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Abstract :

A nonlinear, dynamic response structural optimization is carried out for a structure that integrates the

body-in-white and battery pack of an electric vehicle. The loading conditions are made from a side pole impact test. The
objective function is the mass, while the intrusion of the battery pack is defined as a constraint to prevent fires or explosions
involving the battery pack during a car accident. An optimization method that uses the equivalent static loads method(ESLM)
is proposed. An electrical vehicle(EV) model is generated from an existing crash simulation vehicle model. The proposed
method was found to be an effective structural design method for electric vehicles.
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Fig. 1 Honda Accord FE model

Fig. 3 FE model of the electric vehicle BIW from the
general vehicle

ATk LSTCAFS] M 248 F-2aA] A E o]

¢l LS-DYNA? 9] 3fA] &

Oﬂ?owt Ol ngs WAt
o _

686 si=2tE23eE =2 A29A A7E, 2021

Z1zke] A tig FEfE ATFolA] g str] f5tol
o} v -2 Tesla SO 3DS MAX X3 © 2 Fig, 20|
LHER ek o, gk g AElfA] - B o] ofu e} vk
3R Lef e Ryolth

A7 A5 =}e] A A& A2k 382 @ oFshi 53t
2k A7, gHeellolE], WE&7], w7 #, AET 5 Al
7 ekaL viE 2] e Ef‘é = A AFsto] 2ok 2 £ 9
A7IAsAFe] REEE 2 ATl w7t B
ufj el A Z=ARe] iﬁ% do] H deFo = w3lelal
t}. Fig. 39] §1&9) A& AT} o2 o] A Al
e ‘jf@l AHAE BTl Qlek 2FA| 9] AlE &2 o
F sl el AmEo] AAetd ks AHAle

ﬂ»} @sgs}oq g Hud AgEs agagit,
WHE Fo) wero] Fig 39) ofglEol A o &) A7)
olch. olu) MR Fol Fele Fig 291 W3 BF} 4
&s) fataith 71ze] dukalsate] Aol AlE

Lo Fo] ko] A et 711 & ekdAN A
712kl A= aiEl ] o] o] & il E = Tt whebA] A
72| M=AbA o] WutehS Teet FE R 7Hd ok
v B3-S harsA] uiEl ] o] Ak g ike] v
< Ho}O% shae] ol 2deglom, miE g ol
= Age] vk wig e o A o] oot =
Xé ElSei=g

AHEE HlE E] o] feka Al BmEe 4
E}. zhare whgk 7)1 o] miE ] Hofl oigk {3k
| 171 whiZol] A 2FhA o A= A ESh= vl
}%E} A AL A AEL] A g AR
171 wiZoll QIEf el F-f-5 ARl &l

Lo B3l Aol dadel A A4

SHoAth. o Abeke] Alo] = B A 7FR 1563 mm, Al
0] 96 mm2] 2 AAIEl o A<k
°F 10 cm {P%ﬂ_o—i 1 84F o]l Adsiii) A
H e el =2 Fig. 400 YER Tk 2 UiRel= 30
7Nel wiE 2] XEo] Fa = Avk 2HA| 9} viE 2] -8 3
shd A W72 s AF B o] f

et G389 AR EL B upx7kA] 2 LS-DYNA
o] NjAYEAEA myo|t). Sk Alata) A9
Ao T2H A A Ao M= AltairAle] OptiStruct™ 7+
AHE-E ATk LS-DYNAQ] &4 53-8 2-8-3l] OptiStruct
o] APFAANAE BF & AL HFHo A=
S/l A YR o2 ARgSkE Rl A~ e
AA=R gAIITE ATelAE 7] A7]AF o)
A7) dlolElE 95 T e B R At B =
7] A HA4A Aol 2 v askeich

o o
i)
)

—N rulo

>, (2 oft
D)
w2

=

M fo X
g >
Ca
oftt
(3

=
to
il
B
ol

ol
"
oy 2
L il
j_q
E""

O
rL
mN'



Nonlinear Dynamic Response Structural Optimization for the Structure Integrating the Body-In-White and Battery Pack of an Flectric Vehicle Considering a Side Pole Impact Test

Fig. 4 FE model of the battery pack of the electric vehicle
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Fig. 5 FE analysis for the pole-impact test by using the
generated electric vehicle model
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Table 1 Results of the design optimization example of the electric vehicle

Design | Design | Design | Design | Design | Design | Design | Design | Design | Design
cycle 0 cycle 1 cycle 2 cycle 3 cycle 4 cycle 5 cycle 6 cycle 7 cycle 8 cycle 9
dvl 1.5000 1.5464 1.4372 1.3246 1.4597 1.3516 1.4813 1.5850 1.4680 1.5744
dv2 1.5000 1.5500 1.4400 1.3280 1.3998 1.2797 1.1357 1.3085 1.1958 1.3566
dv3 1.5000 1.4500 1.3400 1.2080 1.0496 1.0000 1.2000 1.3600 1.2320 1.0784
dv4 1.2000 1.1200 0.9440 0.7328 0.5000 0.5000 0.8000 1.0400 0.8480 0.6176
dv5 0.6000 0.5100 0.5000 0.5000 0.5000 0.5000 0.7000 0.8600 0.7320 0.5784
dvo 1.0000 0.9500 0.8400 0.7080 0.5496 0.5000 0.7000 0.8600 0.7320 0.5784
dv7 1.0000 0.9500 0.8400 0.7080 0.5496 0.5000 0.5581 0.5000 0.5000 0.5000
dv8 1.5000 1.4000 1.2200 1.0640 0.9374 0.7248 0.9799 1.1839 1.0207 1.0561
Objective functi
Iee (We )nc 1 0.05851 | 0.05656 | 0.05068 | 0.04505 | 0.04234 | 0.03637 | 0.04332 | 0.05010 | 0.04450 | 0.04553
mass
Constraint violation | 0.00 % 0.00 % 0.00 % 0.00 % 0.00 % 16.48% | 12.13% | 0.00 % 4.92 % 0.00 %
Convergence criteria - 3.33% 1040% | 11.11% | 6.02% 14.10% | 19.11% | 15.65% | 11.18% | 2.31%
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