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THE EARPA MATERIALS, DESIGN AND PRODUCTION SYSTEMS TASK FORCE 

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 member-

ship counts 46 members ranging from large and small commercial organisations to national institutes and 

universities. The Task Force was formed originally in 2005 in order to develop a common position on the 

importance of research on materials, especially for FP7. In 2010 it was re-named to Materials, Design and 

Productions Systems (MDP) to reflect the holistic approach in lightweight design. It brings together 27 mem-

bers of EARPA, with expertise in all major fields of this vast research domain1. Thus, the main goals of the 

Task Force MDP are 

• to emphasize the importance of material research in road transport, especially in view of CO2 discus-

sions, light weight design and electrification, 

• to identify technology needs and research gaps yielding input to future R&D programmes, 

• to develop and foster cooperation and innovative projects in the field of road transport materials. 

This position paper presents an overall synthesis of our view: the relevance of RTD on materials, design and 

production systems continuing the objectives of FP7 and the definition of boundary condition and sugges-

tions for Horizon 2020. From the independent research provider’s perspective, four topics of major im-

portance have been identified 

• environmental aspects of materials and their application considering the CO2 balance, green materials 

(renewables, recycled or abundant ones), the life-cycle, 

• functionality considering functional materials, comfort and perceived quality or competiveness of product 

and processes, 

• manufacturing and assembly strategies 

• as well as design, modelling, simulation and testing methodologies and tools. 

RELEVANCE AND IMPORTANCE OF RTD ON MATERIALS, DESIGN AND PRODUCTION SYSTEMS 

One of the key societal challenges of today is the decarbonisation of our transport system with one focus on 

the road transport sector. In this context, the ERTRAC Strategic Research Agenda defines guiding objectives 

demanding by 2030, an 80% improved energy efficiency of the urban passenger transport and a shift to de-

carbonisation of the energy needed. The challenging improvement of energy efficiency must be met by in-

troducing advanced power train technologies on the one hand and by significantly reducing the vehicles 

                                                        
1 AIT, Applus+IDIADA, APTL, CEIT, Chalmers, CIDAUT, TU/e, ESI Group, FEV, FhG, Hexagon Studio, IDMEC, ika, IRT Jules Verne, ISIS,    

KU Leuven, LEITAT, LMS, OTAM, SiEVA, SP, Tecnalia, TNO, TU Graz, Unifi, ViF, VUB 
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weight reversing the weight spiral of the last decades on the other hand. At the same time, the EC has set a 

target of 95 gCO2/km as fleet average by 2020. This demanding target and the objectives of the ETRAC SRA 

can only be fulfilled if breakthroughs in the lightweight design of vehicles and associated power train tech-

nologies can be made over the next 10 – 20 years and the share of hybrid and fully electric vehicles can be 

increased to mass market volumes. Furthermore, future transport needs will change due to socio-

demographic evolution, urbanisation, the increase of energy costs, new environmental regulations and new 

Information and Communication Technology (ICT) applications. Automotive and other transportation related 

industries must meet the communities changing needs by integrating advanced materials and production 

systems into a systematic “Design Methodology” to provide safer, lighter, more efficient, more durable and 

easier to service personal and public transportation systems. 

Within this context, advanced lightweight materials and manufacturing issues play a crucial role. As already 

proven e.g. by the aeronautic industry, multi-material design offers the highest potential in weight savings 

and the best CO2 balance over the life-cycle of a vehicle (cradle to grave). However, weight reduction in 

mass production can only be realized by cost-attractive lightweight solutions using secondary measures (re-

duced number of parts, high integration of functions, optimal crash and NVH properties …) and a holistic 

CO2 life cycle balance. Marginal additional costs due to lightweight design might be accepted by the custom-

er if the total cost of ownership is reduced e.g. by life time fuel saving or other operational costs such as 

maintenance. However, the choice of material mix in the vehicle and the associated manufacturing process-

es must not only be determined by the costs but also by the CO2 footprint over the entire life-cycle. An in-

crease in energy consumption and of the CO2 foot print in the production phase, e.g. by introducing carbon 

fibre composites on a larger scale must be compensated during usage and end-of-life (recycling). For this, 

the objective of further R&D will be to achieve the ecological break-even point at the lowest vehicle kilome-

ters travelled as possible. Besides, the availability of materials required for a multi-material design, new de-

mands for those materials coming from other markets, materials price instability or the competitive interna-

tional context must be taken into account by selecting the right strategy for lightweight design. 

