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Executive Summary

Sustainable mobility is one of the grand societal challenges and thus a key topic for the
automotive industry, which believes in the on-going demand for individual mobility. In order to
meet increasingly strict emission targets and growing traffic in urban areas, electro mobility is
a promising way. While the second generation of electric vehicles has been introduced into
the market recently, most of the models are still based on conventional vehicle models and
their architectures. The new electric components however suggest new freedoms in design,
while at the same time leading to new questions. The ELVA project was started in late 2010
to work on exactly these freedoms and questions.

In its first phase, the project partners were thus investigating technology options, which were
regarded as being realistically available from 2020. While these were rather easy to identify,
the expectations and requirements of potential future customers were difficult to find and to
understand. Based on an analysis of several publications and studies as well as internal data
and, not to forget, a pan-European customer survey, it was concluded that the expectations
were very close to what conventional vehicles are offering at the moment. This is particularly
the case for the autonomous range.
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Based on the profound technical knowledge and better understanding of customer needs, a
creative phase began. This was characterized by two routes, one being driven by the project
partners themselves, while the other one involved external institutions. A public design con-
test was launched that brought advanced designs and architecture how they are seen by
expert designers and other interested persons. In the end, three designs were awarded and
used for the further development. From the internal route, a comprehensive collection of
technical ideas on different levels emerged, that was a useful input to the detailed concept
development in the following.

Centro Ricerche Fiat (CRF), Renault and Volkswagen were each responsible to develop a
vehicle concept meeting the requirements and expectations that were analysed in the begin-
ning while taking into account the awarded designs and using the conceptual ideas of all
partners. Within this second phase of the project, advanced vehicle concepts were virtually
developed into a level of detail that allowed in the end an assessment against all key criteria
of importance for a vehicle development. In two development loops, the concepts were
brought to a level that is at least equal than comparable conventional vehicles of the same
class. It must be stated though that the architecture of these three concepts is not radically
different compared to conventional vehicles, but uses well-established approaches were they
showed to be useful.

The results of the final assessment, which also included a life cycle assessment, were sum-
marised in a collection of documents regarding design practices, rules, freedoms and con-
straints especially concerning electrical components, body and chassis of electric vehicles.
This collection is publically available as future reference for all institutions and persons inter-
ested in the conceptualization of (electric) vehicles. This is in line with the very open dis-
semination strategy the ELVA partners have followed since the beginning of the project. All
findings and achievements have been actively published towards the research community
and public and consequently are used as a reference by many initiatives now.

For a successful establishment of European market for electric vehicles — in line with the
European Green Cars Initiative — further scientific and technical research is required. The
ELVA project has shown the prospects of increased modularization in many parts of the elec-
tric drivetrain. This is particularly the case for electric motors and obviously the battery. It is
recommended to catch up the basic ideas of the ELVA project, which were also discussed
with projects such as Easy Bat, OSTLER and SmartBatt, within the next work programme.
On a higher level, urban mobility and its interaction with dedicated vehicles should be ad-
dressed. It is not to forget that several components of the electric drivetrain require more re-
search while it remains at the same time a grand societal challenge to decrease injuries and
fatalities in traffic further.

The ELVA project has looked into many aspects of future individual mobility and may serve
the research community as a future reference.
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1 Introduction

Sustainable mobility is one of the key societal challenges of the twenty-first century and ma-
jor drivers for research and development in the automotive industry. Increasing mobility de-
mand and resulting traffic has to meet stricter emission targets while not compromising
safety levels that have been achieved in the past decades. The electrification of the drivetrain
offers new freedom in terms of vehicle architectures while leading to new challenges in terms
of meeting all requirements. This is particularly the case for the requirements and especially
expectations customers have in electric vehicles being the major factor in terms of success
or failure for the introduction of these new generation of vehicles.

The first mass-produced electric vehicles are currently arriving on European roads. Most of
them are models originally intended to be driven by a combustion engine. As electric vehi-
cles, they have an electric motor and a battery instead of a combustion engine and a fuel
tank. These madifications require extensive adoptions in order to integrate the battery in a
safe and sound manner. As a result, necessary reinforcement measures hinder to fully ex-
ploit the new freedom in design given by the electrification of the vehicle.

In late 2009, the partners of the research project ELVA — Advanced Electric Vehicle Architec-
tures have identified the need for scientifically investigating the prospects of electric vehicles
in terms of architecture and design. Following a successful application, the project was ap-
proved by European Commission and officially started on 1 December 2010 for a total dura-
tion of 30 months, i.e. until 31 May 2013. It is part of the European Green Cars Initiative.

Under the coordination of the Institute for Automotive Engineering (ika) of RWTH Aachen
University, four of the largest European automobile manufacturers and suppliers, namely
Fiat, Renault, Volkswagen and Continental participate in the project. The consortium is sup-
plemented by the Swedish Vehicle and Traffic Safety Centre SAFER as well as IDIADA
Automotive Technology from Spain.

Aiming at series adoption in 2020, a comprehensive forecast of technology options and mar-
ket requirements has stood at the beginning. This includes particularly the in-depth analysis
of customer requirements and expectations. They are investigated based on studies and
OEMr-internal information, but also on a large-scale public customer survey. Customer re-
quirements however are very much linked to the use-cases current conventional cars are
offering, especially when it comes to the desired range.

In parallel technologies for electric vehicle drives available until 2020 are analysed in detail.
Still, substantial improvements especially regarding battery capacity, size and weight are
expected.

In the second phase, these requirements need to be brought in line with technology options
by innovative architectures focussing on urban electric vehicles. To complement the exper-
tise within the consortium a public design contest is drawn, allowing designers to present
their ideas for future urban mobility. Based on an assessment of all ideas and options, three
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dedicated vehicle concepts are developed in detail, enabling optimisation and assessment of
all relevant vehicle features.

This development goes into a level of detail that allows a fully comprehensive assessment of
the vehicles in all key dimensions and disciplines that are part of the development process.
Yet the vehicles are only modelled virtually and not produced as prototypes. By using latest
tools and processes as well as several simulation disciplines, the quality of the assessment
will not compromise the level of validity of the findings.

Key criteria of the assessment are for instance energy efficiency, level of safety, ergonomics
and usability, producibility and reparability. A life cycle assessment allows the identification of
impacts by the newly introduced parts of the electric drivetrain as well as e.g. the measures
used for lightweighting. The concepts developed within the project are compared to conven-
tional vehicles of the same class.

The major goal of the project is to transparently identifying the prospects of electric vehicles
and the implication on vehicle architecture and design. All achievements are documented in
design rules that are available for all interested parties and persons with and without a tec h-
nical background, thus allowing all stakeholders that are involved in defining and designing
future sustainable mobility understanding the interrelations in vehicle architecture and de-
sign, particularly for electric vehicles.

ELVA 7
SCPO0-GA-2010-265898



Ve Final Report =

2 Motivation

With increasing energy costs and stringent European emission targets aiming for
95 g/lkm CO, emissions for the year 2020, the need for a step change in road vehicle propul-
sion technology is apparent. This is especially valid for dense urban areas with high traffic
volume and heavy air quality, noise and safety impact on the people‘s living environment.
Fully electric vehicles offer the potential to be locally emission free while meeting the individ-
ual mobility demand of people. In various studies it has been shown that plug-in electric ve-
hicles can be more efficient than internal combustion engine (ICE) driven vehicles [1], [2].

Today, there are already several hybrid and electric vehicles on the market, but actual sales
volumes are still very low. Nevertheless a potential market for electric vehicles is emerging,
and is expected to grow constantly. Optimistic forecasts predict that fully electric vehicles will
have a market share of approx. 10 % by 2020 while other, more conservative outlooks esti-
mate 1 to 2 % of total annual sales by the end of the decade. Even when considering the
slower market growth projections, it is clear that the market potential for electric vehicles by
2020 exists, particularly for operation primarily in the urban context where 80 % of daily trips
are less than 60 km, and where handling and performance at high speeds is generally less
important than efficiency and ease- and fun-to-drive over the 0-80 km/h speed range.

Future electric vehicles are expected being different from today’s cars in several ways: ena-
bling technologies and components, market demands and related product strategies, safety
and health issues, and operational scenarios, are all due to evolve rapidly with the advent of
electro mobility. The key change in propulsion technology signifies new components such as
battery, inverter and electric motors, which must be developed and integrated, while others
like the internal combustion engine, fuel tank or exhaust system become obsolete. These
changes open up new opportunities and degrees of design freedom (and new constraints),
enabling and requiring new vehicle architectures and designs, and thus being the core tech-
nical motivation for the project.

Ultimately the success of European electric vehicles in a rapidly developing competitive envi-
ronment worldwide depends on the ability of the European automotive industry to develop
and apply new evidence based design practices & design rules tailored to the electric vehicle
design freedom and challenges, as opposed to applying the consolidated approaches which
have been developed specifically for conventionally-powered vehicles (and applied to the
first generation electric vehicles). This approach is termed “conversion design” and although
comprehensible for the current, relatively low production volume of EVs, the result is signifi-
cantly less than optimal in terms of performance, layout, ergonomics and safety. Correspond-
ingly significant improvement in the efficiency and attractiveness of EVs is possible by devel-
oping and applying a new “purpose design” approach for the vehicle architecture and struc-
ture.

As vehicle models for a market introduction on the period up to 2019 are already in a status
of series development (anticipating the usual model/development cycle of six years), these
are not targeted by the ELVA project. Consequently, the focus is on innovative concepts for
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mass application by 2020, based on the enabling technologies and market demands. In line
with the goals of the European Green Cars Initiative [3], the political and economical motiva-
tion for the project is further given by the goal of greening road transport. As such, the col-
laboration of major automotive manufacturers and suppliers is a key prerequisite.

Two main factors make the design of full electric cars for 2020 and beyond especially com-
plex and difficult, and need to be investigated scientifically:

1. Ahigh uncertainty regarding end customer preferences and requirements directly in-
fluencing the market success or failure of the products.

2. The fast rate of evolution of the enabling technologies, particularly batteries and other
energy storage solutions, and related issues such as safety solutions.

Regarding the future customer of these electric vehicles, many studies have been performed,
which identify both continuity in typical car buying behaviour on one hand as well as novel
trends and perceptions on the other. For example new segmentations of the car market are
being considered [4], arguing that future market segments would depend also on the optimal
range required for a vehicle, compared to today’s main axes of segmentation namely size,
luxury and performance. Other publications [5] on future EV car clients also identify new
segments, novel perceptions of (auto) mobility, and charging preferences. The effects on
future vehicle architecture and design for electric vehicles are however unclear and thus
need to be investigated and especially understood by the ELVA project.

Regarding the fast and still uncertain evolution (in some aspects, revolution) of enabling
technologies such as first and foremost batteries, but also electric machines, auxiliary tec h-
nologies, reduced energy consumption for heating & cooling and energy recovery technolo-
gies, each are covered by complementary topics in the European Green Cars Initiative, as
well as in numerous projects and initiatives on European and national level. Like for the cus-
tomer expectations, these different developments need to be analysed, assessed and trans-
lated into development options.

In total, there are numerous motivations for the project on societal, political, economical and
technical level.

ELVA 9
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3 Objectives and Approach

The ELVA partners aim to understand the boundary conditions, given by market prospects
(i.e. customer expectations) and technology option, translating them into technical require-
ments and in the end developing and assessing vehicle concepts. The result of this process
will then be documented in design practices, rules and constraints for future, not only electric
vehicle developments.

The ELVA project aims to do this in a way of “design research”, basically exploring the best
approaches extracting methodological practices and learning rules while executing an open
explorative concept development process for urban vehicles. This includes involving external
organisations and persons such as the European citizen (when it comes to customer expec-
tations) and designers (for future vehicle design ideas).

The specific objectives of the ELVA project are:

e Explore and identify the conceptual design options in a structured and well docu-
mented development of electric vehicle architectures and designs

e Understand of changing customer preferences, market segmentations, customer
perceptions of EVs based on both expert analysis as well as direct dialogue with
large amounts of EU citizens

e Collect and assess what electric drive (and related) technologies/components can
offer by 2020 (e.g. by means of performance, size, package space, requirements,
functions, design freedom & limitations)

e Generate a collection of ideas for specific technical solutions as well as general
vehicle concepts

e Call for an open design contest that provides new ideas for future urban electric
vehicle architectures and designs

e Derive three dedicated and detailed, yet virtual vehicle concepts that allow an as-
sessment against all key performance criteria such as energy efficiency, level of
safety, ergonomics and usability, producibility and reparability

e |dentify pros and cons of these concepts by assessing them against each other
and with comparable conventional vehicles of the same class; this includes a life
cycle assessment

¢ Compile design practices/rules/freedoms/limitations for urban electric vehicles by
making full use of the experience generated throughout the project

e Ensure a highly visibility in the research community by actively disseminating find-
ings and achievements

ELVA 10
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The approach followed by the ELVA project is given in the following figure. Based on the
analysis of customer requirements and technology options, basic specifications are de-
fined/agreed that are the input to the second phase. This phase consists of two partners, one
of them being performed among the partners, while the second part is involving external or-
ganisations and persons. The internal part comprises a creative phase in which new ideas
for electric vehicle concepts in general as well as specific technical solutions are developed.

