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From the initial spark to a global player

2002-2007

Foundation

Initiation of a research
center for virtual
vehicle development

AUSTRIA &
GERMANY

vif

2008-2017

Structure &
Growth

« R&ND center for
sustainable mobility

» Focus on EU projects and
contract research

EUROPA+

K’)M_f\_p_l:’ ITV

[ > H
SUSTAINABLE VEHICLE TECHNOLOGIES
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2018-2026 / 2027-2034

Long-term stability &
international success

» Recognized international player

Strategic partner for road and rail
Additional domains: robotics, energy, health-tech, defense, ...
« Putting innovations from 300+ experts into practice

WORLD-WIDE NETWORK
?

Extensive European
Partner Network

m context-embedded vehicle technologies

=g= Follow-
2 Mobility
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Staff and Shareholders

Status: 31.01.2026
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ﬂﬂ;ﬁ_ JSE"\SNET)'\'ER%ﬂ ))))))j Additional Shareholder Additional Shareholders

Graduate ratio: 90 % @ SET@Labs \&Y CONTEXT64AI

130+ finished PhDs at VIRTUAL VEHICLE (since 2008) )1 (\.. 21 Nations ' cundation2021 Spin-off 2024
40+ ongoing PhD dissertations
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Heads:
282

FTE:
229



Fields of activities

Autonomous
Systems

Vehicle-Track Safe &

Interaction Q:I‘CELLENC€ Su;’;ﬂr;??e

Virtual Dev. & Validation

Engineering Automation

Smart Energy
Al & Data-Driven Systems &
Technologies Charging

Road User
Safety

Software-Defined Systems

Advanced Testing Ulpne

Comfort Systems
Integration

Materials &
Mechanical
Structures

.

Maritime Health Tech

Rail
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Bridge between science and industry

= e - _} = , | A
= S . %‘f\ N\ o

« COMET K2 Digital Mobility * 50+ ongoing EU projects « Research & development

* Long term co-operative research * 100+ completed EU projects e Test bed & demonstrators
* Leveraging investment  International visibility and reputation  Industry agreements

. 1 -
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VIRTUAL VEHICLE - high performance ecosystem

Opportunities and competences for all maturity levels

TRL Basic Research Applied Research Tech Development Prototype Development

1 2 3 4

PhD Cooperations COMT K2 DM

COMZ=ST o
‘ I Competence Centers for EUFOPG‘S
@ Excellent Technologies
EU-funded Projects

FWF-funded Projects

Europe:
Commissi
MARIE CURIE o
Horizon Europe
2021-2027

Der Wissenschaftsfonds.

: - FFG-funded Projects Knowledge Transfer
Strategic Projects .

Bridge Program
FFG = Living Innovation Lab

Forschung wirkt.

£

August 2026 7

Vi rtual C} VEhiCIE Rail Research @ Virtual Vehicle | ©Virtual Vehicle



Partner network

International industry and research network
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(excerpt)

Autoliv & BOSCH
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<
LIEBHERR @ RENAULT SAMSUNG indra HE
JOANNEUM ALSTOM 70 KNORR-BREMSE .
) miry, B o DB
LL
L ~ - LBFoster % T~ .
4 Zirraunhoter . Tl [ v OBB <& H ¢
Z ~ Fraunhofter e . E L o =) SBB CFF FFS < e e?? ogy.
G Berlin TR ‘,I) SIEM ENS Lu \\ §
n — STADLER Ingemity for tife e
Stanford HEm Massachusetts —
G707 Berkeley [T B3 = voestalpine
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Shareholder

voest

Infineon 4,36%

4,36%

TU Graz
18,30%

JR Magna
50,10% 8,69
‘ Siemens
5,49%

\Vg{VE]] @ vehicle

30+ MEUR turnover
180+ industry partners

80+ scientific partners
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Today, VIRTUAL VEHICLE is Europe's largest research center
for virtual vehicle development

/ ) Ay
Irtua @vehlcle ‘_ s —
;“,i s
B =
oL Y Z '

-fri.__l-‘),l

ENERGY HEALTH TECH MARITIME DEFENSE
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Vehicle-Track Interaction
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Overview

