Vehicle Structure

Jo
pal

Ha2A
Ha2A

=]y

Design Optimization - 1



« EHHE = (d)

<rzr
%0 &0
=0 50
o -
~ OR
i
vy
70
il
< i
’0 }ﬂ_
& e
= <+
o HO
- v
S @
’ B
RI H
T -
] YR
= oF ar
F ==
- 28
N oo 3F
M < " o0
= B a0 Rr
Dk = KO Oir
| 20 1|

<[
K0

10
iy

EL

~~

<0

Ki0
X

-
"o

o0
ol
=

oK
<t
o0
R
Oir

Design Optimization - 2

Vehicle Structure



mm 2| (Size)
- VIEY]

- S|, ehe1, Zo|

M.P.Bendsge and O. Sigmund, Topology Optimization: Theory, Methods and Applications, Springer, 2003

Vehicle Structure Design Optimization - 3




TR 4L

m 2|4 (Size) m 344 (Shape)
- Ba37] |
- S, ©HA Zo| - HH/zEH zHE

=

"X X XXX

AN

M.P.Bendsge and O. Sigmund, Topology Optimization: Theory, Methods and Applications, Springer, 2003

Vehicle Structure Design Optimization - 4




TR2H A QA

mm 2| (Size) mm 34F (Shape) m 2|4t (Topology)
- Hzp37| - A - A= |/F
- S|, T2 Z0| - AAHE/RAM ZH - QAT

M.P.Bendsge and O. Sigmund, Topology Optimization: Theory, Methods and Applications, Springer, 2003

Vehicle Structure Design Optimization - 5




4 )
>
>
=
5 &
\W.,/ Gm um
2 vV
g &b =
d '
S
G 5
=)
£ v
\_ J
4 N
o] =
4 X
W o
Mo L OF
~ uomﬁ
=i E
Ly
<k <k RIA
ol z._ 0l0
< Kl o_|_|_
W o M
[ J [ J [ J
\_ J

Design Optimization - 6

Vehicle Structure



( )
>
>
Z
Il X%
> =
2 vV
g &b =
d v
< 2
—S 5
1= =
S B
\ J
4 )
o o=
q X
TN
o <
0 —q
N} uwo_.
5 ro
o
LI
<F<F RJAr
M._ o0 .__,._A.l_ O_O
TOROOT
.._An_._._ _u.__l < 1N
[ J [ J [
\ J

&l
iIN{
e

X

160

Design Optimization - 7

Vehicle Structure



)
>
>
=
5 &
\M Um um
S5 v Vi
T k& =
o
o
o)
7
J
)
N e
o <I
0 -
Mo ROoF
— V5%
=S I
LU O
<k <F RJAC
M._ o0 ._—Mn_ O_O
T RO
.._An_._._ _u.__n < N
([ J [ ]
J

Rl
INg
3

X

160

O control Points

Design Boundary Segment

160

2
-]
H

Design Optimization - 8

Vehicle Structure



= 3

o Xl==(size) & S &f(shape) = & & H|
— ZIJ[EH 0 A 2l&

- AN Qe B 5L NS (R4

ol

2 HL ER)

Vehicle Structure Design Optimization - 9



= 3

o Xl==(size) & S &f(shape) = & & H|
— ZJ|IE2H0U A 2&E

X
— RHO AX/ADN/E A HHCHY B3
Al (topology) = & & H| X ©F

Vehicle Structure Design Optimization - 10



o SN EHS ZHE
— Yottt [HE 8428 e
— AHBEHSH A M=, HEtE S aHst

Vehicle Structure Design Optimization - 11



M= ety 2ldz 424

« SR EHS =XE
_ HABS 2 A DY T
— SHHSH LS Oels, Mets S aE st
« OFOICIOi?
- HAEE & AL HEHLEO| metradd EY
—- a2 geteac A=z T (pixel, voxel JHE)
Pi Load
\ 1 ::l__ HH
: H i
“““ . | s

Design Optimization - 12

Vehicle Structure



M= ety 2ldz 424

o S HLEHS =HE
— SAHES0 HE HE2E THAE A
— HAHSF AN HH S, MeE FaHG)
« OIOICIH?
— ofd2E NE: AXXHLHYHO| et 0 EIH
—- a2 geteac A=z T (pixel, voxel JHE)
S
’ o
7& ..... L1 1 Wg;\”)

Vehicle Structure Design Optimization - 13



SB[

IN

H

0]

)

o

ol
_oar
N =
J|J oD
o Ir
Bl 50 <
A % =
E_.___/ Y X0
I
= ki MU
w0t U
o gy ol
=
H O <<
gy ™ O
= =0 0
o1 o OF
O 7oy T 3D
Ki Rl o7 LA
Mt R

Design Optimization - 14

A

00|32 &

bs2 =9

\
sz—)yl 1

Dl=sTe
A

L

%

Vehicle Structure



SB[

IN

H

0]

