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Fig. 1 Vehicle body topology optimization process
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Fig. 2 The three-dimensional model of electric vehicle
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Fig. 4 The best layout optimization model of vehicle body
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Fig. 5 Offset collision shell optimization model
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Fig. 6 Shell head optimization result
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Fig. 7 Shell optimization mass grading curve
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Fig. 8 Shell mass distribution convergence curve
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Fig. 9 The contact force of the shell head

optimization structure

2 WA S AT RO By S Sk
XEOLAG e i 2 SR AT AL 5 A 5L P HGE AR

S 3 235 #0404k 5 S DAAS 3 08 1k I 1Y) Sk A A
W 10 fiR. SR R, 42k R Ls 10
mm J&EEAE A RT3 IR R AR 4 B
o AR [ B e Sk S 5 AL 1 Bl 1 R T, i
BER HHEAT 1.2.4.6.8,10 mm — Z 5 B 45 1L 43
BT 565 TF HL Al 48 A 25 M 5 O A R L A S

CLNbEES g la
e

~

10 kEMEA
Fig. 10 The head model

2.1 Bl A AH 2 PR UE 5 B

VA T TR A5 A 25 P 1) T R G B AR A - 1
¥ BE e R ARAT B 4% TR B GUR 22 e s DAL
PR AR R LI A5 73 T 2= B 1l 45 A 25

T e B R T AR 3 AT
CE KRR A AR 3 NTPE  ON U NS N
i 7 i8] g A T [R] — B 20, 78 3% B ) B A X3
10 PN I R 4 5 RE B AT TS 40 B2 s DA 3 5
9 ot o A RE R - 4 o VR A I S HOR B IE I
I Sk 50 4455 440 2 5 2 I T G 9 AE 2 M A oL BE B
& BIT N S AT LS-DYNA S i i 250 50 58
AT, BE R A BT R ST 2 125 mm X 125 mm, T LA
BOLHI AL A=0. 015 625 m®, &8 A 5 R E
&L FREEHM I mEMER 1 iR, )
(93 5 3 By $7E 500~ 600 mm W 30, W 2 1F
TET ol 92 R 2 ) SR

HARAT fr 2 3 B 00 22 d: AS ]G 52 4K R
JE S T o BE BRI S AR5 3 AT RIS 4 A7 E AN
8422 fil 18T 3 8 0 T TR TR RE R DN L B f
T ) A0 35 W B 1GR3 o A a3 an 18l 11 fiow . 4
L=10 mm B}, 55 3 178 fol i Jy e KA N 2 177, 4
kN5 4 A7 4% fil 10 ) B R {1 980. 6 kN34 L
=2 mm I}, 55 3 174 Ml 1 5 KAE M 331, 3 kN,
O A ATHE M T R R 294, 7 kN P AT I i 4R
PRI KT 100 kN, 1 A2 5l 48 A1 25 P 09 5 AR AT o 2%



488 # L Ak ¥ % # % 55 %
I B e 22 35 . FEARLMERR  YEE/NT 2 mm 5. INHEE

k1 FRAEBETREEME WG

Tab.1 The average height of force of optimal structure

under different thicknesses

L/mm ;F/mm L/mm ;p/mm
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8 586. 32 2 519.18
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Fig. 11 Head contact force distribution under

different thicknesses
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Tab. 2 The acceleration under different thicknesses
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Fig. 12 The headcrush deformation maximum time chart under different thicknesses
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Tab.3 New head d., under different thicknesses

L/mm dynes /KN dynt /KN
4 —842 —717
3 —544 —544
2 —315 —278
1 —182 —123
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Fig. 14 The simulation process of the modified head
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Tab. 4 The largest acceleration of mass of center under

different thicknesses

L/mm alg L/mm a/g
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The new headcrush deformation maximum time chart under different thicknesses
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Multi-objective topology optimization design of pure electric vehicle body

LEI

Zheng-bao™ . LI

Tie-xia,

WANG Rui

( College of Automotive and Mechanical Engineering, Changsha University of Science and Technology,

Changsha 410114, China )

Abstract: In order to solve the pure electric vehicle body design problems of following the structure

of the traditional car body and not considering crash compatibility and the frontal crash safety

simultaneously, the topology optimization method based on the hybrid cellular automaton is used to

conduct multi-condition conceptual design for body structure with the optimization objective of

maximizing the absorbed collision energy under constraint conditions. Thus, a reasonable electric

vehicle body layout is determined and a new car head structure meeting frontal crash safety and crash

compatibility is obtained. Finite element model validation and thickness analysis are carried out with

topology optimization results. The analytical results indicate that shell thickness of the car head in the

range of 2-3 mm can balance the longitudinal displacement of car body structure in the collision process

under the condition of meeting the {rontal crash safety, ensure the uniform distribution of collision

force, and realize the lightweight of car body.

Key words: crash compatibility; topology optimization; body structure; lightweight



