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CAE Simulation and Optimization of Vehicle Acceleration in Front Impact
Based on Energy Management

Hongmiao Wang, Liwei Xu, Shenrong Wu, Danfeng Zhou
(AERI, Chery Automobile Co., Ltd. Wuhu, 241009, wanghongmiao@mychery.com)

Abstract: A kind of concept design approach is introduced in the process of new car devolvement. Based on the principle of energy
conservation and the two-step representation of target acceleration, the crash pulse is optimized by CAE simulation to reduce
occupants’ injury indices as much as possible. Provided that the design space is assigned, the ideal crash pulse is achieved through
optimizing the material strength and thickness of the front rail to control the energy absorption and deformation of the front rail. It is
shown that this concept analysis methodology is feasible and practical. It provides valuable guideline for safety design of body
structure and reduces risks of preprogram development.

Keywords: Energy Management, Target Pulse, Front Rail, Front Impact

TR T HERIR A BRI E v E AL E L

I, hath, RRR, AR
GRETRETTRRE, AR ERA MR AT, JEW, 241009, wanghongmiao@mychery. com)

WE: AINBT EHERETFLANBAMS AT TR, R TAEEZTT BRI RN Ik Z o) B AREH, &R+ HE
B BT kAR AR At B, RAB ARG B B 8. AT RN — T, BT M AR B R
FH TR AT IR AT HAEX, AR IF AR ik AT . FRAIEY, ZABA S 7 ik RA HTATH, E 7T A
A F G W MPOT R B9 55, HKAT B LR

KB EEE, BAREN, MHRE, E@LE

1 35

BN 21 WA LUR, APV < tEfZRoklm, LR, atbRWFERS B RN EZ . EuroNCAP
S B BB BT ZI (K 225K, C-NCAP tURES8 g KT H X [ 32 i AR 10 e APk Reg th SR I P 1hoxs H
BT S B BT CAAE 2 AT T R A5 o5, SRR 70 T BOSLER Hh 2 PR IR SEAC IR, A28 A v it &
PSR, A AES WAL B AN -

B PSR A A S P R R R d i ) PRI 2, WIS I TR e DA 1 e Ve A A BRI R S 0 T A E
N PERERERL AR, BTV AN T I AR 0 R T RE 22 RO RE R R BE i, AP L O PR o M R BRI
ARG R RE RIS M, TR e R L, REAR e B R AF SE LT, R IO TS . R4
s BE R e — s bR 2 e BTNREZ ATAR T A BERWR AR O, I S ZE A D BE O I LN 22— o AR
CA RN, A SO 02 A R o R i BN R LS, AV SN USSR R B ST R AR TR, s A AR
W RERCR Ik B AIRRe B2 15 S5 B H R o

2 X hniE B H AR e

EIE T W PERESE 5 e 17 o3 58 - g ) Py R 5 e A B RE S 2 TR B VIR R Ik, NI 9 S VP 44
E TR % A ER— A A b P4 b

1967 4F, EqliH t hngdt B R a3/ 5 45 45 EBE5 . 1988 4E IshiiFilYamanakal® % BT 2 9k T ik L& B ¢,
BRI AR AT I  — S WMAEAR) THEIE T S A5 S48 . 1990 4 Matsumotol e 1 £ 13 OUS Ik i e 47 T 6 L

52


mailto:wanghongmiao@mychery.com

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

PR T AR A, AU D RE R SRR e . 2001 AEWUSE NPHREIE T XUG I ik v R
B, OIFAEBRIER RS T M S E AR AL TR 2002 SEWUSE NSRRI AR AL SR BRES H B R MR, AT
SR 0 5 Ao RO 5 3R B 0 3o 32 R At T 8 e PR 4 2 PO AT T B A o TS Dl S A B AL A o 2
A, R, R BRI T o IR 2R BPTA, ARSOR LS BYBOE ) HAs, AR g

B 1R BANI I BE B i £k, &1 1 a—b—c—d—e—f Jr& AL I BB, B “ XUk 2 s “G1-G2 ik
FE7, S ANEENDIE 10ms/iti, K/Nh 15~20g, , SXfE T 224 TRERIA, 75 30~50ms i Wi T, WA ELRE R, Ik
27T GBI P ™ o

