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About EARPA 

Founded in 2002, EARPA is the association of automotive R&D organisations. It brings together the 
most prominent independent R&D providers in the automotive sector throughout Europe. At 
present its membership numbers 49, ranging from large and small commercial organisations to 
national institutes and universities. 

 
1. Introduction: Resolve Industrial Challenges through Modelling & Simulation 

The actors of European road transport research commonly share an ambitious vision of a 
sustainable transport, constantly improving on the good progress achieved to date on low air 
pollution, low noise and high safety, combined with largely reduced greenhouse gas emissions to 
limit the impact on climate change. The challenge will be to break the dependency on fossil fuels 
without sacrificing efficiency and compromising mobility1. The ambitious target to reduce 
greenhouse gas emissions with 60% by 2050 is pursued in a step-wise approach, mandating 
drastic innovations for all transport modes as well as energy and manufacturing sectors. The Cars 
Regulation2 targets to limit the fleet average tailpipe CO2 emission by all new cars to 130 g/km by 
2015 – phased in from 2012 - and to 95 g/km by 2020. To contribute to reaching this, the EC has 
funded the European Green Car Initiative as private-public partnership framework, continuing into 
H2020. Reaching the challenging goals will require ‘out of the box’ mobility products and solutions, 
through step changes to vehicle designs, yielding new concepts fulfilling the high expectations. 

The cross-cutting value of Modelling & Simulation (M&S) methods and tools must not be 
underestimated when aiming for a green, safe and high-quality transport system through a 
competitive European industry sector. Indeed, the global vehicle manufacturing industry is ever 
more capitalizing on modelling and simulation as a means to frontload the design challenges 
into the virtual stage, employing CAE software and embedded systems to fine tune the design 
of the vehicle, that has become a ‘computer on wheels’ these days, in which both the mechanical 
performance and the mechatronics system performance must meet increasingly challenging 
performance and customer demands, while reducing the production costs and shortening the time-
to-market. By enabling early design optimisation, efforts spent in physical prototyping iterations 
are drastically reduced. A number of very good design tools and methods are available on the 
market, some of them capitalizing on research funded in the EC FPx context. They find an intense 
usage in industry for rapidly creating new vehicle designs, for an increasingly global customer 
base. They thereby are a major element contributing to the competitiveness of the European 
automotive industry in a context of strong competition from the USA or Japan, and emerging 
countries such as Brazil, Russia, India and especially China. 

Although much attention is justifiably dedicated to European R&D that directly supports the vehicle 
manufacturing industry to achieve challenging demonstrators and innovative future mobility 
concepts, it should not be forgotten that modelling & simulation tools are a knowledge 
domain and industrial sector in which European parties can still excel within the global 
R&D arena. Europe can only maintain its position on the forefront of M&S tools development and 
deployment in industry, when the funding levels on R&D to develop new M&S tools remain on the 
same level as the ambitions to remain a dominant global player in this field. Europe should not 
                                                        
1 EC, Roadmap to a Single European Transport Area - Towards a competitive and resource efficient transport system, 2011.  
2 EC, Regulation 443/2009 to define the modalities for reaching the 2020 target to reduce CO2 emissions from new passenger cars, 2012. 
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miss (and moreover actively participate to) the global trend of virtual prototyping and digital 
engineering3; its priority on the agenda of industry and governments is underlined by the recent 
announcement of President Barack Obama that Chicago will host the new Digital Lab for 
Manufacturing, an institute focused on digital manufacturing and design technologies and 
moreover on training the necessary virtual prototyping skills with the future work force. 

 

 
Figure 1: EARPA has its main M&S expertise and center of gravity at a lower TRL level (blue curve peak) as 
complement to the EARPA partner’s participation in R&D activities driven by OEMs (purple), generating a 

longer-term economic impact by delivering virtual product development software tools and 
services to a growing global customer base. 

The aim of the present paper is to advocate the relevance of modelling and simulation tools, 
both by means of M&S plugin-R&D blocks into OEM-driven research, and by means of upstream 
(lower-TRL level) research to achieve M&S breakthroughs with a wide future impact on 
industry. Section 2 outlines the key enabling role M&S plays in the vehicle design process, and 
Section 3 will suggest R&D topics in 4 major M&S fields: Energy Conversion (Section 3.1), Energy 
Storage (Section 3.2), Structure & Safety (Section 3.3) and Noise, Vibration & Harshness (Section 
3.4). These topics could serve as a basis for defining or enriching future calls for proposals. To 
facilitate that, the Technological Roadmaps4, proposed notably by ERTRAC, have been made 
explicit in terms of technology routes and cascaded into M&S research needs to be met, so that 
                                                        
3 Press Release, White House: President Obama Announces Two New Public-Private Manufacturing Innovation Institutes, Feb 25, 2014. 
4.ERTRAC: Energy Carriers for Powertrains Roadmap, February 2014.  

