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Vedlkriterialno optimiranje avtomobilske konstrukcije z
uporabo metode kon¢nih elementov

Multicriterial Optimization of a Car Structure Using a Finite-Element Method

Matej Glavad' - Zoran Ren®
('P+Z Engineering GmbH, Nemdija; *Fakulteta za strojniftvo, Maribor)

Pri razvoju motornih vozil poskusamo z uporabo racunalniika podpriih numeriénih metod Ze v
zgodnfi razvoini fazi, pred izdelavo prvega prototipa, zagotoviti Zelene ciline vrednosii dobe trajanja vozila,
obnatanja vozila med trkom, zagotovitev udobja potnikov med voZnjo im. Te ciline vrednosti pa so odvisne
od mnogih vplivih parametrov. Napetost, ki se pajavi na analiziranem delu, je le ena od cifjnih vrednosti,
ki jih je treba upoitevani pri razvoju. Zaradi zapletenosti danainjih numeriénih modelov se vse pogosteje
uporabljajo samodeini postopki optimiranja konstrukeij vozil. Z uporabe parametriénih modelov MKE je
magoce ne samoe ugotaviti, ampak tudi optimirati vplivee parametre, kakor se recimo debelina sten in
konstrukeife povriine avtomobilskega dna.

V prispevku je prikazan postopek veckriterialnega optimiranja aviomobilskih sestavov, ki temelfi na
sistematicni kombinaciji trinih in netrinih racunalniskih programov za izvedbo inZenirskik analiz avtomobilskih
konstrukcij po metodi koncnih elementov (MKE). Ti programi so povezani z namenskimi vinesniki, ki omogocajo
samodejno povezavo med njimi. Samo optimiranje temelfi na genetskih ali gradienmih algoritmih. Odpriost
razvitega sistema omogoda ugotavijanje in optimizacijo parametrov, ki vplivajo na cilfre vrednosii in izhafajo
iz navidezno ustaljenth in dinamicnith analiz MKE, analiz trkov itn. Prikazan je tudi posiopek redukcije ved,
med sebof prakticno neodvisnih cilinih vrednosti, na enotno cilino vrednost, ki je nato optimirana. Prakticni
zgled ponazaria uporabnost razvitega postopka.
© 2007 Strojnidki vestnik. Vse pravice pridrane.

(Kljuéne besede: vedkriterialno optimiranje, metode konénih clementov, topologija, genetski algoritmi,
gradientni algoritmi)

Motor-vehicle development tends to be supported by the use of computer-aided numerical methods
in the early development phase. Prior to manufacturing the first prototype it is required 1o ensure the
reguested vehicle-life expectancy, the vehicle’s behaviour in a collision, passenger comfort while driving,
ete. The listed targer values depend on many other influential parameters. The stresses occurring on the
analvzed part are only one of the target values that need o be considered in the development siage. Awtomaied
processes for the optimization of the vehicle consiruction are often applied due to the complexity of modern
numerical models. Today, the use of paramerric FEM models makes it possible ro identify and optimize the
main parameters, such as the wall thickness of the construction and the topological changes of the surface.
This paper explaing the procedure for a multicriterial optimizaiion of a car’s siructure, based on a systematic
combination of commercial and non-commercial computer programs performing engineering analyses of
car constructions with the FEM. The computer programs are upgraded with specially designed interfaces
that enable automated communication. The optimization itself is based on genetic and gradient algorithms.
The openness of the sysiem enables the identification and optimization of parameters, which influence the
target values and stem from different static FEM analyses, dynamic FEM analyses, collision analyses, etc.
The reduction procedure for mare independent target values to a single target value that is later optimized
is alvo explained. The example illustrares the applicability of the developed procedure.