The external part is represented by the open design contest that is drawn in two parts with
different levels of boundary conditions. The more detailed limitations are resulting from the
collection and first analysis of broad ideas, and runs in parallel to the deeper analysis of the
creative ideas generated by the partners.

Customer requirements Technology options

Usage patterns * Electric drivetrain incl. battery
Requested features * Lightweight design
Trade-offs * etc.
v v
Basis specs
Brainstorming phase Design contest phase 1
* Project partners * Few limitations S
« Selected designers « Design brief \lg’*;!:
« High creativity o —
v v
Broad collection of ideas

Analysis phase
Feasibility, technical potential
Sustainability

* More limitations
» Adaptation

Consolidation phase
* Input: all positively evaluated ideas, design contest results
» Output: three concepts to be detailed afterwards

Fiat concept Renault concept
Aclass AO class B class

* Energy efficiency + Structural behaviour « EMC
* Driving dynamics » Ergonomics * LCAetc.

Fig. 3-1: ELVA approach

All information that is available up to that point is interpreted by the later concept leaders
Fiat, Renault and Volkswagen in three different, virtual vehicle concepts. They take into ac-
count their understanding of customers and previous experiences as well as the “brand DNA”
already existing. In the end, the concepts are assessed as already described.
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4 Specifications

In order to develop basic initial vehicle specifications the following activities were carried out:

Analyses of the most important driving forces for future vehicle design

e Technology forecast in order to achieve a good understanding of the technologies
available for electric vehicles in 2020

e Market analyses for identification of customers’ requirements and needs in 2020

¢ Intensive discussions with consortium partners to formulate, on the basis of the col-
lected information, the basic vehicle specifications for the electric vehicle concepts to
be developed in the ELVA project

4.1 Customer Requirements

4.1.1 Driving Forces and Societal Scenarios

In order to understand the most important driving forces for future vehicle design about 40
reports have been studied dealing among others with future societal scenarios. Most of these
reports are predictions and extrapolations for 2020-2025, based on today’s society and tech-
nology, while a few reports are descriptions of scenarios for 2030-2050. The main purpose of
this analysis was to summarise and structure the material and identify, analyse and define
the main driving forces as well as describe basic interactions and some of the relations be-
tween these driving forces.

The reports studied are very consistent regarding the driving forces: population and eco-
nomic growth, demographical changes, urbanisation and the development of mega cities.
According to the UN [6], between now and 2025, the world population will increase by 20 %
to reach 8 billion inhabitants (6.5 billion today). 97 % of this growth will occur in the develop-
ing countries (Asia and Africa), and it is expected that the quantity of goods needed to serve
the world's rapidly growing global population will increase over the next 20 years. The in-
creased demand of energy and other resources will follow, especially in China. Aimost all
reports studied estimate that the energy demand and the CO, emissions will continue to in-
crease by 2020. According to the IEA (International Energy Agency) [7] in 2025 the world
energy demand will have increased by 50 % compared to 2005 and it is estimated that from
now to 2030 coal consumption, in particular for power stations in China and India, will in-
crease by more than 50 %.

Several reports emphasise a common concern regarding climate change, congestions, lim-
ited resources, and safety and security. In 2009 the EU and G8 leaders agreed that CO,
emissions must be cut by 80 % by 2050, if atmospheric CO; is to stabilise at 450 PPM — and
global warming stay below the safe level 2 °C. But 80 % decarbonisation overall by 2050
may require 95 % decarbonisation of the road transport sector. Achieving the 80 % reduction
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means a transition to a new energy system both in the way energy is used and in the way it
is produced. The scenario report of the European Climate Foundation [8] concludes that it is
possible to fulfil the 80 % reduction by 2050 and provides a roadmap (scenario) for this. For
the transport sector, as well as for the power sector, this implies decarbonisation by 95 %,
without negative effects on safety.

Important aspects of a sustainable transportation solution are energy efficiency, reduction of
limited resources used, a fuel shift and a transition toward renewable energy resources (on a
lifecycle basis). To achieve this, three important driving forces are necessary: (1) technology
development (vehicles, batteries, infrastructure and ICT), (2) political incentives, disincen-
tives and legislations and (3) customer and individuals’ behaviour, values and attitudes.

Most reports argue that the market penetration of electrical vehicles is an important part of
the solution, but it can be seen that the penetration of EVs on the market will still be quite
modest by 2020. The world market of pure EVs is estimated in 2020 to be about 5 % (and
about 10 % in China) of new vehicles sold. An important technology driving force is the de-
velopment of reliable, safe, light and affordable batteries. The battery prices are expected to
be halved by 2020 [9]. There are several new business model initiatives to compensate for
the high prices like Better Place. Information & Communication Technology (ICT) is in many
reports regarded as a very important technology enabler, both regarding safety and effi-
ciency e.g. logistic applications and sustainable management systems. ICT is also an en-
abler of efficient power regulation system and the energy payment system.

The development of the future EV market is expected to be highly dependent on political in-
centives and regulations that will have a strong impact on customer’s choice for transporta-
tion solutions. Traditional criteria such as price, reliability and brand are expected to have
much less impact in the decision process of the future consumer. Individual values, attitudes
and lifestyle will also have a strong influence, not only on the product and services selected,
but also on the companies and the business operation itself. According to many reports sus-
tainability, eco-awareness and corporate social responsibility will matter more and more, and
it is probably in the emergent areas that changes in demographics and consumer behaviours
could have the most significant impact.

Large-scale implementation of road pricing, road tolls and congestion charges are foreseen
as well as actions on progressively tightening emission standards, technology development
programs and standards development for charging infrastructure. One thing is quite obvious:
users and companies should be prepared to pay more for using transport in the future.

Most businesses today have long-term strategies in place which are based on the most
likely, foreseeable future developments, but contingency planning based on different scenar-
i0s is gaining importance, especially in times where paradigm shifts are likely. Extreme sce-
narios can help broaden decision makers’ awareness of future developments which are not
very likely, but which could potentially have a fundamental impact on the industry or on spe-
cific companies. For instance, politicians in so-called smart cities might legislate that only
zero emission vehicles are permitted to drive in central cities (eco-cities). This would proba-
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bly have a huge impact on the EV market. Therefore it is not only the scenarios themselves
that are important, but also learning about the societal and technology driving forces, and
how they relate to each other and by that be prepared for the non-expected.

One interesting finding in this study is the gap between the society predicted by 2020 and the
explorative society and EU targets by 2050. There is a strong uncertainty in the coming years
and the automotive industry will probably have to re-shape their complete business. The
automotive inertial transition pace implies that transition activities have to start now in order
to ensure a realistic pathway towards achieving the 80 % greenhouse gas reduction by 2050.
The four extreme scenarios defined in the SEVS project [10] might be good to use as a ref-
erence platform when discussing the timeframe and the actions to take. Although the actions
taken, or rather not taken today (year 2011) will effect and shape the future society and the
sustainable road transport solutions by 2050.

4.1.2 Market Forecast

The market success of electric vehicles s is largely influenced by the acceptance of custom-
ers. However, the behaviour of customers in 2020 and beyond, i.e. the potential SOP of ve-
hicles based on ELVA ideas is difficult to predict. This concerns all stakeholders and is of
particular importance for the OEMs.

In order to define a future vehicle, it is hence essential to project the future vehicle market.
Possible changes in customer behaviour and customer requirements need to be taken into
account as well as environmental and societal changes. Accordingly, numerous studies have
been performed with the intention to generate a market forecast for electric vehicles. Besides
the analysis of these studies within ELVA a dedicated customer survey is performed.

Review of Studies

As a first step towards an appropriate conclusion for the targeted market about 20 selected
publications regarding the future of mobility are analysed. The publications consider automo-
tive mobility in particular as well as mobility in general. Current and future developments in
environment, society and resources are the foundation for most of the predictions. Respon-
dents to customer surveys are also taken into consideration.

The research identifies four major topics: current mega trends, mobility specific requirements,
vehicle specific requirements and vehicle buying criteria. Mega trends in transport, as men-
tioned previously, are presented in several publications [11], [12], [13]. Mobility and vehicle
specific requirements are derived from these mega trends.

The mega trends are not EV specific, but rather are valid for the entire future of (personal)
transport. The same applies for customer patterns such as changes in mobility models [14]
or the decreasing commitment of customers for a specific model or brand [13]. The influ-
ences of rising energy cost and the ageing society are discussed for several years already
and have a likewise influence on all future vehicles [15].

ELVA 14
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More vehicle specific are maintaining expectations for high safety standards and reliability.
An increase in connectivity seems to be obvious, what might include communication between
cars or cars to infrastructure [16].

Several studies have investigated user expectations for EVs. In general, customers show an
interest in purchasing EVs. However, the accepted extra that buyers are willing to pay is as
low as 10 % for the majority [17].

Another major aspect is the significantly different process for recharging the batteries com-
pared to conventional refuelling. Here, studies show a large difference depending on the type
of user. Fig. 4-1 sums up three different user types and their demand for public charging in-
frastructure.

The most widely discussed aspect of fully EVs is their autonomous driving range. Especially
the difference between actual daily ranges (5-70 km) [18] and the expected offered range of
the vehicle (>300 km) [19] differ widely. This has a large influence on the vehicle concept
definition and the battery as the most expensive component.

User profile Independents  Office Chargers Streetparkers

hia

Characteristics Garage with power Charging atwork Only public
outletavailable feasible charging possible
50-80% 40-70% 10-15%
Demand for public
charging low medium high
infrastructure

Fig. 4-1: Public charging infrastructure demand [20]

Customer Survey

In parallel to the above described analysis of studies, a public customer survey is performed
from April to June 2011. The goal is to receive direct input for the concept definition. There-
fore general questions about mobility are posed, but also very specific ones regarding accep-
tance of and requirements for electric vehicles.

The majority of answers is received via the project's website on which three different lan-
guage versions of the questionnaire are available. Paper questionnaires are furthermore
used in some European cities.
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In total, about 1,100 persons answered the questionnaire. However the results cannot be
regarded as fully representative as for instance about 88 % of the respondents are male, and
78 % hold a university degree. Nevertheless the replies of this selection of the population
show that there is only little willingness for compromises e.g. in the autonomous range, the
number of seats in the car or cost extra. This particular holds for the first car of the per-
son/family.

Uncompromised as well is the importance of a car for life with an average value of 4.7 on a
scale from 1 — not important to 6 — important. Personal mobility remains a major demand and
offers potential for EVs e.g. in densely populated areas such as mega cities.

When asking about expected changes with regard to mobility and transport, a slight majority
expects new drive concepts to be introduced (Fig. 4-2). It is however unclear if this expecta-
tion is a neutral customer expectation or already influenced by the promotion of such new
concepts (like hybrid and fully electric vehicles) over the past years.

17 % 13% 12% 11%

new drive improved raised traffic more public
concepts safety volume transport

Fig. 4-2: Expected change

The same holds true when asking about advantages and disadvantages of EVs. These ques-
tions are posed open, i.e. without suggesting specific replies. The replies are nevertheless
very similar and represent the topics which are widely discussed also in the general public.
Fig. 4-3 shows the clouds of given answers to these questions.

For the participants of the survey the average car size is a mid-size car, and is thus in line
with the number of 4-5 seats that are expected. As stated in the previous chapter, this is a
major deviation from actual car occupancy rates. Also the expected range of the main car of
the person/family is with 400 km or more way above what current battery technology rea-
sonably offers today and potentially in 2020 and beyond. This is closely related to the ques-
tion of recharging. Here, two different scenarios can be interpreted from the replies. About
one third of the user group expects a charging time of not more than 30 minutes. Half of the
users would also be accepting charging times of 2-5 hours. Currently presented concepts
with quick charges (e.g. up to 80 % state of charge) and over-night charges seem to be ad-
dressing these expectations fairly well.
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overheating

less noise durabilty
independency onfossilfuels  greener cars . battery teChnO|Ogy
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acceleration ;
safer new services charging ey production We'gk_'t
less pollution - more expensive
common energy source total energy efficiency
efficiency less comfortable

Fig. 4-3: Expected advantages (left) and disadvantages (right) of electric vehicles

With the current limitations given by battery, but also the electric drive train technology, it is
of special interest what compromises the customer would accept. Fig. 4-4 gives an example
of trade-offs between range and some key features of the vehicle. There is limited willing-
ness to compromise the autonomous range with safety, interior space or cost. For climate
comfort and performance, certain compromises seem to be possible.

123456
range o safety
range ¢ roominess
range ® cost
range ® fast refill
range ® climate comfort
range o performance

Fig. 4-4. Trade-offs

For cost, the replies to the ELVA customer survey support the outcome of the study research
that was described in the previous chapter. More than 50 % of customers would be accepting
no to maximum 10 % additional cost. The average value of accepted additional cost is 163 €.