ERTRAC: Electrification of Road Transport Roadmap 2nd version, June 2012. 

IMPACT of Modelling and Simulation (M&S) tools and services 
M&S tools and services have an important economic finality on their own, generating revenues 
and profits for (and employment at) the European industry sector that delivers world-leading 
one-to-many solutions to a growing global customer base of product manufacturers 
(cars, aircraft, energy converters, machinery, etc.). 

EARPA has its main M&S expertise and center of gravity at a lower TRL level (see Figure 1, 
blue curve peak), generating a longer-term economic impact (in 2-3 years) as compared to 
OEM-driven research (Figure 1, right side ), by companies delivering virtual product 
development software tools and services to a growing global customer base. Extending 
this position requires that M&S challenges are recognized as priority topics on the European 
R&D road map, incl. grants to lower TRL level M&S research as highlighted in this paper.  

http://www.ertrac.org/uploads/documentsearch/id32/2014-03-12_Roadmap_Energy_Carriers_for_Powertrains.pdf
http://www.ertrac.org/uploads/documentsearch/id31/electrification_roadmap_june2012_62.pdf
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the appropriate M&S tools, methodologies and processes are made readily available for the 
fulfilment of these Roadmaps in a timely, cost effective and competitive manner. 
 

2. Enabling Role of Modelling and Simulation for European Industry 

Modelling & Simulation (M&S) is a generic term designating the development and application of 
simulation tools to predict the performance in terms of energy consumption and pollutant 
emissions, structural strength, safety and NVH of vehicles, sub-systems and components in the 
course of the vehicle design process (that is outlined in Figure 2).  
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Figure 2: The V-cycle detailing the different design phases for a vehicle. 

The horizontal axis represents the timeline of the design process, consisting of three main phases: 
Concept definition, detailed design & engineering and refinement engineering. The V-shape 
materialises the corresponding design levels for each of these phases: From system (i.e. vehicle) 
level, over sub-systems, down to the component level. Based on the system-level requirements (at 
the top of the “V”), the design engineers must move downward (along the left side of the “V”) to 
translate the system requirements into the subsystem-level targets of the individual subsystems, 
which are then possibly broken down further into component-level targets. This component target 
setting is a highly challenging process for all functional attributes. In general this process cannot 
simply be seen as a chain-like downward cascading of independent functional targets, but should 
be handled in a multi-attribute network context, and be capable of optimising multi-attribute 
objectives, while balancing possibly conflicting requirements between attributes. The upward cycle 
(along the right side of the “V”) then comprises the detailed design, detailed engineering and 
validation of the individual components' performance, followed by the detailed engineering & 
validation of subsystem-level and finally system-level performance.  

M&S tools play an increasingly important role in all phases of this design process. They rely on 
models, the level of physical accuracy of which depends on the requirements imposed by the 
design level they are used in. Two main types of M&S tools are: 

• System simulation tools (i.e. based on analytical models and functional relations, also 
referred to as 0D/1D simulation tools) are used to simulate complete systems or sub-
systems, and are predominantly used in the concept phase. The individual components of a 
system are simplified via integral or global methods aimed at rendering only their main 
characteristics, emphasis being put on describing their interaction with the numerous other 
components in the studied system. The simulated time ranges from fractions of a second 
up to minutes. The related CPU time ranges from some hundred times real-time, down to 
real-time. Real time applications require very simple descriptions of components and thus 
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rely on empirical or phenomenological models. As a result, a priori predictivity (i.e. the 
ability to predict the system behaviour without a priori experimental evidence) is low. Such 
system simulation tools are used in the concept and refinement phases. On the other end, 
system simulation based on detailed component models can achieve good performance 
predictions, while requiring much less a priori knowledge. 

• Geometry-based (2D/3D) simulation tools are used for detailed component design. 
They are applied to single components, or small sub-systems of few components. They aim 
at accurately predicting the detailed phenomena determining their behaviour by resolving 
the related fundamental equations. They are mainly used in the detailed design and 
engineering phase, for acquiring a detailed understanding of the interactions of complex 
phenomena and for optimising proposals resulting from the concept phase. 3D simulations 
are typically built up by leveraging the availability of detailed geometrical description of the 
domain to be simulated (CAD files). The simulated time ranges from fractions of 
milliseconds up to a second. The related CPU time is significant, around 104 times the real 
time. The accent of 3D simulation is on high predictivity in order to characterise a 
component or sub-system with little a priori knowledge. They can be the basis for 
proposing simplified component models for system simulation. 