@ 2007 Journal of Mechanical Engineering. All rights reserved.
{Keywords: multicriterial optimization, finite element methods, topology, genetic algorithms, gradient
algorithms)
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0 UVOD

Razvoj motomih vozil dandanes praktidno
temelji na uporabi ralunalniskih inZenirskih numeriénih
metod. Metoda konénih elementov se Ze od 70, let
uporablja v avtomaobilski industriji za statiéne trdnostne
preracune. V' 80. in 90, letih pa je postala wdi standardna
metoda za analizo obnasanja vozila med trkom, dinamike
vozila in kot osnova za dolocanje dobe trajanja
posameznih komponent vozila. Zaradi zapletenosti
problemov se z vsakim od teh podrodij obigajno ukvarja
posebna skupina inzenirjev. Ti morajo izsledke svojega
dela nato prenesti v skupni izdelek. Le-ta je tako vedno
zgolj kompromis rezultatov dela na veé razliénih
podrotjih. Pri iskanju najboljsih reSitev pa je smiselna
uporaba samodejnih postopkov veckriterialnega
optimiranja. Pri¢akovano je, da bodo v pohodnosti ti
postopki postali standardno orodje mzvojnega inenirja.
Dandanes je najvedji problem v komunikacijski
nezdruZljivosti (prenos podatkov) posameznih
raunalnidkih programov, ki so potrebni za optimiranje.

Na trgu je dostopnih ve¢ trinih radunalniskih
sistemov, ki omogodajo samodejno optimiranje, in
programov, ki omogodajo parametrizacijo mre#
kontnih elementov. Zaradi zapletenosti in
raznolikosti problemov, ki jih analizirajo razvojmi
inZenirji, pa za zdaj $e ni na voljo splonih
vmesnikov, ki bi omogodéali prenos podatkov med
posameznimi raéunalniskimi programi za analize po
metodi konénih elementov, programi za optimiranje
in programi za parametrizacijo mreZ konénih
elementov. Zato je obifajno S¢ vedno treba za vsak
analiziran problem narediti poseben vmesnik.

V prispevku je prikazan postopek optimiranja,
ki je zasnovan tako, da ga je mogode uporabljati v
povezavi z razliénimi programi in je zato primeren z3
veédisciplinamo optimiranje. Posamezni sestavni
ratunalniski programi so lahko tudi netrini, kar
omogoéa dodatno znifanje strodkov.

I POSTOPEK VECKRITERIALNEGA
OPTIMIRANIA

Z matematiénega vidika je optimiranje
iskanje najmanjie oziroma najvecje vrednosti
dolodene funkeije p, en. (1), ki je pri veckriterialnem
optimiranju odvisna od ved vrednosti podfunkeij
S, ki so odvisne od spremenljivk x :

0 INTRODUCTION

Computer-aided engineering is today one
of the key technologies used to develop modern
cars. The finite-element method has been used
in the automotive industry since the early 1970s
for static analyses. In the 1980s and 1990s the
method became the standard tool for analysing
dynamic, crash and fatigue problems. Because
of the complexity of the analyzed problems every
problem is normally analyzed by a separate group
of engineers. Different groups of engineers then
search for the best design. A modemn approach to
determine the best designs is to utilise a
multicriterial optimization process. It is
anticipated that the automated multidisciplinary
optimization will become the standard
optimization tool used by engineers. Currently,
the biggest problem is the very low
interoperability of the different computer
programs that are required for the optimization
process,

Many different software packages are
available today, which allow for automated
optimization and programs for morphing the
finite-element model. Since engineers are usually
working on different problems with very different
finite-clement solvers it is still necessary to
specifically program the required interfaces
between different FE programs, optimization
programs and programs to parameterize the finite-
element meshes.

This paper explains the procedure for
multidisciplinary optimization based on a
systematic combination of different
commercial and non-commercial computer
programs.

I MULTICRITERIAL
OPTIMIZATION

Optimization is a search for the global
minimum or maximum of the so-called objective
function p (Eg. 1). In multicriterial optimization
the objective function consists of many objective
functions f for the design variables x :

pUfi (x5, % e, ) = n 1i=1,2,...N (1)
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Spremenljivke x_so obiajno omejene z zgormjo in
spodnjo vrednostjo:

The range of each design variable x_is limited by
the upper and lower bound values:

X <X <X . (2).

Pri velkriterialnem optimiranju imajo
posamiéne podfunkcije f svoje minimume pri
razliénih vrednostih spremenljivk x_. Tako je
minimum funkcije p zgolj kompromis ciljnih
vrednosti podfunkcij £,

V strojniftvu spremenljivke x_ imenujemo
tudi optimizacijske oziroma projekine
spremenljivke. Le-le so dveh vrst:

- Zvezne spremenljivke: spremenljivke so
poljubna realna Stevila, ki so znotraj predpisanih
obmodéi) (elastiéni modul, debelina rebra iin.).

