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A Study on Safety Performance of a Passenger Car in Side Collision
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Abstract: The objective of this study is to improve the safety performance of a passenger car to meet the need of the
requirement of occupant protection in side impact Based on the principles for side structural design the improvement was conducted
by changing the structure of B-pillar, floor, doorsill. The finite element model of the car was developed and validated. The FEM
simulation and passenger injury analysis based on the PSM method were performed to demonstrate the effectiveness of the improved
structures. The simulation results showed that the intrusion of the door and the passenger injury parameters were decreased
significantly, and then the results can be helpful in new car design for improvement of side impact safety.

Key words: Side impact; Crashworthiness; Computer simulation; Passenger injury

VRO TRE 32 °22 2 1 1K) 45 ) ESCE T 9

ZLE, HFE"’
(1SR RS: REG- St v g E R A s =, Kb 410082 2 B/REEMTRMG R:, MY R, Hio

OB A ARBE—FREAM@ A TFES GREMG RIS R TR AREZRGFA, @iTRAATZE RN
) ELAE A AR AL, AT N A e Akt S e RN B S B £ £ AN & kg T 4 Regxt AT, R T &t B
AL KA. ETTME N ERAF LR TR, A TRiESGEF E A M, B3 FBET £ A M & aLiEA R
AR, KRB TAHRA?FEALT PSM k49 ES-2 MEELIEBAIRMG AT, AR R\ F ERBY £ I VEAER
U 2 EARMBAIRG AL, AR GHE 69 M@ sk s A,

KA. MEatE; FaEk; HEAT A, RSB

.55

B VAT TR R UL RS B8N, 208 Hih 2 BT, 208 FHHAG T O Ao B A A 5 e At 5
KA, M TRIEE B E S ERE S 2005 EIRE KA RSB Flh, IETRERE Y 26.43%, 1 DT AR 4%
39.50%, DRI IR FE 3 0 N 05 TS & 37.36%,  [RIAE T IERERY 27.73%, S0 vh s O RT3 2 & 2B A5 R B Al N 7 40
T 2 PR o 0T 00 TR 156 1-f5 K 1) PR M sl 2 A 2 R 3 3 2 T A BRI AR TR e 2 ), — FUR AU, 4R 4
A SRR, 20 TR 45 46 22 SN P R0 20 0L 0 ™ S (0405 5 AEDUTRIRERE P, Skl Jss -Bh 2 S0
FEHEL B RN IR R 01 52 30405 S 1 kA

] SRS 00 T B (9T D, T2, ERUR APV M REAT L B0 25 g 2SR ) L3k ok 244 )
e BIL R ARG, (R A 00 [T Al FE TR0 (A WA IR 2, E B 28 [ il A B e A IRBR B 2 (TTHS) . BB 42
PR URE (EURO NCAP). fif 22 [ Bn By FHBFERFFT 2R (TNOD 2. [H Py & T ThI Al 22 4% 5 T IR F 9T AR A i, 3 it
A TAERARA FFHRTF EX T A TAE, F 2R TR R M TG4 ) 2 BRI 4 I I R N, B an$& e ] A2
EINIME . A BRSNS AR SRR 2 A S AT . A EERETT 3 53 45 4 LU B4 (14 ) R o100,

AR SCHR VR BN U SL 53 BT M 503 Uy vk, 2 SRR v i 2 A 00 TR 45 A R ] e 22 T W AT e R R /> B A (V4= N 82 % NI T
AR NG, MR XT3 A (KR, At At 2% 42 AR AE I A N AE AR (AL, IS T et JH 00 o 4 22 4 B 1 A R it

2. T R4 A PR TOAR A )3 7.

2.1 BHEA RITHA R E T

BEAAT RO K S 225 [ N T3 L ORAT BRI Y, 1 AR (K 2RO B AT T 0 i P S LAk
PR A AR LU MU TR 0 RO 2o BEARATBROUAR T, AT 80N 336783, LR M iin B 40 4863 4>, o, H4:

211



The 6" Int. Forum of Automotive Traffic Safety (INFATS), Xiamen, China, December 2008