The intense usage of M&S tools in all phases of the design process is directly resulting from their 
capacity to capitalise complex knowledge from all physical areas to be addressed by the design 
engineers, and by providing a basis for formalising work flow. An ideal design process combines 
intense usage of M&S to complement and guide the still necessary experimental exploration and 
validation, in order to reduce development time and cost. Their usage from early design phases 
onwards contributes achieving the best possible design answering all constraints. They are key 
elements for reaching the ambitious goal of a “design right first time” thanks to virtual prototyping 
to resolve most design challenges without relying on expensive/late testing on physical prototypes.  

The technological challenges associated with realising the vision for a green European road 
transport, in a context of an increasingly competitive international automotive market, impose on 
design engineers the challenging task of launching new products at a competitive cost, and at the 
same time meeting stringent functional performance targets, specified on multiple attributes such 
as near-zero emissions and energy efficiency, ecological impact, emitted noise and vibration levels, 
safety or strength and stiffness. A key element for introducing the required innovative technologies 
is the availability of adequate, more reliable and robust multi-disciplinary M&S tools. 
These tools take into account the complex multi-scale and multi-physics nature of a considered 
product (e.g. passenger car). Resolving all important space/time scales of different physics 
phenomena is critical for high quality prediction. These tools are expected to enable complex 
optimisation tasks during early phases of the product development (before any hardware is 
actually built – knowledge databases can improve the initial model performance), hence 
decreasing development time while increasing design quality. Later on, experimental data can be 
added into these complex models (by means of sub-model calibration or direct use of exp. results) 
to improve quantitative prediction – this allows refining the design of components, hence 
improving overall performance of the product. It is desired to use such tools during the vehicle 
development process (ref. the V-cycle in Figure 2). This will be achieved by scalability of 
applied sub-models which allows both detailed analysis/optimisation on component 
level and the system-level simulation of the entire product. To be able to keep track of 
(and capitalize on) all levels of models and model information (data files, tables, versions, meta-
data), R&D is needed into architectural design and the capability to derive simulation models from 
functional models, so that a systematic model and data management approach can be 
implemented from the requirements and early concept phase onwards.  

Finally, modelling and simulation tools are suitable for HiL/SiL development. Due to the 
increasing complexity and interaction of mechanical, thermal and electrical devices in hybrid and 
fully electrified vehicles, the multi-physics nature of the governing processes needs to be 
accounted for in detail on both system and component level. In the context of e.g. fully controlled 
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energy and thermal management of future vehicles, these multi-physics capabilities need to be 
available in tools and methods, applicable in a scalable manner in all phases of the development 
process, from concept, via design to final validation, adopting MiL, SiL and HiL environments. 

A recent trend in vehicle mechatronics is the spill-over of model-based control concepts (well 
established in process industry for slowly time-varying processes) to vehicle applications such 
as chassis and powertrain control (which are highly dynamic phenomena with much shorter 
characteristic timesteps) but also energy management. Model-based control techniques, such as 
Model Predictive Control (MPC) offer the possibility to create a more systematic control design 
procedure. They explicitly incorporate a system model into the control algorithm, facilitate the 
translation of system requirements into control objectives and can even integrate system 
constraints into the control problem. By combining system models with numerical optimisation, the 
mechatronic system performance can be assessed more accurately and earlier in the design cycle. 
Their use poses a strong need for R&D into model reduction strategies and control 
algorithm sophistication to be able to transform high-fidelity models available for design 
engineering purposes to smaller-sized models (e.g. state space models derived at a certain point in 
the operation space), best adapted to the increasing ECU capabilities and emergence of multicore 
environments, that can be used as plant models for control. Furthermore, model-based monitoring 
approaches, e.g. for On-Board Diagnostics, are expected to support the reliability, 
robustness, safety and maintenance of complex systems, and enable remote monitoring. 
Additionally, model-based control lends itself to the development of virtual sensors, thereby 
enriching experimental testing or operational monitoring, where the inclusion of real 
sensors is either not possible or undesired. Advances in standards for interfacing, implementation 
and integration, and the use of such approaches are anticipated in parallel with the model-based 
approaches themselves. E.g. one can use small-sized models within a Kalman filter to virtually 
measure non-directly-measurable states (e.g. vehicle yaw rate). The role of model-based control 
development has therefore become prevalent in automotive R&D and continues to grow, pushing 
forward R&D in modelling for both offline and online applications. 

