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For the safe and reliable operation of modern railway vehicles and infrastructure, the know-
ledge of the long-term behaviour of the railway system is essential, especially due to increa-
sing traffic demands and shortening of time for maintenance. As assets remain in service 
for years and changes are made in the daily operating system, innovations are historically 
adopted slowly. Additionally, extensive laboratory and in-situ testing are necessary to get 
innovations into the railway system, which is costly, both in time and money. Digital proto-
typing provides extensive testing and reliable prediction of operational performance prior 
to installation and thus shortens the time-to-market, reduces costs and finally speeds up 
innovation.

Virtualisation and optimisation in the 
context of railway systems

From a mechanical point of view, both, 
vehicle and track are dynamic systems, 
interacting through the non-linear wheel-rail 
contact and are together creating the overall 
dynamic railway system. The railway system 
benefits from the steel made wheels and rails 
in terms of energy efficiency of the rolling 
contact. However, this comes with the draw-

back of high (dynamic) forces and stresses. 
Consequently, high demands with respect to 
bearing capability of the components arise, 
particularly as many of the components need 
to withstand those loads for years to decades 
of service.

To enable the simulation-based description 
of the system behaviour and its related 
component degradation processes, VIRTUAL 
VEHICLE’s Virtualisation & Optimisation of 
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Rail Systems group focuses its research on 
the development of suitable physical-based 
models. Today, such models are available and 
implemented in multi-body dynamics, finite 
or discrete element codes. One remaining 
problem is, that the individual optimisation 
of components or sub-systems may lead to 
non-optimal results for the overall railway 
system. Consequently, we treat the railway 
system following a “whole system” approach. 
This means that both rolling stock and track 
are involved in our simulations (Fig. 1), con-
sidering the central vehicle-track interaction 
together with environmental and operatio-
nal influences. In this context the wheel-rail 
contact is essential as it transfers the forces 
in normal and tangential direction, while the 
level of detail of the contact model is gover-
ned by the subsequent analysis of the resul-
ting component deterioration mechanism.

In the case of rolling contact fatigue (RCF) of 
wheels and rails this requires a local contact 
discretisation in combination with sophisti-
cated material models capable of describing 
severe plastic deformation and anisotropic 

material behaviour. Furthermore, this might 
require the consideration of so called 3rd 
body layer and thermal loading to predict 
material phase changes. The obtained 
material response and damage increment is 
accumulated and fed back (Fig. 1) to the track 
property resulting in an updated track com-
ponent status. This feedback is an important 
feature of the “whole system” approach 
because the closed loop enables the simula-
tion of the component behaviour change due 
to operational loads.

As the railway components remain in ser-
vice for many years, we especially focus on 
developing computational efficient but as 
accurate as necessary models which enable 
the calculation of the desired number of 
operational load cycles.

From Analysis to Synthesis

The models developed at VIRTUAL VEHICLE in 
the  past years are integrated in a simulation 
platform to enable a high level of virtualisati-
on of components and systems. Thus, we can 

Figure 1: Virtualisation of railway system following the "whole 
system" approach to provide system optimal solutions for (track) 

component development
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Development Production Operation

Data and knowledge from production "manufacturing history"

Data and knowledge from operation
real world behaviour and influences, operations history

Data and knowledge from engineering and continuous updating of specific instance
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Digital Prototyp Digital TwinSpecific Digital TwinsGeneric Digital Prototyp

analyse component behaviour under various 
operational conditions and generate funda-
mental understanding and knowledge to 
support the railway industry and our partners 
to estimate the performance of new compo-
nents and designs prior to installation (Fig. 2).

The synthesis of the developed models in 
the simulation platform provides a modular 
framework for optimisation of the railway 
system in the Digital Prototype phase (Figure 
3) with the objective of best operational 
performance. The wheel-rail tribology is e.g. 
holistically treated by combining wheel-rail 
tribology with material modelling and dama-
ge behaviour thus considering the depending 
nature of these subdomains. To the end, the 
optimisation includes several aspects of com-
ponents and systems i.e., noise and vibration 
related to vehicle-track interaction and hybrid 
testing to shorten the time-to-market and 
finally paves the way to virtual approval and 
certification.

Figure 3: Digital product twin representation of all elements (requirements, properties, func-
tions, components, etc.), processes and of the behaviour along the entire lifecycle

Figure 2: Analysing the railway system with the help of physical-based models 
provides fundamental understanding and knowledge. The synthesis of the 

developed models enables the holistic optimisation of the railway system in the 
digital prototyping phase.

Conclusion

Digital representation of the railway system 
is key to accelerate adoption of innovations. 
For digital prototyping this requires physi-
cal-based models to enable operational per-
formance assessment prior to manufacturing 
and installation. For this, our computational 
efficient models are assembled within a 
modular framework to flexibly extend, adjust 
and apply the models to various operational 
use cases.

By teaming up with Digital Operation we can 
realise Digital Twins (Fig. 3) of components 
and systems and thus consider the entire 
lifecycle of the overall railway system.
 


