally to the rail surface to determine the local
wear and RCF damage. This local wear and damage calculation maps
the operational conditions on the basis of vehicle frequency. The results
represent a time period of about two years or four million cycles. Fig. 2
shows a magnetic particle inspection image overlaid on the calculated
crack orientation (red lines on grey transparent background) after four million cycles. The calculation does not fully represent the operational conditions (e.g., profiles, loading, engineering tolerances), thus differences
such as an incomplete crack band do occur. However, the location and
orientation of the calculated cracks agree closely with the observations.
The benefit of a complete simulation tool-chain unveils in the detailed analysis of the results and in possible parameter variation studies at essentially
no cost. For the study of the Vienna Metro presented above, the damage
contribution by each individual vehicle can be correlated with the overall
damage. This correlation shows that the head head-checks are mainly
caused by the contact of the leading wheelset of the vehicles with a conventional steering design (see Fig. 3, A11 and A21). The cracks on top of
the rail, however, result from the combination of both vehicle types with no
major contribution difference (see Fig.3, A12, A22, B11, B12, B21 and B22).
It is clear that this correlation can only be done by virtual engineering, but
not without the excellent data basis provided by the infrastructure manager.

PROJECT PARTNERS
FRoM SCIEnCE...

Figure 3: Magnetic particle inspection picture overlaid with calculated
contact areas of the first cycle. Colouring according to contact tangential
stresses; Vehicle indication: A = conventional steering design, B = passive activated steering design, numbers indicate bogies and wheelsets
(e.g. A21 = vehicle A, second bogie, first wheelset)

Daily railway operation challenges
The simulation tool-chain has been validated and applied in various locations, from metro to main-line track, and the results show good agreement
in general.
However, as the simulation tool-chain relates global vehicle dynamics to
local damage, traffic needs to be considered in the calculation.The representation of the traffic remains a challenging task, however, recent results
on main lines are promising. To allow the parameters that influence wear
and RCF to be selected and recorded purposefully, the sensitivities of influencing parameters such as axle load, velocity, and vehicle design were
analysed. Furthermore, surrogation models were derived based on available data from the infrastructure managers and the simulation results.
The knowledge of damage-sensitive parameters is crucial to develop track-friendly vehicles and to optimise maintenance strategies and
measures - thus for an environment friendly evolution of the railway system itself.
In future we want to extend the methodology e.g. to cover wheel damages
or maintenance intervention assessment. This will be accompanied by
extensive validation with laboratory and field data. ■

Graz University of Technology:
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Interview with Jochen Holzfeind
The Swiss Federal Railways | Asset Management Track

looking BEhind
thE ScEnES
Switzerland and its national railway network, the Swiss Federal Railways (SBB), have an excellent reputation. We
met with Dr. Jochen Holzfeind, Head of Asset Management Track, to find out SBB’s formula for success and to
discuss current challenges and R&D topics in the rail industry.
VVM: The SBB definitely has one of the most advanced railway systems in
the world. What do you think is the secret to success?
HoLzFEInD: SBB is a successful company that also is rising in value:
+70% Traffic Performance (tonne-kilometres) since 1982; +36% Network
utilisation (numbers of trains/track length) since 1998 and +45% Demand
(passengers per day) since 2004. SBB offers the densest network in the
world. This success is not to explain in a few words. I think one of the
secrets to success is that SBB is providing a sort of a “general ticket”
in conjunction with other networks, which delivers a true solution for the
travelling customer. That means that there is just one payment for a single
ticket that I can use for the whole journey, by boat, train, and bus with ideal
connections at every junction. They also provide the ability to transport
and do not talk about it - so public transport gets necessary attention. You
mentioned: SBB has a good reputation and the people are behind the
success model SBB.

Transferred to SBB, this means that with more “success” there always
comes a higher expectation of the customer – this is one of our challenges
we have to fulfil over time.
Also, we did not take care enough of maintaining the infrastructure over
the last 15 - 20 years. Especially on the assets of track we reduced the
maintenance significantly. Today we have reached a point, where it is hard
to handle that and we have to invest millions each year only to guarantee
the availability of our infrastructure.

Where do you see the biggest challenges to keep up this high level of
transport?

Currently, we mainly concentrate on fixing the weak points in our existing
systems and on bringing infrastructure back to a good level. We are changing our strategy urgently from fix & find to predict & prevent. We are
designing our Rail-System proactively. We will achieve this by developing
and implementing our processes, asset management tools and attitude in
thinking about the life cycle and affordable total cost. The superior goal is
always to become an attractive option for the customer compared to other
modes of individual transport. But this is challenging in times when costs
are increasing.

The theory according to KANO states that the initial enthusiasm characteristics over time shift to performance and a little later to basic features.

Individual transport is indeed an issue. There is a lot happening on the
road…

One of the secrets to
success is that SBB
is providing a sort of
a “general ticket” in
conjunction with other
networks. That delivers
a true solution for the
travelling customer.
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DR. JoCHEn HoLzFEInD
has led the Asset Management team of The Swiss Federal
Railways since January 2010. He handles about 800 billion swiss francs a year to maintenance track and switches.
With his team he is responsible for determining, how much
of the maintenance funding is needed, creating a sustainable investment strategy and defining benchmarks.