Also for HiL and driving simulator applications, reduced-size models will offer a direct value 
in the validation of controller concepts. When high fidelity is required, an opportunity is to directly 
be able to use high-fidelity multi-body simulations for real-time applications (e.g. include steering 
shaft flexibility in driving simulation for realistic ‘feel’). This requires R&D into new high-fidelity 
model solvers that can guarantee reaching the time step target (typically 1ms) in every real-time 
calculation cycle. An additional benefit of running high fidelity models in real-time is the fact that 
high fidelity models as used e.g. in chassis engineering applications can directly be used also for 
controller validation, so that both OEM departments can align in a multi-attribute context on the 
basis of the same models, which avoids model re-work and reduces chance of errors. 
 
 
 
3. Summary of main M&S challenges for European R&D for road transport 

This chapter lists some crucial M&S research actions to be addressed at a European level. 

 
3.1 Energy Conversion 
In the light of the present greenhouse gas discussion, current powertrain development efforts are 
strongly focused on further increasing the internal combustion engine efficiency, as well as on 
optimizing the overall energy conversion processes aimed at significantly reducing the fuel 
consumption and hence CO2 emission during real vehicle drive cycles. A key element in this 
context is the introduction of different hybridisation levels, from mild hybrid (HEV) to full electric 
vehicles (EV) depending on the use pattern. 
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Technology Routes 

Engine downsizing5 adopting fully flexible valve trains, direct fuel injection combined with 
advanced charging technologies, low friction engines and powertrains, application of different 
hybridisation strategies up to full electrification6, including the adoption of waste-heat recovery 
devices are some of the technology routes currently followed for reaching the present and future 
CO2 emission goals. In addition, the increasing availability of alternative fuels and second-
generation bio-fuels offers new opportunities and challenges for engine and after-treatment 
development and optimisation. 

In order to be able to properly support the development of future powertrains, the currently 
available M&S tools need to be suitably adapted and extended to cover the needs related to the 
above technology trends. Due to the complex, often contradictory requirements and the diversity 
of potential technical solutions, M&S tools and methods are needed to support engineers 
throughout the development process, from system and sub-system specification over components' 
design and optimisation to final validation of newly developed hardware and control software.  

Research Needs  

System simulation tools are required that can be used in the very early development phase for the 
analysis and assessment of different hybrid powertrain concepts, and that enable the detailed 
specification of sub-system and component requirements. Hence, suitable system-level models are 
needed for the numerous new components related to hybrid and electric powertrains, such as 
electric motors, generators, batteries, fuel cells, AC/DC converters, super-capacitors, different 
auxiliary devices, etc. In addition, existing models for thermal engines and after-treatment need to 
be extended in order to address usage of alternative fuels. They must also be coupled with the 
various hybrid powertrain component models, to allow accurately accounting for transient effects 
related to engine start/stop, engine warm-up, battery management, after-treatment light-off, etc. 
Models and tools must furthermore become increasingly multi-scalable, i.e. usable during all 
phases of development, from concept design, (sub-)system design up to real-time hardware in the 
loop (HiL), incl. model based control, during final system validation. 

On the detailed level, the currently available multidimensional simulation tools need to be suitably 
extended to enable analysis and optimisation of the future hybrid and full electric powertrain 
related components and their operation. Specifically, modern battery modules as well as the power 
electronics, electric motors, etc. require sophisticated cooling concepts in order to keep the local 
component temperatures within the allowable range for all possible operating conditions. This 
leads to the necessity for extending current multidimensional tools towards multi-physics 
capabilities, simultaneously accounting for coupled flow/heat transfer phenomena, electro-
chemistry and electro-magnetic effects. This implies that engineers from different fields will have 
to model those components, often using different simulation tools. There’s a need for approaches 
to combine these tools and for standards to efficiently exchange data between physical domains.  

The development of downsized, low-friction engines and the simultaneous trend towards further 
reduced engine weight and hence thermal masses also gives rise to new requirements for 
advanced simulation tools and methods. R&D is needed to establish an integrated modelling 
approach for advanced engine thermal analysis and optimisation, taking into account the complex 
nature of the underlying physical processes such as friction heat generation in the piston-liner 
area, oil flow and component heat up in the main bearing area, enabling detailed component 
analysis, and serving as the basis for parameterisation of system level thermal analysis models. 