~— Mission

\
Provide a R&D platform for de-risking future rail system technologies, by means of
research and technology development with a focus on a service oriented, modular virtual
validation framework.
\§ J
4 )
Development & Homologation & Operation &
E Engineering Production Maintenance
- Virtual Prototype Digital Twin
e « N (O )
‘lf-U' Virtualization & Optimization Digital Operation
E " Modfal development & virtual assessment of vehicle = Continuous vehicle & track components health
and infrastructure components monitoring
@] . Derar.nic behavic.>ur-of vehicle and track = Decision support systems: descriptive & predictive
% = Holistic wheel-rail tribology modelling, simulation and analytics
(o' " Material modelling | | =Prescriptive analysis ]
Physical Modelling Data Analytics
\§ J

virtual \} vehicle raRresearch @ virtual vehicle | ©Virtual Vehicle
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Fields of Activity

Vehicle Dynamics &

Wheel-Rail Interaction &
Deterioration Phenomena

Digital Twins Network

Monitoring & Diagnosis

Operation Analysis

» Profound knowledge of vehicle » Profound context-based » Profound knowledge of physics » Vertical integration:

system dynamics knowledge » Modelling of complex Analysis of interaction between
» Simulation and modelling of » Algorithm development based on interactions and phenomena digital twins

vehicle/track interaction hybrid approaches » Wheel/Rail profile evolution » Horizontal integration:

. . System or component behaviour

» Vehicle and track parameter » Model-based and data-driven » Wheel/Rail surface damage . )

identification diagnosis and prognosis methods » Wheel/Rail " & during all life cycle phases

eel/Rail contact phenomena ; ; .

» Virtual homologation of running » Monitoring, diagnosis and o » Slnglg point of truth..

behaviour (EN 14363) prognosis of vehicle components »  Friction management Consistent and continuous

o _ o » Track degradation system data and models

» Probabilistic vehicle and track » Track monitoring and assessment g

design via on-board and wayside » Noise & Vibrations

monitoring systems

- el g .
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Fields of Activity

Vehicle Dynamics &
Operation Analysis

»

»

»

»

»

Profound knowledge of vehicle
system dynamics

Simulation and modelling of
vehicle/track interaction

Vehicle and track parameter
identification

Virtual homologation of running
behaviour (EN 14363)

Probabilistic vehicle and track
design

Vi rtual {} VEhiCIE Rail Research @ Virtual Vehicle | ©Virtual Vehicle
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Vehicle Dynamics & Operation Analysis

J\ Probabilistic Design

» Dimensioning of design parameters
based on varying operating conditions

Homologation

Virtual Homologation

» Methods for quantifying uncertainties
in the model validation process
» Automation of calculation methods for

vehicle homologation
» Methods for the parameterization of
simulation models

Operation

(J\E\Operational Analysis

» Description of operating conditions
» Generation of load assumptions
» Scenarios for virtual vehicle design

Best Paper Award

. . . . Surface Fit 10° IAVS
G 45 . . . . .
Estimation of Dynamic Properties 45 Response Surface Methodology to Gain Statistical Insights into o
1 1 1 1 Variation Values O 44 . . e P
for the Validation of Driven Railway 4 Best Variation Values the Effects of Operating Conditions 2021 _— & &y
. Global Best Value 43 . . . T LB e & " el
Vehicle Models 35 * Surface Minimum Value on Railway Vehicle Dynamics WA o @ - b (8
K} 3 Sensitivity Analysis Range 42 e o e g 5 .&Q;\-
z . = = gy
225 41§ Guiding foree Y e o o o o o O e o
£ g Anna Pichlert[0000-0002—-7071-2703] * Jocof Frchs![0000—0001-6325-0080] 5 Tt S— ' g
. (= 1 . . S 1P Lt . . a2 o = g s Sumolguidingforees Y @ @ @ © ©® @ O ® C
Josef Fuchs!®) | Bernd Luber!, Gabor Miiller!, and Wolfeang Rulka z 2| 4 5 Bernd Luber![0000-0003-4387-9826] .1 Florian Semrad? Wheel force O « e o & o ¢ ¢ e
1oy R \ \ ) R Q15 39 Derailment coellicient Y/ @ @ ® & ©® @& O [
VIRTUAL VEHICLE Research Center, Graz, Austria 3 ! Virtual Vehicle Research GmbH, Infleldgasse 21a, 8010 Graz, Austria, Lat. axle box acc. i O ¢ e O« e O ® O
josef.fuchs@v2c2.at 38 [ anna.pichler@v2c2.at, josef.fuchs@v2c2.at, bernd.luber@v2c?2.at, Lal. car body ace. §° e ® - O e O ® C
2 Siemens Mobility GmbH, Miinchen, Germany 05 47 2 Siemens Mobility Austria GmbH, Eggenberger Str. 31, 8020 Graz, Austria, \-;m'r.. axle box acc. 3‘ - e . l [] l I
. florian.semrad@siemens.com Vert. car body ace. ® O [ ] [*S)
10 15
Stiffeness [N/m] %«10°
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Fields of Activity