Regarding road transport, sustainable mobility is the key driver for material research. Current research is 

focusing on knowledge based materials to increase the efficiency of transport, to reduce emissions (CO2, 

noxious emissions, noise) and life cycle impact of the vehicle on the environment as well as to improve the 

safety, performance, functionality, comfort and perceived quality. However, significant technical break-

throughs are still required to meet the targets of the ETRAC visions which can only be achieved by a harmo-

nized R&D effort by all stakeholders involved. Nevertheless, incremental, intermediate steps with a low risk 

and low competitive advantage remain as important to allow a fast and broad market penetration of devel-

oped solutions. 

RESEARCH NEEDS FOR MATERIALS, DESIGN AND PRODUCTION IN VIEW OF HORIZON 2020 

Materials, design and production technologies are at the heart of many of the societal challenges, enabling 

light, crash-safe and efficient structures for any kind of vehicle. Experiences with many research projects 

have clearly shown that a holistic approach is required for the commercial implementation of advanced ma-

terials and design concepts. To overcome the societal challenges and for the European industry to stay com-

petitive, a much faster implementation of evolving technologies associated with materials, design and pro-

duction is needed. Within this context, an integrated, systemic approach must be implemented considering 

the full added value chain on the one hand and being resource, energy and cost efficient on the other hand. 

Some of the problems are already solved for certain industrial sectors but cannot be adapted to others due 
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to different technical and economical boundary conditions (e.g. between aerospace and automotive). The 

adaptation of technologies from one industrial sector or technology area to another is, among others, a 

promising approach for a faster implementation of advanced materials and associated technologies. In con-

trast to a fast implementation of new materials, material development itself tends to be of long term nature 

from first understanding until application. In this regard, the development time of materials needs to be 

shortened by increasingly applying simulation techniques, new characterisation methods, rapid prototyping 

and manufacturing. It is therefore important that materials research is supported, from the development of 

new generic technology in the science base, through to application-focussed research for road transport. 

Thus, EARPA’s Task Force MDP strongly supports the strategic research issues on materials, design and pro-

duction systems outline in the Strategic Research Agendas of many Technology Platforms such as ERTRAC, 

ERRAC, EUMAT and Manufuture.  

Within the context of sustainable mobility research on environmental sustainable lightweight solutions must 

be continued in an integrated, systemic approach considering materials, processes and architecture/design 

in a holistic way. In the road transport sector, the future material development needs to focus on environ-

mental sustainability addressing, e.g. 

• new light high performing alloys, hybrid material solutions, reinforced polymers and composites, ther-

moplastics, functionalized materials and nano materials, 

• natural and bio-based materials as well as recyclable & recycled materials, 

• materials for energy storage, 

• materials alternatives to rare and to high demand materials, 

• material repair, reuse and disposal 

and on functionality addressing 

• functional materials such as polymeric, ceramic or metallic transducer materials, 

• conductive and piezoresistive polymers, 

• new surface and coating solutions e.g. for self-cleaning, self-healing or anti-corrosion, 

• reversible adhesives and joints, 

• materials for noise abatement and aesthetical improvements. 

For these material developments, suitable cost and energy-efficient manufacturing and assembly strategies 

will have to be developed hand in hand allowing a multi-material approach. Research topics to be addressed 

are, among others, 

• joining, forming and casting of multi-materials & composites,  

• thermal and corrosion compatibility of multi-materials, 

• painting adhesion, 

• additive manufacturing of multi-materials, 

• adaptive and flexible manufacturing processes 

as well as adaptable and modular assembly strategies, each topic in the context of cost and energy efficien-

cy. Further important aspect for an integrated approach and to be addressed in future R&D are methodolo-

gies and tools for  

• multi-attribute design optimization,  

• integrated computational material and process modelling, 

• virtual and accelerated testing 
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• and life-cycle assessments. 