Yes, the roads are congested, but I guess, there are many ideas and
plans, how to improve this. Look at self-driving cars like the Google car,
for example. They give us an insight of what is about to come. As a rail
operator, we have to consider these trends and developments, as well.
They can become a big challenge for us.
Are you discussing and adjusting your strategies with other rail operators
and infrastructure entities in Europe?
Yes, we are benchmarking our strategies with those of Sweden, Italy,
Austria, and Germany. The outcomes are miscellaneous, of course, but
overall I can say that we set the right direction and we are talking about
the right pain points.
As far as new technologies are concerned, some manufacturers are quite
sceptical due to the high cost for development. What do you think?
Not all of them are sceptical, but I can see the point, as they cannot always be sure that these new technologies will become profitable. With
some I do have great experiences, though. They are more than keen to
keep on developing new technologies. A few weeks ago, for example, I
was shown a concept for a bogie made of fibre reinforced composite. This
leaves me optimistic and I really can see the industry focuses more and
more on innovation.
Speaking about R&D: which are the most probable issues in the near
future?

First of all, it’s the track itself. Our understanding of the condition and
the behaviour of our assets is still a main task. Getting information
out of the data and the experiences of our track experts to optimise
the maintenance of our assets will be one of the major issues in the
near future. The development of track components, including sleepers, is also very challenging at the moment. Just having a look at
the daily workload we reach – there are like 150.000 gross tons a day,
compared to Austria with about 100.000 gross tons. We use more
and more double stack wagons, higher speed in curves and we are
offering a train every 15 Minutes on our main line between Zürich and
Bern to handle our customer requirements. I really expect some major
changes regarding development in the field of components to hold
against this increase.
A very innovative, but slightly futuristic, approach would be self-healing
components or components that send notifications automatically, which
would make diagnostics vehicles obsolete, for example. It should be possible to develop rails or sleepers that analyse their condition and notify,
if there is an irregularity, a crack or something like that. I mean, human
tissue is self-healing, so why don’t we develop components that monitor
and heal themselves?

A very innovative, but
slightly futuristic,
approach would be selfhealing components or
components that send
notifications automatically. This would make
diagnostics vehicles
obsolete.

Pictures: SBB CFF FFS
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Another issue is to optimise our processes. Our maintenance process
for example: Today we are not able to handle all the requirements for the
track. The costs are rising and a sustainable maintenance is becoming
increasingly difficult.
Also the product development process: Testing takes five to six years, so
we definitely have to find a way to speed that up. Maybe simulation is a
way or we do it with the help of better measurement procedures. Another
big issue would be improving the timetables and intervals of the rail network, which is also an area, where we have to keep up the high standards
and where we need innovative solutions.
Which are the most important research partners your part of SBB is collaborating with?
In the areas of track and wheel-rail interaction we are very lucky to be
collaborating with the VIRTUAL VEHICLE Research Center. That really
works well and we are gaining a very good input. We also work with the
Institute of Railway Engineering and Transport Economy of Graz University of Technology in the areas of fundamental research and rail-position
analysis. Furthermore, we are in touch with “DB Systemtechnik”, a department of German national railway, the ÖBB, and other railway networks.
Regarding these research collaborations, where do they lead to?
I think we have to focus on solution oriented research, meaning that a
project should not take too long and that we have to know exactly, what
the expected outcome will be. A practicable outcome should be available
in a time frame of two to three years. Another big challenge is, like mentioned before, the development of components through simulation. We
have to switch from physical testing to virtual testing as good as possible.
Furthermore, the whole tendering process has to be looked at. As soon as

A big challenge is the
development of components through simulation. We have to switch
from physical testing to
virtual testing as good
as possible.

Picture: SBB CFF FFS

40

magazine No. 22|2016

you work together with a manufacturer, you recognise that they spend a
lot of money on developing specific solutions. If then, due to public tender,
this company loses the follow-up job, they might be in trouble.
Was there a particular reason for you as an Austrian to join the SBB?
Well, for a railway man the SBB definitely represents an exemplary railway organisation par excellence. I always dreamed about joining this
company. The timing, when I got the offer from SBB, was great, so I decided to take it!
Can you explain why there are quite a lot foreign employees with the SBB?
I think one reason is that education in the railway field has been a little bit neglected in Switzerland. As a consequence, the country does not have as many
good personnel resources in the area of track and heavy metal, which covers
rails, sleepers, and ballast as needed. Because of that, they try to gather know
how from outside Switzerland. In other fields, however, like timetable, operation or safety installations, the Swiss are definitely the best in Europe.
At the end a very general question: what would be your personal recommendation to students and young researchers in the railway field?
I can only encourage young people to take a closer look at the railway system and to find out, how fascinating it really is. It is purely phenomenal, what
the wheel-rail system is capable of. We are not only talking about “Hard
Rock” & “Heavy Metal” when we talk about Railway@SBB. We are talking
about high tech, new fields, prediction, Interaction. Be open-minded, what it
is all about. In addition, the team spirit and infrastructure in companies like
the SBB or the ÖBB is outstanding, we are all like a big family. ■
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Europe Networking

Virtual Vehicle‘S

Eu pRojEct actiVitiES

Pioneering research and liaising between industry and the scientific community is the strategy that has catapulted
VIRTUAL VEHICLE to the top of the EU research community. The centre is currently participating in 27 European
research projects and leading eight of them.