Conclusions

In general, customers expect electric vehicles to provide the same values as conventional
cars these days. This concerns the transport function as such including the autonomous
range, number of seats and space for luggage. In addition it is expected that electric cars are
more efficient, more quiet and easier to handle. Requirements such as safety and comfort
cannot be compromised at all or only to a little extent. Study results, OEM-internal informa-
tion and the ELVA customer survey all confirm these trends.
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It is still very difficult to predict in how far aspects such as use cases, business case or inter-
modality in transport will be changing over time. One of the often cited examples is limitations
for entering urban environments with vehicles that produce local emissions (cf. e.g. conges-
tion charge in London). This is in line with a study about EV customer expectations that was
published after the conclusion of the ELVA market forecast [21].

The autonomous range of the vehicle is the most influencing factor in terms of concept defini-
tion. It affects the size of the battery being the most expensive single component that needs
to be integrated in the vehicle. The range which is expected by the customer and the actual
daily range which is driven in reality differ widely. As a consequence, different concepts may
be developed in the later stage of the project offering significantly different autonomous
ranges.

As for all vehicles it can be stated that only when the requirements and expectations of the
customer are met in most, if not all cases, the model can be a success. The sales price of
the electric vehicle may be slightly higher compared to a conventional car. The EV must then
however offer a clear benefit for the customer by reduced usage cost or other advantages
such as inner city access. The most important buying criteria can be summed up to fuel-
efficiency, eco-friendliness, safety, cost effectiveness and driving experience.

4.2 Technology Options

Future generations of electric vehicles are offering great opportunities, but are also facing
significant challenges. For the development of next generation architectures for urban EVs, a
deep understanding of technologies available at the anticipated start of production (SOP)
and beyond is crucial.

In order to come to a comprehensive technology forecast for 2020 and beyond, numerous
reports and studies have been analysed. They commonly describe the development of reli-
able, safe, light and affordable batteries being a crucial driving force for EVs. This is in line
with common understanding among all experts that has evolved over the past years.

The following sub-chapters briefly describe the technology options as they have been identi-
fied. The related project deliverable [22] gives an even deeper insight in the findings.

Lightweight Design

Materials and design are key technologies in the automotive industry. Besides the advance-
ment in steel body design (short and medium term), construction methods with fibre-
reinforced high performance plastics and multi material design will be able to play an impor-
tant role in a long term [23].

For electric vehicles, due to the weight and volume of the batteries and the substitution of
mechanical drive train the boundary conditions for lightweight architecture have com pletely
changed. The challenges in lightweight design for innovative vehicle concepts are amplified
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and the importance of lightweight design increases, due to the significant influence of the
battery on the EV’s range.

Furthermore the integration of the battery system enables new possibilities for lightweight
design [24]. Depending on the number of pieces produced, as seen earlier, an approach
consisting of integrating the battery system in a tube-intensive floor panel, combined with a
frame load-bearing structure with non-stressed panels could be practicable.

Besides the mechanical properties the choice for lightweight materials depends on expected
production volume, markets (material availability), vehicle use, customers and performance-
cost-balance. It must be mentioned that the joining technology of the various parts still is a
big challenge which requires significant research efforts, in particular, in the field of joining
dissimilar materials.

Electromagnetic Compatibility

Electromagnetic Compatibility (EMC) and exposure to electromagnetic fields (EMF) are two
technology areas that will have increasing importance in the automotive industry. EMC will
be affected by several trends: increased number of electronic units, high voltage switching
and non-metallic materials in the structure of the vehicle. EMC is a property in a vehicle that
normally is unnoticed. The driver only recognises it when there is a problem. However, if
there is a problem, it may be costly and time consuming to fix it. It is therefore of high impor-
tance to keep EMC in mind from the beginning in a development project.

Methods for virtual assessment can give good information about the general EMC and EMF
quality of subsystems and vehicles, and especially at early stages before the systems have
been built and to assess limited changes in existing designs, but the final verdict must still
come from measurement [25].

There is still no consensus on the risks with long time exposure of electromagnetic fields. But
even if the risk is low, there is still a public concern that needs to be addressed. Reducing the
field levels for the occupants in the vehicles is hence important.

Electric Storage and Drivetrain Technology

Future EVs will be different from today’s cars in several ways. This requests an overall opti-
misation of efficiency and reliability of the drivetrain with regard to (1) battery technology that
must be affordable, lightweight and reliable, (2) charging that has to be standardised and
easy to handle, (3) selected power train arrangement that has to be optimised and matched
with the brake as well as (4) intelligent thermal management that keeps the efficiency of the
EV on a high level.

These topics are responsible for a successful introduction of EVs in near future and they
open up new opportunities and degrees of design freedom, which enable and require new
vehicle concepts.

ELVA 19
SCPO0-GA-2010-265898



Ve Final Report =

In a holistic approach the intelligent interaction between the domains power train, brake and
navigation is absolutely necessary. Future EV concepts must respect such an approach and
presume the availability of the technologies and their interaction.

With current vehicle body (not isolated) it is not sufficient to develop a heating system only
based on a thermal management. Thermal comfort and efficiency can only be provided by an
effective solution with a good thermal protection of vehicle, motor, components and passen-
ger compartment.

Brake Technology

The brake system must be able to recuperate energy. By pure friction braking, normally a
high amount of energy is dissipated into heat and cannot be used within the vehicle any-
more. By an intelligent solution part of this energy can be recycled, using the electric mo-
tor(s) as generator(s). By these means, a longitudinal motion control for optimized energy
consumption in an EV is feasible.

The brake force generation has to provide a management between friction and electrical re-
generative braking, depending on the individual situation (like soft stop, emergency braking).
Also a smooth transfer between friction and regenerative braking is to be guaranteed. This is
achieved by optimal blending of electrical and mechanical brake torques. A big challenge is
the perfect handling of the basic brake function by recuperating energy out of the movement
(deceleration) of the fully electric vehicle and to use the friction brake only for “hard stops” or
emergency situations. The switch from one (recuperation) to the other (friction) mode must
be taken by the system itself, within shortest time and without error, e.g. without any negative
impact on safety (stopping distance, vehicle stability) and driver's perception or influence (no
heavy pedal implications).

Additionally, by the electrification of the brake system including the active control of electrical
drive motors, solutions summarized by “brake-by-wire” systems may open further options
towards active safety in terms of advanced driver assistant system, e.g. adaptive cruise con-
trol, stop & go/traffic jam assist, parking aid [26].

Vehicle Safety

Considering recent research developments it can be expected that for 2020 for a number of
important active safety systems formal assessment methods will become available. Due to
this consumer testing programs [27] and also legal requirements are expected to adopt such
assessment methods. The implication for ELVA is that for EV vehicles 2020+ active safety
systems including (intervening) advanced driver assistance systems will be an important part
of the requirements but further progress in passive safety will also be necessary. Both for
active and passive safety systems the EV concepts should get the highest ratings in 2020
Euro NCAP type of standards.

Active safety systems expected for market penetration in 2020 and beyond and thus to take
on board in the ELVA concepts include:
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e Autonomous braking for rear-end impacts based on pre-crash sensing. For other ac-
cident situations the technology is probably not mature enough yet.

e Automatic braking based on pre-crash sensing to avoid or to mitigate the severity of
impacts with vulnerable road users (pedestrians and bicyclist).

o New ESC systems in case electric motors would drive wheels independently which of-
fers new and advanced possibilities for vehicle control in case a crash would be ex-
pected.

e Driver monitoring system. Driver distraction and inattention is a growing problem in
particular due to the increase of devices in the car that distract the driver. Various
methods are under development or already have been introduced to monitor the fit-
ness state of the driver and for a 2020+ EV such system should be part of the re-
guirements.

e Lane keeping system. Such systems can be effective in particular on 2-lane roads
with opposing traffic.

Passive safety protection requirements in an EV should include:

e A vehicle structure that retains survivable space for the occupant in various crash
modes. Particular if the vehicle is small and light this becomes a challenge. This as-
pect relates directly to the compatibility with other vehicles in a crash.

e Adaptive restraint systems (seatbelts, airbags, head restraints). Based on pre-crash
sensing information for the most important accident conditions the occupant should
be offered an optimal protection.

e \Vulnerable road user protection in case a crash cannot be avoided. Some systems to
reduce the severity of the crash are already on the market based on pre-crash sens-
ing. But further mitigation of the consequences of the crash is needed using passive
safety measures (pedestrian friendly front).

e Fulfilling the highest requirements concerning battery safety.

4.3 Basic Vehicle Specifications

As a final step to achieve basic vehicle specifications intensive discussions among the pro-
ject partners took place. The resulting specifications are summarized in Table 4-1. They are
the result of an iterative process where each partner had defined specifications that should
apply from his perspective, based on the collected information described above as well as
also input from his marketing department. A differentiation is made between different vehicle
classes/sizes. This affects e.g. size and cost of the battery, but also dimensions and weight
of the vehicle. The partners agreed that this set of specifications should not restrict the de-
velopment of innovative concept ideas in the following steps.
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Table 4-1: ELVA concept basic specifications

|No. | Item Value | Comment

1 | Selling countries Europe only

2 | Yearly volume 150,000

3 | Total volume 1,000,000

4 | TCO at 3 years use without | equal to or better than same
incentives class ICE vehicle with same

functionality

5 | Sales price without batteries OEM dependant

7 | Battery cost (cells only) n/a

8 [ Battery cost (2020) per kWh (200 €) assumption

9 | Battery performance 200 Wh/kg

10 | Lightweight cost per saved OEM dependant
kg

11 | Range NEDC without heat- 200 km real life worst case:
ing/cooling (passenger) 100 km

12 | Energy consumption Size dependant

(KWh/100 km) NEDC without
heating/cooling (passenger)

13 | Charging time 3.5 h for full charge according to Conti survey;
only possible with external
3 phase charger

14 | Charger on-board (1 phase)

15 | Power OEM dependant

16 | Torque result of performance

17 | Max. speed (minimum) 110 km/h

18 | Acceleration 80-110 km/hin6 s

19 | Safety performance Euro NCAP 5 stars (in 2020) | consider also OLC and

battery safety (FMVSS 305)

pedestrian protection

20 | Regenerative braking yes
21 | Motor technology and effi- OEM dependant
ciency
22 | Motor location OEM dependant
23 | Total vehicle weight w/ bat- 800 kg (A)
teries 1,000 kg (B+)
24 | Vehicle payload 4 persons + luggage (VDA) | (320 kg)

25 | Weight of drivetrain w/o bat- concept dependant
tery
26 | Gradeability 5 % stable
20 % mid time (30 seconds)
30 % short time (2 seconds)
27 | Cross section area (2.2 m?) assumption
28 | Specific air resistance 0.25 target
29 | Specific rolling resistance below 0.015
30 [ Number of seats 2 (95 %) + 2 (50 %)
31 | Cabin volume OEM dependant
32 | Heating installation power according to homologation | today: about 7 kW for
requirements 20 minutes
33 | Cooling (climate control) yes
34 | Main use case commute
35 | Weight distribution 50/50 assumption
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5 Definition of Basic Architectures

In the ELVA project three detailed vehicle concepts have been developed to fulfil technical
requirements and customers preferences. Based on the technology and market forecast, the
objective is to create a broad library of possible EV architectures, layouts and concepts to-
gether with an initial qualitative assessment of their validity. The definition of basic architec-
tures is based on technical design ideas and a design contest, see Fig. 5-1. Technical design
ideas are generated by a customer survey, technology research, workshops and vehicle
concepts.

Based on this data, technical design ideas are selected to define for each EV concept a ba-
sic architecture. In addition to technical design ideas, successful vehicles must offer an at-
tractive design. Thus a public design contest has been drawn for design schools, institutes
and every interested person. The public design contest runs in parallel to technical design
ideas and is split into two phases. In the first phase only few requirements are given for the
designer. The most promising ideas are selected and invited to participate in the second
phase of the contest with much stricter requirements.

Three winning designs are determined by a jury and each design is assigned to a basic ar-
chitecture. Based on an assessment of all ideas and options, three dedicated vehicle con-
cepts are developed in detail, enabling optimisation and assessment of all relevant vehicle
features. In their final concepts Renault, CRF and Volkswagen address different types of
vehicles. Renault and CRF both follow a small urban concept in the size of a Renault Twingo
resp. Fiat Panda, while VW is in favour of a concept close to the VW Golf dimensions.

4 N O

\

Technical Design Ideas Design Contest

‘ Customer Survey ]

[ Research ] [Workshop] [ Concepts ]

o %

( Selection ] ( Selection ]
Basic Basic Basic

Architecture Architecture Architecture Design 1| | Design 2| | Design 3
VW Renault

| CIIQF [ I
|
J 7

t VW Concept J t Renault Concept J

t CRF Concept ]

Fig. 5-1:  Definition of basic architectures
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51 Technical Design ldeas

Technical design ideas have been developed based on a customer survey, workshops, tech-
nology and market forecast, and basic concepts of each partner. Within the first phase of the
ELVA project, three different sources were used as input for the market analysis:

e Public studies and reports
e Dedicated customer survey

e Information provided by the marketing departments of the OEMs

The customer survey took place from April to June in 2011. The presentation of the results is,
similar to the questionnaire, divided into six thematic parts:

e Participants

e Transportation
e Mobility

e Design

e Attributes

e Costs

The results of the customer survey, presented in chapter 4.1, as well as the technology re-
search have been considered.