Since above addressed research demands are of importance also for other transport modes, some specifics 

for each sector should be highlighted: 

• modularity & scalability of vehicle architecture with emphasize on the electrification of the drive train 

• very high integration of functions 

• enhanced passive safety through use of functional materials and innovative energy absorption materials 

• thermal management  

• high temperature materials for power electronics 

• standardization. 

GENERAL REMARKS FOR HORIZON 2020 

In the current structure of Horizon 2020, research on materials and manufacturing is first of all highlighted 

within the industrial leadership pillar. Although materials and manufacturing still requires significant scientific 

breakthroughs to tackle the societal grand challenges, application-focussed research is needed to ensure 

innovations within Horizon 2020 and to accelerate the market penetration. Thus, a harmonised approach is 

needed not only within the industrial leadership but across all aspects of Horizon 2020. Research on materi-

als and manufacturing shall enable new innovative industrial technologies. Hence such research should allow 

dedicated, on specific problems oriented approaches. Non generic technologies in the science base should 

not become a measure for exclusion for funding. Instead continuity is demanded in which breakthroughs in 

the enabling and industrial technologies are transferred to innovations tackling the societal challenges. In 

particular material and manufacturing solutions obtained in FP 7 and underneath the industrial leadership 

pillar need to be incorporated in the research programs of the PPPs, joint programs, JTIs but also in the SME 

dedicated research programs. In view of road transport, dedicated research on materials, design and pro-

duction for automotive applications is needed on above mentioned topics as enabling and industrial technol-

ogies but also must be considered as follow-ups in smart, green and integrated transport research and par-

ticularly in the European Green Vehicle Initiative. 

The EARPA Task Force MDP sees the requirement to carefully identify research topics on a European level in 

close co-operation with all relevant stakeholders. Taking advantage of their expertise, EARPA members can 

offer support to this identification process on a neutral basis. Moreover, EARPA invites all stakeholders to 

discuss the above research issues with the Task Force MDP. 

Attached to this position paper, research recommendations are given which are considered by EARPA’s Task 

Force MDP of most interest for automotive research in Horizon 2020. 

CONTACT 

TF MDP chairman TF MDP secretary 

Thilo Bein, FhG-LBF (Germany) 

Phone: +49 6151 705 401 

thilo.bein@lbf.fraunhofer.de 

Aldo Ofenheimer, ViF (Austria) 

Phone: +43 316 873 9020 

aldo.ofenheimer@v2c2.at 

More information on EARPA at: www.earpa.eu 
 

The earpa TF Materials, Design and Production Systems team 
________________________________________ 
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SPECIFIC RESEARCH RECOMMENDATION  
Environmental sustainability 

 Innovative lightweight/low embodied CO2/recyclable & recycled materials 
The use of innovative lightweight materials can improve overall performance of vehicles during service 
while reducing fuel consumption; despite such advantages, the reduction of the whole environmental im-
pact in comparison to conventional vehicles is not guaranteed if production and End of Life (EoL) issues 
are not considered. Therefore, during R&D on innovative materials other specifications different from in-
service performances have to be considered. The containment of embodied CO2 of the material, VOC and 
particle emission, solvent and water use etc. during the production phase should be used as criteria for 
material selection. Following EU Directive and indications (e.g. 2000/53/EC), also recyclability and recov-
erability of the product during EoL have to be considered; such latter topic is particular important since 
such characteristics do not only depend on the material itself but are also related to the design of the 
components (e.g. influencing its dismounting). The priority should be given to those solutions which 
guarantee optimal results considering the lowest use of energy and resources along the full value chain 
until the end of life.  

