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Publishable summary

The second SP7 workshop on Virtual Testing was organised by the EC Integrated Project
APROSYS in order to disseminate a Virtual Testing Demonstrator developed and delivered from
Sub Project (SP) 7. Virtual Testing is a methodology of evaluating vehicle crashworthiness by
computer simulation. It is intended to provide a more robust and cost effective measure of a
vehicle’s performance in a number of different impact scenarios. The information would be used
in the later work packages of the project, to disseminate the information to a wider audience, to
promote a discussion of the current state of virtual testing in Europe, and to discuss the
alternatives for providing satisfactory levels of protection to road users of all age groups.

From the workshop it is recommended that:

Legislators and Manufacturers should work closely together to implement VT
technologies.

The process of VT has initially been defined but needs to be more accurately defined
before implementation into a legislative framework.

A gradual process of adapting VT for certain simplified tests will aid its implementation.
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1 Introduction / Objectives

The second SP7 Virtual Testing workshop was organised by the EC Integrated Project
APROSYS in order to disseminate the information developed and delivered from Sub Project
(SP) 7, Virtual Testing. Further, to explain how this information would be used in the later work
packages of the project, to disseminate the information to a wider audience, to promote a
discussion of the current state of virtual testing in Europe, and to discuss the alternatives for
providing satisfactory levels of protection to road users of all age groups. Speakers were invited
from outside SP7 to contribute to the workshop to provide a balanced input.

1.1 Road Map Overview

The introduction of Virtual Testing in crashworthiness regulations can have clear benefits for
industry and society. In the design, certification and more particularly safety system improvement
phases, the application of advanced numerical techniques leads towards cost reduction, design
robustness and optimisation opportunities.

The main difficulties concern the reliability of the used models and its confidence range (model
variability prediction) as well as software and CAD dependant results. Recent research shows
that VT could be first introduced in regulations for relatively simple tests, such as ECE 14/16 Belt
test or FMVSS 201 interior head impact. Within APROSYS-SP7 project, VT demonstrators
already proved its predictive contribution for the pedestrian head-form and leg-form assessment
and tangible benefits are expected in terms of injury prediction. It seems that Virtual Testing (VT)
shows also mature and predictive analysis capabilities in frontal impact.

Today, in pedestrian crashworthiness, there is no virtual regulation procedure concerning
standardised models, validation procedures and standard impact scenarios. To integrate VT in
regulations, manufacturers need to share and collect their modelling and validation processes in
a systematic and collective manner, at least in terms of the evaluation criteria and validation
procedures. On the other hand, the procedure should also answer questions in terms of:

« Current pedestrian modelling state of art,
* Prediction reliability,
» Model design specifications

In this way and based on the current and forthcoming results in SP7, a synthesis work planned
for the DIP4 period will show the way for VT procedures in regulation for different steps such as:

» The model development
What specifications in order to achieve a greater homogeneity in modelling?

* The model evaluation and limits
Which tests could be standardised? What range of sampling and error could be adequate
for the models?

* The tests procedures
Which parameters to choose to validate the model? Which reference tests to choose?
How to define the validation criteria? Which numerical procedures are adapted in order to
provide reliability indices for the evaluations?

* Cost-benefit considerations
It seems that already today and certainly in the future VT will coexist with crash and consumer
tests, providing yet more industrial and competitive as well as secured solutions for the European

community. Moreover, OEM’s and Tierl are already tooled and experienced with VT issues.
Finally, it is generally agreed that any optional rather than compulsory regulatory procedures in

5/17




APROSYS Project AP-SP74-0005-B
FINAL

the modelling processes will be profiting not only the manufacturers but also those in the search
of more efficient injury assessment indicators for the preservation of human lives on the
European (and international) roads. In a later stage, VT also provides the potential to cover a
much wider range of traffic scenarios via using human models and their variability possibilities
(size, age, gender...). The APROSYS-SP7 consortium is confident that the future of safety
measures will also be based on virtual testing and that it will also contribute to the improvement of
the test procedures themselves thus creating synergies between virtual testing and physical
homologation procedures.

1.2 Workshop Programme and Agenda

The second SP7 workshop on Virtual Testing in regulations was held in Helmond (NL) on
January 30th, 2008.

