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Abstract

In the new version of C-NCAP management rules, the neck protection test (whipping test) has been
added. The safety design of car seat is very important to the safety of passengers, so rear collision has
become an important part of passive safety of cars. In this paper, an overall optimization design
method of safety seat based on neural network and genetic algorithm is proposed to prevent neck
sprain. The seat optimized by this method has been improved in the aspects of head acceleration,
neck shear force and neck injury index, which avoids the defect of traditional safety seat optimization
method in solving discrete points. Compared with the optimization results of orthogonal test, NIC
is reduced by 9.0% and Nkm is reduced by 12.5%.
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Table 1. Initial parameters of each part of the seat

® 1 ERNERINREHR

e JRH(Kg) Ix (M) ly (M%) Iz (m*) VLG K (mm) % (mm)
A 5 0.05 0.05 0.05 6° 468 468
oy 2 0.05 0.05 0.05 24° 630 460
B 0.6 0.05 0.05 0.05 0 240 254

W38 B3 (0 ST R4 1y e BRI RN TS B B s, BT DA R BRSO, B R R
B = S AE A B, ARG RS SRR S RG AL 1 FTR.

AR SCAR R 20 30 A1 L e JRE AR B Ak PRI P38 O DA e« R R B B R B SRR NG AV IS E AT
LSy HIAUE Y 0.3, 100, 15.65 km/h + 0.8 km/h. 91 ms + 3 ms. Hfliik ih 28 5 hnak 2 Foth 28 73 51 0
K2, K3 .

Figure 1. Rear crash seat system model
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Figure 2. Contact characteristic curve of the dummy and the
seat
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Figure 3. Waveform diagram of the initial acceleration pulse of

the dummy
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Figure 4. Occupant head and neck motion response map in the simulation
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F AR ER
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e P B R I RGOS R G, B NoRFB ARG N R A . 70 HE R AR L, 5 SR A A% 5 (L e /0 D
B8, TR R, BJa 1930 1Rt Ja A2 I8 . B bR 25 e i A, BT DAE B o B0 5 403 S4B A7
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Figure 5. Safety belt fabric stiffness
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Table 2. Sensitivity analysis tests

2. WRESITAW

it S5 4 R/NE R A PGS
SKRLHT 1R BR 1 0 mm 2 100 mm

Sbp BRI EE 3 —20 mm 4 80 mm
SLAA A 5 0 6 30°
FEE A 7 20° 8 35°

S A P 9 0.5 10 2

SETS A 11 0.5 12 2

A S R 13 0.7 14 1.3

fHZE AR (LB (1) 15 0.5ms 16 1ms
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Figure 6. Line plot of neck injury index for sensitivity analysis
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Figure 7. Sensitivity values of each parameter
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Table 3. Factor level table

% 3. BA&EKEE

7K

% - 1 2 3 4 5
SHERT I BE 85 A . 0 20 40 60 80
SKRLHE AR R B 0.4 0.7 1.0 1.3 15
SEHEMAIE C 0.5 1 1.3 1.6 2

kwLfmif D 0° 5° 10° 15° 20°

Table 4. Analysis of the orthogonal test results

4 EXRWERDH

$IfE 1 20.126 20.370 18.944 18.972
¥I1H 2 15.800 17.538 18.972 18.604
NI ¥I18 3 16.372 15.644 17.040 16.228
BIE 4 19.066 20.090 18.906 18.508
BIE 5 21.798 09.520 19.300 20.850
WZ R 5.998 4726 2.260 4,622
e 1 0.276 0.345 0.324 0.315
%A 2 0.220 0.332 0.337 0.310
BIME 3 0.337 0.279 0.307 0.308
Nkm BIE 4 0.370 0.316 0.300 0.325
BIME 5 0.393 0.324 0.327 0.338
%R 0.173 0.066 0.037 0.030