In creative workshops impacts of electro mobility and electric vehicles for the basic concept
layouts were elaborated. Innovative ideas were openly discussed addressing technical and
customer related issues. These were considered in the following assessment of different
concepts. Aiming at progressive concepts and breaking away from existing or conventional
concepts an open minded approach was followed using creative methods to generate new
ideas such as brainstorm sessions, meta plan techniques and brain writing (Fig. 5-2).

Fig. 5-2:  Impressions of the creative concept workshops

ELVA 24
SCPO0-GA-2010-265898



@% Final Report ;%

Setting the framework for the ELVA concepts, open questions regarding electro mobility were
discussed to be aware of the chances and challenges during the development of the new
concepts. The results have been summarized to the following topics:

e Changes resulting from electric drivetrain

e Features influenced by the electric drivetrain
e Critical aspects

e Key technologies

e Character of electric vehicles

e Equipment

¢ Unique selling points

Based on the discussion about the concept framework, categories for innovations were iden-
tified that could give a novel approach for technical solutions (Fig. 5-3).

Style & Design )8
: Design

Ideas for
Innovation

Total Vehicle \
>
Thermo
HMI & ADAS

Fig. 5-3:  Categories of ideas for innovation

Leading into the discussion on ELVA vehicle concepts and bringing the ideas into a concrete
concept all partners prepared basic concept layouts for electric vehicles. As a result of the
concept workshops these basic concept layouts were iteratively enhanced. Besides the con-
cept leaders CRF, Renault and Volkswagen also Continental, IDIADA, SAFER and IKA de-
veloped a basic concept layout. The layout included a basic package with drivetrain, suspen-
sion and steering, an interior and occupant package as well as a basic structure. Additionally
distinguishing functional features are completing the layouts.
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The basic concept layouts cover a wide range of possible vehicle layouts and technical solu-
tions. Information was exchanged where proposals showed a similar design. A basic concept
assessment was incorporated to challenge all concepts and to identify most promising ideas
to be considered in the concept development.

The final selected concepts have been integrated by Renault, CRF and Volkswagen ad-
dressing different types of vehicles in their concepts (Table 5-1). Renault and CRF follow a
small urban concept in the size of a Renault Twingo resp. Fiat Panda, while VW is in favour
of a concept in the Volkswagen Polo/Golf dimensions.

The Renault concept underlines the focus on an affordable, lightweight and easily manoeu-
vrable car (target curb weight: 800 kg; BIW: 200 kg w/o expensive materials; battery system:
150 kg).

CRF focuses on a smart structural layout directly resulting from a topology optimisation. It
represents an A-segment car (wheel base 2,300 mm, overall length around 3,300 mm), thus
larger than the Renault concept (3,000 mm) and smaller than VW one (“B-segment plus”, like
“Polo plus”).

Volkswagen considers two different propulsion system concepts in order to meet the different
characteristics of an SUV/MPV and roadster, and as such enable higher production volumes
due to a platform strategy with the goal of bringing down the high cost of electric components
thanks to economies of scale effects.

The three EV concepts are summarized in Table 5-1.

| Renault | CRF | VW
affordable, light- latform strategy:
_ _ Y structural layout from P 9y
Architecture weight, w/o expen- S SUV/MPV and
, _ topology optimisation
sive materials roadster
Segment Micro A-class B-class
Number of
3+1 4 4
passengers

Table 5-1: ELVA concept criteria

5.2 Design Contest

A design contest was launched to receive free styling ideas on electric vehicles that can be
adapted to the ELVA concepts. It was set up as a two step contest. In the first step concept
ideas are collected and assessed. Six concepts are selected and taken to step two, where
the selected concepts are transferred to a higher level of detail by creating ALIAS models
that can be used for the further concept development. These models are improved to the
needs of the technical concepts that are described in chapter 5.1. Three concepts are se-
lected as the winning concepts for the three EV concepts (Fig. 5-4).
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Application Phase — Summer 2011 (July - September)

Send us your concept ideas in form of design drafts or design
=~ : ..! sketches with a short description.

Step 1 L

p [ \ —— All concepts will be evaluated by a professional jury of designers and
) \ engineers involved in the project. Five winning concepts will be selected for
"4 . the final phase.

Final Phase — Autumn 2011 (October - November)
Transfer of the winning concepts into ALIAS models.

All selected concepts will be evaluated with the technical concept,
developed by the engineering partners. The final concepts will be
evaluated by the jury and ranked one to five. The total price money will
be distributed amongst the five concepts.

Step 2

Fig. 5-4:  Set up of the two step design contest

Step 1 was set up as an open design contest for all interested professional, non-professional
and amateur designers. As a motivation and as a mean of approaching the designers a moti-
vation movie was created where essential aspects of electro mobility that should be ex-
pressed in the designs such as individuality, fascination, emotion and mobility were ad-
dressed without giving any technical or vehicle related impression (Fig. 5-5).

Fig. 5-5:  Stills from motivation movie for design contest step 1

To keep the design drafts on a comparable level and to enable the stylings to be transferred
to the ELVA concepts in step two, some prerequisites were given with regard to the general
ELVA requirements. All participants were asked to design a vehicle with following features:

e Number of wheels: 4
e Number of persons: 4-5
e Battery volume: 125-175 litres

e Use case: urban commuting
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The contest was published via internet and press with more than 100 mailings. Additionally
17 notable design schools all across Europe were contacted directly (Fig. 5-6).

FH Joanneum — Industrial Design Department Austria
Creapole France
Espera Sbarro France
ISD France France
Strate College France
Braunschweig University of Art Germany
Pforzheim School of Design Germany
MOME Hungary
Istituto di Arte Applicata e Design Italy
POLI.Design — Transportation & Automobile Design Italy
Scuola Politecnica di Design Italy
Istituto Superiore di scienza dell’automobile Italy
Politecnico di Torino - facolta Architettura Italy
Scuola ltaliana Design - PST GALILEO scpa Italy
Facolta di Architettura "Ludovico Quaroni" Sapienza Italy
Facolta di Architettura "Luigi Vanvitelli" Italy
Istituto Europeo di Design Italy/Spain

Fig. 5-6:  Contacted design schools across Europe

Eventually about 40 design concepts were submitted. Assessment of all entries was done by
the consortium supported by renowned Prof. Lutz Figener (Hochschule Pforzheim Univer-

sity), who contributed on a voluntary level. He was regarded as a neutral jury member since
students of his university were not involved.

A pre-selection was done by scoring the quality of design and the level of innovation. Drafts
with high quality were considered a good design, but less innovation as well as ones with
less design craftsmanship, but with single solutions worthwhile looking at.

Following five concepts and designers were awarded as the winners of step 1:
e "Kabuki" by Enrico Gatto, design student from IAAD Torino, Italy
e "Bugaboo" by Laszl6 Fogarasi-Benk, design student from MO ME Budapest, Hungary
e "ELVA"Dby Pete Clarke, freelance designer from United Kingdom

¢ "MODS3" by Joost Roes, design student from Delft University of Technology, Nether-
lands

e "Firefly" by Adam Csicsman, design student from MOME Budapest, Hungary

It was further agreed to issue a wildcard to “worm-e” by Jorge Biosca, a freelance designer
from Spain (Fig. 5-7).
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Firefly

Wildcard

Fig. 5-7:  Awarded concepts of design contest step 1

In step 2, adapting the designs to the ELVA concept packages was required, and the part-
ners agreed that two designers each will be asked to incorporate a certain package concept.
A common decision was reached that Renault works with “Bugaboo” and “Firefly”. Volks-
wagen preferred concepts “ELVA” and “worm-e” as especially “ELVA’ seemed to be fitting
the larger Volkswagen package requirements, and CRF approached the designers of “Ka-
buki” and “MOD3".

The objective of step 2 was reaching the convergence of design and technology. All design-
ers were asked to incorporate the package of the concept leaders and transfer their design
drafts into ALIAS, an industrial design software, and to provide 3D models.

With regard to the above mentioned results of the detailed work on the concepts the consor-
tium agreed to finally award the concepts. Overall winning concept was seen in “worm-e”, as
the concept showed a high level of innovation, a good design craftsmanship and was able to
incorporate package requirements. “Kabuki” and “Bugaboo” were both ranked as runner-ups
in second place (Fig. 5-8). Although not further considered in the following concept develop-
ment also the further three designers were awarded from the total price money of
10,000 euro.
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Kabuki worm-e Bugaboo

worm

e

1st
2nd 2nd

Fig. 5-8: Winning concepts of the ELVA design contest
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6 Engineering

This section focuses on the conceptualization of the optimal layout and the development of
specific design solutions regarding drivetrain, chassis and body for the three concept electric
vehicles under investigation. On the basis of the three concepts previously selected, this ac-
tivity has taken into account all design constraints coming from layout, suspension architec-
ture, battery placement, engine typology, passengers’ arrangement etc. in accordance with
the forecasts of future technologies and market expectations.

Each concept leader, namely VW, CRF and Renault, developed the design of their respec-
tive concept vehicle with support for the detailed design of the individual sub-systems being
provided by the other partners involved corresponding to their field of expertise namely Con-
tinental for the development and integration of the powertrain and braking systems, IKA for
the body and by IDIADA for the chassis. In this way each partner was able to exploit their
expertise to identify the most appropriate technical solutions with respect to each of the three
vehicle concepts under development.

The concept development and engineering activities were performed in parallel with the as-
sessment activities, the direct interaction making it possible to converge towards an optimal
solution guided by safety, ergonomics, EMC, thermal management, driving performance and
energy efficiency through extensive numerical simulation activities.

6.1 CRF Concept

The CRF concept focuses on determining simplified, modular solutions in order to promote
flexibility and affordability to match the need for advanced mobility concepts such as car
sharing, fleets, service cars, and personal commuter use.

6.1.1 Layout and Styling

Remaining within ELVA requirements perimeter (i.e. four seats, urban/extra urban use, lug-
gage space, highway use etc.), the reduction of the battery is declined in terms of modularity
in order to offer also a relatively short range car compatible with these minimalized require-
ments, bearing in mind that any redundancy concerning the battery translates into consider-
able additional expense.
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Lenaht 3594 E-Motors Central front / motoraxle rear
Height 1548 Power [kW) 28 + 25 (2x12,5 roar motors)
Wheelbase 2390 Toraue INm) 82 + 82 (2 x 41 roar motors)
Nsaais al5 Nominal Voltage V] 133

Max motor speed [rpom] 10500
N doors 4 Enerqy storage [kWh] 53+53+53
Curb Vehicle Mass | 860 - 1000 ka | ['gioctric ranae (min/max) fkm] 741150

V max lkm/h] 100

Chargina system On board 220V + Inductive

charging

Fig. 6-1: CRF concept specification

The exterior styling of the CRF concept is essentially a compromise between the “Kabuki”
presented in the context of the design contest by Enrico Gatto, and the different functional
needs and engineering requirements. The original “Kabuki” styling, for example, was con-
ceived with two lateral doors, but the need for a four passenger arrangement (a fundamental
requirement defined at the outset), suggested to consider four lateral doors for convenient
ingress/egress.

ELVA-CRF

Fig. 6-2: CRF concept styling

6.1.2 Architecture and Package

The body architecture of the CRF concept was developed around a 4/5 seats arrangement,
with batteries under the seats (both front and rear rows) and motors in the front and rear en-
gine bays. The load paths, defining the main structure skeleton, were designed in order to
create stable supports to the most demanding crash conditions.

As regards the ergonomics, a number of trade-offs were necessary in order to preserve a
comfortable driver and passenger arrangement while accommodating the batteries and elec-
tric motors. An ergonomics study of a 4/5 passenger configuration with 5 doors suggested
that the transversal orientation of the battery modules would offer an acceptable trade-off
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with respect to the leg angles. For the first row of seats, the target was to keep the H-point at
the same height as a Fiat Panda, which is recognised for its relatively high-level of in-
gress/egress comfort. This constraint imposed a redesign of the conventional seat sliding
system. In particular, one of the sliding rails was rotated by 90 degrees to leave sufficient
space for the batteries and the supporting structure, including a transversal reinforcing beam
used as front seat support and side crash reinforcement.

Fig. 6-3: CRF concept cross section

The interior design of the CRF concept also meant that, with respect to the other two concept
vehicles, the instrument panel is shorter the seating position is higher. Since the standard
passenger airbag was not appropriate for the interior concept, the geometry of the airbag
was adapted to guarantee a stable position of the airbag in front of the occupant.