50 }
|
40 ;
30 ‘
I
d e
) /)62 //\
= P\ v vz btz v/
i 20 b L‘////// s
7§ A YWArrrrkrrs
= 10
s A AN s
A VNN A
0 |
a | f
|
10 Tmi
0 20 40 60 80 100 120
IR 8] (ms)

BT RO I i s T
3 REESTEEH

TS I T A sl R BB R B AN RE R, UK 20 R 7 2R F) e S AR A i . AR
RE ST R B, MO R R SRS RE RN

m.v,’ D

m

AU B 200 5 M PR R B AR R P R SSRGS RE R, mo b R B A TR BN A T A B 4 s s i s
TR Vo A A A s A Rl T ) B ) T

AKX (D ", SR N, BRI R R AR A T R U7 B LG o > 2R 1) o i AR — g 1
filt A R L) B e SEM e AEARICWITUH, v € o RSB R K R AR LE A AR/, PRl A A 0§ #Blise vof-Jr

E= N = .
HE
TN RGN AR RS —E .

4 HEESEAARKYISEE

FERTHBIERE, %47 50km/h F 56km/h AN Tk ARIRZRS, 424 HLL 50km/h 8 55 MR EE RS e AL RIS
P AR S I LI 2y 209 Ay, — BN 259, IXREART AR S AN 4 T AL AR Inade e, AT e G 3fe B K A5 5
N T AE AR I R AR A BRARIN T S, gl AL R 0 i S 10 A )

o
- R V=N
Lt . = L
IJ_L £ "'-'ili'
T A
p fo
e - 1;, 2 lrl;rJ b T
H2g :
L3
r
|‘ Ll ’l‘ Ll

K2 =

53



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

W 2, B AR R =R e R AT ORB AT B ) SRR ER s BN BRI ks =B ) B E
KEGIBEE ;10 SCVFHT AR 7SS AR A i

FRPE A
1=La
2 (2)
v, =at 3
I=f(11+12)+i 4
Az (2. (3 F (4) nfHfE
2
a= Vo (5)
2f(11+12) + 2i

st T o SRR 9 0 R0, SEHEL 0.9, 3 b 7R 5 WM BE BRI A o I P M, th A (5) BT S 72
A ORI R A R

FERATE IR S 3 ) B s a6 B e R O0 T AT 2 B R IAE — 2 Va3 T S A B ) 55
ZRF MR, BTAAERAR ] F AT i TR o

h1 h2 hi

>

\L\\\\\\\\\\\\\\\\\\\\'\

K3 RTRIER E

m@sﬁﬁjﬁ%%%ﬁmK&ﬁm,ﬁ&ﬁn,WN%Tﬁﬁﬁﬁ,@&%%%%ﬁEEE%MﬂQﬂ,W%,%
LG (B A AT AL

A=(mxn)—(m=h)x(n-h) D)

[, XA
Foma D
iy (8

ﬁ(ﬂ%ﬂ@)*Eﬁ?%%W%ﬁWﬁﬁﬁﬁyﬁ%@ﬁ:5%%%%?@%%&;%%?%@%?Wﬁkﬁ%ﬁ
MLETED; O A HTAEMRL I JE MR A
PR LA 28 AT 73 80 T AL 1) e ik 3 0 MR D 22 TR K56 R M
o= mya (9
2[(mxn)—(m—h)(n-h)]
A3 (9 BEAM R JE MRoR BRI B 2 MR, b A K0T DL o 8 B A S )46 5

5 IR IO B

A AETTN R ARG IL T RAT IR BB DL T, STRTAGEM L REE | JE R RO ZE I B ) 06 SR IEAT T gLl
() T g B ZE AR A A R 15 )%y 50km/h, C-NCAP Ji #5 1E T 1000 WP B fli e . w7 AL BEE AR T Hypermesh8.0, [A]IHiiT] &
RN AL MG BRI LS-DYNA Kfig. Wil 4 fros vk i Eaiin = 18 .