- Diskretne spremenljivke: spremenljivke
zavzamejo toéno dolodene diskreine vrednosti,
ki so znotraj predpisanega obmoéja (debelina
plo¢evine 1,0/1,2/1,4, premer vijaka M4/5/6
itn.). Diskretne spremenljivke so lahko tudi
dvojiske (vrednost 0 ali 1; ojaditev je/ni, varilna
tofka je/ni in.).

Cll_ln:: vrednosti so lahkeo:

Casovno neodvisne kolidine: napetosti [MPa]
in pomiki [mm] pri stati€nem preraunu, tipiéne
lastne frekvence nihanja [Hz], masa [kg] itn.
Casovno odvisne koliine: frekvenéno
spreminjajode se vrednosti (pospeski pri
vzbujanju s silo [mm/s*], raven hrupa [dB]),
pospedki pri trku [mm/s*], sunek sile [N]).

Podfunkcije f so lahko dolofene kot razlika
med Zeleno ciljno vrednostjo F, in izradunano ciljino
vrednostjo f(x_J, kakor je to na primer prikazano v
en. (3)

Medtem ko lahko razliko &asovno
neodvisnih vrednosti izralunamo neposredno,
moramo frekvenéno in fasovno spreminjajode se
vrednosti na doloden nadin spremeniti v ¢asovno
neodvisne vrednosti. Najpogosteje to naredimo
tako, da izrafunamo razliko med najvedjimi
vrednostmi, povpreéno vrednost oziroma
povriino med dvema spreminjajofima se
vrednostima (s1. 1),

Pomembnost dolofene podfunkeije £, v
postopku vekriterialnega optimiranja obifajno
poudarimo z uteZnim koeficientom W, en. (4),
katerega vrednost poljubno izbiramo:

Each objective function f has its global
minimum, usually at a different value of the design
variable x . The solution strategy for a multicriterial
optimization problem is to find the best compromise
of target-design values of the objective functions
A

From the mechanical engineering point of
view the design variables x_ can be classified as:

- Continuous variables: variables that vary
continuously inside a defined interval (elastic
modulus, thickness of a rib, ete.).

- Discrete variables: variables that vary with
discrete values inside a defined interval. (sheet
thickness 1.0/1.2/1.4, bolt thread M4/5/6, etc.).
A discrete value can also have binary values
(value 0 or 1; a rib is active or not, a weld spot
is active or not, etc.).

Thv: target values can be:

Time-independent target values: static stresses
[MPa] and displacements [mm], natural
frequencies [Hz], mass [kg], etc.
Time-dependent target values: frequency-
dependent values (accelerations of force-
excited structures [mnm/s?], noise level [dB]),
crash accelerations [mm/s?], force impulse
[N)).

Objective functions f can be defined as the
difference between the desired target value F, and
the calculated target value f(x J (Eq.3):

£ %)= [U{I] F}] (3).

F

The differences for the time-independent
variables can be directly calculated and used by the
optimization program, while the time- and frequency-
dependent variables have to be transformed to time-
independent values., Usually, this is achieved by
calculating the difference between the maximum and
the minimum values, the average value or the arca
between the curves comesponding to the variation
of the variables (Fig. 1).

The importance of the objective functions /,
in a multicriteria optimization is highlighted by the
use of weighting factors W, (Eq. 4), which can be
arbitrarily defined:

U5 Xy )= S 11 (5 Ky, @.
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f

f[Hz], t[s]

Sl. 1. Casavna in frekvencno spreminjajoce se ciljne vrednosti
Fig. 1. Time- and frequency-dependent rarget value

Postopek samodejnega veckriterialnega
optimiranja mora biti zasnovan tako, da je &im bolj
udprt Omogodati mora:
uporabo razliénih programov za optimiranje,
mreZenje in analize po metodi konénih
elementov;

- programljivost vmesnikov, ki omogoéajo
povezavo med posameznimi programi,

- uporabnost v heterogeni sestavi rafunalnikov,

- neobéutljivost na izpad dela ratunalniskega
sisiema, 5 ponovnim samodejnim zagonom
preraduna katerega rezultati niso bili
ovrednoteni.