6.1.3 Powertrain

As the high cost associated to the batteries still represents the main obstacle for commercial
feasibility of electric vehicles, a modular concept with radical simplification was adopted,
namely to offer the customer the option of buying and install only the amount of he or she
actually needs, recognising that any redundancy concerning the battery translates into con-
siderable additional expense.
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Fig. 6-4. CRF concept powertrain components

The basic configuration comprising a single 7 kWh battery each providing a range of 50 km,
was considered sufficient for daily use in an inner city context with a 25 kW motor in the front
engine bay.

Modularity corresponds to the option of adding a second module to the basic one in order to
increase vehicle range. For example, for daily commuting usage (ring, periphery areas)
within the 80-100 km of range, doubling the basic energy storage would be sufficient. Also
the option for a third energy storage level to provide a range of 150 km would be an ideal
option for extended extra-urban use, especially should the absence of recharging infrastruc-
ture require extended range. By making the three battery modules identical the diffusion and
consolidation of specific, standardised technologies is considered to be supported. The pos-
sibility of installing also an induction charger to enable on-route charging of the battery was
also included for future application.

The traction system adopts a modular, distributed-power logic as well: The basic configura-
tion uses a single central motor with gearbox with a simplified two-gear system positioned in
the front engine bay. However, a number of different powertrain configurations could be se-
lected by the customer depending on requirements including, for example, a subsequent
upgrade of the electric motor if more than one battery module is selected. It would also be
possible to upgrade the traction system by adding a rear motorized axle to provide an extra
25 kW of power and offer a 4WD traction system. If the instantaneous power and traction
requirements can be satisfied by only the front axle, the rear motor does not absorb current;
instead if more power is required due to higher acceleration demand or when a better torque
distribution on the four wheels is demanded by the slippery road conditions, also the rear
independent two motors are activated. The independence of the rear motors (through an
electronic differential) also enables a range of vehicle control strategies such as torque vec-
toring, traction control, and reverse turning (counter rotating wheels). The front-rear dual-
traction solution is also compatible with a hybrid configuration where the front electric drive-
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line would be substituted by an ICE unit. The multi-level battery approach implies a parallel
connection between the different modules and the motors so that the entire electric power-
train is based on the same voltage level even when there is only one battery module.

6.1.4 Chassis and Suspensions

The chassis was conceived to provide the best compromise in terms of simplicity and cost
effectiveness. Correspondingly it was decided to select two highly consolidated and thus af-
fordable suspension archetypes, a McPherson for the front axle and a twist beam for the
rear, each also offering a high level of integration and many advantages in terms of layout
and packaging, being relatively easy to match with the modular powertrain developed.

The rear suspension twist beam was designed according to the current state-of-the-art for
this component in terms of material and structural optimization. A combination of steel with
optimized thicknesses enables a relatively light and affordable sub-system to be realised.
(The use of aluminium was not considered adequate in terms of fatigue, especially as con-
cerns the welded areas.) A composite or multi-material design was also assessed during the
different design loops, but the final choice of the full steel solution emerged from the
cost/benefit evaluation.

The same approach was adopted for the front suspension sub-frame, for which a dual-
alternative solution was considered, the first considering stamped steel sheets assembly,
whilst the second being based on a single-piece aluminium casting. Both solutions have
proven to be feasible in terms of structural performance (stiffness, misuse and fatigue) and
from the cost perspective: The aluminium casting solution has the advantage of requiring a
single piece which is 30 % lighter and its cost although higher is still coherent with the vehicle
category.

6.2 Renault Concept

The Renault concept is between a Micro (AO) and an A-Class car well adapted to urban or
interurban use and easy manoeuvrability. The downsizing could help to have a lightweight
car with a low energy consumption, which gives a more affordable car for the customer. The
concept is focused on downsizing but is comfortable and has a 3+1 seating configuration.

6.2.1 Layout and Styling

The customer requirements show that a layout with four seats is preferred, even for pure
urban cars. The Renault concept has a specific interior design to provide three full-sized
seats plus one occasional seat; the 4" seat can be transformed into a trunk for the luggage.
The exterior shape of the Renault ELVA concept is based on a Renault design concept,
which is close to the Bugaboo design concept proposed by MO ME from Budapest (see Fig.
6-5). However, the exterior of the Renault ELVA concept has been designed in order to im-
plement all components and to optimise exterior dimensions in order to reduce the weight
and aerodynamic drag and take into account manufacturability and assembly constraints.
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": 3 30 KW power train

800 mm. | &
wheel

15kWh, 150 kg
batteries. No cooling

Fig. 6-5: Overall layout of Renault concept compare to the Bugaboo design

6.2.2 Architecture and Package

The Renault concept is a compact AO-segment electric vehicle with a wheel base of
2,080 mm and an overall length around 3,080 mm. Thus it is the smallest vehicle of the three
ELVA concepts. In the Renault concept, a compact drivetrain module at the rear side, con-
structed by a mounting of electric motor, power electronics, and an on-board charger with
220 V plug and additional quick charging DC plug was designed. All of these components
are installed in a cradle and fixed on the rear of the vehicle. Due to the lack of space no in-
ductive charger was considered. The battery position is under the body and is naturally pro-
tected by the side member under the floor (see Fig. 6-7).

The design of the platform is focused on lightweight design but with affordable materials in
order to reduce the energy consumption, without any compromise on safety, for the passen-
gers and the battery technology (see Fig. 6-6). This lightweight conception reduces the need
of raw material and energy consumption and will have a good total cost ownership. Mass is
responsible for more than 35 % of electric energy consumption in urban use even if an opti-
mal regenerative braking system is used.

T
O r
f”‘ -
Front crash load > !\ W
O w 814
Fig. 6-6: Lightweight subframe of the Renault concept
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The Renault ELVA concept is trying to achieve a total vehicle weight of 800 kg that is less
than a conventional vehicle. In order to reach the total weight target special attention was
taken care on the design of all open panel, the roof and front and rear bumpers. The wings
and hood including the tailgate are in plastic material. The doors panel are in plastic material
as well, with a longitudinal member in aluminium. The roof was designed in aluminium. The
removable part of the front unit comprises two cross members in aluminium and small alu-
minium crash boxes with a plastic front absorber. The rear bumper and absorber are redes-
igned in plastic material. These two materials have been considered as an optimal compro-
mise between cost and RCAR considerations.

6.2.3 Powertrain

Taking into account a rolling resistance of 0.005 (as used by the VW and CRF concepts) and
a total masse of 800 kg, it would be possible to reduce the required mechanical power to
35 kW. The simulation made by Continental has shown that the required battery capacity is
about 11 kWh. The pack battery is able to accept eight modules even if only seven modules
(with a total of 84 cells) are implemented and be able to achieve a range of 177 km.

Batteries pack

under the body

" E-motor and convector

under the trunk

Fig. 6-7: Batteries pack and E-motor implementation under the body

The batteries pack is pre-assembled in an aluminium pack, which is completely leak tight.
The complete battery pack is fastened to the under body and could be removed in order to
be checked or for maintenance operation (see Fig. 6-7).
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6.2.4 Chassis and Suspension

The configuration of the front suspension was decided to be a modified McPherson suspen-
sion with a double pivot. This suspension layout was chosen considering the benefits of this
type of suspension in terms of packaging and manoeuvrability performance. Since the vehi-
cle of study aims a large steering angle, the use of the double pivot solution introduces clear
advantages to control the suspension working space, and so the packaging of tyres. Fur-
thermore, the use of independent links improves the control over the longitudinal compliance,
which reflects on the comfort targets when driving over a bump. The final configuration of the
double pivot concept is presented in Fig. 6-8.

Fig. 6-8: MSC.ADAMS/Car model of the front suspension and wheel envelope

For the rear suspension, the initial constraints were mainly to respect the available space
taken into account the trunk and the electric motor cradle. The height of the trunk was critical
in this design, so dampers were needed to be assembled with a noticeable inclination, not
being possible to be totally vertical. Moreover, the entire rear axle and suspension perimeter
(arms, springs, shock absorbers etc.) had to be assembled on the cradle. Rear suspension
type was free to select and should be simple configuration, easy to tune, low cost develop-
ment and manufacturing but with proper static and dynamic behaviour for the rear axle. Fi-
nally, a semi-trailing arm concept was chosen. The final axle concept is presented in Fig. 6-9.

Fig. 6-9: MSC.AD AMS/Car model of the rear suspension and wheel envelope

Thanks to the calculations and simulations, all of the suspensions parts were designed in
conventional material. The details of the CAD definition are shown in the following figure.
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Fig. 6-10: Details of front and rear suspensions

6.3 Volkswagen Concept

6.3.1 Layout and Styling

The Volkswagen concept focuses on three main topics. Firstly, alternative measures for an
efficient derivate spread are realised. A unique platform strategy enabling a MPV, SUV and
roadster configuration is designed. For the ELVA project the MPV configuration has been
chosen to be developed in detail in order to improve comparability to the CRF and Renault
concept. Consequently, the following information focuses on this derivate. Secondly, the
modularity is maximised to improve the standardisation and the usage of common parts,
even among different OEM. Thirdly, the weight of the concept is optimised by suitable light-
weight measures in combination with a continuous weight management. A summarised
overview of the basic specifications of the VW concept is presented in Fig. 6-11.

Spec Sheet VW ELVA Concept

Vehicle Type Vehicle Physics
Segment: B + (MPV / SUV) DIN Curbw eight: 1244kg
CaX A: 0.25x 2.2 =0.65 n?

Battery volume: 90|
Battery capacity: 14.4 kWh

Drivetrain Range: 140 km Real

Hectric motor: 50 kW /50 kW (Front/Rear) Ve gg ::m”':l =
: ; - max:

Gearbox: Single Speed (Integrated in motor) 0-100 knvh: 9s

Chassis / Suspension

Front axle: Double w ishbone
Rear axle: Double w ishbone
Tires: 195/65/R15

Wheel diameter: 645 (634.5) mm

Main Dimensions

Length: 4,000 mm
Width: 1,694 mm
Height: 1,554 mm
Wheelbase: 2,600 mm

Trackw idth front: 1,464 mm
Trackw idthrear: 1,435 mm
Trunk volume.: 3151

Fig. 6-11: Basic specifications of the VW concept
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6.3.2 Architecture and Package
For the Volkswagen architecture developed within ELVA the following measures are applied
in order to reduce costs for derivates:

e Use same axle and motor configuration for all derivates in order to reduce costs for
testing and set-up

e Limit battery package space to tunnel area and rear seat area, in order to enable
large variations of seating height for driver and front passenger

e Use floor module
e Limit platform changes

The exterior shape was designed according to the total vehicle architecture and package.
The outer vehicle architecture of the Volkswagen concept is defined by significant exterior
dimensions. The exterior dimensions of the Volkswagen concept define a wheel base of
2.6 m and a total length of 4 m. These dimensions place the Volkswagen concept to the B-
segment of electric vehicles. The main components of the package are shown in Fig. 6-12.

M Cooler M ECC B Power electronics E-Motor

Battery [ Inductivcharger M Onboard charger

Fig. 6-12: Package outline of the VW concept

With its ELVA concept Volkswagen analyses options for designing an electric vehicle with
the same weight and structural performance of a comparable conventionally powered vehicle
whilst maximizing range and minimizing costs. Consequently, using lightweight material for
the car body appears to be a distinctive measure for reducing the total vehicle weight. In or-
der to account for the weight, range and cost targets as a whole Volkswagen will follow a
multi-material approach for the body structure.
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As can be seen in Fig. 6-13 the underbody-frame is made from aluminium while the green-
house is from steel, the floor-module a fiber-reinforced composite structure and the roof
module a plastic sandwich structure. For the mounting parts like sub-frames, front end, clo-
sures etc. multi-material material joining issues are less relevant, since these components
are bolted to the body-in-white. For those parts the material choice has been made based on
cost, manufacturing and LCA considerations rather than specific mechanical material proper-
ties. Those components might easily re-designed using another material, if the target values
cannot be achieved with the initial material choice.

Steel Aluminium [l CFRP NFRP Polyurethan Polymethacrylimid-Foam

Fig. 6-13: Material choice prior to loop 2 of structural analysis

6.3.3 Powertrain

The requirements on the powertrain of a vehicle depend on a combination of vehicle parame-
ter and concrete dynamic requirements. The dynamic requirements are usually given as ac-
celerations, which could be converted directly into the power required for the vehicle’s trac-
tion if the motion resistance could be neglected

Finding the right design for the powertrain components is now a puzzle, which cannot be
simply solved analytically. A very powerful motor could simply fulfil all the acceleration re-
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quirements, but would on the one hand have a too high mass for its own and on the other
hand would require electrical power which either would lead to a too short maximal distance
or a too heavy battery as well. Both mass deviations would influence the unloaded curb
weight negatively, which at the end would reduce the acceleration of the selected engine
again. So a reasonable iteration based on experience and some starting values is required.

As starting point for development loop a 100 kW traction power for the vehicle has been se-
lected and 5% efficiency loss in mechanical power from the motor to the wheel was assumed
which means a required mechanical power of the motor of ~105.26 kW.

