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[ Abstract] The results of whiplash test show that whiplash injury is very serious and whiplash score is low. To solve this
problem, the seat finite element model was established by HyperMesh software, and the whipping simulation analysis was
carried out. The factors affecting substantially whipping injury were analyzed as follows: angle adjuster stiffness coefficient,
head pillow rod diameter, thickness of backrest left support plate, thickness of backrest right support plate, thickness of
backrest rear support plate, thickness of seat cushion left support plate and thickness of seat cushion right support plate. The
above seven influencing factors were taken as design variables, sample points were collected by Hammersley experimental
design, and approximate model fitting was carried out by moving least square method. The global response surface method was
used to perform multi-objective optimization of the approximate model. The verification results show that the accuracy of the
optimized model meets the requirements, and the whip score was increased, which greatly enhanced the seat’s ability to prevent
whip injury.

Key words: Seat, Whiplash test, Whiplash injury, C-NCAP, Multi—objective optimization
(SIAME] Foe, 7, BReE, 4. S RIS 0 505 DEAE. PO REA, 2024(6): 55-62.

WANG Y L, ZHAO J, MAO C X, et al. Simulation and Optimization of A Seat Whipping Test[J]. Automobile Technology,
2024(6): 55-62.

1 B

AR GG 2 B S i R 3R B NG A 47 L 0
AT O A 0 55 405 351, 2% EELAIE 5 N B A o o 00
T HOHE S M BB F 5T, 2012 4F 88 R M 4T 30 56 40 A
[ 581 4= 31 #L #2 (China—New Car Assessment Program,
C-NCAP)™,

A, S8 ey 22 A PR BB Y I bF o O kAT 2 Fh B &
Bemi I AT AU E AR . 22 B AR R R AT
FRIT M 22 Rt I T 3 ey 9k 8 22 42 T R s X

20244F 55 640

TV 4 536 e i A v 3 D1 SRR Y 3z Sl RS F R 1
FLHELEAT TR 5% 5 B R AF7H I GB 11550—2009 (A 4=
AR AR S A e SRR 5 1 )R S R A B B A S
PEAT T 0 B O FLIOIE 5 25 5 A2 P T C-NCAP J& £y #E
FIIRI0 BRI 58 K L, e ey ) 70 2 80 40 1 i 32 5 75 W)
JE SRR DI EE 022 2 Ao A 22 R AL R S ) sk AR R T
FEME 31050 T 5% 30 P8 A O 3 T IR A Sk M 5 A 1
NG I 2 A e T U v . TR
I o JEE AR 22 4 P T T 9 38 W B

AR SCHE IR 2021 4E ML C-NCAP 55 3L ) 1 R 22

— 55 —



EInt, 55 SRR T 05 B S5 e

HEHEF TR0, %50 25 S 647 407, Bl FH HyperMesh %K
PFFS 8T TR0 1 CAE LAY 311 FH LS-DYNA SR fi# 2%
A BROCERL, 5 TR0 28 S AT % e AW ok BAIE
A BRITHIRI Y AT SR, SR 5 AR 7 A5 SR S X R R e
FEREOI PR AR R R IR AR i A i ik A7
I, DA 503 1R 4R 09 £ Sy JE a5 g i oI
R e BT AL AT 2 B AR AL, DA R R
MM RE

2 TR RERST

2.1 HEITIRIE

R4 C-NCAP #EFT 12055 2 25 AL A, W 4T 1 50 75
BIAETRE R 22.5 °C AR E A 10%~70% 14 35 35 2% 14
THEAT R, B ERE R AR ZA T E R D
3ho AERE R, £AWE 2 G WA 1000 i/
s [ S ERAR ML, Forh — & TS B N 5 e ey 1
Wiz SR, I — & T T8 R S b 5 1 Sk 3 1
i FPIRAS i SR E 55 0~300 ms. S8 iR
HEA 5 10 S 5 0 R e R . B AR o8
Jei A e R AR ML IC i ) AT 50 AR, S B it
KR o