10:00 — 10:15 Welcome (L. Kusters, TNO)

10:15 — 10:30 Recent Advances and future Challenges of Virtual Te  sting (K.
Kayvantash, ADF)

10:35 — 11:05 Vision about virtual testing applied to the pedestr ian case (R. Puppini,
CRF)

11:10 — 11:25 Headform demonstrator (J.Watson, CIC)
11:30 — 11:45 Legform demonstrator (I Ciglaric, TUG)
11.50 — 12:10 APROSYS SP3: A pedestrian perspective  (R. Hardy, CIC)

12:10 — 12:30 Conclusion on SP7 results / Discussion / Transition (K. Kayvantash,
ADF and C.Mayer, DAIMLER)

13:30 — 13:55 Applications of Virtual Testing at Ford Motor Compa ny (S. Barbat,
Ford)

14:00 — 14:25 Virtual Development Strategies based on Improved Si  mulation
technologies (H. Schluder, Virtuelle Fahrzeuge)

14:30 — 15:00 Feasibility of virtual testing  (J. Ambrdésio, IDMEC)

15:20 — 15:40 Activity of EEVC WG22 towards virtual testing inre  gulations (J.
Verriest, INRETS/EEVC)

15:20 — 15:40 New initiatives (D. Cesari, INRETS)
15:40 — 16:00 New Applications: Industrial VT case on aseat  (S. Lainé, FAURECIA)

16:00 — 17:00 Discussion, Summary and Conclusion (K. Kayvantash, ADF and C.
Mayer, DAIMLER)

1.3 Participants

The participants in the workshop comprised a cross-section of the automotive industry sector
representing vehicle manufacturers, tier 1 suppliers, research institutes and universities. In
addition, there was representation from the European Commission.
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2 Overview of Presentations

2.1 Leo Kusters (TNO)

Leo Kusters welcomed everyone to Helmond for the Virtual testing Workshop and gave an
introduction to the new TNO facilities at Helmond.

2.2 Kambiz Kayvantash (Altair)

Kambiz Kayvantash introduced the partners of the APROSYS 6" framework project and thanked
everyone for attending the Virtual Testing workshop. The key deliverables of the APROSYS SP7
project were itemized as:
- Generic Car Models (GCM’s)

Evaluation Criteria for Simulations

ADVISER web dissemination Tool

Prototype VT cases

Investigation of Virtual Ageing

Material Data dispersion

In the Detailed Implementation Plan IV (DIP4) a pedestrian demonstrator was developed with
various aspects presented later on in the day. Additional tasks such as a Cost Benefit Analysis
and a look into how VT can be integrated into regulations was presented.

In response to questions about the final deliverable from SP7, the presenter replied that there
would be a document recommending guidelines and a roadmap of where VT can be taken to.

2.3 Roberto Puppini (CRF)

Roberto Puppini presented a vision of how VT techniques can be applied to a pedestrian case
study. 5 key stages were identified:

Stage 1 - "Virtual support to the impact areas identification procedure"

This initial stage identifies the vehicle zones that will be used for the legislative procedure in
an automated manner.

Stage 2 - "Virtual support to the inspector reasoning behind worst impact points selection”
This activity identifies areas of the bonnet/windscreen which are more likely to produce
higher dummy indices output.

Stage 3 - "Execution of virtual impact tests"

The simulations are performed over the whole bonnet, not just the worst case scenarios.
Stage 4 - "Execution of real impact tests"

Legislative physical tests are performed.

Stage 5 - "Additional assessment via VT results"

The VT method can provide an additional assessment of the vehicle with a correlated simulation

model beyond the capabilities of physical testing. Human body models can be included at this
stage and active safety measures can be evaluated.
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2.4 James Watson (Cranfield Impact Centre)

The opportunity for VT to perform a greater number of simulations in comparison to the physical
testing procedure was presented. As a first step the ability to reproduce results at different site
locations with different software codes was demonstrated with the generic car model and the
pedestrian head impactor. The results showed a similar trend in HIC and acceleration values.

A grid pattern was demonstrated that performed a series of 60 simulations onto the bonnet of a
vehicle compared to the legislative process when a maximum of 12 tests would be conducted on
the bonnet and windscreen. A more detailed analysis of the vehicle can be obtained by
performing the VT on an increased number of impact points.

2.5 Franck Delcroix (Altair) and Iztok Ciglaric (TU  Graz)

A demonstrator on the legform was shown. First, a comparison between tests and blind
simulations of legform impacts against a rigid AEMDB-like face are presented. Controlled
variations (height and velocity) defined in the experiments are used as variable parameters for
the simulations.
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In a second step a parametric analysis on a legform impacting a GCM3 front end, using the
legform testing protocol tolerances as model parameters was presented.