In the first loop of the VW concept a rolling resistance of 0.015 was assumed. After the de-
sign freeze one important improvement investigated was that a rolling resistance of 0.005 is
feasible by 2020.

Taking a rolling resistance of 0.005 (as used by the Renault and CRF concepts) into account
without modification of any of the other parameters it would be possible to reduce the re-
quired mechanical power to 85 kW. One point of discussion is whether the battery capacity
should be reduced by that percentage amount to save weight and costs, which has strong
influence on the industrialization constraints faced with the modular battery concept, or
whether simply the maximal range could be enlarged by that percentage amount.

Looking forward to a platform concept of this concept car including a SUV variant, a stronger
motor variant could be required, which means a larger motor then resulting from the second
loop. Having the powerful 100 kW motor pair analysed in the first loop already gives all the
flexibility to the concept leader for such variants.

As described in previously the maximal vehicle range depends on the maximal battery size
and weight limitation. Although a certain range was required, the final range can only be de-
rived by a simulation based on final vehicle parameters, a charge and discharge efficiency of
the battery and a certain driving cycle.

6.3.4 Chassis and Suspension

The main objective of this section of the project is the definition of the core elements of the
suspension, mainly suspension hardpoints, spring characteristics, antiroll bar geometry and
torsional stiffness. The damper is not included in the study as it is a component that works
mainly on the dynamic behaviour. What is more, it is usually tuned with a subjective evalua-
tion once the final concept is developed.

The configuration of the suspension was decided to be a double wishbone suspension both
in the front and rear axles. So the starting design point was just the suspension type as well
as the space available for the front and rear suspension.

The most limiting boundary condition in order to determine the final values for the hardpoints
coordinates has been the CAD layout provided by VW. The available space was the key
concept to define and optimize the coordinates.
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The front axle main problem was regarding the placing of the steering rack and column, in
order to fit with the rest of elements of the vehicle, such as the electric motor, the pedals, etc.
So packaging was the main factor to work on apart from vehicle dynamics concepts. On the
other hand, the rear axle main limitation was the height of the trunk.

The first steps in order to calculate the suspension consisted on a basic frequency and lat-
eral weight distribution analysis. Three data should be noticed, the natural frequencies inside
the comfort range (1.3 to 1.5 Hz), a lateral weight transfer distribution according to usual val-
ues (60/40 %) while keeping the chassis roll angle in a common value (around 2°).

With the value of the spring rate and other outputs from MSC.ADAMS, it is possible to calcu-
late a real approximation of the geometric parameters of a spring. The next step was the
definition of the process of obtaining the final set of coordinates. These values have been
optimized through the IDIADA Suspension Optimization Methodology consisting in perform-
ing several Designs of Experiments (DOE) which study the influence of each coordinate and
bushing stiffness on the final kinematic and compliance.

Not only the behaviour but also the packaging is critical in order to define the final set of
points. The spatial distribution of the suspension components has been a significant re-
quirement in order to iterate several times the design of the suspension. During these se-
guential iterations, the kinematic behaviour has to be controlled to keep its behaviour inside
the target range.

The front suspension has been adapted to be fitted in the rear axle (Fig. 6-14). The adapta-
tion process consists of a simple rotation by 180° of all the parts with the exception of the tie-
rod that in the rear axle is used as a toe link to limit this movement of the wheel. What is
more, all coordinates are shifted longitudinally to work on the rear suspension available
space.

Front Rear

Common Parts

Unique Parts

Fig. 6-14. Common part approach for front and rear axle

Full vehicle simulations of standard manoeuvres are performed on the final design in order to
assess the global behaviour of the vehicle and to compare it with the other two concepts.
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7 Assessment

The assessment of the three different ELVA concepts is based on criteria like energy effi-
ciency, weight, operating range, crashworthiness and safety, ergonomics, electromagnetic
compatibility (EMC), driving performance and cost for the three electric vehicle (EV) con-
cepts.

Each of the developed concepts is assessed with regard to fulfilment of the previously de-
fined parameters. Based on the final assessment of each concept, a comparison of the con-
cepts is provided, including a comparison of each concept to a conventional vehicle of the
same class. A production car of each OEM is therefore used. This approach identifies the
most favourable concepts. A final concept comparison highlights the most promising criteria
of each vehicle concept also including a total cost of ownership analysis.

Furthermore a life cycle analysis is performed, based on the outcomes and specification of
the three vehicle concepts. It shows the key drivers for environmental issues over a vehicle’s
product life time. Also the potentials for improvement in the next generation battery electric
vehicles are analysed. Finally the most suitable materials are provided as an input for de-
signers.

7.1 Key Criteria

This section deals with integration and management of requirements, and provides a concept
assessment summary containing the requirement fulfiment (satisfaction) of three vehicle
concepts. The first set of requirements was defined during early stages of the project in
ELVA Deliverable D1.3/1.5. There, an analysis was conducted where based on project part-
ners’ expertise the influences that requirements have on each other were documented and
analysed. Through a costumer survey, and together with the experts, the priority of each re-
quirement was defined. With this information the requirements’ weight was calculated as
presented in FISITA World Automotive Congress 2012 [28].

A requirement monitoring table was then created to integrate requirement properties, targets
and level of achievement for the different vehicle concepts. A part of this table is shown in
Table 7-1; the content and figures used in this table are described in the following para-
graphs.

Along the project, as in every iterative product development, requirements were further
specified and new requirements were added. Most requirements were allocated to results of
the requirement-influence evaluation (Table 7-1, 3" row from left to right). The term “re-
quirement influence” was defined and clarified in Deliverable D1.3/1.5, chapter 5. Few re-
quirements arrived later in the project and no allocation could be found; for these, the value
of 50 (of 100 possible) was given. 50 was defined during the analysis phase as the value that
neutral requirements get. Neutral requirements are those that have no influence, neither
positive nor negative, on others when they are optimized. Requirements are then grouped
into categories, so called parameter classes e.g. parameter ergonomic, parameter storage,
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etc. The weight of each class is defined as the average weight of the requirements in it. The
weight of requirements and classes (Table 7-1, 1°* and 2™ row from left to right respectively)
aims to support the decision making process when optimizing conflicting requirements, and
selecting concepts.

Parameters WV Rating
Rating Target Achieved Comments

() 43,0 |u Desire Legroom driver mm 1
€] 43,0 u Desire  |Headroom driver mm i
5 |2 430 |ull Nice o Have |Legroom second mm| o4 [
&) 43,0 [all Nice to Have |Headroom second mm =
[“] 50,0 Jall Highly Desire |Sight =>
[ ] 50,0 Jal Highly Desire |Vehicle entry kS
) 30,0 [ull Nice to Have |Vehicle load capacity  [kg <
35 = - - 17,5
43,0 |ull Nice to Have |Trunk volume litter is
100 | @ | 720 [ Musuminimum]Euro NCAP frontcrash | | 100 . | [ [

Table 7-1: Requirement table

Every requirement has a target value. They are divided in four rating groups depending on
how the target achievement is measured:

General targets with quantitative values: In this group, requirements reaching at any
rate 90 % of the target get a green arrow (pointing upwards), requirements achieving
below 90 % but at least 70 % get a yellow one (pointing rightwards) and anything be-
low gets a red arrow (pointing downwards).

Quialitative targets: The rating is divided in good with a green arrow, acceptable with
yellow, and poor with red. Here, experts agree on a specific percentage of achieve-
ment compared to the reference. If the stage of the vehicle concept does not allow
specific ratings, then good is taken as 100 %, acceptable as 70 % and poor as 0 %.

Specific targets with quantitative values but not matching the general-targets’ criteria:
These are requirements where for example a 94 % achievement cannot be consid-
ered good. In these cases the real percentage of achievement is not taken, instead a
gualitative note is assigned.

MP targets with a minimum, maximum or must priority: These requirements get
100 % if they are achieved and are distinguished with a star (Table 7-1, bottom row).
If the target is not achieved, the requirement gets 0 % and a red x. These cases have
no values in between. If one of the requirements on this group is not satisfied, the to-
tal vehicle concept cannot be taken into consideration; thus the distinction from ar-
rows to star and Xx.

ELVA

45

SCP0-GA-2010-265898



Ve Final Report =

7.2 Concept Comparison

To illustrate how well a vehicle concept performs in a class, the average of target achieve-
ment (or average rating) on this class is multiplied with the class weight. The three final vehi-
cle concepts are designed for three different vehicle classes. On the one hand exploring
three vehicle classes gives the project the chance to cover a wide spectrum of vehicle archi-
tectures; on the other hand, each vehicle class targets different costumer groups and use
cases, what makes a direct comparison of the three concepts for a fixed use case inade-
guate and unfair. By defining different future scenarios with respective use cases it is possi-
ble to evaluate the success of concepts in each scenario and so the sensitivity of these con-
cepts. Such an analysis could show which concept is the most robust for all scenarios.

The assessment for the VW concept highlights good interior dimensions and a comfortable
vehicle entry compared to a conventional vehicle of the same class. Especially the larger
wheelbase and the higher seating positions for front and rear passengers improve the ergo-
nomics. Additionally a good and save battery package in the tunnel and under the rear seats
does not influence the interior ergonomics. Regarding driving performance the VW concept
shows very good results for longitudinal and lateral dynamics, especially a very good accel-
eration and elasticity.

The Renault concept assessment shows for the inner overview good results because of large
front and side windows as well as a short front overhang and a low hood. Regarding the
EMC, the Renault concept presents good results for material choice, distance from battery to
motors and battery enclosure. For the driving performance, especially the lateral dynamics
achieve very good results. So the Renault concept shows for an AO-class vehicle very good
handling as well as a good driving comfort.

The CRF concept achieves well interior dimensions and ergonomics due to the battery pack-
age under the front and rear seats. Therefore also the wheelbase has been enlarged up to
2,390 mm. Compared to the Fiat Panda the CRF concept serves for the second row passen-
gers more leg- and headroom. Regarding driving performance, the CRF concept achieves in
particular good results for acceleration and elasticity from 60 to 100 km/h.

It has been also analysed that maintenance cost could be saved, if the battery durability is
achieved for 2020. The main cost of an EV is the battery exchange. If battery durability is
assumed for 2020, the maintenance of the drivetrain is only 2/5 of a conventional vehicle.
This assumption also results in a break even after three years for an EV compared to a con-
ventional vehicle.

The EV concepts also show some disadvantages in each class compared to conventional
vehicles, for example the load capacity due to range and energy saving. Nevertheless the
customers are open to new vehicles, which must be meeting their requirements and expecta-
tions. The requirements of a range about 200 km for an EV in 2020 could be achieved by the
concepts. Another criterion is the occupant safety for the three EV concepts, which achieves
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no satisfying results. A reason for this is that due to the compact package the small front

overhang of the EV concepts leads to high accelerations in case of a crash.

EVs for 2020 show a high potential based on the assessment of the three vehicle concepts.
The crucial point for the costumer is the total cost of an EV, especially for the first three to
four years, where the break even has to be achieved. To reach the goal of sustainable mobil-

ity, EVs for urban and interurban traffic are a promising approach.
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Table 7-2: Concept assessment

ELVA

SCP0-GA-2010-265898

a7



Ve Final Report 7

7.3 Life Cycle Analysis

LCA studies are performed according to ISO 14040:2006 [29] and ISO 14044:2006 stan-
dards [30]. The whole life cycle of a system includes raw materials, production, transports,
maintenance and end-of-life (scrapping).

The LCA methodology assesses the environmental impacts related to a product or a system
during its whole life cycle; i.e. energy, other resource used and emissions from material pro-
duction, use, maintenance as well as disposal of the product are included in the analysis.
The LCA methodology is a widely used and accepted method for studies of environmental
performance of various products and systems.

The following description of the LCA method is based on ISO 14040:2006 [29]. The structure
of the methodological framework is shown in Fig. 7-1.

Life Cycle Assessment Framework

Goal and Scope

Definition Direct Applications:

- Product Development
and improvement
IZnVZTtOZ Interpretation - Strategic planning
i
ys“ - Public policy making
- Marketing
Impact - Other
Assessment

Fig. 7-1:  Framework of LCA study

In the first phase, goal and scope, the aim of the study is formulated; the scope and the limi-
tations of the study are also defined. The function of the system to be studied is described as
well as the functional unit, which is a quantified performance of the system, is defined.

In the life cycle inventory analysis (LCI), all in- and outflows of materials and energy that are
related to functional unit are collected and calculated.

In the third phase, life cycle impact assessment (LCIA), the elementary flows, which are the
result of the inventory analysis, are first assigned to pre-selected impact categories (this
process is known as classification), then, indicator results for each category are calculated
(characterization). Classification and characterization are mandatory parts of each LCA study
[29]. The impact assessment may be complemented by optional elements, such as normali-
zation, grouping, weighting, or by a combination of these.
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Weighting is the process whereby the indicator results for the various impact categories are
converted, according to predefined value-choices, to an overall environmental impact. The
weighting values might be based on various preferences, therefore it needs be transparent
and available for the interpretation of results and for their presentation.