BT, FREGEI NIC FIIN & ERRFRZ: A>B>D > C; #20 Nkm R & BT =2: A>D>
C>B.,

3.4.3. BT HESMEFIBRIEEEZNERML

ARV I RERE A A — N 410 2 HARTRAL I, 95 K 22 AR TR o N A8 i DA e 5 2 SRk
s, XK R T — DL E WS B RS . £ R Z B AR AL s b, 3 R AR
WA B b5 B AU SO B RI5C R, X AR T 2 500 1 W, i FL7EAb 3 E b
[EIELE P SR I B3 ALy e b B R B IEAS R, RS RS A LB E S5, Hi
Dok T SZ PR F B B U A, B REME . N T SR IRX R PR, SR R A T A I 4 A 3 A B
PR T, IR R R 45 1R 5K 2 ST RE D RBAR SR IR R AE T, RENE AT RO AL FE . H FRi
R, FESEPRN R, AR MATLAB X —5i KSR TR BT &, R L& g/l
THAE, M T AN T B R (5 AR 1 R 45 [10] [11].
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AL TRALEE, A TG e 5 N B S ], M LR ERRET — SO RBL,  IF HalE e 7 BRE AR Bt
Z 1 S BRGNS A SR [ P 17 8 B 5, R MATLAB H ) newff ef R8T E — /M E N 45
RN fE g, W3 7 a4 iR EEREE M, K% MmE Mg Ba RIFIIMERE S, Hiah
EEEAA E R G S ER G ML 1.
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JER AR FE B Ef i — S48, ERERIINR &M T, AT Z 28 ik 25 ME. N T
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B EF R BRI S BE, T L EEN KBRS RO AN ME PR RS, R B MR Z 3]
M0 AR NPT bRt . EBME R, XA S e 3 7B . 3 X L T A
MBIt FE, I S B AN FIAMA B (5 R P= A HT I MA . AR 5 PR T AR IR I R 5,
BT A 2R ARIE R, SGEWRE T WA E TS

SRIG, SEPHEE AW R AT AR, IE D & R A FERE— JGEART, R R 2%
(R bR BOR AR D Re R T ARG R EAE . X RO E W 26 BA 5K AR LR iR B8 70, w7 AR
Ff b IO AEAS (R e A S 50N 52 B G R o I A SR SE s ORIV B J, 1881 7 — 40
AME, EATEE B ESPEN . BRI IR, BRI EE R S A, RIS AT
NI BERE S G . X —SEUH A RN 2 A R A R e R AR, SEIIL T R R 1 R Y A TR AL -

3) MR

7£ MATLAB H1 73 71%F NIC F1 Nkm AT A0S, 450 mlanE 8. & 9 foR. W E S0 E &M
FERRB AT 15 TEBIEACHE NIC = 50 — 39.97 = 10.03; i ik B & AL fE K Nkm =1 - 0.86 = 0.14.
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Figure 8. NIC genetic algorithm optimization results
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Figure 9. Nkm genetic algorithm optimization results
& 9. Nkm IZEEEIFMEER

HF3fe GYMA R 3 M (2 S) Bt . el f & A Rk AE 2 S OB RESR b EXIUAS  BAE Ko, Bk
K, AUAL SRR AL SR A« T4 s B DL K bR SR BT U] 0 07 A sE B 1 R R, X e
LRI B3R SRR AP I 2 R Y o REAMEASTE R IR, SUHIIK M AS EE PR NIC A Nkm
BIIAS T B . SYABAAALL, FERHG NIC /b T 46.32%, X —ib B T RTEHHZ F
FRITEE AT 35 B R R BRI [, STEE05 Nkm 987> 1 56.67%, X Bk—35 34 1 st /£ 300 R 77
HHIRBCR . B 7 SAGE R LE B 25 ot A, B IEASRIR RS SRAHEL, AUAL )5 A R I ) 1 —
SEMR S . SRS, S NIC Jb 1 9.0%, R4 Nkm U8/ 1 12.5%. X EEERAM ) jak /b
UERT T ARRACAC IS RE A LRG0, 3E— B4R T T AR AE DR 9738 G 5909 22 427 Thl A PR FE