In order to account for future alternative fuels and their impact on combustion efficiency and 
emission characteristics, the currently existing engine and after-treatment simulation models need 

                                                        
5 EUCAR: “Sustainable Propulsion”, “R&I Roadmap, 2013.  
6 ERTRAC: Electrification of Road Transport Roadmap 2nd version, June 2012 : Chapter 6, page 23. 

ERTRAC: Heavy Duty Truck Roadmap, September 2012 : Section 3.3 page 18. 
ERTRAC: Energy Carriers for Powertrains Roadmap, February 2014 : Section 4.6 page 62. 

http://www.eucar.be/strategic-pill%e2%80%8bars/eucar-strategic-vision-for-sustainable-propulsion/
http://www.ertrac.org/uploads/documentsearch/id31/electrification_roadmap_june2012_62.pdf
http://www.ertrac.org/uploads/documentsearch/id4/heavy-duty-truck-1_0_66.pdf
http://www.ertrac.org/uploads/documentsearch/id32/2014-03-12_Roadmap_Energy_Carriers_for_Powertrains.pdf
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to be adapted and extended. Different physical and combustion properties and the multi-
component nature of the various alternative fuels need to be taken into account in detailed models 
for fuel injection, auto-ignition and combustion as well as pollutant formation and their after-
treatment. Finally, the system level engine and after-treatment models must be extended to reflect 
the impact of future fuels on engine performance and hence on overall CO2 emissions. 

Another trend in energy conversion is the fact that fuel cells are emerging as enablers for long-
range non-ICE-based mobility. At present, the commercialisation of fuel cell technologies is rather 
slow because of disadvantages in terms of complexity and consequent cost, immaturities on 
component level and/or system level including control strategies, and because of its role as 
replacement technology. These issues call for increased development and application of advanced 
mathematical modelling and simulation tools on system and component level to efficiently address 
and tackle the shortcomings of the contemporary fuel cell technologies. 

An additional key R&D prospect is the combination of system-level modelling with traffic simulation 
tools. This would allow investigating more precisely the impact of new vehicle concepts and 
alternative fuels on local emissions, such as particulate matter (PM), nitrogen oxides (NOx), carbon 
monoxide (CO), Hydrocarbons (HC) and noise.  

 
 
3.2 Energy Storage 
The vehicle manufacturers5, tier-one suppliers and national advisory bodies within the EU have 
identified energy storage as a key enabling technology for transport decarbonisation in 2020-2050. 
With a clear drive towards the introduction of zero emissions vehicles (ZEVs) significant research 
has focused on the up-scaling of electrochemical storage devices - and their charging rates - such 
as li-ion batteries while other high energy density chemistries such as metal air or post-lithium 
technologies are also emerging7. A complete energy storage system (e.g. “battery pack”) for a 
hybrid or electric vehicle may comprise of many hundreds of cells (connected electrically in series 
or parallel), cell interconnects, safety devices, control electronics, energy balancing circuits, high 
voltage and low voltage cabling and converters and thermal management. EARPA therefore 
propose a programme of modelling and simulation research that will crosscut the full value-chain 
from novel cell design, systems integration and analysis, vehicle deployment and life-cycle 

                                                        
7 ERTRAC: Electrification of Road Transport Roadmap 2nd version, June 2012 : Chapter 6, page 22 & 25. 

Key research needs 
Concerning Energy Conversion, the EARPA TF M&S stresses the importance of further research 
and development on the modelling of the following elements: 
 

1. Multi-scalable (from component to system) models for electric energy storage (batteries, 
super-capacitors, etc.) and electric energy conversion devices; 

2. Robust and reliable models for addressing non-cyclic, transient behaviour of thermal 
engines integrated in a hybrid powertrain, from detailed offline analysis up to real time 
models for (model-based) control algorithm developments; 

3. Multi-scalable (from component to the system) engine and after-treatment models capable 
of handling future alternative fuels. Experiments to acquire basic knowledge on the 
physico-chemical characteristics under combustion conditions; 

4. Multi-physics based engine and hybrid powertrain thermal models for application to 
system, sub-system and component level application; 

5. Impact analysis of increasing deployment of hybrid/electric vehicles on local emissions, 
e.g. for selected traffic-intensive routes into cities, using traffic & emission models; 

6. Model-based optimization strategies for predictive and adaptive algorithm development; 
including methodologies for HIL assessment and certification (esp. emission-based control) 

 

http://www.ertrac.org/uploads/documentsearch/id31/electrification_roadmap_june2012_62.pdf
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analysis. This programme will benefit the automotive sector by providing the knowledge required 
to design and integrate energy storage systems that meet the customer requirements in terms of 
energy/power density, charging/degradation rate, durability, weight and cost. 