In the interpretation phase of the LCA study, the results are analysed with respect to the goal
and the scope, which should lead to relevant conclusions and recommendations.

The purpose of this LCA study was to obtain knowledge about the environmental impact of a
conventional ICE compact class car, efficient ICE compact class car and a conventional bat-
tery EV as well as finding the hotspots for the different life cycles.

The function of the electric car is to transport people and goods. The functional unit in this
study is a passenger car with a life time of 150,000 km.

Process System Boundaries

The schematic description of a life cycle is called a process tree. The process tree for the
passenger car life cycle is seen in Fig. 7-2.

Resources, non- Resources, non- Resources, non-
elementary inputs elementary inputs elementary inputs
Production Use End-of-life of the
(material + > (including »| passenger car
manufacturing) maintenance) (EoL)
Emissions, non- Emissions, non- Emissions, non-
elementary outputs elementary outputs elementary outputs

Fig. 7-2:  Life cycle phases of the passenger car life cycle

The production phase includes raw material production and parts manufacturing. For the raw
material production, the inventory data (in- and outflows of various resources, emissions and
energy flows) as well as the transportation of the raw materials are included.

The use phase includes the production of electricity according to various scenarios, which is
assumed to be consumed during the lifetime of the electric vehicle.
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Excluded Processes

The following activities have been excluded from the study (cut-off criteria) because they are
deemed to be insignificant for the environmental impact:

e Surface treatment of the parts
e Production, use and EoL of packaging materials

e Waste water treatment and waste treatment, which are not included in the inventory
data of the materials

7.3.1 Production and Use Phase

The initial question is: what are the key drivers for environmental issues over a vehicle’s
product life time and where are potentials for improvement by next generation battery EVs?

As metric, the global warming potential (kg CO, equivalent) is used as key indicator, being
politically and in society the probably most discussed environmental issue [31]. Assessment
is done according to the IPCC impact assessment [32]. Fig. 7-3 shows the global warming
potential compared to a conventional ICE compact class car (diesel, set as reference as
100 %). A state of the art high efficiency diesel car is also shown in Fig. 7-3: slightly in-
creased emissions while production phase pays back by the use phase.

The third column presents: states of the art battery EV are essentially conventional car con-
cepts with implemented electric drive train. In total, less CO, emissions compared to a stan-
dard car, but somewhat higher emissions than a high efficiency diesel car.

As a prerequisite the EU27 electricity mix was considered as “fuel’. Regarding the battery EV
production, most relevant clusters are the battery and the BIW.
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Fig. 7-3:  Global Warming Potential of production and use phase compared to a conven-
tional compact class car (diesel)

It can be concluded that for the global warming potential in the use phase a reduction of the
body weight, an efficient electric drive train as well as a considered electricity production mix
are essential. Also the battery technology has to be improved by less demanding for precious
and high-effort materials. Also a higher energy density has to be achieved. Regarding the
body in white, a light and eco-efficient body is the target.

Regarding the “fuel” of EVs there are two developments foreseeable with the potential to shift
priorities in environmental optimization of EV concepts:

¢ Increasing shares of renewable energy in the future electricity mix
¢ Increased “tank to wheel” energy efficiency of EVs

As baseline a conventional state of the art battery EV is assumed to have an energy demand
of 18 kWh/100 km. However, there are potentials for optimization and the ELVA consortium
calculations end up by less than 6 kWh/100 km for the basic CRF drivetrain configuration. As
common scope for all calculations NEDC driving cycle and a product life time of 150,000 km
are set. Battery loading losses are assumed to be 9 %.

For the future electricity production, the assumptions of the “new policy scenario” developed
by the International Energy Agency were adopted. Compared to 2008 some 30 % drop of
specific greenhouse gas emissions is expected by 2020 [33].

Finally a wind energy scenario illustrated the effect of fuelling a battery EV with renewable
energy: The efficiency advantage of the innovative ELVA concept will have almost none ef-
fect on the emission situation.
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To sum up: the more sustainable the energy source, the more efficiency becomes irrelevant
from an emissions point of view. Worth to note is that efficiency advantage still improves us-
ability and range.

7.3.2 Summary

The assumed electricity scenario is crucial for giving directions in terms of environmentally
preferable car concepts:

¢ When using electricity from renewable sources, this is literally emission free. Thus,
lightweight concepts do not pay back while use phase in terms of global warming po-
tential. Nevertheless, BIW weight reduction supports the vehicles range or in turn
contributes to lowering costs by smaller batteries.

¢ When using conventional electricity mix, there is a trade-off between reduced emis-
sions during the use phase and widely increased emissions by lightweight materials
such as aluminium, magnesium or CFRP. As the break even depends on the effi-
ciency of the drivetrain, the electricity mix and the achieved weight reduction, no gen-
eral guidance can be given as a case by case assessment is required.
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8 Results

The ELVA project had a main objective of making use of the new design freedoms that the
use of electric powertrain provides to the engineers and designers. These freedoms allow a
whole new set of vehicle architectures to be created. Nevertheless, some aspects of today’s
vehicles concerning safety and performance were maintained, as they were not expected to
change significantly for the year 2020. For the project, three concepts were created, being
engineered and evaluated under strict requirements and following actual and expected ten-
dencies and technologies for the years to come.

As witnessed during the development of the project, the use of electric powertrains for vehi-
cles pose new and different challenges to engineers and designers, since the elements and
added risks need to be managed in a different way. Fortunately, these new challenges en-
courage the people behind the design to think of better and smarter solutions in all the as-
pects that an electric vehicle comprises. As a down to earth limit, the designs of the project
had to be made for the expected likes of the year 2020 and what the technology would be
ready for in the terms of materials, motors, batteries, safety and performance requirements.

The three concepts developed during the ELVA project followed the same design process,
but produced different results in terms of architecture, battery and powertrain distribution and
chassis design. Body design was optimized according to the results of the initial design con-
test and applied to the resultant chassis and performance requirements.

8.1 Architecture

The architecture of a vehicle can be defined as how the components of such vehicle are ar-
ranged throughout the structure. In conventional combustion engine vehicles, one can find
several examples of architecture, such as front wheel drive, transversal front engine (one of
the most common) or a four wheel drive, central longitudinal engine, which is high perform-
ance architecture. In conventional cars, the most relevant components are regularly the en-
gine, the transmission, the fuel tank and the suspension elements.

In an electric vehicle (EV), the architecture also refers to the selected arrangement of com-
ponents, but in this case, there are more possibilities to arrange yet there are some more
components. For example, in electric vehicles we can find different types of motors, such as
central motors, near wheel motors or in-wheel motors that are comparably smaller than com-
bustion engines. Another component is the battery pack, which takes up more space than a
fuel tank and is heavier. EVs also need to have power electronics to control the energy
within.

One important part of the architecture of a vehicle is given by the selected suspension and
steering components. There are several types of suspension, and each one is better suited
to different dynamic performances and production costs. So, the requirements of the vehicle
will generate the necessity to locate the components in certain places and to select the most
adequate suspension and steering systems.
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When designing a vehicle, a balance in performance and cost must be achieved. The se-
lected architecture will play a major role in this aspect. When designing an EV, some major
guidelines are to achieve the greatest range, the lightest weight, an acceptable battery vol-
ume and a reasonable cost for the vehicle. Each and every component interacts amongst
them, and the influence in the mentioned parameters will vary.

For example, if one is to design a sport EV, the requirements would be a very low centre of
gravity, superb handling characteristics, and top speed. So, the range, the interior space and
ergonomics could be less important, and the selected architecture would most likely include
big battery packs, four in-wheel motors and high performance suspension, with a two seat
configuration.

On the other hand, a city vehicle could require greater habitability, contained exterior dimen-
sions and fast charging capability. This architecture could end up with a single front motor,
simple suspension schemes, advanced battery and charging systems and space for up to
four adults. Like these examples, there is a lot of opportunity to “play” with electrical vehicle
architectures in order to find optimal space, performance and safety.

8.2 Powertrain

Powertrain for an electric vehicle is not simply the electrical drive unit. There must be very
good interaction between the batteries, the electric motors and the brake system, so that the
optimal performance is achieved and the range obtained is extended to the maximum possi-
ble. The design and validation of the powertrains for the three concepts followed a stepwise
approach analysing vehicles requirements; design of powertrain, brake system and battery.

Considering the performance requirements for the three concepts, the motors chosen for the
application were alternating current (AC) motors. Direct current (DC) motors require a DC/DC
converter and are not as efficient as AC motors and have some drawbacks regarding noise,
heat generation and robustness. For the AC motors, there are three types: induction machine
(IM), permanently excited synchronous machine (PSM) and separately excited synchronous
machine (SM).

Each of these motors has their positive and negative characteristics. PSM can be fitted into
smaller spaces, SM is more modular and modifications to power output can be easily
achieved on the same production line, while SM is always better than IM. It was a technical
analysis based on the requirements on performance and production that led to the selection
of the separately excited synchronous machine (SM), which for this project could provide
three different motors with just a simple scaling technique.

For all the project concepts, the brake system is the same. This brake system is a compact
hydraulic/electric/electronic “brake-by-wire” system with a hydraulic fall-back solution that
allows the braking system to operate more effectively, reducing the required pressure and
allowing for better braking distances. Also, it allows the driver to come to a full stop even un-
der total electric power loss situations.
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Compared to a traditional hydraulic brake with vacuum pump, this system can deliver only
the required amount of pressure to each individual disc, saving energy. It does not have a
vacuum pump, which in turn helps to save space for the packaging. It is located at the fire-
wall, where actual systems are located. The electrically actuated system makes use of a
simulated pedal feel so that the driver does not notice the actuation of the system. In this
way, the driver has the typical braking feel of always, but the system is actually braking with
the motor regenerators to a large extent and only applying the required braking pressure
when needed.

The next stage in the powertrain definition is the power electronics. The motors require
DC/AC inverters that must be positioned as close as possible to reduce the need of high
voltage (HV) cable, which could have negative influence on the electromagnetic compatibility
(EMC) results. Additionally, the power electronics require a DC/DC converter to provide en-
ergy to the 12 V board net. In the case of the ELVA concepts, a solution called power elec-
tronic board was selected, since it combines an inverter and a DC/DC converter. This so
called “power box” contains the necessary elements to control electrical power in a suitable
container, which is in turn refrigerated by air and water.

For the battery system, there are several parameters that need to be taken into considera-
tion. First, the battery needs to provide a peak power to the motors. Also, it needs to account
for a selected level of safety and an energy density that allows the vehicle to achieve the
desired range.

The EVs’ drivetrains consist of an AC motor and a DC/AC inverter, which converts the DC
power supply from the battery into three AC phases. It is necessary to reduce the wire resis-
tances, having the necessity to have the lowest current possible. In order to cover the peak
voltages, the battery should have an upper voltage limit of about 400 V. Since this voltage is
already a risk for human health, it is very important to protect the system in case of an acci-
dent.

Up to date, the only feasible battery technology that is able to provide the required capacity is
lithium-ion battery cells. These cells should have low resistance to transport an expected
current (charge and discharge) from 250 to 300 A, and shall have no influence on system life
time. The challenge is to select the best cell regarding power, safety, lifetime, costs and reli-
ability of the technology for a specific application. The options are nickel-cobalt-manganese
(NCM), iron phosphate (LFP) chemistry as cathode materials and the titanate (LTO), graphite
chemistry as anode material.
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Fig. 8-1: Comparison of 4 lithium cell types — the NCM variant is the best compromise re-
garding different automotive requirements

In order to meet the power demands, it was decided to use a combination of 96 cells that can
peak at a maximal 403 V (targeted). In 2012 specific battery capacities of ~150 Wh/kg were
available. Correspondingly, it is reasonable to assume an increase towards ~250 Wh/kg by
2020. Such a cell would then have a capacity of 40 Ah and a weight below 630 g.

For the three concepts, the same type of charger was used, only differing in the charging
time values. The selection was a 3 kW charger, because of the market requirement, low heat
dissipation, small volume and weight, availability of infrastructure (standard house socket)
and a good cost performance ratio. The charger can be cooled with air or liquid. Water cool-
ing was selected since it was already available in the vehicles; it is smaller and can make a
better reuse of waste heat.

8.3 Chassis

Chassis development for an EV follows a similar procedure to that of a conventional car. In
this case, the dynamic behaviour of the vehicle must be defined and for that reason, several
types of suspension were considered. Each concept vehicle used a different type of suspen-
sion and both the lateral and longitudinal dynamics were evaluated through simulation.

The first part of the work was to define the suspension type to be used on each of the con-
cepts. The concept leaders had already a clear idea of what type would best fit their vehicle
in terms of performance, packaging and production costs. The result was different geome-
tries that have different dynamic behaviours and by such, the cars have their own handling
characteristics.

One of the first things to consider when selecting a suspension system for an EV are the
hard points to which the suspension will be joined. These points need to be carefully selected
and analysed with the CAD layouts of each vehicle. One of the important considerations of
this selection is the amount of load that will be transferred to the chassis or sub-frame, de-
pending on what is used.