Monitoring & Diagnosis

Algorithm Development

Knowledge Generation

»

»

»

»

»

Profound context-based
knowledge

Algorithm development based on
hybrid approaches

Model-based and data-driven
diagnosis and prognosis methods

Monitoring, diagnosis and
prognosis of vehicle components

Track monitoring and assessment
via on-board and wayside
monitoring systems

Vi rtual {} VEhiCIE Rail Research @ Virtual Vehicle | ©Virtual Vehicle
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Monitoring & Diagnosis

g Vehicle Monitoring aa Algorithm Development ——
» Monitoring of bogie components » Model-based methods for monitoring
» Sensor concepts for component of component states

Data-driven methods for high complex
systems (ML / Al)

monitoring
» Estimation of operating conditions
» Wheel flat detection
» Wheel wear estimation

Knowledge Generation

QContext-based Knowledge

» Description and understanding of
physical effects based on
simulations and testing

@ Data Acquisition

DATAC}BEAM » Measurement equipment for ,Proof-
of-Concept’ analysis (DataBeam)

» Evaluation of innovative sensor
concepts

= Track Monitoring

» Monitoring of switch components
» Detection of rail surface defects (e.g. corrugation, squats)
» ldentification of track parameters

» Anomaly detection & assessment of track irregularities

August 2026
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Monitoring & Diagnosis

Awvailable online at www sciencedirect.com

ScienceDirect

IFAC PapersOnLine 51-24 (2018) 1330-1335

IFAC ~*i%

CONFERENCE PAFPER ARCHIVE

Railway Suspension System Fault Diagnosis
using Cubature Kalman Filter Techniques
Selma Zoljic-Beglerovic*** ! Georg Stettinger*

Bernd Luber* Martin Horn**

* VIRTUAL VEHICLE Research Center, Graz, Austria, [e-mail:

{ selma. zoljic-beglerovie; georg.stettinger; bernd.luber} @v2e2.at)

** Graz University of Technology, Institute of Automation and Control,
Graz, Austria, (e-mail: martin.horn@tugraz.at)

Carhecdy (CH)

Normasized witse K,

applied

sciences m'\“l’!J

Article

Methodology to Detect Rail Corrugation from Vehicle
On-Board Measurements by Isolating Effects from Other
Sources of Excitation

Anna De Rosa *'7, Bernd Luber "2, Gabor Miiller and Josef Fuchs
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Fields of Activity
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Wheel-Rail Interaction &
Deterioration Phenomena

»
»

»
»
»
»
»
»

Profound knowledge of physics

Modelling of complex
interactions and phenomena

Wheel/Rail profile evolution
Wheel/Rail surface damage
Wheel/Rail contact phenomena
Friction management

Track degradation

Noise & Vibrations

August 2026



Wheel-Rail Interaction & Deterioration Phenomena

Wheel/Rail
Interaction

Operation
Friction Management
Environment

Vi rtual {} VEhiCIE Rail Research @ Virtual Vehicle | ©Virtual Vehicle
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Wheel-Rail Interaction & Deterioration Phenomena

