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Abstract : A frontal offset impact model that can simulate the 40% offset frontal impact into deformable barrier
regulated in EU Directive 96/79 EC has been developed. Engine rotation effects are also considered in the model.
Distributed 11 masses and characteristics of 23 nonlinear springs comprising the model are determined based on both
the stick-model analysis under the general specification of car and the dynamic characteristics of car structure. It is
demonstrated that simulated acceleration-time curve for passenger part is in good agreement with test data obtained by
NHTSA.

Key words : 40% offset impact(40% 34 %), Lumped mass spring model( 3 Z % 2 4), Deceleration time
curve(ZF7}+4& 2 A &), Engine rotation( 1 21 3] A1)
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M; : Lumped mass of i-th component

X, : Acceleration of i-th lumped mass

G, : Spring force related to i-th mass

K : Dynamic amplification factor
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Fig. 2 LMS model for 40% offset impact simulation
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Table 1 Elements for 11 Mass - 23 Spring LMS model

Mass Spring
Mi Passenger K1 Sheet metal
compartment K2 Bumper
K3 Dash
Engine & - .
M2 . . Left/Right front side|
4K5
Transmission K4.K member(Dash)
‘ K6.K7 LefU/Right fxx?nt side
M3.M4 Suspension & member(Engine)
' Cross member K8,K9, Ti
i KI0KIt | °
MS,M6 | Wheel Ki2,K13 | LefvRight Front
suspension
K14,K15 | Radiator
M7,M8 | Bumper K16 |Deformable barrier
K17 B%nmr bending
M9.M10| Torque box shflness
KI8.K19 LefvRight torque
box
Mil Deﬂ')rmable K20,K21 |Engine mount
barrier K22,K23 | Engine cradle

Fig. 3 Geometric relation of springs due to rotating mass
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J; - Moment of inertia for i-th mass

4, . Acceleration(angular) of i-th mass

H; : Moment of i-th lumped mass
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Table 2 Mass of each lumped mass in LMS models
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Fig. 4 Load-displacement relations for tube-type members
(for C car)
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Fig. 5 Load-displacement relations for deformable barrier
(K16), bumper bending stiffness(K17) and engine
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Fig. 6 Load-displacement relations for functional springs;
dash(K3), suspension(K12&K13), radiator(K14&
K15), and engine mount(K20&K21)
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M; 14.5 M, 18.5 Table 3 Specification of an engine and a transmission
M 14.5 Mo 185 Length Mass moment of inertia
Ms 18 My, 2.8 _{ Modef (mm) (kgf*m?)
Mo 18 I w I, J, J;
Total weight 1394.8(kgf) | Ccar | 650 | 870 8.60 15.73 14.41
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Fig. 8 Deceleration curve of cabin part for 'C’ car

Rotation[deg]

0 20 40 60 80 100 120 140
Time[msec]
Fig. 9 Rotation angle of engine for 'C' car

32 M E=1 S 539 Hlu

FMVSS No.2089] 745 o] o= A AAEE
Hl A Ed] ¢]3) 43} 9} EU Directive 96/79 ECol] 74
sol i 40% 4 MY T A HEEd 93
A7E Fig. 100 JERA AT Q171 2] ghehe] wiF o
Fua AR JEFeH7] ol HellA YER e 13}
o) & E(1st peak)i= A HFE HI2EQ A7}
24 22 H2ES AvRt UA e, =
A &S & F Ark 7R E o] A
(dash)3-8 x| = ggFo 2 A7)&= Ho &5 A
$E {4 FE HEY AR HH HAES
A7t A et B Z S e A8 4+
Atk

N

g !
© |
5
3
° %
i
—40 }‘ T
w C Frontal Crash Test
-0 } | = C Offset Crash Test

Time(msec)

Fig. 10 Comparison of full frontal impact to offset frontal
Impact for deceleration curve of cabin

Transactions of the Korean Society of Automotive Engineers, Vol.11, No.1, 2003 215



ol -8 &

4 3 Aol 2549 BFY e
dx%e) Had el doiu, o2 3

ol o= —3—@ 25 faaAe 2ER
4720 AT F AR Folg]
o, Walue] WMalo] hud FRE Ao W0

£ A7) A7) EUA B0} i =
9] 40% &4 WP FEADS T A%
A FEAMHE AT 111 FF A= 2379
MUY £ZYR 4R o Fold IMSTLE s
Atk ol A} FHHF= A st

B AT AAE 2o Asde BTy

Astel 4 FEAEI FAH Ut C AEA
£ A HE BT 3
Sof vl Sy oz T
dddnte} vlalstr] 9st
o NHTSAoﬂH LEGFAFE *‘f{j Ao g2

@ 94 o] % AAHE %+ Ack. 7, AR
H

o e e F57)

off L B X ok

o
Y

Ehubsl Aok mebd 2718 SR
o g4 330l he FEFAAC] AUFEH ¢
7 zeijojof 3o, oo ue] WakA Y F=
a2 slolof & o 4+ ek,

References

1) C. J. Kahane, “Correlation of NCAP Perfor-

216 s2xISXIEE|=27 M11A X135, 2003

FARE-3

mance with Fatality Risk in Actual Head-On

Report No. DOT HS 808 061.
Washington, http://www.nhsa.dot.gov/cars/rules/
regrev/evaluate/808061.html

2) Status Report on Establishing a Federal Motor
Vehicle Safety Standard for Frontal Offset Crash
Testing, http://www.nhtsa.dot.gov/cars/rules/Crash
Worthy/FrontOffset/offit/offrt.html, April 1997.

3) Directive 96/79/EC, “The Protection of Occupants
of Motor Vehicles,” Official Journal of the
European Communities, 1996.

4) National Organization for Automotive Safety &
Victims' Aid at www.osa.go.jp/html2000e/e005101.
html

5) M. M. Kamal, “Analysis and Simulation of
Vehicle to Barrier Impact,” SAE 700414, 1970.

6) A. C. Carrera, Mentzer, Samaha, “Lumped
Parameter Modeling of Frontal Offset Impacts,”
SAE 950651, 1995.

7) V. Gupta, K. Mend, “Vehicle Develop- ment for
Frontal/Offset Crash Using Lumped Parameter
Modeling,” SAE 960437, 1996.

8) J. U. Kim, “A Study on the Collision Safety of a
Car using STICK-CRASH Program,” Master
Thesis at Yonsei University, 1999.

9) C. H. Bae, “A Study on the Computer Simulation
for Frontal Collision,” Master Thesis at Yonsei
University, 1999.

10) N. K. Saha, P. Prasad, M. U. Asjad, “Simulation of
Frontal Barrier Offset Impacts and Comparison of
Intrusions and Decelerations,” SAE 950647, 1995.

11) SAE Recommended Practice, Instrumentation for
Impact Test, SAE OCT 88, 1988.

12) C. U. Kim, B. K. Han, J. C. Kim, H. Jung, “Effect
of the Main Structure Stiffness on the Frontal

Collision Behavior,” Transactions of the Korean

Collision,”

Society of Automotive Engineers, Vol.10, No.4,
pp.234- 241, 2002.