Na sliki 2 je prikazana shema samodejnega
postopka opiimiranja, ki je bil uporabljen v tem
prispevku. Prenos podatkov med programi je
izveden prek namenskih vmesnikov, ki so
programirani v programskem jeziku Perl [3].
Programski jezik Perl je del operacijskega sistema
Unix/Linux in omogoda preprosto ravnanje s
besednimi datotekami in neposredno krmiljenje
delovanja operacijskega sistema.

The process of multicriterial optimization
has to allow for the use of very different programs.
Therefore, the process has to satisfy the following
conditions:

- it should be possible to use different
oplimization, meshing and solver programs;

- the user has to have the ability to program his
or her own user interfaces between different
programs;

- the process has to work on different computer
aperating systems;

= the process should be insensitive to the problems
of the computer network and should allow for an
automatic restart after a stopped optimization.

The optimization process explained in this
paper is shown in Figure 2. The communication
between different programs is achieved with the
developed interface, which is programmed in the
Perl computer language [3]. Perl is a part of every
Unix/Linux distribution and allows for casy
manipulation of text files and execution of system
commands.

Vmesnik
Intertace
MKE predprocesor
Program za optimiranje FE pre-processing
Optimization program ;
MHEE program il MKE nw-n!][.l! T CpraET N
FE solver 1 FE sobwer 2 FE sohver n
Vmesnik
interface

S1. 2. Shema samodefnega optimiranja
Fig. 2. Optimization process
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Uporabljeni postopek samodejnega optimiranja
je naslednji. Namenski vimesnik zaZene posebni
program za pripravo podatkoy (predprocesor) za analize
MEKE, ki na podlagi ustreznih vrednosti parametrov,
dologenih glede na trenuine ciljne vrednosti projekinih
spremenljivk, spremeni topologijo analiziranega sklopa,
ustvari in izpiSe mrefo konénih elementov ter robne
pogoje za razlitne programe MKE. Kakor hitro so na
voljo proste licence potrebnih programov za analize
po MKE, vmesnik zakene ustrezen program za analizo.
Iz rezuliatov analize namenski vmesnik nato izrafuna
vrednosii projekinih spremenljivk, ki so uporabljene v
postopku nadaljnje optimizacije. Ce rezultati analize
MKE niso dostopni v nckem predpisanem &asu,
vmesnik ponovno zafene program za analizo. Program
za optimiranje izpife ciljne vrednosti projektnih
spremenljivk v tekstovno datoteko. Postopek se
ponavlja, dokler ciljne vrednosti projekinih
spremenljivk ne zadovoljijo ustreznega konvergentnega
kniterija.

2 PARAMETRIZACUJA MREZE KONCNIH
ELEMENTOV

Pri konstruiranju motomih vozil se dandanes
uporabljata predvsem dva programska paketa, Desault/
Catia in UGS/MNX. Njihova modula za mreZenje in izpis
datoteke 2 geometrijsko obliko analiziranega sklopa iz
konénih elementov pa ne podpirata vseh funkeij, ki so
potrebne za preratune z namenskimi programi za
analize po metodi konénih elementov. Zato se

=
——— .

The automated optimization process consists
of the following steps. A dedicated interface
program starts the finite-element pre-processor,
which changes the analysed structure according to
some parameters, depending on the current values
of the design variables. The pre-processor then
generates the finite-element mesh and the boundary
conditions, which are exported to an analysis start
file. As soon as licenses for the finite-clement
solvers are free, the solvers are started. When the
FE program retumns the solution, the target values
are calculated with an interface programme and
are then used in the optimization programme. [f the
resulis are not available in the predefined time frame
a new analysis is started. The optimization
programme determines the optimal target values,
which are then exported to a text file to be used in
the next optimization step. The procedure is
repeated until the target values of the design
parameters reach a chosen convergence criteria.