Vehicle System Dynamics
International Journal of Vehicle Mechanics and Mobility

ISSN: (Print) (Online)} Journal h page: hitps://www. ine.com/loi/nysd20

A whole system model framework to predict
damage in turnouts

us

ze=

K. Six, K. Sazgetdinov, N. Kumar, G. Mdller, D. Velic, W. Daves, R. Skrypnyk &

B.A. Palsson A fast, reliable and practical method to predict wheel
Ilnitial trac‘k‘geometry I [Initial raaproﬁles ] pl'Oflle evolution
== 7
= \f wheel profles
E=od = = ietmar Hartwich!, Gabor Miiller!, Alexander Meierhofer!, Danijel Obadic?, Mart
s vehicle S e eoridine Rosenberger?, Roger Lewis® and Klaus Six!
— i o I\ i & . ! Virtual Vehicle Research GmbH, Graz, Austria

2 Siemens Mobility Austria GmbH, Graz. Austria
? The University of Sheffield. Department of Mechanical Engineering. Sheffield. UK
dietmar.hartwich@v2c2.at

Influence of service conditions / vehicle types Wear area evolution

Updated track geometry

Updated rail profiles

low spee ynamic simulation
:rossmg nose Qm
_switch blade | Wheel trajectories wheel-rail mterface data G’

Vehicle .
i "
Wh ee I/ Ra i I VTl Slmulahons[ T-;a:kd::::ir::::c::a Rail damage Simulations Profie changs o€ 15 Waar b g .
Wear & RCF in curved track and plastic deformation b o Sl e Boatd Caliiatiod
. 5 5 : r bogie [calibratio
\ Interaction 5" my A s 2
¢ z I Wedge Model [8] ] | Crossing nose I [ Switch Blade | __MBDsimulations = curveradius_ | | 3 I
l nan--E Uinear settiement & : i SN curve radii distribution Profile 1 = - "
T Y Y FgE- 3 phese "Q 1~ e % e.8. trailer bogie {validation) ==
sk s o e.g GPSdata mmm) mileage :

Inputs describing service conditions 1R

Field observations

Damage & Deterioration R i

wheel profile measurement data:

Operation » ;. RC F *trailer and motor bogies W I o>
. . ® different VEh'F’e types wear states: normal material
Frlct]on Management - «different service conditions removal across the wheel, Each -
° We a r setc. ; wear state represents a certain
3 wear area |
Environment

R =4

ﬂange tread

\* [rack settlement )
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Wheel-Rail Interaction & Deterioration Phenomena

Wheel/Rail
Interaction

Operation
Friction Management
Environment

Vi rtual {? VEhiCIE Rail Research @ Virtual Vehicle | ©Virtual Vehicle

Contents lists available at ScienceDirect

Wear

journal homepage: www elsevier.com/locate/wear

Development of white etching layers on rails: simulations @Cmm,k
and experiments

C. Bernsteiner **, G. Miiller*, A. Meierhofer?, K. Six®, D. Kiinstner®, P. Dietmaier*

* Virtual Vehicle Research Center, Inffekigasse 21/AfL, 8010 Graz, Austria
* voestalpine Schienen GmbH, Kerpelystrofie 199, 8700 Leoben/Donawitz, Austria
© Graz University of Technolagy, Institute of Applied Mechanics, Technikerstrae 4/11, 8010 Graz, Austria

surface

sub-surface
00 'C 00°C T

e
e e
L
Sliding bed

cracks In? 4
bulk matertal *_
e

e A

(Material Modelling

Ballast behaviour

(.

» Severe plastic deformation
« Thermal phase change

\

J

« RCF
« Wear

Damage & Deterioration

° Track settlement )
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Wheel-Rail Interaction & Deterioration Phenomena

Vehicle System Dynamics

International Journal of Vehicle Mechanics and Mobility

ISSN: (Print) (Online) Journal

Challenges and progress in the understanding and
modelling of the wheel-rail creep forces

Edwin Vollebregt, Klaus Six & Oldrich Polach

Kafkor thecry Coulomd maxmum, Msxamum

Coulicien ot Ao Slower tansition l Fallng fricton
\ @

Wheel-Rail Contact

 Normal contact
e Adhesion
« 3 Body Layer

4 i . )
Wheel/Rail Material Modelling
Interaction « Severe plastic deformation
« Thermal phase change
\ * Ballast behaviour )
Damage & Deterioration
Operation e RCF
Friction Management
Environment * Wear

Vi rtual {} VEhiCIE Rail Research @ Virtual Vehicle | ©Virtual Vehicle

° Track settlement

August 2026



Wheel-Rail Interaction & Deterioration Phenomena

(Noise & Vibrations R

» Modular approach .