54



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

K4 R R R

51 MRALTTHR
BTPRIO S5 0 T B,

5 HIAREHIREE

LATHTARIMEIT B, 2 ARG B, 3 iR

N T IR, CURHE 10 2 M 3 FoR BT AR AMBRT BE . T BOTNAR . T3 BRI INE B e, R A5 (9D,
ASSCAEAG SEAG B (K AT A BV B A B TLALTT 58, WAk 1 o RS R (AR A o A A R IR T B AT AR Ak, (EUARDGS 2 2
5 AN AAL T LU ANTE o DT AE T Al I 2% 18 R 5 e

R1 AMGROFREE

ES TS Rk JEJEE (mm)
1 B250P1 14
Casel 2 B340LA 18
3 B340LA 18
1 B250P1 14
Case2 2 B250P1 18
3 B340LA 18
1 B250P1 18
Case3 2 B250P1 18
3 B340LA 20
1 B340LA 20
Case4 2 B340LA 2.0
3 B340-590DP 22
1 B340-590DP 18
Case5 2 B340-590DP 18
3 B340-590DP 20

5.2 ARZFERIXT

Pl 6~10 Jy Fi Al )5 ZE T P GE R 5 A% T 0 AN i i ) PR e DR i B o IR mT AR, R S I AT R o 48 A=
ANFRRERER . b Casel Jaum b KA YL, LA ATE; Case2 fl Cased Ja il JEAHXT Casel #i4f; Cased
T IR 7E 7, R M R B A, AR AR E; Caseb ZEMITT AR A AR E, KAEKRILE

55



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

K6 Casel FIRAETEE

—

K8 Case3 ATARAIEE K9 Cased WHRALIE

€ 10 Case5 AT Z LK

5.3 BeRRIHIXS H

R 2 B TRy S AR A 1 R B R R AE M 2B )5 30ms T 90ms I IR R0, Ty 48 iR g B A
7 314.8), HXAHEZERER S, IXAME R LA AN

M 2 R LA H Cased WU HE LN R . JIT v LR K.

R2 HAIHARREEBR

Total T=30ms T=90ms
energy (J) | Absorbed energy (J) ratio Absorbed energy (J) ratio
Casel 199937.4 31439 15.7 46889 235
Case2 199937.4 29230 14.6 42617 21.3
Case3 200106.9 33761 16.8 46658 23.3
Case4 200252.2 43534 21.7 57369 28.6
Caseb 200106.9 39600 19.8 51924 259

5.4 NEEHIEXH
B 11~15 4350k FR 7 S AR A2 BRI 7 0 03 5 R T 4 P 5 20U ol R 8 T vl il S 05 £ ke

56



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

5

J&
%

Sy

ks ek A dinade BE h 2 A fe D —SRik v ST B A5 R0 I I RE B . IR AT AT 5 cased (10 0 S 1 £k £t
A BLARIR S

40 T 40

et r = Jeft
/\ jj-average [ average
30 30

= 20

<\.:
o
x_acceleration{g)
-]
~ -
<
o
'y
<
}V;,

x_acceleration(g)
=
P
ot

VAR, 2 \ " _//\f\f\/af

J |5}
/ /
0 f 0 £
0 20 40 60 0 20 40 60 80
Time{ms) Timaims)
K11 Casel B R 5 hnid iz ik K12 Case2 B MRy i i £k
40
et 30 A et

o average e j-average
an { I

A \/
L.

/TN N

0 20 40 60 80 o 20 40 60 80

-]
3

x_acceleration
2
<
™

¥_acceleration|g)

Time{ms) Tima{ms)

K 13 Case3 B AE R 77 i i i 2 14 Cased BFET Jy Ik i ihk

30 /\ it
\ o-average
) |

j: A J \ D\\
“T7 / Th I

0 20 40 60 80

25

(g)

x_acceleration

x>
.t
Y
>

Time(ms)

& 15 Case5 B AT Jy g fhk

K3 A K 11~15 TR T g i 2 R AE . SERONS I R R S — I RIS . diAR 2 K 3TTRLE T,
HI 30ms W RE IR Z I T, S — M EA N B, BANRERE SRR I e iR &, AN 58 (B st T BT

57



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

F 3 AT FEIEE S ERERBIENE —

MAX. value (g) First step (g) Second step (g)
Casel 35.50 11.02 25.51
Case2 37.40 10.38 26.13
Case3 37.10 11.48 25.75
Case4 30.40 14.89 24.07
Case5 34.60 13.50 24.09
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