(d) 3K B B T S B 221
F1 TR

- 56 -

(b) 3 B85 ST Uy 422 i i 2] ( 29555 63 ms)

22 HEITIRIGLE R A

PRI B0 1L AR T S A, B 2 B
W 2 LA, B ST Y] ) 56 ) 0 s KAE 53 5
24207 N F12y 546 N, T S8 8T Y) J1 557 )71 09 e KAE 53
FIR g 462 N FIZ 836 N, b T S0 FH A S5 K AA Ay 4 X6
(B3 30 29 35 Nom 124 5 Nom, 5135645 3 45 50 (Neck
Injury Criterion, NIC) 8 KAE M 15.54 m?/s?,

HRAE 1R 45 5 H1 2021 4F JRCC-NCAP 45 HLAL I ) v
FRHEFT DR o M A T D40, 25 SR A 1 BT .

600 1)
Lpibll
546.049 N, 109.1 ms— "\ _ . _ . g

; [

500
400 | '

300 | K

200 | 207148 N. 1216 ms —

JIN

100 |

0 a "“::?,\/
-100 |

-200 . ; - - .
0 40 80 120 160 200
I5F[E] /ms
(a) LSS 8TY) )y HHi )y

o R



oo, A SRR TR 0 S e

12001 o S5 LA BRI BT S B S BB R PSR 5
e I HA BN A B R RS L, DV (B PR 1 ) B
S0 T NP 3R . LUHET IR PR 1 iy A b s
oo VI, NP 4 R

% 400 462.379 N, 112.55 ms )
B x®1 EHETRESS
200
. ) , . BT LA
0 ; s | BT IREE ) B L | g
200k oy vy | gy
_a00| NIC/m?+s 8 30 | 1554 | 1.31 | 1.31
-600 ‘ ‘ ‘ ‘ ) EEEREA) N | 340 | 730 |207.15 | 1.50
0 40 80 120 160 200 -
Al /ms [ S0 J1/N 475 | 1130 546.05| 1.34 | 0.22
(b) F s 1 5hi 41 EEAAAE/N-m | 12 | 40 | 35.87 | 0.22
45 e iRy
or L THHEY SN | 340 | 730 | 462.38 | 1.03 .
T FHEHE SR 1N 257 | 1480 | 836.98 | 0.79 | 0.79
35 35.8687N, 121.75 ms
30} FHEFBHA/N-m | 12 | 40 | 5.00 | 1.50
: 7 R SATRAC) >25.5 i 0| o0
=~ 20} o - .
% 15+ -5.00256 N, 107.95 ms %%B—I—#/Fﬁilﬁ‘l %Ezg E 0 0
T of WS /mm | >20 mm % 0| o
st
0 - = \,J“/'/
-5t \’
o ‘ ‘ ‘ ‘ ‘
40 80 120 160 200
I [8] /ms
() I R #HBHHAE
35
30 F
25+
20 +
st 15.54N,77 ms
¢ 10f
<5 /
S 0
Z 5t
-10f B3 HIFTAT BT R
-157
20 10y
_25 I L L L L ! 8 B
-0 40 80 120 160 200
H5f [&] /ms 0 6
(B3 45 5 4
P2 W B =0
% 1 ATAL AR URHEFT U5 NIC A998 % 65.5%, I
0
~ N " N 5 / R
BTN 14.7%, F TS 4338 52.7%, K155
. o N P N N _2 L L L L J
RN 46.4% , FERTPLHE I RE 1A AR R Pefbas i), A 0 40 80 120 160 200

SCR A BRIT M AT 9 J7 Sk — B A Ae e R
SR, AT/ e A 1 6 R A R 42 Fl 38

3 HEFT CAEREEE 5L 3 b o 4

31 CAE#EE R TRIZE#E
P JBE AR TLA A 28 S\ HyperMesh #4775 BR 7T M A%
20244 %61

B [ /ms
P4 BT Rl s R Y
3.2 XfLeaHr
FEPCA IRITTHA LR, IR o 3 e 5 e 1 3%
iR BEAT XS LE , LA IR AT FROTASE B RS B2, 45 2R A1 5
IR
— 57 —