 Reducing the dependency on critical raw materials 

Modern vehicles contain over 35 electronic systems with sensors and actuators to perform the most di-
verse functions (from turning on the engine to parking without the involvement of the driver). Many of 
their transducers include materials that are considered critical by the EU because of their high economic 
impact and/or restricted supply (e.g. Gallium, Neodymium, Indium, Germanium, Platinum, Tantalum, Co-
balt, Palladium, Niobium and Antimony). Some of these elements are imported by the EU from third 
countries that monopolize the commercial networks (e.g. the rare earths from China). Others are ob-
tained from ores through mining and refining operations that have an enormous environmental impact 
(e.g. the platinum group metals). Additionally, most of them are highly contaminant and poisonous (e.g. 
Antimony), their disposal at the end of life of the vehicle being a serious problem. Finally, it is expected 
that the number of these smart systems will increase in the coming years, as well as the complexity of 
the materials from which they are made. 
Consequently, it is extraordinarily important that the design and development of future vehicles takes in-
to account the minimisation or replacement, recovery and reuse of the critical materials. At present, there 
are already technical solutions for some of them, e.g. the platinum group metals can be effectively re-
covered from catalysers and electronic scrap. However, their recovery and refining involve strong acids 
and fume emissions that also have an environmental cost. For others, like the rare earth elements used 
in permanent magnets, there are not practical solutions at present. Additionally, the more sophisticate 
functional materials developed in the future will demand new recycling solutions. 

This research line should consider: 

i) recycling of critical raw materials 
ii) reuse of critical raw materials with less purity 
iii) minimisation of use and replacement of critical raw materials in automotive applications. 

 Materials development for exhaust aftertreatment electrification 

Hybrids and REVs require the existence of ICEs and consequently exhaust emission control systems. Elec-
trified aftertreatment calls for the development of new substrate and catalysts technologies tailored for 
those systems, for example Diesel Particulate Filters enabled for electric regeneration. 

 Repair of advanced light materials 

In many sectors multi-material design is foreseen. However, the implementation is limited by repair con-
cepts in particular for transport applications when addressing fibre composites, hybrids (metal/plastics) or 
aluminium. So far, the whole component must be replaced which is costly, energy and resource consum-
ing. Thus repair concepts are to be developed and fault tolerance concepts are to be implemented mini-
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mizing the repair effort. The fatigue behaviour and safety of repaired structures must be validated. Fur-
thermore, self-healing concepts should be considered. 

 High temperature materials for power electronics 

Current power electronics for electric vehicles needs to be cooled which contributes significantly to the 
complexity, weight and energy consumption. The limiting factor is suitable high temperature material for 
the packaging of electronics but also for the electronics itself.  
Objective(s): Development of high temperature materials primarily for the packaging withstanding the 
temperature of power electronics and mechanical loads acting (durability & reliability) for electric vehi-
cles. 

 
Functionality 

 Development of advanced smart, functionalised and multifunctional materials 

It is expected that the interaction of future vehicles with transport infrastructures and urban environment 
(i.e. roads, streets, traffic lights, fuel supply network, etc.) will increase the number of advanced sensors 
and actuators that they hold. This interaction is one of the core ideas included in the concept of smart 
city. It is also the key requirement for the development of the future driverless vehicles, which carry 
freight and people inside a fully automated smart infrastructure without direct human steering. The ad-
vantages of such a system are evident, i.e. drastic reduction of traffic jams, accidents, energy consump-
tion, contamination, etc. The accomplishment of such ideal will require the incorporation of new smart 
technologies performing actions like collision avoidance (steering), vehicle-to-vehicle communication, ve-
hicle-to-infrastructure communication, steer-by-wire, lane keeping, forward collision avoidance (braking), 
adaptive cruise control, vision enhancement, near obstacle detection, semi-active suspension, traction 
control, etc. This will produce a dramatic increment of the number of sensors and actuators in the vehi-
cle. 
Furthermore, smart materials may cover a primary role in the future vehicle design: functions integration 
(sensors, actuators, electronic, wiring) directly within the components structure, development of func-
tionalized thermoplastic polymers and optimization of their transformation processes, may contribute to 
the industrial process simplification and to a consequent weights and costs reduction overall the vehicles. 
Within this context, the production of plastic “intelligent” surfaces could guarantee a direct and basic 
form of interaction and could move the “sensor” function from the electronic devices to the plastic perim-
eter. Additionally, special compounds could take up the challenge of using plastics to replace metals, 
solving problems of heat build-up and electrical conductivity in electronics and lighting automotive parts. 
New materials able to receive, convert or emit physical signals in a more efficient way (i.e. to amplify the 
intensity ratio or transfer function between output and input signals using a smaller volume of material) 
will be required. Additionally, devices integrating more than one single function in a reduced space will 
ask for the development of composite materials that simultaneously couple signals of different physical 
types, i.e. electromagnetic, electromechanical, thermoelectrical, magnetocaloric, optoelectronic, etc. 