For the case of the VW concept, a double wishbone suspension was used in both front and
rear. Double wishbone suspensions allow enough design freedom since the roll centre and
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pitch axis can be chosen, the camber and track width can be limited, it has a very high lateral
stiffness and the ride and handling result is very good. On the downside, this suspension is
more expensive to build, the packaging volume is larger than others and the large forces
applied require the use of a sub chassis.

Another type of suspension was chosen for the CRF concept. It was a typical McPherson
front suspension and a twist beam rear suspension. McPherson type combines the spring
and control components in one unit, it is inexpensive and light, and it does not require rolling
element dampers and provide a more effective crumple zone. On the other hand, the road
noise is more difficult to isolate, the dynamics are not as good as a double wishbone, and
large loads are applied to the body. It is also more sensible to tyre imbalance and there is
minimal anti-dive capability.

The twist beam rear suspension is of a simple construction (a welded U-beam and two rub-
ber bushings), it is simple to assemble, it requires only a small and flat packaging volume
while the cross member acts as anti-roll bar. There is minimal mass connected to each
wheel, the spring/damper ratios are advantageous, good anti-lift and minimal track width
changes. On the downside, there are high stress concentrations at connection points where
torsionally stiff and elastically deformable subcomponents meet, it cannot be a driven axle, it
has limited optimization potential and requires toe correcting bushings to improve the han-
dling characteristics.

For the Renault concept, a McPherson front suspension but with double pivot point and for
the rear a semi-trailing arm concept was selected. The differences of the regular McPherson
and the double pivot one are that the lower three-point link is replaced by two two-point links
creating a virtual kingpin axis. The two functions (lateral stiffness and longitudinal elasticity)
are then separated from one another and a well specified geometry can create pure com-
pression or tension force. This also allows the designers to have more freedom to specify the
kinematic properties. For the rear, the semi-trailing arm provides a good compromise be-
tween trailing link and swing axle suspensions, but most importantly, the kinematics can be
optimized by modifying the incline and sweep angles. Detrimentally, a large lateral load can
cause the wheel to toe-out, there are large camber changes during compression, it requires
rigid links and attachment points, and acceptable ride comfort is possible only with the use of
rubber mounts between sub frame and chassis.

A v-t diagram has been used to analyse the longitudinal performance of the vehicles. This
diagram shows the deviations from the initial and final design parameters. Several factors
have big influence on range and performance, and this type of diagram illustrates the effects
of modifying weight, rolling resistance and power. For example, lowering the rolling resis-
tance to 0.005 can provide a reduction in power need of about 15 kW.

Some of the major parameters that affect energy consumption are the mass of the vehicle,
the aerodynamic drag coefficient, the rolling resistance of the tyres, the location of the centre
of gravity (CG) and the efficiency coefficient of the powertrain (battery =» drive axle for driv-
ing and drive axle = battery for recuperation). Analyses on each of the concepts were car-
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ried out, by increases and decreases of +10 % and +20 %. The results show that all these
factors, when modified, affect the final energy consumption of the vehicles.

From this analysis, it can be said that the range of the vehicle is a linear function of the bat-
tery capacity, meaning that with double battery capacity, the range is doubled if the rest of
the parameters are kept constant. Recovery of electrical energy by using the electrical mo-
tors generators can increase the range from 18% to 29%. Adversely, addition of electrical
consumers such as cooling systems, power electronics, heating, air conditioning, infotain-
ment, headlights, wipers and such reduce the mileage range considerably, up to 40 %.

8.4 Body

Electrical vehicles allow designers to have more freedom in the design of the vehicle’s body
since there are certain characteristics than can differ from a typical combustion vehicle. Per-
haps the most distinctive constraint that is left behind is the frontal overhang, which can be
much shorter than in conventional vehicles. This permits an increase in the wheelbase which
in turn has a direct positive effect in the interior room available. The shorter overhang also
has influence on the crashworthiness and safety performance. All of this is achieved because
of the smaller size of the components compared to a regular combustion vehicle.

The larger wheelbase offers a better space for accommodating the battery packs and other
components. Many times, the batteries are located in a sandwich on the lower chassis frame,
obtaining protection from side and front impacts. This makes the seating position of an EV
vehicle somewhat higher than a conventional vehicle, unless the batteries are packed differ-
ently. Adversely, the load capacity of an EV is less than that of a conventional vehicle due to
the energy requirements.

It is very important that the battery packs are well protected in case of an impact and that the
intrusion of them into the cockpit is minimized. For each of the concepts of the project, differ-
ent approaches were taken. The VW concept opted for a T shaped, in tunnel configuration,
locating the batteries away of the impact zone. In the case of CRF, the decision was to have
the battery packs under the seats, and providing special impact protection. For Renault, the
decision was to make a flat battery cell system that runs under the body.

Ideally, battery packs should be built modularly in standardized battery modules, to enable
exchange and maintenance. Also, the battery pack should be structurally integrated to the
floor structure, which aids in absorbing energy and distributing force. For a better use of the
interior space, batteries should be integrated to the tunnel, under front and rear seats or as
an under floor construction.
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VW CRF Renault
Fig. 8-2: Battery distribution in the different concepts

To analyse this improvement in interior space, the partners carried out an ergonomics study,
principally for the inner vision and entry comfort. The vehicles that have a higher seating po-
sition by having the batteries underneath enable a good downward vision combined with a
low hood and a short overhang. Unfavourably, the short overhangs also mean that there is a
long and low A-pillar that can obstruct front vision. Nevertheless, this problem can be opti-
mized by using triangle windows in this pillar. In the case of the entry into the vehicle, the
higher seating positions and long A-pillars create a more generous door opening, resulting in
a better and more comfortable entry procedure.

Completing the body design is also the use of lightweight materials. This is fundamental for
an EV to increase performance and range. Clever use of materials also influences dynamic
performance and crash absorption. The most common approach is to every time add more
resistant and light materials, combined in different parts of the body and chassis, permitting
the designers and engineers to reinforce the most critical parts while using less expensive,
softer and lighter materials on the parts that are not load intensive.

Aluminium is used in structural sections that will not likely be subject to excessive forces or
impacts, whereas steel and high strength steel is used for more resistant sections which will
carry big loads over time and that can be exposed to direct impacts in case of accidents.
Other sections of the body, such as door panels, roofs or floor panels can be made of fibre
glass or fibre reinforced plastics to lower the weight of the vehicle, lower the centre of gravity
and provide the required stiffness.
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9 Summary

Sustainable mobility is one of the grand societal challenges and thus a key topic for the
automotive industry, which believes in the on-going demand for individual mobility. In order to
meet increasingly strict emission targets and growing traffic in urban areas, electro mobility is
a promising way. While the second generation of electric vehicles has been introduced into
the market recently, most of the models are still based on conventional vehicle models and
their architectures. The new electric components however suggest new freedoms in design,
while at the same time leading to new questions.

First ideas for a project about architectures for alternatively powered vehicles were discussed
as early as 2007 among some of the later project partners. It was in 2009 only that a call was
published by the European Commission, as part of the recently launched European Green
Cars Initiative, which was asking for projects in this area. The ELVA project finally started in
the end of the year 2010, when still many questions regarding electric vehicles were open.

The first phase of the project was thus investigating technology options that were regarded
as being realistically available from 2020. While these were rather easy to identify, the ex-
pectations and requirements of potential future customers were difficult to find and to under-
stand. Based on an analysis of several publications and studies as well as internal data and,
not to forget, a pan-European customer survey, it was concluded that the expectations were
very close to what conventional vehicles are offering at the moment. This is particularly the
case for the autonomous range.

Based on the profound technical knowledge and better understanding of customer needs, a
creative phase began. This was characterized by two routes, one being driven by the project
partners themselves, while the other one involved external institutions. A public design con-
test was launched that brought advanced designs and architecture how they are seen by
expert designers and other interested persons. In the end, three designs were awarded and
used for the further development. From the internal route, a comprehensive collection of
technical ideas on different levels emerged, that was a useful input to the detailed concept
development in the following.

Centro Ricerche Fiat (CRF), Renault and Volkswagen were each responsible to develop a
vehicle concept meeting the requirements and expectations that were analysed in the begin-
ning while taking into account the awarded designs and using the conceptual ideas of all
partners. Within this second phase of the project, advanced vehicle concepts were virtually
developed into a level of detail that allowed in the end an assessment against all key criteria
of importance for a vehicle development. In two development loops, the concepts were
brought to a level that is at least equal than comparable conventional vehicles of the same
class. It must be stated though that the architecture of these three concepts is not radically
different compared to conventional vehicles, but uses well-established approaches were they
showed to be useful.
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The results of the final assessment, which also included a life cycle assessment, were sum-
marised in a collection of documents regarding design practices, rules, freedoms and con-
straints especially concerning electrical components, body and chassis of electric vehicles.
This collection is publically available as future reference for all institutions and persons inter-
ested in the conceptualization of (electric) vehicles. This is in line with the very open dis-
semination strategy the ELVA partners have followed since the beginning of the project. All
findings and achievements have been actively published towards the research community
and public and consequently are used as a reference by many initiatives now.

The ELVA project has also identified needs for future research. These are partly already ad-
dressed with the DELIVER project, in which an urban electric delivery vehicle is developed
and build-up as a hardware demonstrator that will allow experiencing and assessing the
prospects of this propulsion technology and its implications on the vehicle architecture in re-
ality. Furthermore, the projects SafeEV, ENLIGHT, ALIVE and MATISSE, which are together
forming the so-called SEAM cluster, are working on aspects of advanced material application
and increased safety of electric and alternatively powered vehicles. They will go into a level
of detail that could not be reached by the ELVA project due to its very broad scope, creative
scope and limited resources in terms of time and budget.

For a successful establishment of European market for electric vehicles — in line with the
European Green Cars Initiative — further scientific and technical research is required. The
ELVA project has shown the prospects of increased modularization in many parts of the elec-
tric drivetrain. This is particularly the case for electric motors and obviously the battery. It is
recommended to caich up the basic ideas of the ELVA project, which were also discussed
with projects such as Easy Bat, OSTLER and SmartBatt, within the next work programme.
On a higher level, urban mobility and its interaction with dedicated vehicles should be ad-
dressed. It is not to forget that several components of the electric drivetrain require more re-
search while it remains at the same time a grand societal challenge to decrease injuries and
fatalities in traffic further.

The ELVA project has looked into many aspects of future individual mobility and may serve
the research community as a future reference.
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11 Glossary

3D Three Dimensional

4WD Four Wheel Drive

A Area

AC Alternating Current

ADAMS Automated Dynamic Analysis of Mechanical Systems

ADAS Advanced Driver Assistance Systems

BIW Body In White

CAD Computer Aided Design

Co Drag Coefficient

CRF Centro Ricerche Fiat

CRFP Carbon Fibre Reinforced Plastic

DC Direct Current

DIN Deutsches Institut fir Normung

DNA Deoxyribonucleic Acid

DOE Design Of Experiments

ECC Electronic Climate Control

EMC Electromagnetic Compatibility

EMF Electromagnetic Fields

EoL End of Life

EU European Union

EU27 2007 Enlargement of the European Union (27 member states)
Euro NCAP European New Car Assessment Programme

EV Electric vehicle
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FISITA Fédération Internationale des Sociétés d'Ingénieurs des Techniques
de I'Automobile

FMVSS Federal Motor Vehicle Safety Standards

FP7 Framework Programme 7

G8 Group of Eight

HMI Human Machine Interface

HV High Voltage

IAAD Istituto d'Arte Applicata e Design Torino

ICE Internal Combustion Engine

ICT Information and Communication Technology

IDIADA Instituto De Investigacion Aplicada Del Automovil

EA International Energy Agency

ika Institute for Automotive Engineering, RWTH Aachen University

IM Induction Machine

IPCC Intergovernmental Panel on Climate Change

ISO International Organization for Standardization

LCA Life Cycle Analysis

LCI Life Cycle Inventory

LCIA Life Cycle Inventory Assessment

LFP Lithium Iron Phosphate

LTO Lithium Titanate Oxide

MO ME Moholy-Nagy Mivészeti Egyetem Budapest

MPV Multi Purpose Vehicle

MSC MacNeal-Schwendler Corporation

NCM Nickel Cobalt Manganese
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NEDC New European Driving Cycle

NFRP Natural Fibre Reinforced Plastic

OEM Original Equipment Manufacturer

oLC Occupant Load Criterion

PPM Parts Per Million

PSM Permanently Excited Synchronous Machine

RCAR Research Council for Automobile Repairs

RWTH Rheinisch-Westfalische Technische Hochschule (Aachen)

SAFER Vehicle and Traffic Safety Centre at Chalmers University

SEVS Safe, Efficient Vehicle Solutions

SM Separately Excited Synchronous Machine

SOP Start Of Production

SUvV Sports Utility Vehicle

TCO Total Cost of Ownership

UN United Nations

VDA Verband Der Automobilindustrie

VW Volkswagen
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