EInt, 55 SRR T 05 B S5 e

900 [
Y S (7 )
800 - — — LI (5R)
700 b — — L F R ({5 FL)
AR GA %)
600 |
500 | N\
/
Z 400
R 300}
200 |
100 F
0
-100 |
200 ‘ ‘ ‘ ‘ ‘
0 40 80 120 160 200
5 16 /ms
(a) L $FRBT Y Fn4
1600y FEA ()
S 5 Vi
1400 | — — T %)
1200 | —_— m i ;c:zjz(frﬁ
1000 F
800 |
z 600
R 400}
200 |
0
200~
-400 |
~600 ‘ ‘ ‘ ‘ ‘
0 40 80 120 160 200
5 [6] /ms
(b)F #5941 F1 Fndii 11
60
— — LS ()
s0l BRI (A5

e T ST (15 L)
— — A (X

HIHE/N-m

0 40 80 120 160 200
5 [8] /ms
(c) HHHHE

NIC/m?-s72
=}

-15F

0 20 80 120 160 200
I 1] /ms
(d)NIC
5 AT AE A SIS A 1
H T 5 TR #0000 5 2 5 10 45 7 il e
I A TR, R 2 AT IR TR AT T
- 58 -

JagERL st .
4 HESWSRNL

41 RHEHTE

& 1 AT, NIC | b S50 4 40 A SRz ) 15 53
BIRTE o NIC AJ LAz B 2544 1) e A4 35 R B2, o 1b
AR DT 55 MRS 22 ) P AT T s R 25 e 2 ok A

W
AR Ay
A1) = AT (1) = A1) (1)
o
A:‘l(z) — %(Ail —Leﬁ(t) + A'i‘l —Higm(t)) (2)
AH X A -
v = [ ar(e)de (3)
o AT (o) Ry B0 (55— B e T s 3 s AT (e) bl
B R B S B s AL () AT () 2 R
22 A B s
B ERRECN -
Cy(t) = 0247 () + [v(0)] (4)
Cries = r{}:ﬂf[ w(t)] (5)
FH Ty HR TS S ML HE i 5 4 BB 2, Cryp M
SR AR B K AE .

P 2 (4) AT R, S04 35 i 50k Sk T8 5 S 1 o
JRE 2 R B 2 DR, S v R R o R ARG ARAS TR
NIC A fA7 A Ay H Sk 358 5 B8 1) Jom 3k 8 25 e, s I3k
0S5 M S P o R 2 R RT /N NIC.o

Gy MR S5 F 5 N ARGE F R, %) 3fe 51 M 5 3k
O B 2 5 M A5 A ) PR 3R AL A58 A 7 45 W EE R B0 SR AR
FAR FETT 2 M SCPERRREE SET5 A I SR S
i S S P A R R A A0 S A A R A A ) S
MRIZRE . LA B3R 7452w PR 384 s it A8 o, BB L [l

M2 fs .
Fx2 EUHTERETER

BT w/ME | RORE | PIRME

WA AR ZEUKN -rad™ | 60000 | 120000 | 90 000
KALFF HAR/mm 8 12 10
SRS 20 M SRR S fmm 1.2 1.8 1.5
SETS A S HEHFEE /mm 1.2 1.8 1.5
HEFT R B SRR /mm L5 2.5 2.0
JAEERAT O S HEHREEE fmm 2.0 3.0 2.5
JAEFR A O S A HREEFE fmm 2.0 3.0 2.5

o R



Fou, AR BUERHE TR 05 B A

42 KR HEEEEERIRE

e BRI R I B R RO TR R RS ]
BTZ I BN LU SR A AP WA AN 43 TR R
P, HHAERAT S5 00 25 (8] 23 A 2 S0 D5 T T T ST
T3 RFE PR IHAS SO P B TR il e i .

