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Topology Optimization Method for Vehicle Body Structure to

Meet Multiple Performance Requirements for Body Stiffness,
Crashworthiness and NVH Simultaneously

ME ®x" ME /37 38 R¥E7
Naomi Wada Yuji Wada Kohei Yuge
AlF B BHEH XZT FH R
Isamu Kizaki Kohji Hashida Sakayu Terada

M HZERZBERICEITIEDICEBEEN DOBUELERZAR T IVENH D, B2 HEEZMEIL
THEBHOEFRBRREFICEVT MO —RBLIERAREFO—BIr & 2N, BRUEICRRIND LS
BRAZRZHSIHFFRKREZENICLIE VRO —RBL TERBEE B CIdB LV, €I THREROT
FIF—RINEFETE ZIHGH bROYS—REb L, BEHETH S0 NVH = EH BT RE % RS
ICIRZ BAMEE FROS — BB FEZEHE LTco COFEEAVZAINMG - 28 - NVH ZEE ROY -5
tT22LT, BUEEEEZHEEL, D ORBLDLTDICINEKT IEAEED RO —28BZ N TE .

Abstract

Topology optimization helps realize highly-rigid yet lightweight vehicle bodies for lower CO, emissions. We
have developed a large-scale nonlinear topology optimization method that simultaneously addresses linear
(torsional stiffness and vibration) problems and nonlinear (crashworthiness) problems to control energy
absorption by the vehicle body structure during a collision. The optimization of the entire vehicle body model
produced a rigid truss-like structure, and all the objective functions converged to the desired level. Consequently,

an optimal shape that can be used as a reference for designing a car body frame structure and that simultaneously
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satisfies stiffness, crashworthiness and NVH performance requirements was obtained.
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Fig. 2 Design Space of Vehicle Body Structure
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Fig. 3 Load Case for Vehicle Body Stiffness
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Fig. 4 Load Case for Vehicle Body Crashworthiness
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Fig. 5 Normalized Energy Absorption Target in Load-
displacement Curve
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Fig. 6 Excitation Case of Vehicle Body NVH
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Fig. 7 Optimal Shape of Vehicle Body Structure
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Fig. 8 Volume, Quality, and Objective Function History
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Fig. 9 Strain Energy of Stiffness Cases Before and after
Optimization
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Fig. 10 Load-displacement Curve before and after
Optimization
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Fig. 11 Frequency Response of NVH Cases before and
after Optimization

4. 5HDOHIC

ARTIE, 2ETRE R, BRI CIFRE
(B8) RROBEFERECH TS b AROY —RB(EFE
ZBARL, MM - &2 - NVH 4aEZ RIRF M7 I I8iEIR
NFEEET LI 3ETRAFEZAVT, EXETIL
TO RO -RBELZTV, BEER LT IROEE
FRBENER LT, BRERL+OICINRLERICR
BEHHETL, B - B8 - NVH 4aEZ BRHIEC S b
ROY-—ERE/Z D TEB TRl

FFEICIDEBLEMREZMIITE 2 EMBEEZR
B EHAEREICTR D, SROBERLBNDSEM
ZHEERICEITSD, KTMHEICEDTVL,

BE R

(1) M.P. Bendsge, and N. Kikuchi: Generating optimal
topologies in structural design using a
homogenization method, Computer Methods in
Applied Mechanics and Engineering, Vol.71, No.2,
pp.197-224 (1988)

(2) M.P. Bendsee, Topology Optimization: Theory,
Methods, And Applications, Springer, 2003.

(3) EEHAM, NVIVTRIBETS 1Y, IE,
(2002)

(4) BABEZ, RH—7, FHRE ' bROP K81t
GtEHELIFvy—1—R), —BRAEZEABR
FEIZR (R), AEHR (2013)

(5) K. Yuge, and N. Kikuchi: Optimization of a frame
structure subjected to a plastic deformation,
Structural optimization, Vol.10, No.3, pp.197-208
(1995)

(6) APk, RFEF, HE, SHIERT  ERH
HBEEREM A DIEFH b RO D —R#RET DB
B, BE8hEEMSHE]XE, Vol.44, No.5, pp.
1249-1254 (2013)

(7) BEFFT, PME, SHIRT @ ERBEDEZE
RiEERET (KidR) —HEEUMRICY I 3@t —,
FFTEIXEERMNE, Vol.12, pp.185-188
(2007)

(8) Z.D. Ma, N. Kikuchi, and I. Hagiwara: Structural
topology and shape optimization for a frequency
response problem, Computational Mechanics,
Vol.13, No.3, pp.157-174 (1993)

(9) REFEE, SHIRT, B2RE  ARBRETT
A3 L%EBWICEREBMO MROY —Ri#HR,
FEIFEERAXE, Vol.15, No.1, pp.313-
316 (2010)

(10) K. Suzuki, and N. Kikuchi: A homogenization

method for shape and topology optimization,

— 204 —



No.39 (2022) IV AR

Computer Methods in Applied Mechanics and
Engineering, Vol.93, No.3, pp.291-318 (1991)

mZ =N

— 205 —