Specific topics to be addressed are: 
a) Materials for electromechanical transduction simultaneously working as sensors and actuators (e.g. pi-

ezoelectric ceramic and polymers, or electroactive polymers). 
b) Thermal-magnetic or thermal-electric energy conversion (i.e. magnetocaloric and thermoelectrical ma-

terials). 
c) Advanced polymeric materials with special magnetic, electrical (i.e. conductors) or optical properties. 
d) Materials for thermomechanical coupling (e.g. shape memory alloys). 
e) New materials for transduction between different types of energy or signals (i.e. mechanical, electro-

magnetic, chemical, thermal, etc.) 
f) Integration of these new materials into multifunctional MEMS or NEMS. 
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 High-performing dielectric polymers for sensing and actuation 

Novel, high-performing dielectric polymers are needed for sensor and actuator application. Fields of ap-
plication are e.g. haptic interfaces, adaptation of structural properties, morphing, acoustic devices or en-
ergy harvesting. 

 Next generation of sound insulation materials 

• Lightweight, yet high noise/vibration insulation properties 
• Multifunctional (combining thermal insulation and strength function) 
• Both passive and active solutions 
• Meta-materials: new materials with internal passive resonators creating enhanced damping at target-

ed frequency ranges 
• Development of accurate numerical simulation models of these new materials to allow optimal use in 

vehicle design 
• Development of appropriate test procedures for material property identification to be used in numeri-

cal models 

 Material-integrated intelligent systems 

• technologies for realizing of robust & reliable material-integrated intelligent systems. 
• approaches for coupling product self-awareness with production systems during the manufacturing 

process 
• strategies and approaches for ensuring and quantifying reliability and robustness in material-

integrated intelligent systems 
• short to mid-term: top-down approaches towards material-integrated intelligent systems, i.e. integra-

tion of sensors an peripheral components in various types of materials, e.g. metals, polymers, fibre re-
inforced composites etc. 

• long term: bottom-up approaches. 

 Energy Recovery in Vehicles 

Besides optimising the efficiency of ICE, or fuel cells, secondary energy sources become more and more 
important in vehicles to supply all electronic devices in a vehicle. Secondary energy sources such as the 
kinetic energy of the vehicle itself, the heat radiated by the combustion process or structural vibrations 
can nowadays utilised by applying advanced transducer materials or multi-functional material systems. 
Here, the thermo-electric or piezo-electric coupling of these transducer materials can be used to generate 
electricity. Concepts can range from self-powered sensor systems up to power supply for actuators, mo-
tors or audio and sound systems. The technology of these concepts should be brought to a level where 
commercial applications are feasible and cost-effective.  

Topics to be addressed: 
• Design of hybrid material systems for energy harvesting. 
• Development of concepts for: 

o Energy recovering suspension systems, 
o Energy harvesting from heat, 
o Energy harvesting from vibration. 

