Modeling and Simulation B 545K, 2023, 12(2), 1523-1538 Hans i
Published Online March 2023 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2023.122142

RRFIR T B AR RBU R R

B2, kR

LR TRREARY, PIMSRETEYR, L
2 MR R A PR A AR R R o, L

E2

Weks . 2023427170 FHBEM: 20234F3H21H; KA HM: 20234F328H

H E

FICEN T EWARRGE, DINAISGETH i BER A1 LR v 2 mti, 7EFRBAIMPDBRFAEE T T,
BT LS-DYNAR| F THORMBR LR {5 FXF Eb 70 Ar = A ] 06 25 R AR R AE B 2 il 3 T 3 3R 038 31 2 L K2 AR
NSKER SERABIER R0 XU . B /5 K AINSGA-TIIEE 2 B AR A6 77 46K AR iR Be e B 0 B H R AR
SHME. SRETY: ULSSBRAFNERWICESR/NA B IRIREEIR 2 A A1/£100.1°, B EIALEG]
K- PEER0.48 m, J7 A LEEE LK FHER0.66 m, FERAREE0.18 m. XABIER X
25 PR R SRR ) IE T MEAEE B 7 B /) AR SR A 3h B & — AL T R SRS R LS BRI -

XA

REMmzh, MARE, EmmE £ HRMML

Research on Driver’s Sitting Posture
Simulation Change and Injury under
Emergency Braking

Xiaolan Chu?, Jinjie Zhang?

'School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai
Commercial Vehicle Technology Center of Shanghai Automobile Group Company Limited, Shanghai

Received: Feb. 17‘h, 2023; accepted: Mar. 21“, 2023; published: Mar. 28‘h, 2023

Abstract

This paper establishes restraint system model of vehicle, based on the seat angle data of NAIS sta-
tistical; under the two impact conditions of FRB and MPDB, LS-DYNA uses the THOR dummy model
to simulate and compare the kinematics response of passengers in three initial driving sitting po-
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sitions under emergency braking and the injury risk of the dummy head, neck and chest. Finally,
the multi-objective optimization method of NSGA-II algorithm is used to solve the optimal values
of some position parameters of the passenger seat. The results show that the data obtained with
the objective of minimizing the damage value of the integrated dummy are the seat angle of 100.1°,
the horizontal distance from the pedal to the front end of the seat cushion with 0.48 m, the hori-
zontal distance from the steering wheel center to the upper end of the backrest of 0.66 m, and the
seat cushion height of 0.18 m. This set of data will provide parameter basis for further improving
the frontal collision protection capability of the passenger seat and the development strategy of
the integration of active and passive safety in the future.
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1. 5|15

W& 1 2% 25 Bih 4 Bh 2 45 (Advanced Driver Assistance Systems, ADAS)IANKT & f&E, [ A 4h2 8 # % e
TP FAL IR ZS TS 22 IR AT A T R (ORI 9T o 43 0 3 3 X 24 PN 3 R RO R B (R AN TR Z o R
A ATD (AR IR 1 2) DUPRAE AL AR AR AT REARE K. SR, 2R 40 D3 7E I 72 s 341 (] AN 5
SHIEN A A REE S ATD SEMFEIRERA[L]. Btl, S EAIUE 2 G A 2218 R i 25 AR
BURAFER),  H e B 1 1 A 75 A -

TEESL, Osth J 55 N7 BB SRR 2250, 103k T 768 S 2 72 o 2 0 2 B ok &N
LR B A BL[2]. Timothy T L 558 AR FH 2 EIRZERAE R G, A 73 ierh 28 3l 0L IR B An g |
N URHE DA B AR I L, A5 R G 0.5%[ 3 i AEflpfi I AT B AR, X 4549 45 5 43 vl 4,
AR LR ™ B ofe R P T B (3], Kang M A NI 8 SCIE AR = FhBs fr Ak 28, FRIEEL T 6 44
HBIRE AT RERLE, BHAERHSMER THEs M ZER, HUagsRRE: Mo RTE B AL L
AEB B IIE I, 3 0F 3f G R 1 14 T BN & AU [4]