G G A AR S S T R, SR > B M BB VERA R R0 T AR, PR R R R s Xk 9 Brek ik
EIEM L BIERSE BRI SIS 3 R M T S5BrEMAR R e X, EEAHE: BREX (JOINT _SPHERICAL).
We:4% (JOINT REVOLUTE). #:4% (JOINT CYLINDRICAL) VL3 FH e oG e X 2 MM Rt 5% i
St g M ¥, B 2 & R M CONSTRAINED SPOTWELD fi 4 % Jo, 12k B4 2 i e X
CONSTRAINED_NODAL_RIGID_BODY W4z 3l 7 8 s 23 A6 A WA, 4 S 0] T e 338 56 i AN K (R 4 AR 2R 0 5 i
B S AR R B T A B R AN . B BTN 1207kg, FOOMEHE 611mm, FERTED 1118mm, 5% E Wi iR
FE—3e JUHH BB 5 R A R LB BCEE 58 RIEAT T A8 A%
2.2 %5l BERRE A BRSO RLRY [ S

W TGES P B $d 2 ks ks CADAS AL £ AAT BR G/ AT i AL B4 A Hypermesh T 2 37 (K18 20 A% T BE B A5 R kAT T
WA R oy Rl SCEAS R R, B, RS SR I G R, IR e B AL AT . AR i A BRI TR 1
FioR, BahZB TERE R 197 BR TR 0 A AN 7 B 3h & ZERE LRV TR R HAR R s e = A R — 2 S B,
WAL, BXBEE; S FONTEIG, WA, WA AR, MO, AN G AR — AN RIPE A, BRI g AT
W RE DA B AN R BTG A W 29 0 2 e e, R BB 40 o N R, BN REN N S 2, IR E N
308, FETHIE—E5 0 36 B, fi G wiH M FBEAME R K 5 R IIA R AeSAt il . SRR RS 1 iR, BEAMEn
DAZERON ek, JUALA 30 er (BRIREYY) i RIVELY R S 4084, A & R oy MR R AA, iR e e e H
RAFAAN T AE 18 B 2= 4 Sk M BE PR R, 3 MRERLILAT 70238 ARG, 37554 AT 8. Bl AR B AR AL i i 950.056kg. Jf:
HLHEMDBIGUE IR B R M, K B Bl B s LA 35K m/hF) 3 B Ji b — AN R B, 26 B 728 T B o A5 8 55— HEAA B G ) s SN BT
SRAALI S5, ST S E 4 H AR TR R /N30 43 45 B 1 072 1 i 2 15 2SR L AT MDB A 203 AT 50 1F

R 1R 0 T AT WG B
3. A A BR TR 2 R 6 UE

N T SRR T ST A R AT BR TR B B 2 o, ARSCHEAT T 106 A 0 — SO T RS0 50, I8 00 22 7 AR
I LS-DYNA B R 5 AR FERERT LL S0km/h (11345 5 8 42 AR e A, ol 2 U Al 00 i HR SR Ay R i, AEAENT (o) 825
0.12 %, BH eSS, i th B2l T RER 00 (K odt B i Ze A B A5 1T IR AL SR BE I Iade FE il £, O 5 S 4 R 50 ]
P R Z AR LA, DA AIE A SC AP 3 ST A MU T RiE A FRCARSS TRE F) A R, st &l 3 AN 4 B

P2 o) Tl 48 A B e A 2 R

212



The 6" Int. Forum of Automotive Traffic Safety (INFATS), Xiamen, China, December 2008

2% 20 40 60 80 100 120
A [A](ms)
B3 R0 5 0 JOAE SRR L B AR Y I
0 S—
2 - -~ |——1HE
4N / — — ik
D 5 A 7/
£s N .
= S -
—
12 ~ il
144 N
161
18
0 0.02 0.04 0.06 0.08 01 0.12
B E(S)

Bl 4 W8 505 s Rt BRI EER Y [ hn it B
MWE 3. & 4 W LUE I, fEREREE R, P B A 2N B AN R KK TS gk e EA,
S AR A AR TR, T AR e o AR 1 A W) S AR ARG . B B AR TR BERR I Y e o ag R - I () i 2k R, 45ms I
B 1) 0 IR B g K, A0 15.2gs T4 BAS B B K S R I A0 16.3g, K AEAE 3Tms I, P AR A K
LI R) BB AW fr TR P 0 AR A R S R AR O S R AT BROT AR 1 A AT B I

4. TS £ SR 3 A 5 SR it

A SCHIE T 2 0 TR R PR AR G R B S TR, ERRARKAEG W T LA R

1) BAMRIEEAG, JoHE B AR TTHE & AL R H i B AN o B AT N TTHE 2 o v 3 B b = A (g
M2 NS E S Fn. KR NERAEL B AETTHERAL, N 331.47mm, PMZ4H —MREKMWIFAL: B K
W B B ERAR N B A 268.43mm Al 125.43mm. 3% W 2E7E, B AR IS TR B AL B AR N B R OK .