“We are actively involved in an increasing number of EU projects. This shows
us that we are on the right track at the European level and have the necessary
expertise for future topics”, says Jost Bernasch, CEO of VIRTUAL VEHICLE.
The centre works on research projects initiated by the European Union in
cooperation with Graz University of Technology and 200 European partners.

Horizon 2020: the world’s largest research programme
Horizon 2020 is the world’s largest transnational programme for research
and innovation, with budget of nearly €80 billion from 2014 to 2020 at
the European level. VIRTUAL VEHICLE also participates actively in this
programme and received the go-ahead for ten projects from the Horizon
2020 pool so far. In “green mobility” area, the research centre even won
five out of seven projects worth millions each with a start date in 2015.

27
9
18
18
42

Future topics for Europe
With the current 27 EU projects, the experts at VIRTUAL VEHICLE have a
total budget of more than €18 million. Current topics include the energy efficiency of vehicles, alternative fuels and requirements for the workplace
of the future smart factories.
Specific questions to be addressed are: How can optimal energy management increase the operating range of electric vehicles? How can the platform technology for lower-cost car production be applied to future urban
vehicle concepts? Another focus of the research is increasing the lifetime
and safety of batteries.

Currently 27 Eu projects
underway

nine of 27 projects coordinated
by VIRtuaL VEHICLE

Research budget of more than
€18 million for VIRtuaL VEHICLE

PRoJECt HIGHLIGHt: Shift2Rail
Eu projects already completed
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Virtual Vehicle austria Consortium+ participates
in 920 million European research initiative ►►►

Shift2Rail

the european

Rail joint undERtaking
Shift2Rail is the first European rail initiative to seek focused research and innovation and market-driven solutions
by accelerating the integration of new and advanced technologies into innovative rail product solutions. Through
the innovations carried out within this Horizon 2020 initiative, the necessary technology will be created to complete
the Single European Railway Area. As the coordinator of the VVAC+ (“Virtual Vehicle Austria Consortium+”), the
VIRTUAL VEHICLE Research Center is deeply involved in one of only 19 European consortia and partners, who
have been awarded to participate in Shift2Rail.

S

hift2Rail will promote the competitiveness of the European Rail Industry and will meet the changing EU transport needs.

What are the challenges?
Rising traffic demand, congestion, security of energy supply and climate
change are some of the major issues that the European Union and the wider world are facing. Tackling these challenges will require the railway sector taking on a larger share of transport demand in the next few decades.
The European Commission is working towards the creation of a Single
European Railway Area and has promoted a modal shift from road to rail
in order to achieve a more competitive and resource-efficient European transport system. However, the share of rail on the European freight
and passenger transport markets is still not satisfactory. EU research
and innovation must therefore help rail play a new, broader role in global transport markets, both by addressing short-term problems that drain
rail business operations, and by helping the sector to achieve a stronger
market position.

What results and benefits are expected?

introduction, at a lower life cycle cost, with more capacity to cope with
growing passenger and freight mobility demand. All this will be developed
by European companies thereby increasing their competitiveness on the
global market.
Shift2Rail will also contribute to the paradigm for modal shift to attract
the users to rail. For the EU passenger this will mean more travel options, more comfort, and improved punctuality. For the freight forwarder/
shippers this will mean that rail freight will become more cost effective,
punctual and traceable as a shipment option.
All in all, the initiative will contribute to:
• Cutting the life-cycle cost of railway transport (i.e. costs of building,
operating, maintaining and renewing infrastructure and rolling stock)
by as much as 50%
• Doubling railway capacity
• Increasing reliability and punctuality by as much as 50%
Shift2Rail will impact all segments of the rail market: High Speed/Mainline, Regional, Urban/Metro & Suburban, and Freight and make daily life
easier for millions of European passengers and rail freight users. ■

Shift2Rail will foster the introduction of better trains to the market (more
comfortable, quieter and more reliable, etc.), operating on innovative
rail network infrastructure in a reliable way from the first day of service

Duration:

10 years (2015 - 2024)

budget:

920 M Euro

Funding:

Horizon2020

Website:

www.shift2rail.org
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VVAC+: Everything on Track

Austrian Consortium
Steps into Shift2Rail

Under the guidance of VIRTUAL VEHICLE, thirteen leading and globally renowned central European companies
(twelve from Austria and one from Slovakia) are collaborating to help achieve Europe's objectives in the rail sector.
In late 2015 VVAC+ joined the ranks of the €920 million Shift2Rail research programme, with a budget of €21 million
over the next six years for their role.

