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Abstract: In practical tests based on the test results, and compared to the simulation results verify the
reliability of the seat dynamic simulation model and the validity of the test. Based on GB13057-2014, to
evaluate the results of the deformation of the seat structure to meet the requirements, but the dummy's head
HIC value istoo large, does not meet the requirements, the rest of the chest acceleration, left thigh force etc to
meet regulatory requirements. Preliminary selected thickness of the seat belt, five variable stiffness foam
backrest, cushion stiffness, friction coefficient and backrest cushions strength as the design variables, in order
to reduce the dummy WIC multiple target value target, using optimization software to construct the
optimization model, using a combination of global optimization strategy and gradient optimization algorithm,
the dummy's HIC, chest and legs FAC the best ThAC excellent value.
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Figure 2.1 the final model
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Figure 2.2 the movement process of dummyand seat defor mation contrast
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Figure 2.3 the head acceleration curve
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Table 2.1 theresult comparison of test and smulation
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Figure 3.1 optimization flow chart
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Table 3.1 parameter matrix
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KF1 0.8mm 50% 80% 80% 0.8
IKF 2 1.0mm 100% 100% 100% 1.0
K3 1.2mm 150% 150% 150% 12
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Coefficients Table for WIC B(x]
coefficients scaled normalized

constant 0.673744728 -
BeltThick 472.8151389 0.009445166667 4272563094
CushionFoam_Prop -0.6743625434 -0.01514210938 -7.299636342
Seatback_Strength 0.1164820718 0.08408633854 38.02475119
SeatbackFoam_Prop 0.2504000434 0.01555583854 7.486729144
Cushion_Fric -0.3193020573 -0.051327651 -23.21091861
BeltThick"2 -116601.5625 -0.0046640625 -2.109139477
CushionFoam_Prop*2 -0.04549205729 -0.001939652292 -0.8771452987
Seatback_Strength*2 -0.04103726852 -9.233385417E-4 -0.4175436691
SeatbackFoam_Prop*2 -0.033565498 -0.004350085542 -1.967157059
Cushion_Fric*2 0.031331901 0.001253276 0.5667449729
BeltThick-CushionFoam_Prop G1.26666667 0.002450666667 1108217956
BeltThick-Seatback_Strength -103.20135889 -0.003096041667 -1.400063507
BelfThick-SeatbackFoam_Prop -83.57581019 -0.006017458333 -2.721159702

BeltThick-Cushion_Fric
CushionFoam_Prop-Seatback_Strength 0.6293694444 0.01888108333 8.535229972
] 3

Figure 3.2 the coefficient of two element regression equation
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Figure 3.3 main effect plot ~ Figure 3.4 Pareto plotof the factor
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Figure 3.5 3D response surface
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Table 3.2 the coefficient of approximation models of the objective
& 32 HBERINEIMRR AR

FAC L FAC R HIC
. Coeffi- ; Coeffi- ; Coeffi-
Polynomial term cient Polynomial term Gient Polynomial term cient
Constant 170.93 Constant 2860.19 Constant 214.17
x01 226.21 x01 -815.98 x02 319.66
x02 495,73 X02**2 1055.56 X02**2 63.23
x03 1615.88 x01*x02 -508.85 x01*x02 -60.77
X02**2 -221.26 x01*x03 439.48 x02*x03 -7.12
x03**2 -242.15 x02*x03 -257.62 x01**3 -130.61
x01*x03 -208.06 x02**4 -165.51 x03**3 2.60
x02*x03 129.54 x03**4 6.47 x01**4 83.10
ThAC WIC AV
Polynomial term Coefficient Polynomial term Coefficient Input Parameters:
Constant 103.43 Constant 043 x01= "Cushion_Fric"
x02 85.67 x02 0.53 x02="Seatback_Strength”
x03 64.75 X02**2 0.05 x03= "SeatbackFoam_Prop"
Xx03**2 -6.90 Xx03**2 0.01 Output Parameters:
x01*x02 -77.31 x01*x02 -0.15 y01="FAC_L"
x01*x03 -46.50 x02*x03 0.03 y02="FAC_R"
x02*x03 36.39 x01**3 -0.29 y03="HIC"
*% *k y04= “ThAC"
x01**4 15.62 x01**4 0.18 y05= "WIC"
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Figure 3.6 theresult of the hybrid optimization strategy
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Figure 3.7 the optimization result
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Table 3.3 the analysis of variance between approximation models and true models

% 33 ILIMRB S ASHERNIRES

FEEREE SEEE SEEEMNI

% FAC_L FAC R HIC ThAC wicC
BRM i3 i d - -
;g;uu‘ 12 0.8 15 2357.28 2514.96 398.89 171.70 0.6826
PN =Y
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H%L
s

R 0.83% 1.89% 0.44% 0.94% 1.19%

12 0.8 15 2377.1 2468.2 397.14 173.33 0.6909
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Table 3.4 theresult comparison between original

model and the best optimization model
* 34 FRIRBERMUERNLERITE

FACL FACR HIC ThAC WIC

JRaR A 2661.7 27925 579.4 203.55 0.98
BAAGEE 23771 24682  397.14 17333  0.6909
HOHALE -1069%  -11.61%  -31.46%  -14.85%  -29.5%

M_EZFERF LT LB Y, SR AR i WIC {B A 0.6909, Bl i 40 & 4L 75 B i WIC A 0.6909, F4{% T 29.5%,
TS F IR B ER HIC, TRAMKT 31.46%, HAMGTI3E 3ms s B R e R wiREE, RIFRT
14.85%. [F)I}, 245 RKBRI 52 77 0H 5 i FEAIG

4 ghig

IS ot A B ARG W AR AR (. Al R, PRI AR NIRE . AR R ST
W e 59 5 ) 3EAT DOE 70#T )i, TESK 1 R EEAE AR B, S TAR I B B 5 7 o B RN B 05 35 RS i e L X2
PR ANV B AUER,  DASR SumAL 05 F 46 bx WIC N H I, SR RO FE MR BEARAL Sk i B &
AT AT AL M e, ITIA B e DU, PSR 15 . A R BidlexT b, BRARHEAL g WIC By 0.98, 1L
WA AT IR A3 5] WIC {H 2 0.6909, BT 29.5%, MRABIRHIE.
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