1T R o S 0] A B R A,

a=ayta,B+a,B*++-+a, B" (6)

K s ag~a, B8 0~9 75 Bl B9 FEEL, n I REAS 15 5

n YR AN

= Llogye] (7)
O~ 1 22 W] B R — /B (@) IR0 TT 4277
@B(a)=aOB’1+aleZ+. . .+aan—1 (8)

k AEBEAIL S A (8 MASRAE sSSP o)A 35N
Pya) = {55 n(a)@pla)y (@) (9)
L Pla) i RFE SR M NREARER , 0=1,2,--- .M
BBy, B, (k=1 R HL
WU A B MAS | 20 3R 7R 7 8 AR X (o) P 3
RN
X, (a)=1-P(a) (10)
FESFATIE BT BRI R T T B, 006 R S0 I B T A
Ite SRCT LR, A TR A 250
2, 00 2T HEAT o+ D)(02)2 YRS, HEAE 150 Bk
(o D)w+2)W, Ho m A AR B AR, AR SCRY BT A i
A 74 HE BHER EG T F kAT 72 Yok, it As
R BRI A0 2 3 o, Horb v, Sk R A 25 R EE R A
Vo~V o3 SR S RFE AR FE TS 20 M SRR B SE i 4
S P SR BE T I i S PR R L AR A ) S P AR
JELJEE AR S PR
4.3 IRMEBIEI BRIEE D
AR SCR RS Bl e /N T e 3T USSR AL — A
H1 28 B 1] 5 @) 156 pRRR p (o) A I ) D45 o R, B o
SR BRI o) T8 AU A 3R A X3 0 HP ) N A SRR AT 2 (1=1,2,
< NI R B w=ule) A, B SR/ — TR AR H Y
JEAE QPP AR 1 R SR R ) A8 4 SR 3 B R B (), R
PRI o) PE A5 o B JRIFR I 2, N AT SRy 3RS By

v.7) = Zpi(i)a[(xhp"'(f)a(x) (11)

A 2=, y,2)" 0 a5 B JR PR 2, P 2% i 10 25 [ AR A
P (%) =(p,(%),p,(R),++.p, (%)) 2 BR AL ), p () S pRKE,
m N FE PR, a(x)=(a,(x)ay(x), - a, ()" 1 R B L
ax) TG E R R

Fo st /> 3R AU A i AT ) S AR REARUR S 1 AL

B 1 X E EUAL , SR 05 R O R i e AR L BT A
2024 4F 5 61

{EL, 5 Jr 22 4 2% I 19 0 DL it T, BT A

K 6 i o
R3 WBEBESERITTEREHE

E KN T/;ad’l Vy/mm | V/mm | V,/mm | V/mm | Vi/mm | V,/mm
1| 60417 | 10.00 | 1.40 | 1.32 | 1.64 | 2.45 | 245
2| 61250 | 9.00 | 1.60 | 1.44 | 1.79 | 2.51 | 2.49
31 62083 | 11.00 | 1.27 | 1.56 | 1.93 | 256 | 2.54
4| 62917 8.50 1.47 1.68 2.07 2,62 | 2.58
5| 63750 | 10.50 | 1.67 | 1.22 | 2.21 | 2.67 | 2.63
6| 64583 | 950 | 1.33 | 1.34 | 236 | 2.73 | 2.68
7| 65417 | 11,50 | 1.53 | 146 | 1.52 | 2.78 | 2.72
8| 66250 | 825 | 1.73 | 1.58 | 1.66 | 2.84 | 2.77
9| 67083 | 1025 | 122 | 1.70 | 1.81 | 2.89 | 2.82
10| 67917 | 925 | 142 | 125 | 1.95 | 295 | 2.86

