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Simulation CONFÉRENCES

Deployment of optimization sîudies using
Alternova: design of a hood inner panel
for pedestrian safety performance
f. MERCIER1, M. GUILLON2, S MAILLOT2 «

RENAULT DREAM 78288 Guyancourt Cedex
2 EURODECISION 78000 Versailles

Abstract The performance of optimization studies in the design process of a vehicle is undemable significatif values
of moss gain are reached despite mcreasing spécifications (m crash, NVH, ...)• The present challenge is to spread
optimization methodology into operational departments Experience shows that this process regimes the development
of a spécifie application for each expert problematic Eurodecision helps Renault to develop and spread these spécifie
applications This concept is illustrated with the example of the design of a hood inner panel regardmg pedestrian per-
formance ln addition, use of shape modification process makes this example more interestmg
Keywords Alternova - Multidisciplmary optimization (MDD) - Optimization - DDE - Parametnc design optimisation - Hood

I. Introduction
The design process for modem vehicles makes extensive use of
numencal simulât ans in order to understand the vehicles beha
viour in the presence of machamcal aerodynamic thermal and
other phénomène Modem simulation software is increasmgly
powerful but alsa requires more and more processing power and
computation time That is why RENAULT set up an optimisation
methodology in its des gn process intended to propose designs
offering sigmficant gains in moss and services white rationalismg
the use of numencal simulations

upon the spécifications mainly the output data for simulations or
real experiments

Picture i A crash simulation

For fh s type of study RENAULT has relied on EURODECISION for
severol years to develop the ALTERNOVA toolbox Today the two
campâmes are partners for the development distribution mam
tenance and evolution of ALTERNOVA EURODECISION also assists
RENAULT in carrymg out design optimisation studios

2 The optimisation methodology and
Alternova tools
2 I Product design optimization methodology
Designers receive technical requirements They must lisf the
mfluenrial design parameters (such as part thickness material
and shapes whether or not a given part is present on angle etc )
as well as the r level of variation while foctormg in bath techn cal
and manufacturing constramts (removal from mould weldabihty
etc ) ln the methodology parameters called "factors' correspond
to the design decision variables and responses are enterra based

Picture 2 schema of the classics optimisation methodology Iat product
design

An initial des gn of expenments (DDE) is produced aim ng at
gefting the maximum amount of information from the minimum
number of expenments (simulations to run) According to the spe
cific structure of the selectad design of expenments it is possible
for instance to approximate the influence of the factors on each
response and to détermine their interactions Responses obtamed
via simulation of these first expenments allow the user to build sfa
tistcal models (surface response models) Such models provide

an approximation of the responses for any new experiment They
are used to generate new expenments obtamed with multi objective

optimisation methods The new configurations are validated using
simulations and are than added to the expenment database This
makes it pass ble beth to reassess the models in order to improve

their quality and to repeat the process iteratively until satisfactory
solutions are obtamed

2 2 Alternova toolbox

This design optimisation methodology helps users to acheva the
best poss ble design whila rotionalizmg the number of simulât ans
in order to shorten lead fîmes
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The ALTERNOVA methodology and tools permit to handle various
multi domain optimization (MDO) cases For example

• Moss saving and performance mcreasing The aim is to mini
mize the systems moss or to increase simulated systems
performances

• Failure research local optimization close to the reference
design in order to identify failure behavior The aim is to find
which parameters cause a failure by looking for designs with
responses values far fram reference responses

• Numencal model improvement The aim is to mimmize dis
tance between numencal model and real expenment

Each situation written above corresponds to a spécifie Alternova
application They are designed to be distributed to people (hot are
not experts in optimization or statistics techniques

These applications capitaine Eurodecision experience obtained on
previous similar studios (Design of Experiments choice optimize
tion strategy parameters)

They mtegrate a Human Machine Interface fnat helps MDD problem
definition and post processing operation They automate every step
required for a study

• Call to Alternova generation of designs exécutables (designs
of expenments and optimization by response surfaces loops)

• Run of the entire simulation campaign automation of cal
culations with handling of différent mput parameters and
submission of parallel calculerons in several simulation
environments lf shape modifications are required Alternova
applications contam automatic design creation and automatic
meshing

• Post processing and calculation output data retrievmg
• Alternova Multi enterra analyse to help the choice of relevant

solutions

3 Pedestrian safety
Real accidentology analyse shows fnat pedestnan represents an
important part of fatal road accident

Picture 3 Pedestnan fatalities
[JSAE Impact Biomechamcs workshop 2008]