2) TGS EEARS, AT TR AW BRARTE, SR FHEBAS S 4T & B it 4 il
RN R

3) HARZE AR, RE R BRI AT, FRRRARIE, DA AR R K.

K5 Mg

213



The 6" Int. Forum of Automotive Traffic Safety (INFATS), Xiamen, China, December 2008

< BIX &
e = — —BiEFH
250 s T~ |z BELER
E200 //
("]
< 150 > L
®.00 // ”__,-- R e .
50 /. _,--"',
% 60 80 100 120 140
gf[&](ms)
&6 BF: R A\ & ik

SofFIE T 808 R AR, ZE B R R T AR ORI g e s IR, T AR G R AU AR g s ], XA
SR YU TR R 3G T MERE, WIET, e TN S5 S TR R R R A, TR R T M Gk AT
MEHE B e HIE B B e il & b, T BB XA, Bt NV I BRI B R X M R s R, Y AR i B
Fe it B B Re R0 D, TR % AR O T 22 A X g 2 SRR RT B Ml v /b 00 TR 4 G R P A T IR AR N R R AR
RNTEEE, 5T AR AR S 0T R R RE BT DAAE B R R s A YR D B AR R TR AR ON B, AR S0 A O XK
00 T 4 R R DL et

1) BAERI ISR, 75 B AE T o 42 30 1M % 45 40 I 9 AR AR 2 TR i U R kAR, B s AR R B340/590DP 5
Mk, R A A BR B R Y 185Mpa 3 04 379.5Mpa;

2) BEITHERPUE IR, [THEM A AMRES R B340/590DP S A1k, Ju IR R 48384 379.5Mpa, & H
1.2mm ¥ %] 1.5mm;

VAT WA Y AR TG R, A SO R PR R SRR, IRAE A JE R GE ) b ) B b i S A G i U B
Rl 7, JF LA BLE Bt M KL B180OH 1. % 2 7890 kg/m3, # KB HE A 210GPa, WIfatL 0.3, Ji k4%
P 239.3MPa. MM B 75 fA 16 5 PR ) 350 8 il AR 2, % v 2L DAL 38 F g

V7 R o R v O 3 &b U i
AR T TR 2 0 vl 0 3Fe B PR A ), AR IR ST AT R T R K AR P S b, xSk e AT
NIRRT i LDl = S T N = S o S i U G i S < S - = A A ]
T, e MR, R R ETT NS AT G B A R B AR TR AR TR R E .
T IS 0 T 4 22 4 T AR D U S A R A A I R R AR RIS B R (KRN R AR N . B9 S S
Jei TR A TR A U i AR A5 8 () RGO B AT R 2, AR 9 mI,  JSURE TR A B R RN B dee K AH X
HE] 12m/s (40ms 247D, 3K U BT IZ 5% 45 00 e 40 22 A PR R 2, 3 0T AR BRI v BRI 150 B AN AT S I 0 i
filf 4 2c 4 2E5K s ARt )n, (7 AR RO RERE O B AR O R R R 8.4m/s(44ms), AT HE 45 . 25 4 e U0 1 22 4 1k

P
HE o

214



The 6" Int. Forum of Automotive Traffic Safety (INFATS), Xiamen, China, December 2008

125 —

101 —
— —_—
L 75 -~ by o
% 5 [/ B

/s
2.51
/s
0 20 40 ‘60 80 100 120
B[R (ms)

BI85 B 2k
HF T RER R, Mk R B Rk, RO T IR0 e RNy, AT T B HE AN E,
B A KR AN & i RG AR 331.55mm 7% /> 3] 108.87mm.
Wk Bk 0 R oC F g AR A, 00 AR S, AT BAI A FE TR N AR, VU B 2 ) TR R
22 A VRS AR 55 10 T S8R B2 Uy vk 0 A3 4 0 I E 0 T AR e R R BN BRI . BT L, O T R E AR I B
e SO R AR B4, A ORI T £ KB MADYMO 1) PSM 1~ 45 K9 J7 vk 2t 7 0 10 6 4 4 7R o AN I
A A F IR AR T BN MTGE, (HE R M U ASBAR, 2 1 00 TR e v A AT A B
FERVPAG bR (I C-NCAP) (W 23Rk, A5 & £F 0k IR 305 o 00 W55 2R 1T, 48 S 6 0 47 B % VR M R 1 48
DM 7 A B8 0 (R DR AP 0 o S TR A RE IR T bR B B g N A il 2 2 R