63| 112083 | 11.94 | 1.24 1.62 1.54 | 286 | 2.92
64| 112917 | 8.03 1.44 1.74 1.69 | 292 | 297
65| 113750 | 10.03 | 1.64 1.28 1.83 | 297 | 242
66| 114583 | 9.03 1.30 1.40 1.97 | 243 | 246
67| 115417 | 11.03 | 1.50 1.52 | 212 | 248 | 251
68| 116250 | 8.53 1.70 1.64 | 226 | 2.54 | 2.56
69| 117083 | 10.53 | 1.37 1.76 | 2.40 | 2.59 | 2.60

70| 117917 | 9.53 1.57 1.31 1.56 | 2.65 | 2.65
71| 118750 | 11.53 | 1.77 1.43 1.71 2.70 | 2.69
72| 119583 | 8.28 1.26 1.55 1.85 | 276 | 2.74

a. B PR £ SR X SR
b B A S A o (S DI 135 25
A TR S b 1 A

RN A DX SR R T TSR

SRS REIR

FERE RS SRR A i
K6 ST aR/N ek w4 wi
FET BT R AL R F IR g/ —
T o AN A U ALY | ] B 75 Xof 75 ) A4 T AU TR R
BEHEATRIE o
AU AL AT DL 3 6 E R RORIEAN LA A
JEUT, R*TE 0.800~0.995 U [l I, s #UL G h BEARGF -

E
21 o Zss
R T (12)

A Eg = i[?’i

JELUE S y, X IV A R 1% 22 B9 °F- 05 A5 T =
NSRS E Y, Z 2 FT5

— 5 U AT 2 R AR 5

Sty - 5T
i=1

- 59 —



EInt, 55 SRR T 05 B S5 e

ARSI AR AL (YRS AN 4 JT 7, Horh R ~R, 73 3]
/o LY e 71 o I w1 A T e o S SO A 4 )
J1 R SERRL R SRS A NIC
F4 EURBIREE

W] ) iF1E S Wi 7 KE
R, 0.984 45 R, 0.972 55
R, 0.983 58 R, 0.965 23
R, 0.962 45 R, 0.988 76
R, 0.975 63

H1 4 AT, 4% 0 7 A T AU ALRS B2 2R T 0.9,
LT RIS Y Al BEAR 4, m] LU T 20
4.4 ETIEOMREN S HIRMEA
Z HintAk( Multi-Objective Optimization, MOO ) /&
AL HARZ T 1RO AL, BT LU -
minf () = (f,(%)/2(%), -~ f.(x))
st g,(x)<0, i=12,-1
h(x)=0, j=12,1
D = (x%,,25, % )s Xy i S Xy S Xy s
) E bR BB, x S DR SR ) B u SR DA AR BB
i, g () N RO AR b (o) S AR A (x)
R w A B R, D Bt A AR G B« B
320 i X o I TIATIRGL B
AR R 42 J i b T 7 (Global Response Surface
Method , GRSM) #4722 H ARt 4k, HAESL AN A 7 froR
55 1R IR UL, GRSM S ARG 45 1 U AR REAS i 8K
W S PLA R I . GRSM Rl 3 T3k & A i B
JUEHE L T, %o T B A R T e 4 T AT PR A AR e
AR AR

(13)

i —e{s P

%7  GRSM . H:AHES

8 A R I T 5 P AR 1 T 2 FL B A A, LA
BRSBTSy | RS A T S 8 )
J3 TR HRRL ST S0 S N, LA 3 0 4
/N ERRBREL, ST 2 B ARIAL T, o ik on -

minf () = (f,(2) /(%) f2(2) fi(5) fs(2) f( %) fo(x))
D = (205,720 )y Xy i S %y < Xy
(14)

DAl A ik AR UCHON 2009, 248 97 ¥k

RS B SE O A B, L ST T, BT 1
— 60 —

L R P NIC [ 3000 25 6 AT SRR g 2% 43 2 kg 7™
i, B0 I EE C-NCAP IS 5 He A . S0
P FEHRBO L FER A AR AR R A A 246 (Pareto)
HIVR A 8 Fir 7R o

