FRAEAF =2 A 102 A6 T, pp.125-132

Hwhi

H]
i

VE=

o

SEX & HHe HEH
Optimum Design of an Automobile Front Bumper Using Orthogonal Array

S
Kwon-Hee Lee, Won-Sik Joo

ABSTRACT

Bumpers are structural components to reduce physical damage to the front and rear ends of a passenger motor
vehicle from low speed collisions. Damage assessment and the protectiveness are the commonly used designing
criteria but in this study, relative displacements of the bumper are examined. To absorb the crash energy
without significant damage to the bumper itself, foam material is installed between fascia and beam. However,
it is not easy to predict the exact displacements generated in bumper structures through FEM because the
compressive stress-strain curve of a foam material depends on strain rates that deviates significantly on each
trial. Under this uncertain condition, a range of displacements is calculated and the optimum design is performed
using the design of experiments. The result will be used to find the design that minimizes the weight within
displacement constraints. The orthogonal array of L9 is introduced to find the optimum of the design variables
that considers the thickness of inner beam, outer beam and stay. This study will suggest the design procedure of
a front bumper using the uncertain stress-strain curve of a foam material.
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Table 1 Loading conditions for bumper analysis

Type Impact line(mm, °) | Vel.(mile/h)

Pendulum | A y=0, z=407 5.0

impact B y=0, z=508 5.0

C y=300, z=407 5.0

D y=300, z=508 5.0

E 7x=30, z=407 3.0

F 7x=30, z=508 3.0

Barrier G 5.0
impact

Fig. 1 Finite element medel of a front bumper

Table 2 Initial relative displacements(mm)

Type Relative disp.1(h;) | Relative disp.2(h,)

Pendulum| A 54 14
impact | B 57 13

C 64 18

D 67 20

E 32 -

F 33 -
Barrier | G 66 59
impact
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Fig. 2 Stress-strain curve of a foam material
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i=1 947.22 2.32
i=2 522.44 5.82

wtehA] Table 29] o9& 4 (7), (8)<l A
T A= EE nejgdo gz, 2oz A(worst
case)?] AUl ¢ = &7 Zo| Aitdrh

=h, +30,, i=1,2 ©

4714 ho= EJAEE 1 8HA) 9
o o H ol .

A (9F o) &std AA AN &
A} 58k Dig WA A b= G
A9l 9] 5833 DE 14%2 781 9

rlo

[s]
.T.

o
o

3. HuMSHEE 0|88 ZFHEN
3.1 HuwigxE 2 S48+ 39
WA AL NS =

ol Fﬁﬁ}oq 7—“‘?—%-"4 +

HHzx ‘E}—* @7‘33}7] S ikis

H10A H6E, 2002 129



|

g

2 E o] &3ttt
dARMTE WSH 9 7 Tl, & o FA
Ty, 2809 T/ T:24 EF A ol 18
L7t b Qe FELS ANEHA,
# FAFAAN @A, QGRS 7IFoE 4,
ol gro 2 A3ttt o] A& Table 40 EA|
6‘}%‘\@ AR FF57 47 3700 2

= ¥ et 2739 B9-9 7t 7453]
0101: ot ag s 7z 399 S distd {3
AEHL o] $F UAEE A28y Y3l 23
o] Aol FrtH o2 QB R g 5ol 3
39 Mol 2 FHY W] BE F 99 5
g 18T 39 3x3=813 9 #4o] Basir
34—?3 %0171 A B Aol A E L3
ol &ttt o714 ZF M3k
ﬁ%(lnteractlon)t 2 Aslach waba
IR E o] &31H 273 9] A& F .

S

n&L

Wiﬁi&mﬁml

Table 4 Levels of design variables(mm)
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