TEE PN, AL AR PreScan Fil Simulink 6407 BLPA 2 T 2 T RO S0 R 2HI L, &5
FIE B TR 00 R 2B, 75 ) 2 AR afe 53 Sk R AL B 4 Tl ek s 62% 711 80% [5]
SCHR T =PRI R AU (1 2 0 LR R GE, XL AT T = Rhafe AR P il N R R Bl e
AR, SRR E AR IS 3 5 A B 5 S AR R IR O — 2 6]. 25 H S AR A 50
B Hybrid N B EAT DARGE 6 R0 22 45 TR i 1) e shib & ikae, AFi s R 45 AEB il
B /N T 6.0 mis?, LR RGEVTAL T AR ThBE R 2 F4MK, %5 AEB Hilshikid ik 5 8.0 m/s®, Ak
W A CRBATREEAL” , A R K7,

g LRTR, EWANEA RS ERE R FE IR B AE AT TIRA . A LS
] 5 25 3 S WO i 1 75 44 % (National Automobile Accident In-depth Investigation System, NAIS)FATT. 3 £ %
£ B I) B S B AT RG], @R L T B SIS R AR SR AR A, WAL R S S A A AR
2 53 MR AR DL SO T DA B . B, R RO T R R AT, RGBT, BB AL
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(D SURB LRI RebE, FTLRIR AR A SURE A 3T T 2 R 1 AR R — 2 1 B 1 3L
2. RBERHE

B, EH NAIS FAVLEE £ 2016~2020 S-S MR 5 Ge vt H I SEBris FH BEART £ B 2 FH BB 46 A
grh ARG, B A BR T4 HyperWorks 1 Primer 2257 7 77 THOR BB ()25 Bk 53000 2 R R Siksi A,
G R, A, WAEREENAL, B, H R AR 3B AR 5 KUK .

21. BESHSH

JEH5 Fa P AR B

JREART ) R 48 () A P R AL AR R T 5 PR R TS R K Z e Ao Goit i K e fg BE e A Pl 1 B
MR R, [90°, 100%) f FUBir — 2, AR A B2[90°, 100°). [100°, 110°)F1[110°, 120°) &3k o bkt
90%. [Kitk, Hanle 2 Fron i FERT 51 A 5 40 7oA 95°, 105° 1 115° (S b i JRE A £ 1 N FH 2R AT 46
A

6.06% - 3.03%

12.12% "

30.30%

=[0°,90°) =[90°,100°) = [100°,110°)
[110°,120°) = [120°,180°]

Figure 1. Seat angle statistics of NAIS
1. NAIS BEfs Fa B G it

Figure 2. Definition of sitting angle
2. HEABENX

R 52 4% 4 A KR ISR P i 19 2, 2 A RIS 50 A 1) o b e 22 09 20~100 mm.,
i FHUE P A R, R 2 5 5 SR RT IR AL, B BRI R S S R o
Bk E A B M E. T 5 e Bk, e RIR S kAL 2 18] 1 B AR B e 1
Fis, HEU USRI —BAE 10 om BUT, FEE LAt RGN, Skl B mizdig K, @
1o 22 A RIRR S AE NAIS Fl S 451 v 25 3 0 F) e A A AR O o
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Table 1. The relationship between seat belt scratches and head displacement

1 RETIRSKIABZEHXFR

51 LA RPR K FElem SLEBALFE/mm
1 T6 B AR 100
2 5 200
3 10 300
4 20 400
5 30 500

2.2. BRTARARGEE

AT G FH 1 B ZE AR 2 56 [ [ SRl OO 2006 43K 3 FUE 70 -k 2 BB 4 57 iR A B i 24 8],
BRI 3 fiose N VTR AR, K 4 PR iR A R TR AT T AL AR 2

Figure 3. Yaris finite element model
3. Yaris HRTiEEY

Figure 4. Establishment of cockpit model
4. BIRRIEREST

K F THOR-50M {E A B 175 AR5, HXHAR I AR B SPIR E O 77 AT B 1.76 KRRk
SEJME, THOR A 544 Hybrid 1AM L, HAYEREE S, H THOR B SE T EA
Ak, HFigH DYNA J7ikar 7 224 Routing 1E4Y, 4nf&] 5 iR .

iz I LS-DYNA #2 fit ff) [ 2l 5 T ¥ fill 70 5 20 100 10 # fk, b [ 2 8T Ak A B0 2
*CONTACT_AIRBAG_SINGLE_SURFACE ¢4, [ 5l 422 fist FH 21 1 2
*CONTACT_AUTOMATIC_SURFACE_TO_SURFACE J¢4#5[9]. KA BRI 7Y 15 s -4 e ke,
A RN (1 25 35 0 BR TG 20 R R G Rk s i, WnlEl 6 i
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Figure 5. Seat belt FE models
5. REHARITRE