Smce 2009 EuroNCAP decided to stop makmg a spécifie mark to
charactenze the vehicles behaviour regardmg pedestnan safety
Instead EuroNCAP included it in its global mark which was pre-
viously a synthesis of important crashes
Pedestnan safety analyse is done through impacts simulation
auch as leg upper leg, cniid head and odult head impact as
shown on the p cture below

Adult
Cniid head
head ^^

Picture 4 Pedestrian points of impact
[Euro NCAP website]

Impacts velocity will be 40 km/h Impacts zones will then be mea-
sured and evaluated as good, adéquate or marginal

Picfure 5 Pedestrian mark construction
[Euro NCAP website]

This paper présents more specifically the head impact which
represents 90% of fatal injuries and which is one of the disciplines
integrated in Hood/Pedestnan Alternova application Head impact
is charactenzed by the HIC (Head Injury Criterium) enterra This
critenon corresponds to the maximum value of a floatmg average
of the head impactor center décélération

Head Irtury Critenon

fe avec / ^ 15ms

Picture 6 HIC calculation
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Head impacts are located on the hood fenders, windshield and
wmdshield pillars

EuroNCAP partial mark is estimated in the application fram HIC
value measured on each hood impact

4. The pedestrian safety software
(design of hood inner panel)
The pedestrian safety software is one of the expert applications in
the Alternova tools

4 I Perimeter of the studies
The hood and its positions in space are strongly dépendant on the
design ot the vehicle so generali1/ the hood outer-panel will be a
fixed mput data of the problem and we will search the best solution
for a given design

Besides the hood outer panel which will be invariant, the hood
model is composed of the mner-panel latch wilh maybe latch rein
forcement and all boundary conditions sprmgs (position-holding
shock) tender and wmdshield zone etc

Différent configurations of the hood mner-panel will be obtamed by
form modification

4 2 Concernée! disciplines
The mam performance is the head impact Due to the planning of
projects when the study begms some choices are not decided
mamly the choice of the motorization

HIC evaluation is under estimated due to the lock of the motor
That is why we mtroduce a second cnterion intrusion of the hood
durmg the impact in the theoretical area of the motor This area will
be called pedestrian loyer

Hood

Pedestrian
layer

m
Overlap of the

pedestrian fayer

Deformed
nner panne!

Picture 7 Intrusion cnterion

Besides Pedestrian safety disciplines engineering of the hood is
impacted by other performances such as static ngidity and over
runnmg

ln static ngidity, objective is to have a sufficiently rigid hood in
various conditions (latéral, torsion, bendmg ) and to préserve it
fram plasticity

ln overrunnmg we don t want the hood to impact ils neighbou-
rhood or to permanent^ deform when closed violently

4 3 The multidisciplinary optimization problem
Optimization problem is expressed as a two objective problem
Minimizmg, for différent positions of the head HIC and intrusion
under the constramt of other simulations (such as static and over-
runnmg)

User can descnbe his optimization problem in this interface

Active Simulations
Head

Overrunninfi
Objectives*

EuroNCAPNote MAX
Pedestrian_Layer_overrunnmg MIN

Constramts
OverrunningJ3pringj3

MIN TARGET MAX TARGET,

Overrunnin9_Z_1002 -6

500

Picture 8 Interface of optimization description for hood application

4 4 Application steps
Following diagram shows the séquence of the jobs executed by
the application detailmg the steps relative to simulation launchmg
Expenments are generated accordmg to the methodology pres
ented Picture 2

Interface for ;
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Results ir
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Picture 9 Séquence of jobs executed by the application

Starting with the parameterized model given by the user, CATIA
reconstructs geometncal configurations of the mner-panel for the
différent expenments fnat will be evaluated

Picture IO Configuration constructed by CATIA
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Geometry is then meshed and assembled by an ANSA script Ibis
phase allows mtroducing the inner-panel to the other constituting
parts of the model Rigid bodies, hemmmg and glue ensure the
links with fenders outer-panel hmges Assignment of thic-
knesses is alsa donc dunng this phase

Picture ll: Configuration assembled by ANSA.