Results are discussed and a comparison with literature review on scatters in legform tests is
made. A conclusion highlighting the need for an extension of this approach to robust optimization
methods is made.

2.6 Roger Hardy (Cranfield Impact Centre)

Roger Hardy showed the work which is being conducted in sub-project 3 of the APROSY'S project
which was related to VT. He showed how the differences between cyclists and pedestrian
accident kinematics can be highlighted by VT. In particular how the head impact of a cyclist is
more likely to strike the windscreen rather than the bonnet and how VT can guide future
regulations. For the pedestrian lower leg impactor, the impact location of the vehicle with respect
to the knee is critical in determining the performance of the current impactor. The upper body
mass has not been represented in the current legislation and VT has shown it has an influence in
certain circumstances. The lack of accident data for cyclists is a further driver for the increased
use of VT to provide a greater understanding of scenarios.
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Concerns for lower leg impactor testing on the bumpers of SUVs or other vehicles with a high
lower bumper reference line (LBRL) due to non human-like kinematics

2.7 Summary of morning session (C. Mayer and K. Kay vantash)

Kambiz Kayvantash highlighted how a number of different techniques were demonstrated that
showed how virtual testing can be implemented into legislation. There was a need for rated VT
models and Steeve Laine commented about the need for physical bio-mechanics properties to
improve models predictability. Jean-Pierre Verriest made reference to the 2006 workshop where
the message was put forward that VT could solve all problems. The more pragmatic approach
taken by SP7 in creating the demonstrators was a step forward in improving confidence, in
particular the ‘blind testing’.

2.8 Saeed Barbat (Ford Motor Company)

As an introduction to the presentation Saeed Barbat gave an overview of the 2006 workshop
outcomes and assignments, to extend the range of VT and to have self-regulation or regulated
simulations created. The need for rated models was echoed and the interior head impact test was
proposed as a demonstrator for VT to be incorporated and used for legislative purposes. If all real
world scenarios were to be physically crash tested then Test Facilities would be swamped,
instead VT may be better equipped to cope. The interior head impact FMVSS201 test was
demonstrated as an example of how VT is used within Ford while achieving significant reduction
in prototype build/test during the vehicle development process and conduct physical tests only for
final confirmation structural/trim prototype and final certification. Saeed Barbat also presented
another application of VT "simulation-based" only on vehicle-to-vehicle impact to evaluate vehicle
compatibility, which is not a regulatory requirement at this point in time. Currently the legislative
body are not accepting the procedure specified by Ford based on simulation only. However, this
VT application is internally followed by Ford's to evaluate vehicle compatibility to further improve
self and partner protection in vehicle-to-vehicle impact.

2.9 Harald Schluder (The Virtual Centre)

The use of VT for several crash scenarios was highlighted. Failures in composites and the
inability of VT to always accurately model their performance was shown. Steeve Laine
commented how this issue will become more relevant as vehicle designs change towards the use
of composites.
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2.10 Jorge Ambrosio (IMDEC)

An alternative method of VT was demonstrated by the use of multi-body models as compared to
finite element models which had been demonstrated in earlier presentations. The models were
derived from FE models and would perform crash simulations in a fraction of the time. Although
they were quicker to solve, their inability to handle small design changes to individual
components meant that their use was limited. Trustworthy and reliable analysts would be needed
to implement multi-body models; therefore accreditation would be needed if models were to be
transferred between organisations. The speaker felt that handling a vehicle model should be
viewed as the same concept as handing over a prototype vehicle to a crash laboratory. Jean-
Pierre Verriest commented that the methodology of creating a model MBM or FE was not
important, but the performance of the model was more critical.

2.11 Jean-Pierre Verriest (INRETS, EEVC WG22)

The role of the EEVC was explained that it does not make standards but provides research for
regulations through various working groups. One such group is WG22 which is focused on VT.
They work with the ISO working group 4 and in March 2007 delivered a report. J.P. Verriest
commented that the benefits of VT could be a possible reduction of physical tests, but from the
vehicle manufacturer’s viewpoint they would not want additional tests or extra regulations.

2.12 Dominique Cesari (INRETS, EEVC WG17 Pedestrian s)

A methodology was demonstrated how VT could be used to compare different vehicle fronts with
the pedestrian leg impactors. It was shown how VT could be used with human body models and
different dummy sizes to analyse the performance of a vehicle. Jac Wismans asked if cyclists
could be included in the research of WG 17, and the presenter said that in principle it may be
possible.