Figure 6. Simulation model of driver restraint
system model

6. BERRARARGHERE

2.3. HRBIIGF

e NHTSA BEAT (158 4 5 0 5677 15 Z- hlf A8 A6 Ky 55 AT 78 i g S AR R R 47 015 L ) 25 Bt
S HARGIE BXF L. AR 2 AT LA 0 A5 R B I B IR ZE I TE 10% LA, RUIAHE A 7K
D7 BT 5 06 72 Tt % M LA el o — b, IR e TR SRR AT

Table 2. Comparison between simulation value and test value
%= 2. HEESREEX

WS H e W
SR X e i F (9) 58.65 55.61 5.47%
I X 1e J 52 (9) 46.50 48.09 —3.31%
B XA A (9) 68.42 63.88 7.11%

FE KR J1(KN) 5.16 4.90 5.31%
45 KJR 3 (KN) 2.95 2.85 3.51%
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2.4, ANMEEER G

7F 1969 4, EEEFESMERKREEESESMAITIEITREAER, HERBGTER, %E TAR
TR G S 7, Xt W4 475 70 2 b v ALS (Abbreviated Injury Scale) [10], AIS HR 4 X A= fiy 1 &
FEEEBB G HEY, o T AERSRGESR, Bifkind 3 frr.

Table 3. Damage level AIS
3. AFR AIS

AlS 24 RS A%
0 s 0
1 BE 0
2 AR 1~2
3 HERG 8~10
4 o 454 5~50
5 fa B 5~50
6 W E 5 100

XA AW B AR 22 4, B SN IR T AISA LA EEZ, ANHEFT AISS A E ARG
Fe RARY, KA AISE J A F3fe AR TEA L T 8, BFFCRA R o LA A HE Sk, 3000 B 358 (1 4543 IR
BV AR, e S BLAS Rt NG 1 T A S % .

AR R A Sk T B B AT (AIS = 3)IHE p 7 DLl R ARQ)THEAS R, B
|n(H|c15)—7.45231}

M

AIS>3)=d
P ) { 0.73998

NG A2 K ST 3R Al 1) ) RO S REER AR AT R, R YA IE A b 5 850™ 5 20 453 0 1T 2 th ) — AN B s e . 33
HAY AIS KT T 2 fIKTF2T 3 WG RN ARG iR

M
N; (t)=|:—2+M—y )

X, FONBEERITSZ B 7 75 My AREERBT SIS s Foe IR JT AR RAEL ;s My 025 HE IR BR AR -
1

p (A|S 2 2) = e(4_3085—5.4079 Nij) ?
p(AIS>3)= : ?
14 e(4.9372—4.5294Nij)
AIS SR T T 3 I SR FE 45 L R (73 2 S
) Rmiax 2.7187
p(AIS>3)—1-¢ (59.865] )

ﬁq:‘ : Rmax %E@%Kﬂ%kggﬁ%o
3. HERE

DA 3 G357 TF T 48 g J:Ailh, 252 2021 hit C-NCAP H & T 2240 1E TiT 100% 2 B it 1] 7 W 14 BE 3 (100%
overlapping frontal impact fixed rigid barrier, FRB)HI 50% & & #% 5l #i1E 4% /2 &% % (Front 50% overlap moving
progressive deformation barrier, MPDB) {36 223K [11], F£# 95°, 105°H1 115° = Fifit A\ SR AL L 25 4 HAR
Y530 NP MRS 00 AT VSRR A, A Al I R b 2 Ok 1S B e N S A A L
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3.1. FRB A B3 G ifn K 54

3.1.1. FRB TR FERREHESEN

i = Fh e AL HEAS (K 07 BB 43 5] PN LS-DYNA Firdh AT 555K MR, £ LS-Prepost Fi i & Hahim, 5
B =FhIAL LS T 0 ms (ARG IWILAIS %), 40 ms (4SBT A NI %), 80 ms (RN 1A 5S
PERANFII Z1) . 120 ms (FlfeE 25 SR Z0) I 2B R iE 3h 2w S AL L, aniE] 7 B .

