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Abstract

A method of lightweight about car body was developed based on the analysis of sensitivity and
crashworthiness. First, the thickness of components on car body was used as design variables. The modal
and stiffness of car body were the constraint. The weight of car body was the objective of optimization.
The sensitivity of the thickness about modal and stiffness was obtained. Based on this sensitivity, the
components whose thickness was not sensitive to modal and stiffness of car body were selected as the
design variables. Using these design variables, the optimization design was carried out with the minimize
weight of car body as objective. The result of optimization made 14. 8 kg weight reduction of car body,
and guaranteed the performance of stiffness and modal. The simulations of side crash including whole car
and occupant restraint system were carried out to the car after lightweight. The performance of
crashworthiness and occupant restraint system was validated through comparing the results of before and
after lightweight. In order to make the lightweight car body satisfied the requirement of crashworthiness,
the thickness of components was modified again according to the results of side crash. The results showed
the feasibility of the lightweight method based on sensitivity and side crash simulation.

Key words Vehicle, Car body, Lightweight, Sensitivity, Side crash

W fr H 1. 2010 -04 - 12 &8l H . 2010 - 06 — 12

= [ G A ARBL AR R G FN T H (19832020 ) i # P BLE B3R 5T H (2007 AA4008 )

EE R W, T2k, FE SR P A R BT SE , E-mail : yehuijlu@ 163. com

BWRAEE : W Bk, A 0, SRR B S R BRIl LA ENT T, E-mail ; pinghu@ dlut. edu. en



5 10 9]

M AR : T SRR R R O R S R R Bt 19

51

W ARG 2 B i 4R i YO R T A B R 0 R
P00 T4 B b BB R 30% ~40% Y ok UL, 4
B RN TR R B A R L
BB, Wl LU IE 4 B HoA R4 W
PERE TN 5 BEAY 32 3 o0 A, 42 A1 R A R
Xt E A I 4 R AT B A otk BT, AT DAAE fR UE 4
ok USRS ADEONTE/ N A > N Y R
RBE ST .

T A FE IR BER R R R 01 B A AR
Z A BT BSR4 By Ak 1 il feE O R4 .
(¥ 77 35 2 A T A RIE 5 v 9 o R R 4 R 1 BE DR 00 T
il 5 P 0 7 8 R 45 ELICRE S B0 B R A S
DRI, e DRI 42 B 7 48 1 2R B9 AR F S B A
5 AR AR AR R B2

FIAI N S B % B e AL ST EE )2
R B AL AT LA R R R R s
SRS By i ) A PR BEAT T R A, O BT T
SRR 07 ZLA AT 3K B A I ARy 3k R
oLy R A BEAT T A A P D R R R e
Fe o EAME B R ALy I AT T K 1 B
GO R E SRR BT, B R T
AL e A B RO I EE (o BE AR AR BE , BOA T IEIR
B B ) U T A A S B SR RE

VA 4 o0 ), of 2 B 65 ) P 1 P i e a0t AT
FLo FE AT B WIS AN S AR S (AT 4R R, X
YLy ROy F A I I BE R AT RAHRE I3 AT, 18 BOHE AT AR
R SRR . SR LA B 250 o i fee /B B AT,
DU T 6 A B A 1 SR R 4 B I R . R
e ALY A B R AT O TRl AT RS R RO B AR R G
(UECE VRN R DO NS e T i (o § R Y ]
AT

1 ZEHEHMRERT

K B 25 K T Ak R LLGE R e TR I R S
B, AE 5 B UE P52 4 5 (0 45 48 7 2 Pk BB RN Bl i 42
SRR o Bk PRAR ST A B RE R AN K F
PR IEAT AR A, 3 AR T T Ao G B R RS
W2 11 R BRE 43 B R 1B RS 38 i TR, it R
e, DU B 0 0 5 BV S AR AR BT AR i, R 5 )
PR RE N AT B 29 S, AR B T D A
Ak B A%, AT AL BT

AR Al A ol B2 A3 7 B A N A PR OT R JF
5 TE T AN TE A 40% fi Al S A X L, 20
TABERE, B 1R A R OT R RUR K

il

Bl 1 A TR
Fig. 1 Finite element model of whole car
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Fig.2 Finite element analysis model of body-in-white
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Tab.1 Sensitivity about thickness of components

Fe  EH4s MUE/mm IS REE BeRE R
1 2809113 1.4 -3.84x107%  3.01x107?
2 2809115 1.4 -6.48 x107° 2,23 x1073
3 2809117 1.8 -1.77x107%  3.72x107?
4 2809125 1.4 -1.86x10°2  2.37x107?
5 2809126 1.8 -1.45x1072  8.02x107*
6 2809131 1.6 -6.48x107%  5.81x107*
7 5102151 1.2 -2.92x107%  2.56x107?
8 5102152 1.2 -3.09x107°  1.53x107?
9 5102155 2.0 -2.33x107%  5.42x107°
10 5701443 1.5 -1.13x10°2  3.82x107°

XA HEAT R I3 M, R 4 B RS AR
JEE 5 Wi e AN R ) 3 4 I B A O AR B AR
[Fi Hsf 255 g i . ) 2 1 L 2 X A R ) R R R AT g
o PRI AR S RAHE o i 45 2R DA R A A B B A
XU R A B A M, B AR B OAE A B i M
e RRE G RICHAR ST B R AR A D v A
R EAF o

1.3 RUHERSH

A4 RARENE N e & i A BT 4 2R, i
O A AT ) 2 R RS BEAT RS o RO AN R
A RSB JEE JRE AT 2 RO I R R MRS AR 1 i I
B PR R AR A B DL AR DA A AR A
XA JE B BUE EATIE IE o oA T3 Y 45 2R 22 ik
FrmlffE 2 e R . AR AR AL B9 7 B AN il A
{822 VR I BRI 200 il 488 45 R R AT 20 B, X il
fi 2o A T AR TR AN 4 BB O B RIE A N BE RS TE R 2
05 7 B () 48 45 SR AT X bE % RO A
BbE RS S 1% % PF 1 8 J5E AT 3 R ANAE IE, L & i
i Al 0 A B AL W A 2 A B R R A B AR
BAESTIHIRIEL . BIE)S S 45 F )R
JEME 2 fros .

R2 BOREBEUNENZHEE
Tab.2 Thickness of parts before and after lightweight

BB EMHE RSN /mm R LR /mm

1 2809113 1.4 1.2
2 2809115 1.4 1.2
3 2809117 1.8 1.5
4 2809125 1.4 1.2
5 2809126 1.8 1.4
6 2809131 1.6 1.4
7 5102151 1.2 1.0
8 5102152 1.2 1.0
9 5102155 2.0 1.6
10 5701443 1.5 1.0
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Fig.3 Deformation of car in side impact before

and after lightweight
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Tab.4 Maximum intrusion displacements in side impact

before and after lightweight mm
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Fig.6 Head acceleration of occupant in side impact
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Tab.5 Injury criterion of occupant in side impact
before and after lightweight
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