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Optimal Design of Composite Automotive Seat Frame
Based on Topology Optimization

BAI Yu, DING Xiaohong
(School of Mechanical Engineering, University of Shanghai for Science and Technology , Shanghai 200093 , China)

Abstract: In order to meet the demand of lightweight and safety of the automotive seat,a design
method for the carbon fiber composite material passenger car seat was proposed by using
lightweight material and structural topology design optimization technology. The suggested new
seat frame was composed of two parts, namely the carbon fiber laminate and short carbon fiber
stiffener. In order to improve the stiffness and stability of the seat frame, the topology optimization
method was used to arrange the layout of the stiffeners on the shell of carbon fiber laminate, and
then the composite laminate optimization was implemented to improve the overall stiffness of the
structure and reduce the weight of the frame. The results show that not only the overall stiffness of

the new seat is raised, but also a significant reduction in weight about 30.72% is achieved.
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Fig.1 Seat back plate structure
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Fig.2 Rear impact and luggage retention case
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Fig.3 Impact force on the seat back plate
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Fig.4 Finite element simulation model
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Fig.5 Diagram of the load condition
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Fig.6 Iteration curve of the topology optimization
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optimization
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Fig.8 New seat geometry model

XS P AR AT 45 A8 AT AT BROT 7 e 2
it 12. 03 kg, SIHFMIULE R A A F i 1
JEAAH B 2R 11. 72 kg. SRR 89. 82 mm,
L5 DA T B A L BRI BE SR TR R RN Dy T
A RAAC ST 0] LIS 3T 2450 BT — & 19
DUtk - LSRR B i L IR BN AU LT 205K



%14 H

$8 45 FETIEMUA I S SRR G B R B 2B T i

3.2 CFRP E&tR{tL

Tk 7 4t 52 G AP RS R4 1) ) 25 P BRI T2 AR
)12 ERE R LT 254 . RS R E S R
SN BT AEB T T B — S

a, N 7SI 2 AR ) PR 5 14 S
177 W3 Fo 0 AR ) AR E e

b. H)JZ B — M2 R AT 07,907 F0 £ 45°%%
BZ AR DATRTAR BRI T

. KRR I A B 15 DO - 4 465 X R 2 5 A RT Ll
B TG AE L At 2T .

d. HZIUF N 5] BE Al R R w5 4y
A77 BRI ) B 3% el J 2 e LABH 143 )2 T 24
IR

B T CERP 25 ARHE S A A Ay B 2R i) 32 2K
JIFG AR B % e 1Y) JRE A B 2R ik 47 CFRP
JZA AR s P DAFE AR T St A [ B 48 i 2544 Fry 3
AR

CFRP &ALk 2 d 3 AL i 7 41 AL
N2 W25 A B 2 5 B Vil 2 A0 A2 0T 45
Ty B R B b RSOk il 2 R B 1k
et & 2P AIX 3 25
3.2.1 gHRSHIE

H T8 A MR IE 284 1) S b R R PE
ANV A BB Z 00 32 TG USR] BRI S (52 5 4 ke
R MR AT v 25 S R R I Ak, A BT 45
2 R A 7 R B A T AL HE A

B RS A ) 32 H )& 750 2 e i 4R 45
TR BE B A5 T 5 SRAS e U0 1) 45 #7 B A U2 1) D2 B
A7 B AR A B AR R R 25 2
MR LG B2 UT A [0°/45°/ — 457/ = 907 ], )2 )%
JE¥ R 2 mm. [ i RO ACECA Ry

min C
Tmin < T < Tmax
com © <0
st f = (3
V/Vo<V*
du - [dmax:l <0

Kb T HZEREIEE: Toins T 3 HAZE
S JEE 11 $ /N5 B R BRI EL s € com 2 5265 A4 114 0L
AR fE s e " ARG FRHZE B ARUR [F AR VR AT
RSO AL 5 2% A1 B )2 09 58 T 0 A
B9 R B 2B i 10. 01 kg g KOS K
96. 58 mm B LA Jo I AR AT B ks
3.2.2 HHIZEEEEMLL
JEE B ARZ RS R4 B i RSHEE

B 00E+00
[7 05E+00

2008400
[1 76E+00 R
1526400
1286400

\ 1046400 )
\ 795€-01
\ \ 55401
31301 S
72E0 M

2,00E+00
[l 75E+00

1.50E+00

6 10E+00
5156400

4 20E+00

3256400

2306400 |
1356400 A

4 0BE-01
(a) RERE

—1.26E+00

!
L 1.01E400
762601
5.15E-01
265601 1Y
BEER - - 20060

(c) +45° )2 () 90° 4z
)9 RUEEHENEESH=E
Fig.9 Thickness distribution of each layer

after optimization
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Tab.1 Distribution of layers with various angles ply
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