i WA Oms 40ms 80ms 120ms

PERTEEH 95°

JERT TS 105°

JERGHETS 115°

Figure 7. Driver’s motion attitude under FRB condition
7.FRB TRATEBR REHES

3.1.2. FRB TR TAR%LETENKE

e IRV I T SRR AR AIS3HI R EFIN Z — . [ 8 N =R IRALIEAS T 2 B R (AR )38 B
e A% 5, TT DA HETE AR S5 AR PN 95 (MBI T, IR ML NI ISR s 16 A 5235 A B 105° 11
BT, BABERILE 100 ms [N 2 HIL T RIS, TR EETS M BEA 115 TSR, (AR
fE 75 ms IR ZI DRI T ISR . 45 R R RS MO, B3 GE R aod R b S8
TER IR AR A e s, PSRN 32 B 1 XU A v

3.1.3. FRB LA T AR ETEN K

W TR AL LA I AR 3N LS-DYNA kA7 115 2 J5 153 21 (1 45 T AE LS-Prepost H1 #1753k 36
S DA K i i 4 AR i 2%, HARPfAr B RABAITE SR 4 v, FHEARYE S5 ISk 29050 A0 i 340
PG R A T, THEA R =1 AIS 35 RS HER, Has B E 9 Fr.

gt A ME 9 TTLUEH, 78 FRB LU N =Pk, 105°H0 115°SkiB#ifh ) L% i m, AIS3+3kH
W LN 7.6%. FEBHE RS 115°, AIS3+3MA i J LR Fe = A 9.4%. IRERif i s i /2 95°,
AIS3+ 71 ) L3 Eis 29.7%.

3.2. MPDB TR T &I G MK 5547

3.2.1. MPDB TR FEZHIESENL
W& 10 fron, 15304 MPDB Ll F =FhafesAh 225 0 ms. 40 ms. 80 ms. 120 ms I ZIE N iz 524
Wi S A AR P

DOI: 10.12677/mo0s.2023.122142 1529 R ()


https://doi.org/10.12677/mos.2023.122142

RN, SRR

JEE R S 50ms 75ms 100ms

]
3
|

FE R HETY 95°

JBERTSETS 105°

Figure 8. Driver dive risk under FRB condition
8. FRB LA T B A TEXK

Table 4. Comparison of injury indexes of different occupant sitting positions
under FRB condition

F 4. FRB T T AR5 53 4 Zp9 R R e AR 2T EE

PR EETS A 95° 105° 115°
HICs 223.2 596 596.3
K15 48 45 (BriC) 0.66 0.91 1.16
B TR FR (N 0.27 0.32 0.49
JHD 58 5 K 4 £ 51.7mm 349mm 358mm
0.35 0.297
03
0.25
0.2
i 0.15 0.094
% o 0.076
K005 I
= o g el N
AIS3+3k AIS3+%i AIS3-+Hi
m95° m105° m115°
WAL

Figure 9. Driver dive risk under FRB condition
E 9. FRB TR T [R5 52 4L 220045 4 MU
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Figure 10. Driver’s motion attitude under MPDB condition
& 10. MPDB TR T B RIBFHES

3.2.2. MPDB TR TAE L ETEX K

11 N = FhAN [ e A 22 25 TR 25 Bih 53 PR JR A (V)32 B e B 450, AT DA HE 78 JAR ARy 5385 A 2 1057 IR 130
T, BAERIAE 75 ms R ZI O LT P MILER, 7S = Rhafesl 45 R Ha R 5515 A 1SN 115° (101
BR, BABRTE 50 ms IR ZICEHBL Y FIBRIER . 45K AT A MK, 20 5 75 4 59
P P e SO W B RS e, B KRR N A A 4 PR e

JERG 50ms 75ms

FERG ST 95° I

iA
i A
'} )

