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Abstract: The finite element model of an automobile driver seat structure is established, and the modal characteristics of the
model are analyzed. To solve the problem that the Y-direction pendulum modal frequency of the seat is lower than the target
value and ensure the optimization process does not increase the total quality of the seat, the modal of parameterized finite
element model of the seat is optimized based on the response surface methodology. Modal sensitivity analysis is used for
selecting the thickness of sheet metal,as a design variable, which has great influence on the modal and quality of the
seat. Latin hypercube experimental design was used to collect sample points. A Kriging response surface model was then
constructed and the accuracy of the response surface was verified. Aimed at maximizing the modal frequency of Y-direction
pendulum and taking the total mass as constraint, the response surface model is optimized with genetic algorithm, and the
optimal scheme of modal optimization of seat structure is obtained. The Y-direction pendulum modal frequency of the opti-
mized seat is increased from 22.69 Hz to 24.60 Hz, and the mass is reduced by 5.2% (0.891 kg) . Thus, the modal optimiza-
tion and lightweight of the seat are realized, and the effectiveness of the proposed optimization method is verified.

Key words: automobile seat; modal optimization; response surface methodology; experimental design; approximate
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Fig. 1 Finite element model of the driver seat
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Tab.1 Material parameters of the seat structure

TR MR MR E/Pa JARAKE W/ (kgm)
JERTZEH 208 2.11x 10" 0.29 7.85 x 10

1.3 &L
1.3.1 BESHE®
BRI R GRS R — P 7,
RGEA MBS AL G IR AL | [5G 50 0 B 45 S
. X TFZAMERS, Ko T .
MU+CU+KU=F (1)
Kb MIEFEMM; CJRBLEHRE; K JERIEE
W s U J2hnis s i U Zd s 0 ; U BB
w5 FOMVERITE RS sl o i
A FAEEA TR AT, VR 2 B 01 AR A5 A 1
It A 5 AR ) ey ANl A< 1 4 8, R
(D F=0, 1 C e i rh— 2 ms. iyl
JrFEfRI A
MU+ KU =0 (2)
W F SRR B R sl AT Lo — R A A
WS hn, 4R EIERSIE, B U = asin(or +¢)
i, DA




2020 4% 4 A

SO, S SRR R TR A4 4 B AR RS T © 65

(K-&*M)ar=0 3)

Kb a BESWIRNIEEN T ; @ . @ RIREIX N
(14 [R5 58 FIAR S A1)

KOG EXT @ n WIIHR, ) FEAT 152454
(1) n ATEA AR, BTG AR AR A — S AH R A R 7Y
[i] £t
132 EHEMBEITER

K H Optistruct SR ffgR 1T HERFAABITE 0 ~ 40 Hz
70 ] P ) T A 0 3 S R L T 5 ) 1 A A
IR, s 2 W A 0l BRAS A AR B A A X 2544 1Y)
RESAR GTHRE A, FrLATE NVH frad e J2 22
KT S5 B IR B S A . AIE 5 Aoy 5 4 g A
AR DTER R R R AR —B X MBS F—B Y
A, I HsC P R A A 2 A I 0T 9 % 2 ) I B
(18 ~23 Hz) , At AAS SCEE SSWF5E R PRSI, 2200
HABIE. o T 5 R 0 SRR, e X
WS ITR I HERMEN 24 Hz, BES T4 R W
2, PRENE 2 FE 3 Fis.

FT2 EREMESSE

Tab.2 Modal characteristics of the seat structure

Wik AR ANRMH, SR A/ L
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ALt
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WS #22.69 Hz
A\

f % /mm
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18.08
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6.780
4.520
2.260
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Fig. 2 Y-direction pendulum modal
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Fig.3 X-direction bending modal
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Tab.3 Comparison between experimental modal and
simulation modal
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Tab. 4 Design variables of modal optimization of the seat

VAR AR HIUAE/mm BUEYE FEl/mm
Vo HETT HM AR R 0.9 0.7~1.1
Vb2 A B SRR 13 1.0~16
Vs ST R 5 R 0.9 0.7~1.1
Vs T bR A R R 2.5 2.0~3.0
Vs A B A THI R 0.8 0.6~12
Ve W R 4.5 35~55
Vo T2 AR 1.5 12~1.8
Vs TN 1.8 1.5~22
Voo TSR 1.8 15~22
Vbio A LR R 1.2 15~18
Vo LT -5 R 2.5 2.0~3.0
Voiz W R R 2.5 2.0~3.0

