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A Study on the Topology Optimization of Electric Vehicle Cross beam
using an Optimality Criteria Method in Determination of Arranging Hole( I )

Hyung Yong J eon’

ABSTRACT

Electric vehicle body has to be subjected to uniform load and requires auxiliary equipment such as air pipe
and electric wire pipe. Especially, the cross beam supports the weight of passenger and electrical equipments. a
lightweight vehicle body is salutary to save operating costs and fuel consumption. Therefore this study is to
perform the size and the shape optimization of crossbeam for electric vehicle using the method of topology
optimization to introduce the concept of homogenization based on optimality criteria method which is efficient
for the problem having the number of design variables and a few boundary condition. this provides the method
to determine the optimum position and shape of circular hole in the cross beam and then can achieve the
optimal design to reduce weight.

Key Words : Topology Optimization($]4+3 % 3}), Homogenization(Z-2 }71%), Optimality Criteria Method(# 2]

71& %), Finite Element Method(+-3- 2.4 &]4), Static Stiffness(*] 2 ZAd), Cross beam(ZE2 H)

deln AR AAE AgstEe FA6 Ut
£ AT e @ Ao wet A 5%

=

1. MB

AEae B deAg A2 A9 &R/ & AAGEAM A 7R F2E o|FE vuFE
9 FgHRoR B o]-"l AE T FHE Z(under frame)E A %3} G2 Attt o F
zgolg. aan Adsin Gde] eddg:  mEZzE TS 222 W(cross beam)S Wit
3R hFes % ﬂﬂy_zoﬂ g neFde A FFo| wol Witn AAF R I/ Add

2 A A dEAIZ Ha=EE Aol AAZH o] wixZ2 <%t LA H(compact) TFERE Q73
& BEolrh. A AFa dAE FHI A AT 22 ol 75 a2 AEsE w717
A} ojgale FZoE AR HaYge A st} A3 ¥ (homogenization)2) 71ES =Y
273t 712 SRR ANE AY £ Y= A% 4 24 8}(topology optimization) & o] &3}
2 RTFEE W, 2L pasel wolde A 2z yel AL A4 % Gl Bt A

Nl

ox I

s 2002 9 69 109 H
) ROTEM At 7 ExATE

*

137



RO

AL FsHE) A A19A AE

sHATh.
E}(body bolster)2} Alol=
Aoste AGEHL AT
& Fagr) A% “ﬂzﬂi’ﬂ 3718 R HMEs A
Aste AR2 W FoR FAHeY A2s U
atFEx AR A ntRExy AMAE
A gk oleek A2 A W I SRR
o|F7] flete AFH Bt ol AN A
35S wol AReE YedE Bty %
o] Wol ZAgste] uite] Hdh. I o8 AF
AlAg o) 9 FA A3t o) gt} ThgFI HAYY
ik g A %19_‘4 383 Zaage] o¥ga
'H AEHA FAHY Fad9
Aol AAle A&AF & U=

43t 4 dun
hFEzE u B

A (side sill) 28] 3 2}

o mtm

£
e,
ox
_u,

AT YA
= ¢ F8% a4
°J7]'1\=‘_‘7‘34 zkgj o] Holy
A7 ARHE A9 8§
%?‘17323 QA% :r"331_73(strucrural

QT EE WM (variant design)®

Z HAA YR} AR ] A2
%"’“01‘4 °T 1"{ &g ﬂ:rLi 27]@231 @A
oA HAle} AL Fise 9 A4S
A of st A7t thkAle] 1, &7]’27-1101]"14

F

JTE

FEES A4 AR Fko) AN v
F %ol 2 9PL MAA HEEY ¥ AT &

63 gtef o9} fFAlS ¥ FRE AA A 72AR
2 #gg3tax sk

2 drodMe a2 Yo 48 i Fde
AAsl7] st T2 A3} 87 (channel steel)2)
7142 HE S AET F Michell®ol <& A=
22 AApA Y Ao AU E Ve EA
A agAel A 7)FH(optimality criteria
method)*®¥ol} 2] 8+ 77 3} (homogenization) & AH-&
st YAHAFHE A=Y HHVEHE
Suh™ &% Sigmund®ell o3 G HweA Y 9
A A A Edd Hol gled, Yang®e #3
24 UEE AAESFR 3 JFHAEE TP
Q3 H2o A FAAPr] Bokol] I A §o] A%
T Yo A e upgo s B QoA
AFo] A& ¢ ol FRAY Uy £ X
T3te, AAZIEFG FAAA 459 AF
o FAe AAdstd aAAg AALE AAEn

£3]

mlm fr &2

138

o g3te] 3143

s

L
do in
oX,

Faays
Aot

Rl
=

o e
SEEREE:

o] A

% %

2. MER 32 Yo| 2y
2.1 Aoy & MEASH

Fig. 12 n[EEZ2E ?éﬁ}t—
A ALH IEA Ho A

Aolgy, wtFExe A —rz‘o %Jﬂr

@
o
r
>
>
.2
r
z
_L
o
feu
>
o o XN @ 3 OE S

).
N ¢
-L

5 015}. E}EW =2

7+ Z JEehda
A ez 4bgkt
7o Alol= Ao STS
24 H,JOH STS 304 A|Ao] ALEE Ao
4 EAL Table 19] WYeh AT A}
A o A}%% HAg 2% Ade *Zé?&
=7} tha golAA e 1
Z7tH o] A AFsE °1~‘?=?'L,
}WEM ZﬂZMVJ% 20] :

Y
=

O.)L’, rlr ol
lo

2t gp oz 2
i

Body bolster
Center sill

Cross beam Side sill
End beam

ISR I'é
Ly

=1 >

1800 2549

19500

400

75,

400

S
1
45t 4t U5

=
o-t-or— o— ogo—

T
3120 le

150

159

== — e —

Fig. 1 Dimension and shape of Cross beam for under
frame



AR . F2AAFTHIA A19d A1z

22 78t 24 W
AT HAHAA L B
4T 322 & 78 B
M Q4 AHse= &élﬁh.
HH A LTz ANSYS Ver 5.
ok iAo ALR R 8 A 33k T
22(20-node structural solid)©] ™, 7814-4
z+7} 115,788%F 16,16270 S 7},
Azz Yo FxH AT AAxAL F
AEHIG Fxshe] AlolE 4
Polz YRl A &A AP Ao FIPL
SF2U L BEXFY A FAY W e
o 7HF Fo% st ntFEExR FatEe 3
X 5153 ago] FastdA A== 53

fr Fo 2 op PN o

L
[0
2

offt

Table 1 Mechanical properties of materials

Material [ STS 304 [STS 301L-H

Properties cross beam | side sill
Tensile stress 0, (kg/mm) 53 96
Yield stress 0, (kg/mm) 21 70

Elastic modulus (kg/mr) | 2.04x10* 1.93x10*
Elongation & (%) 40 20
Poisson's ratio ¥ 03 0.3
Density (kg sec’/mr) 7.86 7.95
Thickness(mm) 4 4.5

Fig. 2 Boundary condition and load condition of

cross beam
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