• System integration (simulation, optimisation, control aspects, etc.). 
• Manufacturing aspects. 
• Life-cycle assessment. 
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Manufacturing & Assembly 

 Low energy-intensive technologies for the manufacturing of the next generation materials 

The use of energy during manufacturing phase can be responsible for a significant environmental impact, 
especially in case of innovative materials for which the process is not technologically consolidated. The 
R&D efforts should be oriented to assess the potential of existing technologies, while offering improve-
ment, optimization or radical re-design of the manufacturing processes. The manufacturing process 
should be developed considering the needs of mass production, e.g. in order to enable automation and 
integration in existing manufacturing and assembling plants. 

 Innovative Consolidation Technologies for Ceramic and/or Metallic Powders 

Versatility is a main characteristic of modern consolidation technologies for particulate systems. This flex-
ibility comes from the many possible choices for powder production and its consolidation into useful ma-
terials and components. Industrial processes allow at present focusing on mass production to manufac-
ture cost effective components, e.g. press+sinter, powder injection moulding (PIM), slip casting, deep 
coating, etc., or relatively expensive methods to produce high performance materials, e.g. cold isostatic 
pressing (CIP), high velocity compaction (HVC), vacuum sintering, hot isostatic pressing (HIP), powder 
extrusion, etc. The right selection of the technology makes possible to produce near-net-shape compo-
nents with tight tolerances (e.g. press+sinter), shape complexity (e.g. CIP, PIM, additive manufacturing 
techniques or slip casting) or semi-finished fully dense products with ultrafine microstructures (e.g. pow-
der extrusion or HIP). 
New powder processing technologies may alloy the development of true nanostructured materials either 
from the top-to-bottom or from the bottom-to-top approaches at industrial level. Top-to-bottom methods 
results from the cold or warm consolidation of ductile powders using severe plastic deformation (SPD) 
techniques, e.g. equal channel angular extrusion (ECAE) or high pressure torsion (HPT). Bottom-to-top 
methods start from nanoparticles produced by chemical methods (e.g. sol-gel, homogeneous precipita-
tion, vapour condensation, etc.) or nanostructured/amorphous powders manufactured by high energy 
ball milling or rapid solidification technologies (e.g. atomization, melt spinning, etc). Metastable materials 
(e.g. alloys of immiscible metals) with properties that cannot be attained by conventional manufacturing 
technologies may be possible. These two approaches can be combined between them or with the state-
of-the art technologies in different ways to produce the next generation of materials and components 
from powders. 

Specific topics to be addressed are: 
a) Design and manufacture of components for the full electric vehicle by mass production, low cost, 

near-net-shape technologies. 
b) Manufacturing of meta-stable, especial, high performance powders produced by high energy ball mill-

ing or rapid solidification technologies. 
c) Advanced consolidation techniques to minimize microstructural coarsening. 

 Development of new processing methods for light alloys and its composites  

The production of aluminium and magnesium components (and their composites) with better mechanical 
properties and greater engineering reliability is a key aspect for the competitiveness of European indus-
try. In order to achieve this goal, more research is needed to overcome the current technical and 
knowledge. This research should focus on the complex interactions existing between the raw material, 
the process, the part microstructure and the final part quality. A greater degree of sensoring and auto-
matics is also necessary in order to prematurely predict failures of production equipment and faults in 
part quality, as an essential condition to the continuous quality improvement. 

 Efficient production processes of composite structures and the link to the material/ structural properties 

The use of advanced composite materials is increasing dramatically. Having previously been used pre-
dominately in low-volume high-cost products, such as spacecraft and military aircrafts, composite materi-
als are now being introduced on a large scale in automotive industry. This progress requires that new 
composites manufacturing technologies are developed and industrialized. The development entails new 
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and complex manufacturing processes, whose simulation require quite sophisticated modelling in order to 
handle multiple coupled physical processes. An obstacle for many of these processes to achieve full in-
dustrial maturity are the complex physics involved in the process, which presently cannot be controlled by 
commercial process simulation software. The research issues are related to, on the one hand, the under-
standing of the actual manufacturing process, and, on the other hand, the process induced material and 
structural properties.  