Figure 11. Driver dive risk under MPDB condition
& 11. MPDB TR T &4 5 T &R

FERTEET 105°

(e
RS 1150 f

]
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3.2.3. MPDB TR T A [E] & 4545 K&
% MPDB T K =FaAR A 115 B AR S N LS-DYNA Hilt AT+ 5 2 J5 15 B 45 BA4E LS-Prepost
T LA S LA AN AR A O S it 2, ARG HR AR i s R SIFER 5 b, I e S8R0 KU
MR A AT AR =1 AIS 0 A2, Hai Rkl 12 Fr.
Table 5. Comparison of injury indexes of different occupant sitting positions

under MPDB condition
#z 5. MPDB Lt N4 [E 5k 52 4L Z IR FE #R 3T LE

R SETS FE 95° 105° 115°
HIC 5 246.5 529.2 157
PN EALAEEL N (=1 [O) 0.72 0.98 1.04
FRE AR FR(Ny) 0.26 0.23 0.35
JI6G 6 O S 4 50.7 mm 45 mm 38 mm
03 0.277

0.25
02

0.15
0.1 9055 805
0.05 I I
0 — [ |

AIS3+3k AIS3+31 AIS3+id
mo5° m[05° 115°
PGB AL
Figure 12. Driver dive risk under MPDB condition
[ 12. MPDB TR TE R THEX K

473 XU

gh i3 5 M 12 v LAEH, 75 MPDB Lt F =FhAe &, SLItfhm & 1057, SdihiHom

K& 115°, MitRfa s 2& 95°.
4. ASLRFGIDHRMEKE

4.1 REURE

ZEME RN 782017 4 1 A 11 H 13 B 25 701, fERE-TFI O, BEATWS MRS 75 7 12R 5
KA IR , ST SO BRI 2 Sk e AR g 2 Sk 0 = AR T, Sd BRI 25 Bk 1R 32 0, SR
(255 R, BRI H 2. AR SR Bk DL K PC-Crash 12.0 filf i 477 ¥ 14| 13 B,
VR ZEAE R A 38 SR B T 1 B4 it

FERE S 1l BRFN 2R J 2 A SR I U8 I, ik 6 oo

MRS MR IS R BTN, REBFENSH R 22 HRIRAA 12 ecm, RIEE 1 S5 RHE,
HLERAI AL EAE 300 mm AEAT . 20 G RERT A FE R 100°, 2 Ay B R A R R 1207, ol BAA K tn
14 F142 7 Fiom .

m
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Figure 13. Accident reconstruction process diagram

13. FiERIEE

Table 6. Airbag information
F6 SERER

5%  ERR%E DAB PAB KAB AU A mrA Yot HAH
SEIHER T IRIT = = p3 = = = =
ZRJEL =H R = = / / / / /
VE: B RN em, MERLCA.
Figure 14. Roewe front seat position parameters
& 14. TEAHIERAESH
Table 7. Seat position parameters
7. BERAESH
FEF L B S5 B G AL R g A
JE R F FE 100 120
A 38 A4 R 7K S B 25 /mm 440 700
J7 T SO B EE TS K SFRE 25 /mm 630 900
A B /mm 200 200
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4.2. NEEZEIRALANGEEFEW T4

HR¥ PC-Crash Hlg H# BoR, AU [ EILRFEL 1 1.4 s 7y, Hrf 0~0.4 s iy 4= 1 ERE Y
B, A IR 1) BEPY 2R R N N IR P AR A Je e B AR AR AR B 2, BARTS DL &l 15 B SR B4 A NI Sk
. PEBHIARATESL, BLTE “RERT L “SRE LT il NIRREE N SR BBk

400+ 4004
— RKH A —
350 — - REZ b . ﬁg;ﬁ
hi
&~ 3004 o~ 3004 :t
£ £ i
w250 g i
b t] i
= 2004 = 2004 | I
= &= :‘ i
f{ 150 ?;2 x Hi‘
L 100 = 100 :“‘
11 .
50 l~
0 ; ) 0 =
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 0.0 ) )
H[a](s) i 8] (s)
@ (b)
250
— FEH
200-
£
™50+
b
=
=
o 1004 |
= |
g
50

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
1] (s)

©

Figure 15. Head, neck and chest resultant acceleration. (a) Head resultant acceleration; (b) Neck resultant acceleration; (c)
Chest resultant acceleration

15. k&R, FARFNBNARHVANERE BLHILLE . (a) KEPAAINERE; (b) HEBEMMEE; () IS MMEE

ERE TR A FE =7 1 AR HhERE , e 452 B 05 A 2] 0 e i 1ol Y, FLafR
OB G LR By H . HR AT RE R T A a2 2y, bR, RUREIE AL
Pt CAEREFRL AR P AL R AL S N, R R A4 7 B T
4.3. iARIET

ASCCL AR K A SUERA S i o et B b, TR AR Z M M LR, BRIt =AMk
W EHARAST] BERIIN A R A o 8 17 SR T 5545 B3 B4 A M AR, e m AU ZR &N FE AR WIC
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/MBS R AR, JEXT AT ISE .