10

Compressive Stress [MPa]

9
8
7
]
5 |
4
3
2
1
0

0 0.1 02 03 04 0,5 0.6 07 08 0,9 1
Compressive Strain [mm/mm]

FEIO 36 vk WK B 4k B A7 -1 2 b 2
iUl LGk ke, IS E TR R BB N R 1 Fras. KR W, B Rk i EOm I )
AR R R, BT BB AR, HEER BEA R, RO AR
W, T EENGERE, SEEEOKRIEE K. PTG HE, WRM B — L3 T A AR
AP AR L & SPOE ST S 7 o d bl A ViU E T T

215



The 6" Int. Forum of Automotive Traffic Safety (INFATS), Xiamen, China, December 2008

1 WHAT R R E

eyl BUGE CSGERD  | BUE R )R | b E AR
3k HIC 2228.9 320.12 <1000
W | W A2 LR FFRDC (mm) 5 37.828 s 40.512 RDC<42mm
h 32.451 el 36.970
r 29.976 T 35.022
FMEFFEVC (m/s) * 1.0603 & 0.8846 VC<lm/s
el 1.2488 h 0.8701
1< 1.1469 T 0.9202
iz 8 JIZ 35 J) W {5 APF (KND 4.562 KN 1.643 KN <2.5KN
HA | AkE S ) EPSPF (KN) 8.743 KN 5.986 KN <6KN

5. 451k

AN iR v, b T 3R 5 A A 0 3 5 R 2 TR TR AR R B s ) T 3R SRR DR T N B R A T I 4 v e
AR K o AL T T B 2 — M T 2 A AN AT A A 0 TR A 3 B DR ) b v SR AR TR AR S, B
12 27 10 000 T A 22 A O R S O 2 A T U, s o S L 07 30 B i & R et Ty
P, PR TAR N SCEE RS, RS AE B AR U B s AR . AR R A BRSO AT IROCTE SR PSM 1 &
W T5VE I M, 5 R AR W] Ot O S RE Bk D A TR ON B R U B A N AT, AT A R M 4R e R A 00 i Al e
k.

Acknowledgement
This study was supported by by the National High Technology Research and Development Program of China (863 Program) No.
2006AA110101 and “111 program” No. 111-2-11.

S 3R
[1] R A RLRE B A0B S S 44 (20054F 1) 20065

[2] John Townsend, Michael Kaczmar. Modular door system for side impact safety of motor vehicles .

(31 & EWA LA A-ARRE ST Lo A0 T EARE3F 673 4533 73T BOAR Z 9. - ST 55 4T, 2006-01.

[4] Marcello Di Leo, Fiat Auto S.p. A Structure and Padding Optimisa for Side Impact Protection, ESV Paper Number 98-S8-W-32.
[5] Jin, X.; Lee, J.B.; Zhang, L.; Yang, K.H. and King, A.L. (2006) “Biomechanical response of the bovine pia-arachnoid complex

to tensile loading at varying strain-rates” to appear at the Stapp Car Crash Journal 50.

[6] Richard Kent. Sled system requirements for the analysis of side impact thoracic injury criteria and occupant protection. SAE
Paper. 2001-01-0721.

[7] Yngve Haland, B.Pipkorn. A Parametric Study of a Side Airbag System to Meet Deflection Based Criteria in Car-to-Car
Impacts. Thesis for the degree of Doctor of Philosophy (1994), Department of Injury Prevention, Chalmers University of
Technology, Goteborg, Sweden.

[8] Nicholas Tamborra,George Bahouth. Child Side Impacts: Comparison of Vehicle Crush in Side Impacts From Field
Investigations and U.S. Consumer Tests. SAE Paper 2005-01-0286.

(91 UFFELE, BRBEASE. B 4BRERIDLAL SO O T 22 A g . P TR, 2006, 551139

[10] J3 2850 T ke A0 AV AR 22 2 DT BOR T [T KA I 2 A iR S0 Kb Wl
VUGB SRR RO [ K T SR %, 2006, 22—44.

[11] V4TS 3l 51047 (GB20071-2006), 2006. 7 VX ZE ARG 0 g

[12] Use of high efficient energy absorption foam in side impact padding. ESV paper 2007-0185

216