 Efficient joining of lightweight components for maintained safety 

The use of advanced composite materials is increasing dramatically. Thereby, new assembly and joining 
techniques will be of importance since the traditional ones are mainly adapted for metal structures. Con-
sequently, both the potential of rational industrialisation and the development of efficient numerical pre-
diction tools for these joining methods need to be addressed. The latter is of outmost importance for ro-
bust and crashworthy designs. Among other things, the project would address: robustness and reliability 
of adhesive joining, rational processes for adhesive joining, innovative joining concepts applicable for 
CFRPs and their assessment, development of numerical prediction tools for adhesive joining of CFRPs. 

 Innovative advanced modular vehicle strategies based on highly efficient manufacturing processes of new 
lightweight materials 

The motivation of this topic would be to design and develop new modular vehicle architectures, based on 
the recent developments for the previous calls of European Green Car Initiative These modular architec-
tures would imply a huge reduction in the production costs, will shorten the development time for new 
vehicle concepts and will try to enable to use similar modular platforms for many of the future power 
train alternatives (EV, hybrid, ICE, …). The modular concepts will rely on very efficient manufacturing 
processes for each component, and should be valid for a high range of production volumes (low volume 
car segment to high volume car segment). The modular architectures would be specifically designed 
based on the new developed lightweight materials (e.g. composites, aluminium, UHSS, sandwich materi-
als,...), and will be combined with a high level of integration of the sub-systems, in order to achieve a 
further reduction of the vehicle structure weight. The safety of the modular designs will be also validated.  

Research under this topic will use/develop the following technologies and components to address collec-
tively the following aspects: 
• Design & production of modular architectures, for the new developed lightweight materials, light-

weight vehicle concepts and joining techniques.  
• Integration of sub-systems and functionalities (alternative power trains,...) in the modular architec-

tures. 
• Increase the efficiency of production processes, by selecting or optimizing adequate manufacturing 

processes for each one of the components of the modular architecture. 
• Extensive use of simulation to design the optimised production processes and modular architectures. 
• Predictive Engineering tools and efficient processes for composite materials. 
• Standardization of the manufacturing processes and final components. 
• The safety and rigidity of the vehicles will be ensured. 

 Handling of uncertainties in the product development to reduce faulty parts and minimise resources 

A self-controlled manufacturing processes by creating a control system between product quality and pro-
duction processes will be desired to handle uncertainties in the production process and to minimise fault 
parts. Analytical non-destructive testing methods for (new future) materials need to be integrated into 
the production process in order to support continuous product and process quality by evaluation and 
feedback of quality information to production parameters. On the measured data, the production parame-
ter will be automatically adapted.  

• Near-net-shape manufacturing by better process simulation and control 
• Understanding and predicting material behaviour while processing 
• Implementation of adaptive manufacturing concepts 
• Inline control of manufacturing processes 
• Describing and controlling uncertainties from material to the final product 
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 Rapid Prototyping and additive manufacturing of multi-material systems for small and specific batch pro-
duction 

To secure European’s competitiveness in production technologies it becomes increasingly more important 
to expand innovative manufacturing capabilities with respect to knowledge-intensive processes. On the 
other hand, it is essential to enable a flexible, fast and efficient technology to design and realize multi-
material systems such as smart structure systems or even for systems to enhance logistics functions e.g. 
by RFID-integration for medium, small to specific batch sizes. This relieves the realization of smart sys-
tems for product optimization in transport engineering, e.g. for implementation of structural health moni-
toring concepts, acoustic optimization and sound design as well as advanced active safety systems. With 
this, it is important to combine RP-manufacturing procedures with sensor, actuator, control, electronics 
and communication functions and its components. It is necessary to progress RP-technologies, develop 
new design rules and efficiently integrate both into the design methodologies of engineers.  