2 PARAMETERISATION OF THE FINITE-
ELEMENT MESH

Desault/Catia and UGS/NX are currently
the two most used CAD packages in the car-
development process, Their meshing modules do
not support all the features of the finite-element
gsolvers that are commonly being used by
calculation engineers. Therefore, special
programs are being used for meshing the CAD

* 4

5L 3. Sprememba geometrijske oblike konénih elementov analiziranega skiopa
Fig. 3. Modified finite-element mesh

Vedkriterialno opiimiranje aviomobilske konstrukeife - Multicriterial Opltimization of a Car Struchire 661
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Sl 4. Lokalne ojaditve
Fig. 4. Local reinforcement

uporabljajo posebni programi s katerimi lahko
zamreFimo CAD geometrijo analizirnega sklopa ter
izpisemo diskretizirano geometrijsko obliko konénih
elementov in robne pogoje.

Pri prenosu geometrijske oblike analiziranega
sklopa iz programa CAD v predprocesor MKE se
obicajno izgubi celotna parametrizacija modela CAD.
Zato programski paketi kakor sta Beta/ANSA [1] in
AltairHyperWorks [2] omogodajo parametrizacijo
mreZ konénih elementov. Z uporabo teh funkcij je
mogode avtomatizirati spremembo geometrijske
oblike analizirane strukture (sl. 3 in 4), ne da bi
uporabnik moral roéno popraviti mredo oziroma
ponavno predpisati robne pogoje,

Predprocesorji MKE ne omogotajo samo
sprememb oblike in topologije analiziranega dela, ampak
lahko program doda oziroma odstrani ojatitey, na primer
rebro oziroma utor, Ker program pri spremembi oblike
analiziranega dela ta del wdi penovno zamrezi,
uparabliamo za vse analize mreko konénih elementoy,
katere kakovost zadostuje zahtevanim kriterijem.

3 ZGLED: OFTIMIRANJE TOPOLOGIJE
AVTOMOBILSKEGA DNA

Avtomobilsko dno (s1. 5) je v splodnem
ravna ploskev, katere lastne frekvence nihanja lahko
vzbuja neravna cesta kakor tudi motor avtomobila,
Obiéajno ima dno v sredini vedol#zno grhino, ki jo
imenujemo tudi predor in deluje kot ojaditev
avtomobilskega dna. V predoru sta pri vozilu, ki
ima pogon na zadnjih kolesih, menjalnik in
kardanska gred. Med predorom in stranico
avtomobila sta dve ojaditvi, na kateri se pritrdita
sprednja sedeza.

data and saving the finite-clement mesh and
boundary conditions in a native finite-clement
solver format.

When CAD data is being imported into
the finite-element pre-processor, all CAD
parameterisation is usually lost. Therefore, pre-
processors like Beta/ANSA [1] and Altair/
HyperWorks [2] have the ability to
parameterize the finite-element mesh. With
these functions it is possible to automate the
process of redesigning the analyzed structure
(Fig. 3, 4) without the need for any manual
remeshing or redefining of the boundary
conditions,

With the finite-clement pre-processor it
is not only possible to change the shape and the
topology of the analyzed part but also activate
or deactivate a rib or a groove. The morphed
mesh 15 then re-meshed so that the new mesh
satisfies the geometric mesh quality criteria for
different solvers.

3 EXAMPLE: TOPOLOGY OFTIMIZATION
OF A CAR FLOOR

The car floor (Fig. 5) is gencrally a planar
surface, from which natural frequencies can be
excited by the car engine or the road roughness,
Usually, the car floor is shaped with a tunnel in the
middle, which acts as the reinforcement of the car
floor. In cars with rear-wheel drive it also contains
the gear box and the shaft. In cars with front-wheel
drive, the tunnel acts as the reinforcement for the
car floor. Between the tunnel and the side panel of
a car are two supports for mounting the driver seat.

662 Glavad M. - Ren Z.
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Avtomobilsko dno lahko razdelimo na ved
obmotij, ki jih obravnavamo lo¢eno. Takina
obmadja morajo navadno zadovoljiti naslednje
zahteve:

* Prva lastna frekvenca vsakega obmoéja ne sme
biti v resonanci s frekvenco delovanja motorja,
Najvedji pomik in napetost, ki sta posledica
masc oseb in tovora v vozilu, morata biti pod
izbranima ciljnima vrednostima.