F

our Austrian market leaders in the international railway industry,
Europe's largest freight wagon manufacturer and eight other top
players in the industrial and scientific sectors have joined forces in the
VVAC+ (“Virtual Vehicle Austria Consortium+”). The consortium is one
of just 19 European consortia and partners participating in the Shift2Rail
programme. The VVAC+ role is good for a budget of €21 million over the
next seven years.

in the railway industry and establish Austria as a leading nation in the
railway industry by staging numerous networking events and project meetings in Austria. Austria will benefit from new jobs, worldwide marketing of
Austrian technologies, and long-term benefits for research and innovation
activities. ■

The strength of diversity
VVAC+ is operating under the “cross-industry” banner, with the aim of
fostering cooperation and utilizing expertise from as many sectors as
possible. The backbone of VVAC+ consists of four industrial manufacturers (including voestalpine and Plasser & Theurer) with key technologies
in rails, switches, freight wagons, ties, track maintenance machines and
other areas. The suppliers, SMEs, engineering service providers and research organizations in the consortium pave the way for the development
of new technologies and contribute new perspectives, in part from other
sectors such as AVL List in the automotive and large engines industry.
Wiener Linien (Vienna LRT) is also on board as an infrastructure partner,
along with integration and testing of newly developed technologies.

In VVAC+ we are researching a wide variety of
topics, such as development of zero-maintenance
switches. With new materials, innovative designs
and careful attention to vehicle-switch interactions, we can makes switches with better weather
resistance and longer service life – and that
means lower costs.
Dr. Martin Rosenberger
Coordinator of the VVAC+ and Head of the Rail Systems Research
department at VIRTUAL VEHICLE.

New solutions for infrastructure
and freight transport
VVAC+ is focusing its expertise on two of the five main thrusts of the EU
Shift2Rail programme: implementation of a more cost-effective infrastructure with higher capacity, and technologies for sustainable and competitive rail freight transport in Europe.

www.v2c2.at

Research centre for vehicle
and system development

Austria benefits
The major commitment of VVAC+ to railway research impacts the entire
research and manufacturing environment in Austria. Within the Shift2Rail
framework, the consortium can intensify contact with all European players

44

Virtual Vehicle

magazine No. 22|2016

VVAC+ coordinator

ac2t

aVl

www.ac2t.at

www.avl.com

Development of tribological
components and systems

Development of diesel and
hybrid powertrain systems

gEtZnER

fcp

www.getzner.com

Engineering consultancy

Production of systems for
isolating vibrations

www.fcp.at

kiRchdoRfER

mcl

www.kirchdorfer.at

www.mcl.at

Manufacturer of prefabricated
concrete products

Materials, process and
product development

pj mESStEchnik

plaSSER & thEuRER

Freight wagon monitoring
system to monitor vehicle and
freight ("Wagontracker")

Development, construction
and export of track
maintenance machines

www.pjm.co.at

tatRaVagonka

www.plassertheurer.com

C=0 M=0 Y=25 K=93
PANTONE BLACK 7

www.tatravagonka.com

VoEStalpinE
SchiEnEn

www.voestalpine.com/schienen/de

Manufacturer of freight
wagons and bogies

Rails for railway transport and
short-distance trafﬁc
C=0 M=0 Y=0 K=10
PANTONE METALIC SILVER

VoEStalpinE VaE
www.voestalpine.com/vae

Manufacturer of S&Cs and
signaling equipment

wiEnER liniEn
www. wienerlinien.at

urban transport operator
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Interview with Andy Doherty
UK & Europe

Strong networks
for Future Railways

The United Kingdom has one of the most traditional and also diverse railway networks. “Network Rail” runs most of
the rail network in the UK and has significant influence on all major mobility matters. Dr Martin Rosenberger, Head
of the Rail Group at VIRTUAL VEHICLE, met Andy Doherty, who is the Chief Rail Technology Officer at Network
Rail UK. They talked about the peculiarities of the British rail industry, opportunities for Europe, and the impact of the
Shift2Rail initiative.
VVM: Mr. Doherty, the British rail system is very different compared with continental railway. In your point of view, what are the main peculiarities?

There is an interesting body in the UK, the Rail Safety and Standards
Board, abbreviated RSSB. What is the role of this organisation?

Doherty: Physically the UK was the first built, and so has some limitations that many railways learnt from and so were able to design and built
better! The UK is a fully liberated separated railway. We have more than
25 train operators that all work on a competitive bidding process to win
the franchises for operating the routes. That means we run on a more
privatised commercial footing than most European railways. Moreover,
we observe that the rail sector is growing strongly in the UK. In the last 20
years, railway traffic has doubled, and current projections estimate that it
will double again in the next 15 years.

Because of the fact that the UK rail industry is privatised, having separated railways, the RSSB was established as an independent body.
This organisation brings all the different stakeholders of the UK rail
system together with the goal of working collaboratively. It is a not-forprofit organisation, whose purpose is to help its members and consequently the industry to continuously improve the level of safety in
the rail industry, drive out unnecessary cost, and improve business
performance.

We observe that the rail
sector is growing strongly in the UK. In the last
20 years, railway traffic
has doubled, and current
projections estimate that
it will double again in the
next 15 years.