Further progress in RP/RM -technologies include research on:  
• Enhancement of functional properties of (polymer) RM materials by application of e.g. metallic coat-

ings on polymers, polymer metal matrices, etc. 
• Reduction of RM product tolerances by improvement of design and production process;  
• Material and product design on lifetime and performance of RM polymer / multi-materials; 
• Recycling and waste reduction of polymer base materials for RM processes; 

 

Design & Modelling & Testing 

 Tailored and “abridged” LCA/EcoDesign approaches/strategies/tools embedded in vehicle design and 
manufacturing 

The reduction of externalities on the environment related to the production, use and disposal of product 
are strictly dependent from the development of environmental conscious design methods. The evaluation 
of the whole life impact through Life Cycle Assessment is a primary comparison and analysis tool which 
can be used over an Ecodesign strategy, but its usability is usually affected by two main issues: 

o during the concept design phase, a reduced amount of information is usually available on the final de-
sign of the product, thus only simplified LCA based on general data can be performed; 

o during component design, while considering the material selection and the manufacturing process de-
sign phase, the detail of LCA information has to be high in order to offer reliable confrontation of solu-
tions having sometimes a similar impact. 

For this reason, LCA should be available through an integrated tool within common Computer Aided En-
gineering environments; both approximated data (based on so-called “abridged” LCA) and detailed data 
(coming from database) should be available to the designers. R&D efforts should be oriented to the pro-
posal of innovative Ecodesign strategy, which implies the development of innovative logical schemes and 
theoretical frameworks as well as a continuous data updating. Furthermore, the creation of standard LCA 
database of novel and very innovative lightweight materials and related technologies should be consid-
ered. 

 Ultra light hybrid and fully electric vehicles 

• high degree of integration of plastics and composites into the vehicle structure 
• very high multi-material mix 
• function integration to minimise # of parts 
• design for modularity 
• cost-efficient manufacturing & assembly technologies 
• recycling & repair 
• validation & demonstration 
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 Integrated interdisciplinary simulation and testing  

The process of design and construction of technical components and parts is attended by modern simula-
tion software and testing facilities. Powerful commercial simulation tools are available in the fields of 
structural-mechanics, fluid mechanics, acoustics, electro-magnetism, durability and the control of dynam-
ic systems, as long as these fields are treated separately. But the assessment of the reliability of com-
plete systems with all its deciding disciplines (mechanical, thermal, electrical, controlling, software) is not 
possible or at the best afflicted with great insecurities. There are statistic approaches to evaluate the dif-
ferent examinations on components under aspects of probability of failure, but up to present not any 
technologies have been developed for the integrated simulation and testing of a complete system with its 
disciplines and interactions. Although industrial research and design engineers know about the ad-
vantages of this integrated approach to evaluate complete systems in terms of reliability, they are slowed 
down by the lack of adequate methods and tools, both on the numerical and experimental side. In order 
to support this aspect of reliability analysis, methods for probabilistic modelling of materials and reliability 
optimization should be developed allowing the non-deterministic modelling of new materials using micro, 
meso and macro approaches. 

 Accelerated testing for safety, reliability and life-time for road vehicles and its components 

• development of test methodology and procedure to evaluate the safety, functional safety, reliability 
and life-time of hybrid and fully electric vehicles on system as well on component level 

• Understanding degradation and failure mechanism on system and component level under operational 
loads 

• Modelling and simulation of accelerated testing (e.g. in terms of functional safety, reliability and lifet-
time) 

 High frequency numerical simulation and experimental testing  

A stringent need for the development of NVH analysis techniques for design and optimization of hybrid 
and electric vehicles as electrification of vehicles poses several new NVH challenges; current tools are 
ICE-based addressing a lower frequency range than experienced in electrified vehicles. Challenges are, 
among others, the understanding of specific acoustic signatures of electronic sources, the evaluation of 
the effect of masking or the assessment of the effect of combined electrification drive train technology 
together with the use of lightweight body and flexible chassis structures. Thus dedicated numerical simu-
lation and experimental testing techniques for the analysis of the structural-acoustic behavior of (H)EV 
are needed. 
• high frequency modelling of lightweight composite structures 
• high frequency methods for complex and composite structures 
• hybrid experimental-numerical techniques for NVH characterisation & modelling. 