2.3 R TEIMAEWIEIT REEARTT S i B R ES BT, f AR S 0 B

X2 3 HE R EE R A TR ATRARAR RS, RoT% FRA Y R RS A R,
AR5 JRE A 4 R 45 2% 0 M . [ 0 Xk o O 28 2 30
Ao g S O T ST AR RS DL 7 T 57 T R
DA S BRI B 2 A0 (5 L, R SegeiR 22,
HAEARAANERLG T RA T H. I 4 i T 5

X,

L

L 4

®

KRR, HEHURTE n dE25 8, B —4e bR * | |

DR [, X, ke[l , n] 35T m A XA, i e
FAYNKIARE R X, x1, iel, m]. BELEEL m 4> IR

35 ARVE— A TRk FUEBIFGE— U, BV R [T T T T

n HEZS ], REABOR m OB TS . ASCR

FH A RE 5 3 MO T VB R 5 A R I S8R 4 F B4 HTBINRRREE
HIREAAR G | 1B FIREARET 231 (2 5), % 5 M, Fig. 4 Latin hypercube sampling diagram

RS BREERENIBITER

Tab.5 Experimental design results of the driver seat structure

o WLt {EH/mm RG]
VDI VDZ VD3 VD4 VDS VD6 VD7 VDS VD‘) VDIO VDll VDIZ M/kg f;/HZ
1 0.77 1.08 0.92 2.44 0.65 4.14 1.33 1.477 1.88 1.08 2.65 2.684 16.505 21.13
2 0.74 1.21 0.73 2.42 0.67 5.16 1.74 1.602 1.96 1.44 2.72 2.015 16.907 21.51
3 0.92 1.48 0.97 2.83 0.84 3.73 1.68 2.030 1.67 1.25 243 2.601 17.097 22.92
4 0.92 1.28 0.76 2.37 0.79 4.75 1.23 1.703 1.76 1.07 241 2319 16.861 22.97
5 0.94 1.31 0.91 2.13 0.92 3.71 1.78 1.684 1.49 1.25 2.28 2.511 16.638 22.43
6 0.83 1.37 0.78 2.88 0.68 5.11 1.66 1.593 1.73 0.98 2.74 2.195 16.972 22.27
7 0.88 1.41 1.01 2.92 0.98 431 1.26 1.753 2.01 1.28 243 2.411 17.281 22.80
8 0.94 1.44 0.77 2.61 0.75 3.76 1.45 1.465 2.06 1.26 2.03 2.115 17.008 22.53
9 1.01 1.28 0.74 2.11 0.90 5.31 1.55 1.481 1.82 1.03 2.38 2.603 16.788 22.46
229 0.84 1.50 1.05 2.02 0.89 5.38 1.33 1.962 2.07 1.32 2.58 2.209 17.407 22.72
230 0.91 1.46 0.75 2.76 0.84 3.79 1.74 1.710 1.98 1.14 2.13 2.997 17.238 23.21
231 1.03 1.55 0.97 2.87 0.66 3.62 1.23 1.877 1.46 1.34 2.35 2.710 17.013 22.79
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Fig. 5 The iterative process of responses
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Tab. 6 Size of the seat structure before and after modal

optimization
Wi AE WIR{E/mm Pk /mm Akt /mm

Vo 0.9 1.0 0.1
Vo2 1.3 1.5 0.2
Vb3 0.9 1.0 0.1
Vba 2.5 2.0 -0.5
Vbs 0.8 0.9 0.1
Ve 4.5 5.5 1.0
Vir 1.5 1.2 -03
Vs 1.8 1.5 -03
Vo 1.8 1.5 -03
Vbio 1.2 1.0 -0.2
Vo 2.5 2.5 0
Voia 2.5 2.3 -0.2
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Tab.7 Comparison of calculation results before and after
modal optimization

LR LS LIS (URiIcS A%
Mikg 16.998 16.107 -5.2
fHz 22.69 24.60 8.4
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