3671

34 (e °
[ ) [ J
® (4
=32 e @ ° ®
. ° o o
zZ [ ] °® ...
=30F ® * o

= 3’0.8..{:."b ‘e
ISR I
he) ° R o0 [ ]

/

T

°
26t $ o .o’.. Y %
° o °
24 L ® o
22

16 17 18 19 20 21 22 23 24
BUBBHE R m® -7
() SPCAR A3 3 5 KRN S0 25 3

700 T
670
640 |

E6l0f
<5801

JEK’L_P 550 |

% 520

= 490
460 |
430 |
400 ‘ : : : ‘ ‘ ‘

16 17 18 19 20 21 22 23 24

SRR/ m* s
(b)) S5 A05 F 46 BUFN T SR
K8 Pareto BT
ME 8 H R LLE H . BEE S5 EIR B K, b
ER P TR N N G TR e el N T (YA
3 AR AR AE TR FE R B ) fe /N, 3504 T e A
N o R B R e /ME . BT MRS C-NCAP 45 3 458

BRIV S5 4 FLA T £ — LI DR, A% SR 42 3%

ARG 2 089 2 A R B XA fb 25 5, Ak R B et

AT S s .

x5 MRAETRIEITEEEREXLL

Wit As i CULGEIEN RALLE

e A 2 NI R ALV /KN - rad ™! 90 000 119 825
SLHAT BHAR V,/mm 10 8.09
SETT2E M SRR V,/mm 1.5 1.20
SETS A SRR V,/mm 15 1.20
ET A A S AR V/mm 2.0 1.50
JAEERAT I STHE AR V/mm 25 2.00
JAEER A S FEAR T V. /mm 2.5 2.99
TR ST 2N



Fou, AR BUERHE TR 05 B A

4.5 MUERSHRKIE
N T RO ES Rm A RO T B AT
T PLAEACAA BROTE AR AT 0T, R TR 45 2R
5T IRE BRI ES B A5 R BT L, 25 Rk 6
s o
*6 HMELERSIEMUEIL

i 4 e L ERME | DFEE | REMS%

BRI )] R /N 260.23 | 272.87 4.8
BRI RN 385.87 | 400.97 3.9

- HERAHE R /N -m 23.52 22.89 2.6
THERE I RN 380.87 385.59 1.2
T ST RYN 478.85 | 48525 1.3
THERASHE RJ/N -m 6.25 6.48 3.6
HIROTE IR, /m’ s~ 17.80 16.7 6.1

Hi 2 6 AT, 7 B4 2R 5 0T RME 2 [l f7 e — 2 iR
2 AABIRM L 8%, N ALALE R AA S H M E.

et B 05 BLA AR TP 20 U, I
FEALAEHT Jm A HEFT A0 A B0, W 7 s . & 7 1]
2 etk WEAT S N 214 7352713 3.35 57

xR7 RUBIREREFTES X 51
Ak A5y AL )E 1353
W H | 2R N I | LR v,
o | ey | o | |
HEEREE | 080 | 0.8 121 | 1.21
LEERE IS | 1.50 1.50
EEESS | 150 | 0.28 1.50 | 0.92
L EERAAE | 0.28 2.14 | 0.92 3.35
TSRS | 1.23 1.32
THESS | 1.06 | 1.06 122 | 1.22
FHERSE | 1.50 1.50

Hi B IR M AT A, 7 FLAS R S I R B A5 R R 22
BN ST V0 R R T ) A% BT P RE R MR R T

5 ZERIB

AR SR Rl A 2o A BN ST AT R A R R 4
T — MR DU PEREDL A TT 15, S R HE T
FROTAL Y If e T HORG B 55 T A, 20 RS il 17 71
O SRE A NS SN e N R A ag
X7 A B AR BT REAS ROR A OF RS gl Fe D —3feik
S S A5 W) IO ) U R S ok o 4% ) ) A 2R R Y
BT, B 1 P S AU B AT B e R B R
R W L TR 3k Xt O A ST A AT AR B A T A, 4530 1 4%