Ojatitev dna s privaritvijo dodatnih ojatitev
dandanes zaradi velikih strodkov ne pride ved v
postev, Pri izdelavi dna se zato v posamezna obmodéja
obitajno vtisne doloden vzoree, ki to polje ojada.

Priporofene oblike ojaitvenih vzorcev so
opisane v klasiéni literaturi, ki izhaja e iz 50. let
preteklega stoletja ([4] in [5]). Mekatere novejie Studije
pa so pokazale, da je mogote s samodejnim
optimiranjem topologije ojatitev dna doseli mnogo
bolje rezuliate [6]. Za optimiranje wopologije ojatitey
obravnavane v tem prispevku, je bil uporabljen
programski paket ALTAIR/HyperWorks. Rezultati
programskega paketa za analizo sistemov po metodi
konénih elementov MSC/Nastran [7] so programskemu
pakemt ALTAIR/HyperWorks osnova za optimiranje
oblike vzorca ojatitev. Temu programskemu paketu
lahko predpitemo zgolj 2eleni pomik, napetost in lastno
vrednost nihanja. Ni pa mogode uporabiti rezultatov iz
ved ko enega programskega paketa za analizo sistemov
po metodi konénih elementov. Tudi sam algoritern, ki
ga program uporablja, ni javno dostopen.

3.1 Parametrizacija avtomobilskega dna

Topologija plofevine 4 aviomobilskega dna
na sliki 5 je bila parametrizirana s programskim

The car floor can be partitioned into several
regions, which can be analyzed separately. Each
rcgmn has to satisfy the following:

The first natural frequency of cach floor region
should not be excited by the car engine.
Displacements and stresses due to the
passengers’ and cargo weight should be under
the target values.

The costs of welding reinforcements to the
car-floor panels is too high and is not being used
in modern car design any more. Instead, different
groove patterns are being pressed into the panels
during their production process to stiffen the
pancls.

The classical forms of stiffening grooves
were developed in the 19505 [4, 5]. Newer studies
have shown that the panel stiffness can be increased
with the use of automated optimization of the
stiffening groove patterns [6]. The program
package ALTAIR/HyperWorks was used for the
topology optimization of the car-floor panels
reported in this paper. The numerical results
obtained by the finite-element solver MSC/Nastran
[7] are the basis of the car-floor panel optimization
by the ALTAIR/HyperWorks. Only the
displacements, stresses and the first natural
frequency can be defined as target values. And only
the results of one finite-element solver can be used
for the optimization. Also, the optimization
algorithm is not publicly available.

1.1 Parameterization of the car floor

The topology of the floor region 4, shown in
Figure 5, has been parameterized using the Beta/ ANSA

8l. 5. Analizirano avtomaobilske dno in razdelitev na posamezna obmodja
Fig. 5. Analyzed car-floor panels and partitioning regions
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paketom Beta/ANSA, kar je prikazano na sliki
4. Definirano je bilo 250 krajevnih ojaditev, ki
so bile visoke med 0 in 20 mm, Kot
spremenljivka je bila definirana 3¢ debelina
ploevine med 0,5 in 2,0 mm. Za optimiranje¢ je
bil uporabljen programski paket OptiSlang [8]
in program MKE MSC/Nastran. Ciljne vrednosti
50 bile izradunane iz rezultatov statiCne analize
ter analize lastnih vrednosti (prva lastna
frekvenca nihanja, togost, masa in najveédja
napetost na plo¢evini) po MKE. Prva lastna
vrednost plocevine 4 je bila dolo¢ena s kriterijem
MAC. Plofevina je bila optimirana v sestavu
karoserije, saj je bilo iz predhodnih analiz
razvidno, da so rezultati drugacni, ¢e je ploevina
analizirana brez upoStevanja vpliva togosti
celotne karoserije.

3.2 Rezultati analize

Za optimiranje sta bila uporabljena genetski
algoritem in algoritem RSM. V prvi fazi je bilo
izvedeno optimiranje topologije plodevine =
genetskim algoritmom z 20 generacijami
optimiranja. lzvedenih je bilo 400 analiz po metodi
kontnih elementov, Rezultat optimiranja topologije
plotevine je prikazan na sliki 6-levo. Na podlagi
tako dobljene topologije je bila izdelana
konstrukeijska resitev, slika 6-desno.