Technology Routes 

The creation of models to support the design and evaluation of battery technologies (of varying 
chemistries and form-factors) represents a significant research challenge. Mathematical models 
vary widely in complexity, computational requirements and reliability of prediction. Empirical 
models exist, parameterised from experimental data that employ mathematical functions or 
equivalent circuits to emulate system-level behaviour. Their relatively simple structure facilitates 
fast computation at the expense of accuracy, particularly beyond the bounds of the original 
parameterisation. Models based on electrochemical processes attempt to include first-principle 
phenomena to improve model fidelity, but at the expense of a relatively high computational load. 
The development of high fidelity cell models is of immense value to the scientific community 
investigating novel cell designs. However, they are arguably of less value for system level analysis 
as of today. In the future, detailed models will become more important for the state of health, 
durability and possibly second-life/recycling analyses. The need to accurately and efficiently model 
battery behaviour in the context of a multi-cell environment is a strategic requirement for the 
automotive sector. 
 
Research needs 

A key driver for research into energy storage modelling and simulation is the creation of a 
methodology and tool-chain that optimises the trade-off between the “cost” (effort, computational 
burden and parameterisation requirements) with the “benefit” of maintaining the causal 
relationships of the physical system within the model structure. The resulting mathematical 
models, simulation codes and experimental data will be of significant benefit to a broad spectrum 
of automotive researchers, including those that work at the interfaces of science, engineering and 
manufacturing. Energy storage research will benefit from increased modelling and simulation 
capability that will facilitate early-stage validation of new cell designs and materials within a 
realistic virtual environment. This will support technology scale-up and enable the strategically 
important transition from laboratory through to application. High value engineering and 
manufacturing functions (e.g. control engineering, instrumentation, software engineering and 
thermal management) are key enabling technologies for systems integration. Advanced capabilities 
in modelling and simulation will facilitate the concurrent design and manufacture of the physical 
battery system with the control system design. Within a safe, cost effective, and deterministic 
environment, new modelling and simulation tools will support a fundamental understanding on the 
impact of duty-cycles, manufacturing uncertainties, cell-to-cell interactions and thermal variations 
on energy storage performance, reliability and degradation. 

 

Key research needs 
Concerning Energy Storage, the EARPA TF M&S stresses the importance of further R&D on the 
modelling of the following elements: 
 

1. Advanced models of different battery chemistries that are computationally efficient to 
simulate, but maintain the underlying causality within the model. These models will drive 
R&I in cell design and underpin the OEM’s understanding of key attributes as energy 
retention, cell ageing and heat generation; 

2. Real-time capable models of different battery chemistries for integration within the BMS 
are required to advance the on-board management of the battery system and to 
address key system integration challenges such as the estimation of state-of-charge, 
state-of-health and state-of-function, thermal management within the pack and active 
balancing of energy between cells. This comprises the necessary definition of a data 
exchange interface for HiL/SiL environments; 
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3.3 Structure & Safety 
The current trend towards hybrid and fully electrified cars brings new challenges for the 
automotive community, esp. the need to rethink the traditional vehicle structure layout, to 
integrate energy storage systems or downsize vehicles. Furthermore, a next step in vehicle 
integrated safety will require rethinking crashworthiness tests to become virtual.  

Technology Routes 

Manufacturers in the transportation sector (as well as wind energy and machinery sector) are 
increasingly using lightweight materials as Carbon Fiber Reinforced Plastics (CFRP) composites in 
order to be able to reduce the ecological foot print of their products. Especially in the 
transportation sector, the substantial deployment of lightweight design materials such as 
composites will be the only viable path to meeting the ever more stringent CO2 emission norms. 
Vehicle weight reduction must become a “virtuous cycle”, with weight reduction decreasing power 
requirements, necessitating smaller engines with lower consumption. At present, the massive 
deployment of lightweight materials in the industrial design and development process is 
however limited by the lack of predictive modelling tools to predict the macro-level behaviour of 
lightweight materials structures8.  