What is the reason for this strong growth? And do you perceive this trend
only in the UK or all over Europe?
The railway sector is developing differently across Europe. In some countries, for example in parts of Eastern Europe, the industry is actually declining. The advantage for the railway industry in the UK is that economic
growth is good at the moment, which drives new jobs. In some areas,
particularly around London, Manchester, or Birmingham, there is a need
for more people to travel. Some of the routes are already 200% overloaded every day - that is causing performance issues. Even though reliability has improved and failures per minute have actually gone down, the
amount of performance loss has gone up because of congestion issues. It
is really important to develop ways to improve capacity, because building
more railways into London is just too expensive.
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Let us talk about another crucial organisation for the rail sector in Europe: the European Rail Research Advisory Council (ERRAC). You are the
chairman of this board - can you tell us a bit more?
The ERRAC has a strong leadership role within Europe. It’s an ETP
(European Technology Platform) with the goal of establishing the future research and development needs of European railways in terms of
its attractiveness to customers, cost effectiveness, safety, and capacity.
ERRAC has a €3M project FOSTERAIL that supports the development
of the Route Maps for the objectives above. The organisation comprises
representatives from each of the major European rail research stakeholders: manufacturers, operators, infrastructure managers, the European
Commission, EU Member States, academics, and users’ groups. And
it covers all forms of rail transport, from conventional, high-speed, and
freight applications to urban and regional services.
ERRAC also strongly supported the establishment of Shift2Rail, the first
European joint rail technology initiative to seek focused research and innovation. What do you expect from this huge pan-European programme?
Shift2Rail is an opportunity to change. We need to use this significant
source of funding to start making a difference and initiating big changes
- to a transmodal, energy-efficient, and technology-enabled railway system. With Shift2Rail we have every opportunity to achieve this goal. I
am happy that now the railways are coming together and combining their
competencies in a system solution.

Andy Doherty
is the Chief Rail Technology Officer for Network Rail. He is
chair of a number of European Associations and Committees;
he represents the entire European railway operating community as the Chair of ERRAC and with the ERA (European
Railway Agency) as chair of the Group of Representative
Bodies in Interoperability and Standardisation issues.

What do you think is the political impact of Shift2Rail in Europe?
Shift2Rail puts railways on the political map. The parliaments and
councils recognise and accept that railways have an important role
to play in the European social economic system. The challenge for
us is now to seize this chance and to deliver a systemised solution.
Ideally, policy-makers will be keen to see the new solutions implemented across the railways in Europe. So, if you like, we have bought the
ticket, and now we have to deliver!

Shift2Rail puts railways
on the political map. The
parliaments and councils
recognise and accept
that railways have an
important role to play
in the European social
economic system.

Within Shift2Rail and elsewhere, the rail sector is collaborating in research and development. How relevant are universities or research organisations, such as VIRTUAL VEHICLE, in this context?
We are convinced that rail research and development is of high value. We
have already done a lot of research, applied the results, and have been
able to successfully influence and improve the way railways work. Since it
is impossible to do rail research on our own, it’s all about having good suppliers and specialised experts. We already have Network Rail, VIRTUAL
VEHICLE, and RSSB working together on some projects now, which is very
precious to us. Programmes such as Shift2Rail give us the opportunity to
do even more. However, it is important to make sure that the research delivers results as well. So many times, research is good, but it fails, because
it stays on the shelf and is not actually implemented. We need to avoid that!
Finally, I would like to ask you about the future role of the rail system compared with other modes of transport: where do you see challenges, where
are the opportunities?
I believe the railway system is already an effective and efficient transport
system, but of course it has to improve as well. We need to look at the
railway as a total, integrated system, not in pieces and in parts. If we
do that, we can improve a lot by actually combining and systemising the
opportunities for railways, resulting in lighter and more efficient trains,
more efficient energy systems, more efficient braking systems, and more
efficient control systems. We would be able to run all trains for a lot less
energy than today. But we have to be quick! Just look what Google is
doing at the moment in the area of self-driving cars - if we do not start
immediately to combine our resources and develop both new strategies
and new technologies, we will be left behind! ■

Picture: Network Rail
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For a more Sustainable, Intelligent and Comfortable Rail Transport in Europe

EU Project: Roll2Rail

In the course of the EU project „Roll2Rail“ VIRTUAL VEHICLE is working on a work package (WP 4) for un-blocking innovation in the field of running gear. The goal of the 13 partners in this work package is to develop a clear
way of quantifying the life-cycle cost impact of existing and new technological solutions.

T

he primary focus of the project “Roll2Rail” is on technological innovations in different subsystems of the vehicles that, individually, each and
all together, contribute to achieve the desired impact at vehicle and whole
railway system level on capacity, reliability, efficiency, comfort and life cycle costs. The project expects innovations in 8 different areas such as traction and power electronics, train communications, car bodyshell, running
gear technologies, brakes, train interiors, noise and vibration and energy
performance — each of which has a dedicated work package (WP).

the incentivisation derived from these solutions. Although rail vehicles with
e.g. innovative running gear are expected to provide economic benefits to
the infrastructure managers through reduced track damage and wear, the
vehicles tend to have a somewhat higher first cost for the operator. In order to
demonstrate the economic incentives for the operators to buy better running
gear, the objective of this WP is to develop a cost modelling methodology
based on a whole rail system life cycle cost analysis. A particular focus is on
the impact of the running gear technologies on this life cycle cost analysis.