BT NAIS Geit ) 52 i KA G4 v 25 Bk 5% JRa e v B 2 OB 22 S BOR K870 S8 X8 e BR A
Y AR A B S HOAT A . BRI T 4 MRS EE IR R, KB HEEE IS
8 i

Table 8. Optimization variables and variation range
=8 MUTERTUEE

RS s ARk S

A B FR RS 80~130

B FAHR 2 Ak 27l 2 7K - B B9 /m 0.300~700

C J7 A O B MR 5275 B3 /K~ B BS /m 400~1200
D JEfas AL H 5 B fm 200~500

AR BRI Fa bR WIC SRTFSREACAE, DA B AR A s DL B ) L, AR SC AT ST 1
WIC FRIE 41T fis:

C
WIC = 0.57 X HIC,, + P +0.14x N + 0.29 X Cans 4 (7)
2 1000 80 2 60 63

EAOVE I T IR ER AR iR AR, A DR OME B REORIET NAIS FAVISS i 440l 242
PR B3 SRS A AL R I ST R, Al 16 B

132 136

150 123
- 106
:-</ 100 71 82 71
§ 48 53 LPS:
37
2 PHMEF i e
A I (0 O LN O

2016 2017 2018 2019 2020
Fr (F)

Figure 16. Injury statistics of each part

B 16. BEMIZHGT

] 17 B ST AR IR o X 22 HAREEAT O A SR AR 2 R Hz T 8 37 75 A SR 56 0t 22 1 B
I AR R AL B SR, SR BUHAN B RAG AE LA A I R AR WIC BEAT BN LIRSS, S
F NSGA-II BEXE 4 A EaR AR S HuAT 2 BRIt B 05 B 45 5 F R B 45 S AT 6] Ll 40 AT,
WA WIC (B 5/ N E NI AR AR, ek A e S5 EE 2 9 iR HEs 15 R ZEI97E 10%LL, 3
BT AR AR R P S5

W 18 Frow, K b m R A BN 1057 I HARER 5 A B AR AN J5 39 0 % 3B A0 i 97 i 2 56 LR A0 BT o
AILAEH, I8 O FE R AL B SR B B Ik ALY, RS E SOn g I (B B 48 g PR E] 40 g, 2
TS HAE U FH 28 Nm R FE 2 T 13 Nm o JIRH-& Bl hn s B2 Ve 8 el 45 g R F%21 38 g, 3878 % & i1 53 mm
NFER] 46 mm. L g5 R AR A ST AT AR A SRR R 4F
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T AR AL F AR

A 4

WIS THSRIREA R

\ 4

D7 FARE RS SR B0 AR

\ 4

—— FELAREEARRY

S
AR A

HAY
I H AR A S

A 4

A 4

I FAWLCHff i B 1L A

Lt R

Figure 17. Multi objective optimization process
B 17. ZBRMELRE

Table 9. Comparison of optimization results of three sitting positions

0. =PRI RITEL

2| SOERACAE PiEE W
A/ 100.1
B/m 0.48
C/m 0.66
D/m 0.18
L H1E Chead 0.7794 0.8105 3.99%
FEHGE Creck 0.1727 0.1842 6.66%
PRI Cehest 1.1075 1.2064 8.93%
wiC 0.4069 0.4317 6.1%
RS R
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60 301
0 = - ik 2] — — thilE
C)
| g
! =
= =
= i
<H g
b5 =
K
T " ‘20 T T T T T 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
B[] (ms) i 8] (ms)
(@) (b)
501 60 =
[~ Htnr
50 Ptk)s
) =
ﬁ é 40
4 = .
Jf: by 30
= ¥
o =
=S = 20
101
0 T T T T T 0 T T T T T 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
B[] (ms) 5] [8] (ms)
(c) (d)

Figure 18. Comparison diagram of pre-optimization and post-optimization curves. (a) Comparison of occupant head accele-
ration before and after optimization; (b) Comparison of occupant neck bending moment before and after optimization; (c)
Comparison of chest acceleration before and after optimization; (d) Comparison of chest deformation of passengers before

and after optimization
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