Research Needs  

The application of lightweight materials (like plastics, carbon fibre, aluminium or magnesium) 
will increase with future developments in hybrid and fully electric vehicles. The need for predictive 
CAE tools is widely stated by product manufacturers as a key challenge to be overcome before full 
deployment of CFRP composites into their designs can be achieved. Engineers have reservations in 
using composites for key structural load-bearing parts. It is not just because of the auto industry’s 
metal-centric infrastructure, and also not just because of cost. The hesitation is because of the 
radically new global vehicle architectures and design methods that composite utilisation 
beyond non-structural body panels requires. This is amplified by the fact that the industry has 
limited understanding of these materials and their failure implications during crash. Phenomena 
such as matrix crazing, fibre fracture, fibre-matrix de-bonding, delamination and interplay 
separation are not as well understood mathematically and traditionally are characterized by only 
empirically curve-fit models. Funded research is required with involvement of all stakeholders to 
achieve reliable FE characterisation and increased general materials knowledge, incl. realistic 
prediction of rupture mechanisms and R&D on alternative connection methods. Whereas steel 
would simply be welded together, joining different materials calls for hybrid connection through 
adhesives, rivets or bolts. Research needs to be done to find reliable FE representations for this 
greater variety of connection methods. 

The next area of interest is manufacturing simulation: R&D is required to be able to virtually 
optimize the manufacturing product flow, and to evaluate (for a selected manufacturing approach) 
the best possible design to be manufactured, as well as develop an understanding of cause-
and-effect issues, including manufacturing effects and defects. Virtual Prototyping should 
allow the simultaneous assessment of product performance across multiple domains, while 
considering their coupling and the interaction of the product with its environment. Virtual 
Prototyping should adopt a modular approach with the appropriate hierarchy from component 

                                                        
8 ERTRAC: Electrification of Road Transport Roadmap 2nd version, June 2012 : Chapter 6, page 24 & 27. 

3. Computationally efficient models of battery cells and key ancillary devices are required 
to extend the design, manufacturing and life-cycle analysis of new complete battery 
systems. These models will facilitate the multidisplinary optimisation of the pack, 
accelerated testing of the energy storage system and will underpin future innovations in 
safety, reliability and durability analysis; 

4. Mechanical model for crashworthiness analyses and design of modules. 

http://www.ertrac.org/uploads/documentsearch/id31/electrification_roadmap_june2012_62.pdf
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through sub-system (such as BIW, Closures, airbag systems, seats, dummies, etc.) to full system 
level. Only then, reliable upfront interaction will be possible to evaluate different alternatives to 
reach the appropriate trade off (design, manufacturing, in services, and recycling). Virtual 
prototyping in an integrated manner will be crucial to achieve the factories of the future.  

The booming industrial trend of Additive Manufacturing (AM) offers unprecedented freedom in 
design, not only for concept evaluation but also for small-series production and even up to larger 
volumes. 3D printing of new lightweight materials yields important eco benefits. AM structures can 
be used in different design phases and application domains (e.g. auto, aerospace, medical), and 
procedures exist for both metals and elastomers. R&D is still needed to bring in place a virtual 
prototyping chain that allows predicting and optimising AM materials structures.  

In the area of safety systems simulation, research should concern amongst others the further 
development of appropriate tools, and the specification of an extensive catalogue of use-case 
scenarios, on the basis of which integrated safety systems could be evaluated virtually. In the end, 
a standardisation process could be initiated based on virtual testing. Already now, computer 
simulations are widely used in industry to support the design of vehicle structures and restraint 
systems. Virtual testing offers crucial benefits in terms of cost, timing and quality, and 
offers the potential to cover a much wider range of traffic scenarios and human diversity (size, 
age, gender). Virtual testing may even be considered a necessity to develop and validate new 
generations of ICT-based safety systems, as conventional test methods fall short of assessing 
system intelligence. R&D is needed on model validation, standardised range of biofidelic human 
occupant models and statistical modelling strategies, and guidelines/regulation on virtual testing.  

The development of new ICT-based safety systems require new simulation tools to model the 
behaviour of currently used sensor systems such as radar, infrared and optical systems. 
These simulation tools, in combination with vehicle dynamics models and crashworthiness 
simulations would allow emulating real crash scenarios. 

A major safety issue resulting from the electrification of drivetrains is the behaviour of 
energy storage systems in crash conditions. R&D should focus on representative test and 
evaluation methods and performance criteria for electrical storage systems. This requires electrical, 
chemical and mechanical research including the high-voltage lines to the electric engine. All phases 
of an accident must be covered, from the pre-crash to the rescue phase, by virtual and 
experimental methods. Particular needs are representative experimental and virtual tests, 
performance criteria for electrical storage systems in crash conditions and guidelines for the 
integration into the vehicle. Reliable modelling of the crash behaviour of electrical storage systems 
will be a prerequisite for this.  