The WP 4 “Running Gear” aims at paving the way towards the implementation of innovative technologies in the area of running gear. The penetration of
innovations in the rail system in general and innovative running gear solutions
in particular into the market has often been limited by the lack of evidence of

It is the clear objective of the work package that the cost modelling methodology is valid and widely accepted by the most relevant stakeholders
throughout Europe. Additionally such a cost quantification model is essential to adequately orientate the work to be carried out in Shift2Rail in the

The work packages of the Roll2Rail project
All pictures: www.roll2rail.eu

48

magazine No. 22|2016

FUNCTIONAL
VEHICLE
ARCHITECTURE
Roll2Rail is one of the lighthouse projects of Shift2Rail. It will contribute to its Innovation Programme
“Cost-efﬁcient and reliable trains, including high
capacity trains and high speed trains” as well as to
Shift2Rail’s“Cross-cutting activities”. at the end of
the project, the outcomes will be incorporated into
real vehicles or relevant environments as part of the
long term strategy of Shift2Rail.
the Roll2Rail project is coordinated by unIFE and is
technically led by CaF.

www.roll2rail.eu

area of running gear, to quantify the value of the results
and ultimately to ensure the market uptake of the newly developed technologies. Besides supporting the development
of the running gear of the future, the cost modelling methodology aims to also be useful to help optimise aspects
relevant to infrastructure, such as track maintenance.
Therefore, next to vehicle manufacturers (Ansaldo Breda,
Bombardier, CAF, Siemens, Talgo und Vossloh), Railway
Undertakings (Metro de Madrid and SNCF) and Research
Organisations (CEIT, KTH and VIRTUAL VEHICLE), also
infrastructure managers (e.g. Network Rail or Trafikverket)
are collaborating in this project. The Graz University of
Technology and TU Dortmund are supporting as project
consultants. ■

€16
30
31

million total budget
(€16m EU funded)

months project duration
(Start: 05/2015 | End: 10/2017)

for Systems Engineering &
Virtual development
ﬁts

e
Your Ben

● traceable reference from requirements to validation
● causal and transparent loops on vehicle functions
● Various views on the product enable robust
decision making
● model-based maturity management

rtise

our Expe

● identification and analysis of potentials and benefits
partners
(13 partners in WP „Running Gear“)

This project has received funding from the European
Union‘s Horizon 2020 research and innovation
programme under grant agreement No: 636032

● accompany the adaption of development processes,
development methodologies and it infrastructure
● coaching and training for users and managers
contact and information:

VIRTUAL VEHICLE; Kompetenzzentrum Das virtuelle Fahrzeug Forschungs-GmbH
Inffeldgasse 21a, 8010 Graz, Austria

di johannes fritz, BSc
Tel.:
+43 316 873 9095
E-Mail: johannes.fritz@v2c2.at
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International Symposium on Dynamics of Vehicles on Roads and Tracks

350 intERnational ExpERtS mEEt in gRaZ
The world‘s leading conference on vehicle dynamics, the International Symposium on Dynamics of Vehicles on Roads
and Tracks of IAVSD, returned to Austria after 38 years. On August 17-21, 350 international experts discussed the
latest developments in vehicle dynamics for railway and automotive applications in Graz. The five-day conference
was organized by the VIRTUAL VEHICLE Research Center in cooperation with the Vienna and Graz Universities of
Technology, along with industrial partners AVL, Magna Steyr Engineering, Magna Powertrain and Siemens.

F

ive days, 350 experts, 10 keynotes and more than 100 presentations:
at the International Symposium on Dynamics of Vehicles on Roads and
Tracks of the International Association of Vehicle System Dynamics (IAVSD),
the latest developments in vehicle dynamics for railway and automotive applications were discussed. The participants from industry and research particularly appreciated the balanced programme. Topics such as driving stability,
safety, comfort, driver assistance systems, autonomous driving and wheelrail or tire-road interactions were discussed intensively.
The chairmen of the conference, J. Bernasch & M. Rosenberger (left and right);
In the middle: H. Steffan (Graz University of Technology),
H. True (President of IAVSD), Ch. Drexler (Styrian Government)

H. Wu (Transportation Technology Center/USA)

S. Bruni (Politecnico di Milano) & J. Rauh (Daimler)

„the 24th IaVSD conference
offered a great overview of the
latest developments in vehicle system dynamics. We
are proud that key Styrian research institutions, like
the Graz university of technology or the VIRtuaL
VEHICLE, had the chance to take centre stage.“
Harald kainz | Rector Graz University of Technology

A. Haigermoser (Siemens)

C. Cole (Queensland University)
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The ACstyria Mobility Cluster presents…

Rail SyStEm induStRiES in StyRia
With large systems suppliers, highly qualified niche specialists and world-leading research facilities, the Styrian rail
system industries nearly match the excellent conditions of the automotive sector - and positive development is bound to
continue with projects targeting the topics of tomorrow! ACstyria Mobility Cluster has therefore strategically implemented
rail systems into its field of action already in 2013, drawing a straight line of success since the beginning.