2024 4F 5 61

Wi L P B I e i 07 58 AR 3 BT SR AR 1 T — dH e i
IFEAE TS RAKT B o fe)i ARG C-NCAP HEFT 45
O3V ML BEAT PP, 45 SRR B, DA IS e oy £ e 472 i
Pt RE R IR SE T,

& % X W

[1] KUMAGAT G, WADA K, TANAKA S, et al. Prevalence of
Whiplash Injury and Its Association with Quality of Life in
Local Residents in Japan: A Cross Sectional Study[J].
Journal of Orthopaedic Science, 2022, 27(1): 108—114.

[2] 5K HE = R R AT ISR 22 3R ()], RBIL S BL P, 2021
(14): 198-199.

ZHANG C Y. Overview of Automotive Seat Whiplash Test
[J]. Internal Combustion Engine and Accessories, 2021(14):
198-199.

[3] COLASANTI E. Design and Development of a Lightweight
Seat Frame Using Magnesium Extrusions and Stampings[J].
SAE Technical Papers, 940406, 1994.

[4] WILSON H. Structural Feasibility of Injection Molded and
Compression Molded Front Seat Bases[J]. SAE Technical
Papers, 920496, 1992.

[5] EhfEefie, SAR S, Rl 2 R THE SUV IERE &5 42150

A7 BROT AR (7 LB TEL)]. KABHE, 2019, 46(3): 54-59+
62.
MA J S, GUO S W, ZHENG Y T, et al. Research on Finite
Element Modeling Simulation Based on an SUV Frontal
Impact Sled Test[J]. Tianjin Science and Technology, 2019,
46(3): 54-59+62.

[6] Xt A%E . V3438 2 S i v 3fe B3 S8R Y e ok 2 400 3 2 i g
O HLEEBEFE[D]. 7P WIRE 2, 2002.

LIU D H. Research on Impact Biomechanical Response and
Injury Mechanism of Occupant’s Neck in Automobile Rear
End Collision[D]. Changsha: Hunan University, 2002.

(7] BX B, PR, 55, 55 . SEVR 2R R S o B 11 EL A3 BT 5

PEALLI. BB 5 3, 2020(8): 73-75+79.
ZHAO M SUN J, WANG Y, et al. Simulation Analysis and
Optimization of Static Strength of a Certain Car Seat Head-
rest[J]. Mechanical Design and Manufacturing, 2020(8): 73—
75+79.

[8] 25k . FEP A A HEA T YERE B WP S A ARID]. K AF: 35
MK, 2016.

LI R S. Research and Optimization of Whipping
Performance of a Car Seat[D]. Changchun: Jilin University,
2016.

(91 SRR . VR4 e o 42 B0 A 11 BE 5K M4 T I 2210 VA4 LR
Jili, 2021(1): 51-54.

ZHANG C. Whiplash Performance Requirements and
Improvement Scheme of Car Seat[J]. Automotive Engineer,

2021(1): 51-54.

- 61 -



Fou, AR BUERHE TR 05 B A

[10] Hp [ 4 B ARBETE A7 B R . C-NCAP 45 H LI

(2021 4 RRO[S]. KHE: H ERRFEAMTE A BRA T,
2021.
China Automotive Technology Research Center Co., Ltd..
C-NCAP Management Rules (2021 Edition) [S]. Tianjin:
China Automotive Technology Research Center Co., Lid.,
2021.

(L] T e 88 BT 45 70 M. b5t A2 Toll i ik,

2013.
HE Y P. Design of Experiments and Analysis|[M]. Beijing:
Chemical Industry Press, 2013.

(2] AEFEE, AT, 07 IR . VR A A By 2 A i a5 i

PEARAC BT, BUACH] & TR, 2021(8): 64-69.