 
 
3.4 Noise, Vibration & Harshness (NVH) 
Greening the European transport system requires industry to adapt a new way of developing 
vehicles: powertrain and transmission systems will change (electrification, hybrid, etc.), and 
new opportunities for innovative vehicle structures emerge. Consequently, car 
development requires more reliable and powerful M&S tools, in particular for the NVH attribute, 
since less/no information can be used from predecessor models, while customer demands and 

Key research needs 
Concerning Structure & Safety, the EARPA TF M&S stresses the importance of further research 
and development on the modelling of the following elements: 
 

1. Predictive CAE methodologies for composites and other lightweight materials; 

2. Virtual Prediction of manufacturing process/effects, incl. additive manufacturing; 

3. Enhanced virtual testing approaches and sensor simulation methods; 

4. Energy recovering systems models. 
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legislative requirements such as the European Environmental Noise Directive (2002/49/EC) 
become ever more stringent. Reducing noise and vibrations at the source is always the most 
effective approach, but this requires a thorough understanding of the generating mechanisms and 
their interaction with materials and structures.  

Technology Routes 

Changes in powertrain and transmission systems will cause vehicles and engines to be scaled 
down to reduce weight, cost and fuel consumption. At the same time, quality and efficiency must 
be improved, to achieve vehicles that are clean, safe and simple. This will create new problems for 
the developer, many of them related to competitiveness issues like noise, comfort, durability, 
reliability and efficiency. For instance, the engine downsizing may involve eliminating noise 
reduction measures (such as counter balancing shafts and valve control), and lightweight design in 
general may deteriorate the NVH performance. Novel and more efficient modelling and simulation 
techniques to predict and optimize the NVH performance are required, and innovative noise 
reduction concepts must be developed to guarantee the current level of product performance.  

Research Needs  

M&S  methods are a key enabler to master the NVH performance of future vehicles, both interior9 
and exterior/pass-by. At present, the NVH performance is considered rather late in the 
development cycle (as a secondary issue after crash, durability and dynamics). However, the on-
going technology trends increase the importance of NVH, since lightweight structures are more 
prone to NVH issues, and since alternative powertrain concepts lead to new NVH and sound 
perception issues. This necessitates not only R&D to reduce the NVH issues in lightweight and 
green powertrain design, but it moreover means that an integrated modelling & simulation process 
is needed from the concept phase onwards, including predictive NVH models that allow balancing 
the NVH performance with the other vehicle performance attributes of interest. In addition NVH 
modelling tools are well established in the low frequency range (e.g. global car deformation 
shapes or simple acoustic modes), while there still is a need for further development and 
validation for the mid-frequency range (i.e. the predominant frequency range for human 
perception). In order to achieve all previous objectives, a transversal research action on material 
modelling is necessary, since an ever increasing number of new materials (e.g. lightweight or 
multifunctional ones) will be used to build next model of cars. New models coupled to new tools 
and an integrated M&S process will unlock the full predictive capability of NVH simulation with 
substantial benefit for OEMs and customers. 

 

                                                        
9 EUCAR: “Affordability and Competitiveness”, R&I Roadmap, 2013. 

Key research needs 
Concerning Noise, Vibration & Harshness (NVH), the EARPA TF M&S stresses the 
importance of further R&D on the modelling of the following elements: 
 

1. Assisting the process to develop lighter and more energy-efficient transport 
vehicles, maintaining both interior and exterior NVH behaviour (comfort/safety); 

2. Adopt a model-based design paradigm by enabling concept-stage NVH prediction, 
thus further reducing development time and costs at increased quality; 

3. Develop new M&S strategies to virtually guarantee the NVH performance of new 
downsized powertrain concepts in a lightweight vehicle; 

4. Develop new green materials with enhanced functional & ecological performance; 

5. Develop a next-generation of powertrain M&S tools, embedded in an integrated 
simulation-driven design process, to support and enable new (H)EV concepts. 

http://www.eucar.be/strategic-pill%e2%80%8bars/eucar-strategic-vision-for-affordability-competitiveness/
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For further information, please get in touch with our contact persons of the TF M&S:  
 

TF M&S Chairman  
Benjamin Réveillé, IFP Energies nouvelles 
E-mail: benjamin.reveille@ifpen.fr 
Tel.: +33 1 47 52 62 68 

TF M&S Secretary 
Stijn Donders, Siemens PLM Software 
E-mail: stijn.donders@siemens.com 
Tel.: +32 16 384 531 

 
More information at our website: www.earpa.eu 

 

 
 

http://www.earpa.eu/
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