I

n Styria, around 70 companies operate in the rail industry, 50 of which
are part of the Styrian Mobility Cluster ACstyria. Among them are world
leaders such as Siemens Rail Systems Graz, voestalpine Schienen and
voestalpine VAE. Also, the VIRTUAL VEHICLE Research Center is a
well-established research partner in the ACstyria network. The cluster
aims to identify synergies between its partner companies and to enhance
innovation through cross-sector projects in the automotive, aerospace
and rail industry.

Railway topics of the future
In particular, ACstyria tries to encourage the most current topics in rail
industry. At the moment, the strategic topics are rolling stock, signalling
and track, which provide the backbone for projects and activities that

encompass the whole field of mobility. For example, the Styrian cluster
is looking into solutions for sustainable powertrains of the future, such
as fuel cells and hybrid solutions for rail applications. Other projects
concern smart technologies for mobility or solving the „Last Mile“ topic.
Also, the topic “Maintenance” is a current issue. Maintenance swallows up
around two thirds of the life cycle costs of railway traffic systems. In other
words: The maintenance of tracks, trains and railway-relevant components is by far the most expensive item in the budget for railway companies.
One of the projects realised in the partner-network of ACstyria tackles exactly this problem: The Leibnitz-based software company BOOM wants to
master the tightrope act between fail-safe operations and cost efficiency.
Together with Montanuniversität Leoben, around 20% of the maintenance
costs of railway operators should be reduced via a research project on

70
4.8%

Styrian companies operate
in the rail industry

„

At the moment, our strategic topics are
rolling stock, signaling and track.

“

Franz Lückler, Managing Director of the ACstyria
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R&D rate in Styria

nEW LEaDERSHIP
FoR SIEMEnS MobILIty
In GRaz

Picture: ÖBB

predictive maintenance. Another project dealing with a new prognosis method for damage
caused by wear and rolling contact fatigue
running at VIRTUAL VEHICLE is presented
at page 36.

Bridging the gaps
“As a mobility cluster, bridging the gaps between industries in the mobility sector, is one
of our main targets”, explains Franz Lückler,
managing director of the ACstyria. Therefore,
the cluster focuses on trends, solutions and
technologies that connect the automotive,
aerospace and rail systems sector. Two of
these topics that will accompany ACstyria
and its overall 250 partner companies in the
years to come are full vehicle automation and
digitalisation. “These are major topics of the
future in all of our three fields of competence”,
explains Lückler. “Yet, it is also necessary to
draw attention to the importance of security
in the face of today’s growing risks.” All these
topics are also covered by the experts of the
VIRTUAL VEHICLE, who already collaborate
with partners of the ACstyria in various research projects.

Research drives the industry
To achieve its goals of supporting the rail
systems and mobility industries, ACstyria
connects OEMs and international first tier
suppliers with highly innovative small and
medium sized enterprises. Especially the
connection with universities and private research facilities will remain a driving force
behind the development in the region: With
an R&Drate of 4.8 per cent, Styria is among
the leading regions in Europe, second only to
Baden-Württemberg, Germany. ■

on 1 February 2015, thomas Graetz took over
the bogies business segment at the Siemens
aG austria Mobility site in Graz.
Thomas Graetz studied electrical engineering at
the University of Erlangen/Nürnberg and entered
Siemens AG via the trainee programme in 1993.
He held posts in transport engineering and electric
drives (today PD LD), in Germany, Atlanta and
Sacramento (USA), where he worked in development, engineering and project management. He
then worked in e-component marketing for the
Asia region until 1999, before expanding sales of
underground system cars in Vienna and Erlangen
while taking responsibility for project delivery. In
2004/05 he was assistant to a member of the
Siemens AG central board of directors in Munich.
In the Mass Transit business segment at that time
he became head of product management, before
moving to division strategy in 2007 as Director of
Regional Support/Business Development, and later
of Business Strategy.
Thomas Graetz has enjoyed good contacts with
his Austrian colleagues since working in sales and
project business in Vienna. Now he is moving with
his family to Graz, where he says the high quality
of life made the decision in favour of the move an
easy one for him and his family.
His goals
Thomas Graetz shared his attitude as a team player
and discussed his priority goals: “The major challenges are certainly strengthening the cost position,
driving innovation and implementing our contribution to the Vision 2020 corporate programme.
My goal is to provide our internal and external
customers with high quality, reliable and competitive
bogies and services, on time. But above all I‘m looking forward to this new challenge and to working
together with the Mobility team.”
Experiences with VIRtuaL VEHICLE
Of his experiences with VIRTUAL VEHICLE,
Graetz says: “The VIRTUAL VEHICLE Research
Center in Graz is a reliable and expert develop-

„

European rail is undergoing a
massive transformation.