Transfers of mput data to the server and automatic launches of
simulation (mcluding head positionmg) is done by the application
Results are post-processed and integrated to the database of the
application Reports mclude the analyse of most satisfactory
configurations These reports are composed of cartographies and
Pareto graphs for différent cnteria

4 5 Difficultés
ln case of parametenzed geometry, not all sets of paramefers
are feasible Failure happens dunng the construction of geometry
in case of mcompatibility between values of parameters Others
failure can happen dunng the meshing process Consequently, we
must plan, in the initial phase of the design of expenments, sup-
plementary tests to compensate these failures ln the optimization
phase, if we have a good statistical model of the feasibility (answer
O or I), it is possible to guide the optimizer (awards solutions thaf
seems to be feasible

For HIC evaluation, 40 impacts positioned in the hood area res-
pecting euroNCAP are defined ln order to spare runs impacts are
divided in three levels

Picture 12- Example of localizafion of the 40 impacts

Impacts of the first level are systematically run They are used
to obtam first evaluation of the configurations Only promising
configurations are run with the second level positions Likewise,
depending on the results, configurations are evaluated with the
third level positions

As a final remark, optimization is a difficult task because it consists
in finding solutions which are compromises between many enterra
All problems of gréât dimension optimization apply hère sequen-
cing of critere, multi-cnteria companson of the solutions, difficulty
for the algontnm to converge, etc

5. B95 study with the Hood/
Pedestrian application
B95 study goal was to assess the performance of a hood mner
panel inspired from other car manufactures in the Renault context
This panel, called "A mner panel" is tested on a crash performance
the cniid head impact The results are compared to the B95 refe-
rence design shown below

5.1 B95 reference
The initial mner panel is composed by 5 aligned omegas
As shown on the HIC mappmg and on the loyer over runnmg map-
ping (Picture 13, Picture 14), B95 hood mner panel is globally
good on the first 10 level impacts From the HIC point of view,
sortie raise some issues it concerns impacts located near spnngs
or near the latch

Good value

Out of spécification value

Picture 13- HIC mappmg for B95

Good value

Out of spécification value

Picture 14- B95 loyer over runnmg mappmg.

5 2 Study perimeter
The important question to answer is « ls the hood mner panel geo-
metry shown in Picture 15 better for head impact performance?"
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Picture 15: CAD model of A mner panel.

A parametenzed Catia model has been used lt contams 8 design
factory as presented below

Picture 16: Position holding and travel limit stop position parameters

Picture 17 Présence/absence parameter of the central omega.

Picture 19: Inner panel circumference height parameter.

Picture 20. Central and oblique omegas width parameter.

Picture 18: Présence/absence parameter of diggmg operation.

Picture 21: Omega height parameter.

5 3 Optimisation phase
ln thts study, the optimization problem is quite simple to express
the ann is to maximize EuroNCAP mark while limitmg over running
of the pedestnan loyer

The classical optimization method has been used thonks to Hood/
Pedestnan Alternova application, and 3 optimization itérations
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have been done The results found are showed on the Picture 22
graphie For all simulated designs loyer over runnmg values are
shown accordmg to EuroNCAP mark on 10 impacts

• B95 reference

DDE

» dpt I

*Opt2

* Opt3

EuroNCAP parti
-«•»*_
lai mark

Picture 22- Graphie représentation of the results- loyer over runnlng
vs EuroNCAP mark on 10 impacts.

All solution with A inner panel are better than B95 on the EuroNCAP
mark critenon Nevertheless some designs have high loyer over
runnmg value Some designs are better on botti critere

Pareto graphie allows visualizmg how antagonist the two res-
ponses are The better the EuroNCAP is, the worse the loyer over
runnmg is
Two extreme configurations can be identified the best solution
without over runnmg and the best mark but with no respect ot loyer
over runnmg spécification.

The design number 134 nas been selected among mtermediary
compromise solutions because of its very low over runnmg and
rts mteresting mark Its mappmgs are shown below

Picture 23 HIC mappmg for design number 134

Picture 24 Overrunnmg mappmg for design number 134.

6, Conclusion
This B95 outer-panel study realized with the help of Alternova
Hood application allows validatmg the interest of the application
The good functionmg of the tool was venfied lt permits the exploita-
tion withm a short time period of a parametenzed geometry of the
mner-panel, relieving the user of all meshmg, models assemblmg,
transferrmg, post-processmg and solution searchmg, and chewing
hlm to concentrate on problem description and results analyse •
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