DENG L J, WANG S X, YANG F Q. Crash Resistance and
Lightweight Optimization Design of Automotive Front
Bumper Beams[J]. Modern Manufacturing Engineering,

2021(8): 64-69.

- IR K=, 2009.

ZHANG Y. Optimization Design Method of Vehicle

Lightweight Based on Approximate Model[D]. Changsha:

Hunan University, 2009.

WOIREL, R . TR sl de s T3k i il 4 T UL

[J]. TAREEIE2441E, 2004(1): 84-89.

ZENG Q H, LU D T. Curve and Surface Fitting Based on

Moving Least Squares[J]. Journal of Engineering Drawing,

2004(1): 84-89.

IREAUR, XL, RAE, 4F . 5T RBF AU () NOBS

AT AE 4548 2 B ARPEAL BT BB TR 2441,

2021, 43(11): 35-42.

SU S J, LIU C B, ZHANG X, et al. Multi Objective

Optimization Design of Cargo Tank Structure of NOBS Oil

Tanker Based on RBF Surrogate Model[J]. Journal of

Wuhan University of Technology, 2021, 43(11): 35-42.
(FitEgmit  f )

[13] 5K 55 . & T I U AR 4 i A e ki3 D7 %D K AR H 91 20234F7 H 20 H .

(REIZS5HRDRRBEMA

(AETLEMH) LS T19864F, 2 b 7 B — A £ R A AFRNS £ 469 B AN TFRATAREREEA R P
HEIRFAAT, ALEREAFAEHNLE I L EMHEE RS FLELE,

(AEIZ L M) ERBAHN TAERNEHRRRG T L (A FEREHMRTHERTE) FHFaF LA B7ER
PR AL ZENERR IR ATSEE AMNBER HFUBEMHARAAEFERZFF@ORE, BHAHAERE
AT P EITEG R RFAFATFTAANRBAERIT B BFARANAFITLEEHEZE, A HLiE S E AL E R
89 T 58 SRR AR AR B

(A T L HMH) I & R EAT R B B R34 b fe bbbt & F 400 7, BATRAE 74 AT b R 37 69 2505t ) 2 AHH m
IHAR A FRE S KE T @ e R 6,

ER =4
AT&M AT A Z g MA LR A& BB R B FHE K AT L EF,
BAaE R,

(1) kA5 0 A ) M 5t 5 52 3R AR LE &, L3 F R AFIE 6] 42 6000 F VA 1

(2) kA RAEAEE N ShATF A& LR AT, P45 5 3%, R B —45 % 84, B3R AR B R TAE L R e R AR
JE, SRIHE A B2 A5

(3) kAa w9 iX I 77 & R I HIE R IE L6 LA T3

(4)RAGAOIEAT AR MG AeH IS AFH FAn F LHE(200 F A4 ) SF Lk, K45 K M word LA a4 X,

(5) kAs I XL Ao — AR AKX, RAFH UL AF) PP B LK

(6) Rt B K iR A EWRA, BBRT mE Y, i LA LFES, X ¥ ZA M m AR (Hlde: B 1= LE2F), B
P EFBIIFRT L,

(7)3FZ 2 An s AR (RIS F AR Ao B kit 84, XFFILFHRANES (LT A4FE S5 EH, 8 %R —
FEREL2A B LR F e HE LI,

(8) L F LR ANTTR F 5 Lk, BEX Y BARELK AL, AF LRKEFRR B Fd, QL1 s ML 7L
(3R F 4,83 R ekl b k)  hRE A

(9)if £ R AR BHEAEH B £ 7 X (@A F A AAE BiE E-mail ).

(10) AF) 245 M 4t : http://qegyyel.chpt.cnki.net,, 2534 ¥, 7% : 0431-82028069 ,

BRI R T R AR E RN ERZERRE AT

- 62- noE A