“

thomas Graetz, Head of the Bogies business
segment at the Siemens AG Austria Mobility in Graz
ment partner right at our doorstep. The rail division
has been a cornerstone of its research activity
since VIRTUAL VEHICLE began, and makes an
important and integrative contribution with its comprehensive examination of rail systems. I see our
years of close cooperation in ambitious research
projects as an outstanding basis for our shared
success in the future.”
Graz as a location for rail research
Asked about the importance of the Graz location
for rail research, Graetz replies: “European rail is
undergoing a massive transformation. Today Graz
is one of the major European rail research centres.
This is above all due to TU Graz, and in particular
the Institute for Lightweight Construction and the
Institute of Railway Engineering and Transport Economy. The international expertise of the researchers
at these institutes, as well as the Modern Rolling
Stock conference held in Graz for over 60 years,
have further anchored Graz‘s worldwide reputation.
Here too, rail is viewed from a holistic systems
perspective, rather than limited to its purely technical, operational or economic aspects. This is the
only way to achieve innovative progress for the rail
industry, keep it strong in the competitive transport
sector heading into the 21st century.”
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9th graz Symposium Virtual Vehicle

www.gsvf.at

may 23-25, 2016 | graz, austria

Smart Mobility
Cross-cutting Methods
for Emerging Vehicle Technologies

keynote & expert Speakers from:

audi | aVl | Bmw | gm Europe | opel | porsche | tu darmstadt | tu graz | Volvo cars | Vw | Zf tRw

ACOSAR EU Project

StandaRdiSing mERgEd numERical
Simulation and REal tESt EnViRonmEntS
In September 2015, the aCoSaR Eu project kicked off in Graz. the
project consortium consists of leading European vehicle manufacturers, suppliers and research partners, which are jointly working
on the standardization necessary for modular, distributed and
open system development. the project is managed by the VIRtuaL
VEHICLE. the anticipated results are lower development costs and
opportunities for new business models.

A very wide range of diverse and domain-specific simulation tools are
presently used in the development of complex systems. However, only a
few of these tools can be used with test systems originating from different
manufacturers. Integration of geographically or topologically distributed
simulation tools and test systems is also essential. ACOSAR (Advanced
Co-Simulation Open System ARchitecture), an ITEA project recently
launched at VIRTUAL VEHICLE, aims to meet these challenges. ■

Fifteen partners, including three major European vehicle manufacturers
(Volkswagen, Porsche and Renault), numerous leading suppliers and
service providers (AVL, Bosch, ETAS, ITI, Siemens and TWT), and renowned research institutes have a common goal: developing a system
interface that allows real-time systems to be linked together over relatively
large distances and be merged into functional prototypes composed of
virtual and real components.

acosar.eu
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International Collaborative Research Initiative

whEEl-Rail ViSionaRiES at ViRtual VEhiclE
twenty rail experts from the International Collaborative Research Initiative (ICRI) met at VIRtuaL VEHICLE in Graz to
identify current challenges in the ﬁeld of wheel-rail interaction
on a cross-company basis and discuss shared project opportunities. the overall vision of the community is to enhance the
quality and reliability of international rail transport.

on the agenda, as well as an outline of shared project ideas to be submitted to
various funding programmes. ■

ICRI is an independent research initiative focusing on the issues
of rolling contact fatigue and wear of wheels and rails. Representatives from various international companies, including Bombardier,
voestalpine, Deutsche Bahn and Siemens, as well as the VIRTUAL
VEHICLE Research Center, contribute to this community with the
aim of shaping the future of rail transport. Their common goal is to
improve the operation and maintenance of tracks and rail vehicles in
order to enhance the quality and reliability of international rail traffic.
In January 2015 VIRTUAL VEHICLE hosted the second ICRI community meeting. Twenty rail experts from all over the world met in Graz
to discuss issues such as friction, wear and damage in the wheel-rail
contact zone. Economic and safety aspects in rail transport were also

9th International Styrian Noise,
Vibration & Harshness Congress

The European Automotive Noise Conference
in
cooperation
with

June 22-24, 2016 Graz / Austria www.isnvh.com

www.isnvh.com

research and test center

research and test center
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Future Vehicle
Technology

Safe and
Secure Vehicle
• integrated Safety
• adaS and
automated driving
• Smart and
Embedded Systems

comfortable
Vehicle
• nVh, aeroacoustics
and tribology
• hVac
• hmi and user acceptance

green Vehicle
• comprehensive
Energy management
• alternative powertrains
• Electric Energy Storages

Efﬁcient
development
and production
• hybrid and Virtual
testing (xil)
• interoperability and
cross-cutting methods
(rt co-Simulation, mBSe, fuSa, …)

• information management
• human factors and
Smart production

Rail Systems
• Safe, green and
comfortable Vehicles
• Sustainable and
Reliable infrastructure
• Vehicle-track-Environment
interaction and whole-RailSystem assessment

Kompetenzzentrum - Das virtuelle Fahrzeug Forschungs-GmbH ■ 8010 Graz, Inffeldgasse 21a, Austria
Tel.: +43 316 873 9001 ■ Fax: +43 316 873 9002 ■ E-Mail: info@v2c2.at ■ Internet: www.v2c2.at
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