V drugi fazi je bilo z algoritmom RSM
raziskano, kako sprememba debeling plodevine in
vifine ojacitvenega vzorca vpliva na ciljne vrednosti
(sl. 7).

Analiza je pokazala, da je najboljii
kompromis med tezo in togostjo plotevine doscen
pri vidini ojaditve 10 milimetrov in debelini
plo¢evine med 1,0 in 1,5 milimetrov (sl. 8).

program, as shown in Figure 4. A total of 250 stiffening
grooves were defined, with their height ranging between
0 and 20 mm. The thickness of the metal sheet was also
defined as a design variable with a range between 0.5
and 2.0 mm. The OptiSlang [8] computer programme
was used for the optimization and the finite-element
solver MSC/Nastran, for the computational engineering
analyses, The target values of the objective function
were computed from static and natural frequency
analyses (the first natural frequency, the stiffness, the
mass and the maximum stress). The first natural
frequency of panel 4 was evaluated with the help of the
Modal Assurance Criterion (MAC). The floor panel
was analyzed in the framework of the complete car-
body analysis. Initial analyses have shown that the panel
stiffness differs significantly if the car body’s influence
is not considered.

3.2 Analysis results

Genetic and approximation RSM algorithms
were used for the optimization. In the first phase
the optimization of the floor-panel topology with a
genetic algorithm and 20 generations was used. A
total of 400 finite-element analyses were computed,
The results of the topology optimization are shown
in Figure 6 (lefi-hand side). These results served as
a guideline to generate a panel design solution
proposal, Figure 6 (right-hand side).

During the second phase the RSM algorithm
was used to investigate the influence of the metal-
sheet thickness and the stiffening-groove height on
the design values (Fig. 7).

The results of the optimization study showed that
the highest stiffiness for the floor panel can be achieved
with stiffening grooves of 10 mm and sheet-metal
thicknesses ranging between 1.0 and 1.5 mm (Fig. 8).

S1. 6. Rezultati samodejnega optimiranja in konstrukcijska resitev
Fig. 6. Result of the automatic optimization and the proposed design solulion
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Sl 7. Ciljne vrednosti podfunkeij f
Fig. 7. Target values of the part objective functions f

Sl. 8, Frednosti funkcife p
Fig. 8. Objective function p

4 SKLEP

V delu je prikazan postopek samodejnega
veckriterialnega optimiranja topologije ojaitev
avtomobilskega dna z uporabo rezultatov analiz po
metodi konénih elementoy.

Topologija avtomobilskega dna je bila
optimirana na podlagi parametriziranega modela
konénih e¢lementov. Rezultati optimiranja so bili

4 CONCLUSION

This paper explains the procedure for an
automated multicriterial optimization process of a
car floor by using the resulis of finite-clement
analyses.

The optimization was performed by using
the parameterized finite-element model of the car
floor. The optimization results were used to define

Veckriterialme aplimiranje aviomobilske konstrukeije - Multicriterial Optimization of @ Car Struchoré 663
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uporabljeni za izdelavo optimalne konstrukeijske
reditve avtomobilskega dna.

Celoten postopek je popolnoma samodejen,
saj komunikacijo med posameznimi programi
opravljajo namensko razviti  vmesniki,
Pomanjkljivost celotnega postopka je potreba po
velikem Stevilu analiz po metodi konénih
elementov, saj postopek optimizacije temelji na
njihovih rezultatih.

V prihodnosti je nartovana razdiritev
postopka optimiranja topologije celotnega dna in
geometrijske oblike celotne karoserije. Obenem pa
je smiselno raziskati nadine, kako dobljene
ojaditvene vzorce Fe med optimizacijo voditi v
geometrijsko in tehnolodko sprejemljive oblike.

the optimal design solution,

The optimization process is completely
automated, since communication between the
different computer programs is handled with
dedicated interface programmes. The optimization
process suffers from the need for many finite-
element analyses, since the optimization process
depends on the results of the analyses.

In the future it is planned to extend the
process so as to optimize the topology of the
complete car floor and the geometry of the car
structure. It is also reasonable to investigate possible
procedures for defining geometrically and
technologically acceptable shapes for the stiffening
grooves during the optimization process.
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