)

o

ol
_oar
N =
J|J oD
o Ir
Bl 50 <
A % =
E_.___/ Y X0
I
= ki MU
w0t U
o gy ol
=
H O <<
gy ™ O
= =0 0
o1 o OF
O 7oy T 3D
Ki Rl o7 LA
Mt R

Design Optimization - 15

A

00|32 &

bs2 =9

\
sz—)yl 1

Dl=sTe
A

L

%

Ew=p pEijkI

Vehicle Structure



O|AF=2| 2 A c 2d A B
‘rl o—*—l = 27:” O M T'__7\'”
o SHH=(p)
— O|4tetet 28 Kot A0 &
e =Ml Al
— 2l| XA S28/HP HSAH: F=HA A&/
= d &t A4
— S EHA EH, T Y A= 0HAH=E |Fetal
=248 2|
— d9M 22| (HDEE20[HA) & 44

( N

min J‘deQe;vepe
(a(u,v)=f(V)VW—K(p)U=F
subject to <5s(;max}

—>U'F <|
\\U\Sumax

- max

-

Vehicle Structure

Design Optimization - 16



O|AFZ| A AT H|: A B
‘rl ol_—*—l = 27:” o T'__7\'”
T
. HIBIA (p)
— Ol&tetet 2 RetRAC 2%
o« =Ml HAlS}
- 20 2|45, STY/HS MAZA: FOHX LE/AHE BEG
= B £ H
- S8 EdA, 4, 2 xS0 MH=E 7etet, ASMUA=
o548 S22
— MA S (HOZS2H0|HA) & 248 HS
[ N ) min UTF )
min L}dee;vepe p F
, K(p)U=F
a(uv)=f(v)vww—->K(p)U=F ‘ N
subjectto <G <o, ; subject to < > v, p, <V
—-U'F Slmax e=1
u[< U, O<p. <p <1
i J \_ . )

-

Vehicle Structure

Design Optimization - 17



©) = A - O
HezA2A BEEE
m H(0/1) =4 m 2(0~1) =4
- 2= ZE? lll-conditioned - 2k5 =71

N IHI

]

‘min UTE h

o,
(K p2)U=F )

— 0

subjectto < » v.p, <V
Z E(IO )_pepE0] o
O< < p <1

\ L pmm pe Y, p>1

Vehicle Structure Design Optimization - 18




Initial guess
(Initial design)

Vehicle Structure Design Optimization - 19



Initial guess
(Initial design)

L
=

Analysis
(Finite elements) ¥

Sensitivity analysis

Vehicle Structure Design Optimization - 20



Vehicle Structure

Initial guess
(Initial design)

L
=

Analysis
(Finite elements)

Sensitivity analysis

Updating

(optimizationstep)

Design Optimization - 21



Initial guess
(Initial design)

L
™

Analysis
(Finite elements) Y

Sensitivity analysis

Updating
(optimizationstep)

7 plotresults L

stop

M.P.Bendsge and O. Sigmund, Topology Optimization: Theory, Methods and Applications, Springer, 2003

Vehicle Structure Design Optimization - 22



Topology Optimization: Formulation
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Educational Design Tool (1)

— TOPOPT ( )

* A 99 line topology optimization code written in Matlab, Struct Multidisc Optim
21, pp.120-127, 2001

» A web-based topology optimization program, Struct Multidisc Optim 22,
pp.179-187, 2001

 |Interactive topology optimization on hand-held devices, Struct Multidisc
Optim 47, pp.1-6, 2013

|

) ‘)

Vehicle Structure Design Optimization - 24




Vehicle Structure

Educational Design Tool (2)
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Chassis: Ferrari F458 Italia

Struct Multidisc Optim (2011) 44:45-56

o A 7:” =y DOI 10.1007/500158-010-0578-7
= = 1
INDUSTRIAL APPLICATION
il
o Ad 7;” _I_ (C ascad e) High performance automotive chassis design:

a topology optimization based approach
Topology optimization: 2l
p gy p = E Marco Cavazzuti - Andrea Baldini - Enrico Bertocchi -
Dario Costi - Enrico Torricelli - Patrizio Moruzzi

Topometry optimization : 24 =0|
Size optimization : &l S7|

- 45 Q7Y
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Modal response D

Crash linearization
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Load Path Analysis Sequence

p Basic Solid

» FE-Mesh Design Space

Vehicle Structure

» Required
Functional
Space

» Design Spac ®

Design Optimization - 34



Prof. Schelkle. Porsche AG
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Concept Stage of Vehicle Development

Design space Design Space: FE-Model Load Path Analysis

Virtual Prototype Stochastic-based Parametric-based
Concept Optimization Concept Finding
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Automotive Chassis

Proceedings of the World Congress on Engineering 2011 Vol Il
WCE 2011, July 6 - 8, 2011, London, UK.

Automotive Chassis Topology Optimization:
a Comparison Between Spider and Coupé Designs

Marco Cavazzuti, Dario Costi, Andrea Baldini, Patrizio Moruzzi

« Comparison Between Spider and Coupe Designs
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Results (1)

Case 4
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Results (2)
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T2: Topology Optimization

— geometry developed by the topology optimization was
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