2.13 Jean-Pierre Verriest — (INRETS, IMVITER)

IMVITER — Implementation of Virtual testing in Regulation

This 7" framework project is due to start in April 2008. The project will focus on technology and
the procedural implementations of Virtual Testing. The scope of the project will be beyond WG22.

2.14 Steeve Lainé — (Faurecia)

Nowadays, the Virtual Testing is used as a traffic light. After the CAD has been defined, after a
material has been selected in the norm, the simulations are realized in order to give in some
cases, just an idea of the chances of successes. If they are satisfying, the validation plan is
extended to reality. Is this a robust way to judge of the robustness of a system, of its ability to
answer solicitations with a reliable response in spite of its own scatterings? To answer this
question, different existing methodologies have been adapted and evaluated while keeping in
mind the necessity to remain industrializable.

Firstly, the investigations based on a direct stochastic approach put the problematic of the shorter
and shorter cycles of development in the automotive industry, the requirement of some
thousands of simulations for a repeatable mono load case virtual test is a blocking point; the
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computer flop power increase is eating by human modelling demands like GHBM (Global Human
Body Model).

On the model of several other domains of engineering -Civil, Maritime, Aeronautic, Atomic-
reliability analysis has been successfully coupled with explicit simulation techniques, Finite
Elements & Multi Bodies. It is nevertheless the case that the question of the management of an
acceptable risk is, henceforth, asked.

In fact, whatever FEA or MB is, a simulation model is a simplified mathematical model with
modelling hypothesis. In the same spirit, the model of reliability analysis is not only submitted to
mechanical modelling errors but to statistical modelling errors too.

So, the risk management needs to quantify suppliers' qualities and process capabilities in
determining the most probable (mass-)produced system, this, in order to calibrate safety margins
on performance criteria and associated supervision plans, in spite of the sampling statistical
representativeness and the real tests uncertainties.

But, even if the finality remains unchanged, improve development efficiency and time in order to
sell a cheaper and more protective vehicle to probable buyers, a new question appears: "Is the
most exposed population?"
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3 Workshop Review and Discussions

3.1 Discussion

A discussion followed the presentations including the following topics.

Compared to the 1* workshop held two years ago in Delft 2006, a greater level of confidence in
VT had been gained through the presentations and discussions held at the workshop. The
general theme of presentations was how VT can be used to guide and run alongside the current
physical test procedures rather than totally replace physical testing.

The importance of defining accurately the VT process was highlighted. The procedures needed
for VT should be regulated and checked at every stage. In completing the pedestrian
demonstrator SP7, a procedure for using VT in the current pedestrian protection tests was
presented.

Multiple simulations provided the opportunity to gain more confidence in VT procedures which
was critical for VT to be used in a legislative framework. The increase in computer resource
allowed multiple simulations to be performed quicker if they were used in a focused manner.

There was an opportunity to learn from the Ford methodology presented by Saeed Barbat and
adapt some of their procedures rather than creating a completely new set of VT techniques. The
role of the ISO working group was questioned to understand if they would be defining
procedures.

The driving force for the implementation of VT was not necessarily coming from vehicle
manufacturers. The view was expressed that they may be cautious if VT was implemented
without due consideration. Legislators were also investigating the feasibility of its use.

APROSYS was leading the field of research and development into VT, with different facets being
investigated such as dispersion models, mapped models, generic car models and cost benefit.

The use of Human Body models was also discussed as a useful addition to a model. Their
capability to show ‘human type’ injuries rather than dummy injuries would add considerable
benefit to the VT process. However at this stage their use would be limited due to their
development not being currently of a robust and reliable standard.
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4 Conclusions

The general theme of presentations was how VT can be used to guide and run alongside
the current physical test procedures rather than totally replace physical testing.

The importance of defining accurately the VT process was highlighted.

Multiple simulations provided the opportunity to gain more confidence in VT procedures
which was critical for VT to be used in a legislative framework.

The driving force for the implementation of VT was coming from legislators and vehicle
manufacturers.

APROSYS was leading the field of research and development into VT, with different
facets being investigated such as dispersion models, mapped models, generic car
models and cost benefit.

Human body models would add potential benefits to the VT process
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5 Recommendations

Legislators and Manufacturers should work closely together to implement VT
technologies.

The process of VT has initially been defined but needs to be more accurately defined
before implementation into a legislative framework.

A gradual process of adapting VT for certain simplified tests will aid its implementation.
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