« Combination of sub-modules to whﬁgiﬁncgﬁgza
\_ describe complex situations ) . Adhesion

« 3 Body Layer

Wheel/Rail (Material Modelling R
Interaction « Severe plastic deformation
« Thermal phase change
\ * Ballast behaviour )

Damage & Deterioration

Operation 2 - « RCF
Friction Management : — e W
Environment — ear

° Track settlement )
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Fields of Activity

Digital Twins Network

» Vertical integration:
Analysis of interaction between
digital twins

» Horizontalintegration:
System or component behaviour
during all life cycle phases

» Single point of truth:
Consistent and continuous
system data and models

- el g .
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Digital Twins Network

Pipeline-based Automated Integration and Delivery Testing of
Simulation Assets with FMI/SSP in a Railway Digital Twin
Ozan Kugu' Shiyang Zhou' Stefan H. Reiterer” Mario Schwaiger® Lukas Wurth' Manfred
Grafinger!

!Institute of Engineering Design and Product Development. TU Wien. 1060 Vienna. Austria,

ozan.kuguftuwien.ac.at

*Virtual Vehicle Research GmbH, 8010 Graz, Austria, ste fan. reiterer@v2e?.at

R4F Platform

Tl Vertical integration

» Analysis of interaction between
digital twins

Ay

» System or component behavior
during all life cycle phases

Horizontal integration

Vi rtual {} VEhiCIE Rail Research @ Virtual Vehicle | ©Virtual Vehicle

Available online at www sciencedirect com =
ScienceDirect 0
Procedia CIRP 109 (2022) 362-367 —_—
www elsevier comlocate procedsa
32nd CIRP Design Conference
A Conceptual Model-based Digital Twin Platform for Holistic Large-scale
oTID1 oTiD21  OBB DTIDE3  SIEMENS DTIDA3 OEEA Railway Infrastructure Systems
JFRA fertte Shiyang Zhou®, Stefan Dumss®, Rebecca Nowak?, Rainer Riegler®, Ozan Kugu®, Martin
Krammer®, Manfred Grafinger®
. . STU Wien, Institute of Engineering Design and Prodisct Dey Leh. 307, 1060 Vienna, Austria
- PV RVis Zentrum fiir Virtal Realiry und Visualisierung Forschungs-GmbH, 1220 Vienna, Austric
M Virtnal Vehic) - GmbH, Co-Simulation and Software Group, Inffeldgasse 21a, 8010 Graz, An
g g o |
Aut ted Integrati d Analysis Runs* ’ -
utomated Integration an nalysis Runs ] .
£ & & n e 5
B ®
Layer R4F Automation E
1y n
<
o
DTID93 DTID3 DTID412 Voestalpine  pTID123  voestalpine
* Single point of truth
» Consistent and continuous system
data and models
August 2026 25



Key partners and associations

voestalpine SIEMENS

KEY PARTNERS

T, 9;)))

MONTAN

UNIVEHSITAT

= =

e
< )
L -
(@) |
n <

University of g BRNO

N Shefﬁeld UNIVERSITY

OF TECHNOLOGY
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EINEN SCHRITT VORAUS. lngenuity for Ufe
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ALSTOM CAE
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© R
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= Federal Ministry = Federal Ministry Das Land
Innovation, Mobility Economy, Energy F FG Steiermark SFG

and Infrastructure and Tourism Promoting Innovation. — .
conomy, Labour, Finance,
Republic of Austria Republic of Austria Science and Research

Contact us:

JOSEF FUCHS
Team Leader Rail System
®:+43 3168739092
® : +43 664 88371330
><: josef.fuchs@v2c2.at

Thank You
H For Your Attention

\ilgVE]] @ vehicle
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