Table 5. Analysis of the simulation results of genetic algorithm optimization

5. BREREEMMMMEERST
JHIEE TLAGE L RIEY PO R THE SmE SR

&0 UEEAE (m/s?) (m/s?) PIZI(N)  DIJ3(N) HHE(N-m)  HH(N-m) 5% NICmax 85 Nkm

WL 238.06 121.54 165.41  418.20 12.50 31.31 18.76 0.30
IEAZSEEGAetE 212.83 113.00 163.76  330.47 11.28 20.96 11.11 0.16
ARk 205.11 108.32 16323  304.79 9.06 19.44 10.03 0.14

LREPTE, Gt AR % 4 R AE 2 A ORBEE ESR b ESIUAS 1 35 i it RF a2 AE DBk /D 3 B 0
AREAOI T RIS o XSS E AT T R At RE, oM IR T W SE IR
4. QIFMERTEE S

FEIR G A 22 A VR IO RIT FUAT, #4808 03 OO U MR A i — AR AR (Pl A8 A W FUAE ey
ZERBLTE S MRS ISR B3 R RGOS AR 1 e LR, (H R 2 HOT VRO T 2 AR, Bt
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FINHE B I {E 1A B 238 m/s?, FEIEIY) ik 418 N, X ESHUE i i T 2 e A [12].
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N T UE BRI S, FRATTKE LS G A Sl I O RCR AT T X . FRATERE T LA
AREHIF, QFEHET YIS T 5 ST G AEW) 7725 0 (1 B A i DL CR F A% G0 R
R ARALHE T o X AT, FRATR A SCHE 1 75 A LR J7 T 2 A B AR 35

PEAKE 52 = FRATTHR b 228 o) £ A28 Tt 0] £ 3F 573 Sk 308 3ok 52 Wi F2EAIC 1 22.5%, M\ 238 m/s? [ %2 186 m/s?,
MBI S AL T 58.6%, M 418 N %% 177 N.

LR RS B EEI N IRA TR TE RS HCE M AT R, 2m T R34 R s
MIMER . SEGAT B, BATRIEIRAE 10 AMSIstrd, A 9 kR3] 7T BUA 0 R RIfR .

Z Hbnthtb: AT TR R B R 2 ARG IE AR, SEILZ H bR pI-FEE AR AL . Flan, R4k )5
JEARE Yok S8 BY ) F (0 [RD B, 05 3 PR T Sk %

AMEGBE T 56T P02 I 285 IR ) e A AR 0 A [ 3 B3 (1 2B BRARR VR EAT AN A B R R T, 3 Tk
AT RN R T

WAk, BATTE S 7 BRI UE T BT VA A Bt . SR R, H5IAT A, TR
{00 A1 PR AT AR ARG Sk 38 88 3003508 BY 1) g AN B0 A5 4% 5 b T EAS 17 S0 5 (0 oot o R A A 3 5 4
FEr NIC AT NKkm (9 5535 BRA%, UE B 7 FRATT 00 JA2 K5 158 1 00 9 42 4% O T 0 A 2k o o, A4 s 1 i
e B, NIC MHIUR Y 18.76 4% 10.03, F#{K T 47.0%, ifi Nkm M 0.30 F#Z 0.14, F#{KT
53.3% [13].

ZE LRTIR, ASSCHR S 2 T 22 I 448 R I8 A VR AR 45 B R R AR AL BT T AMNE B B A AR
PE, T HAE LR AR BRI R A RS R R I  AT e . X B SRR TR G AR e A M R T
RAL T H AR TR, ABEERKRINAE SRR R R EEER.
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JERT I BETH[14]

FERTFER, SRH T et MADYMO Bk G g Ja R4 (1 36 1 2R S0 B . MADYMO BAFRERS
e PR R SR S R S, TSR T AR . TR A B8R TS, RBENA
[ Rl 8 2 11 T B3R B 7, 32 T A1 JRE A 2R 8 06T 3¢ DA S50 1) PR A 28R,

NT SEPN RS R G R, R T WA M 5L RS 1% XN R T RS
Fe bt RGO EHUBUE M RIIR, BERSTEL E IS BV B A BEAT IEEE . SR, MM g A RK
(2 SIANTI RE 77, B 6 HERR AR DA EAN [R) Ay 2 B0 (i S 5 T 388 A S0 U S AL B SRt AL T A
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