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Abstract

Nonlinear dynamic analysis is generally used in automobile crash analysis and structural optimization

considering crashworthiness uses the results of nonlinear dynamic analysis. Automobile crash optimization
has high nonlinearity and difficulty in calculating sensitivity. Recently the equivalent static load (ESL)
method has been proposed in order to overcome these difficulties. The ESL is the static load set generating the

same displacement field as the nonlinear dynamic displacement field at each time step in dynamic analysis.
From various researches regarding the ESL method, it has been proved that the ESL method is fairly useful.
The ESL method can mathematically optimize a crash optimization problem through nonlinear analysis and
well developed static optimization. The ESL is applied to nonlinear dynamic structural optimization of the
automobile frontal impact problem. An automobile bumper is optimized. The mass of the structure is

minimized while some constraints are satisfied.
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ZHH A ANA AVEE = 98 Fig. 1o W}
BTt 7 99 T sl = vAY T
A e s ¢ SHEstES Feeh A
Ao M= GG NA DA FIHEsEE<l
elHo g ALgEo] Ay HH HAAAAE &

A e =
o] Aol FHA L FHRAL whEE WA W
et

Fig. 2 = S7Hdsls& o83 Hdd 54
S TERIAHAAN dE FAolh. aea A &
Al wigk Al ok 2ok

A 2718E 2430 (AFolE k=0, 27

F % =p@, FAZA &)

oo}
W <& and (5.a)
g;(b,z(t) <0; j=1...,m (5.b)

2 Gast 2 GbhE BT wEsd daes
HEa 2gA @ohd oA 4 2 gk whke
u

B ool > o
oY, N
)
o
s rir
o
5=
L)
=)
Ay
i
tilo
fz
o
L
rlo
4
fru

avy
N
N
)
dlo
B
m
o
olr
N
N
o,
ol
olN
o
X
e
2
)

==

| Nonlinear Dynamic Analysis |

Termination criterion

| Equivalent Static Loads |

| Linear static response optimization |

‘ Updated design|

Fig.2 Optimization process using equivalent static
loads
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Fixed (6-DOFs)

Pendulum
Bumper structure

Fig3 Pendulum impact test

AL TE AYAE HY FxEo F539
ZF Yol mAE S48 HAslekeE 3loth
2 FE el AlgE Wy FRE A7
Z 1127mm, 47| 360mm, =°] 188mm ©]H,
F 1117kg otk B FxE HAA FF9
T 9, AHE a4 5396 7N, AH4E 24 328
TR F AHL 6244 N, F A
37464 ©] T},

12} F& 314 Al AL 59 1Y T xE
o FEdH V&L= A FE AE A A
H 8 km/h (Smph)o|t}t. W FZEL2 Crash Box
Rail IS 6 AFE F&5sh vAEg 54
3 A41& Omsec o 4] 80msec 7}A] R 3 str), H]AH
A s AR AIEA TG 80 el

Fig. 4 o Yebd 35 %H(intrusion)? WP F
(deflection)& 2t F& Fol 2 &4k dAdt
7]5=0] Hth A F%2 FRBPR Rail | SHF-0 2
FE A kFo o] Hu W gFo|th W
< FR BPR Rail 2 S0 27 25 FF o=
o A WY ol %7 dA oA Hu)
AT 56224 mm, Hd HPF2 58.664 mm
oty MANE viFoR HFELFY WHIPLFS
TZHAEA oA Az oz ALEgit]

24 e

>

ool rr

7

==

H‘I
ol b

% ol

32

o FERANEAE A3
]:/:]],/\

2 R INEESE
FEAES FaHn dudow Ay Wy T
28 A% AA9 FEANUAST ARHA0E F
Fah Wy FaEel FEAIUAE Bol F4

—

intrusion

deflection

Fig.4 Definition of the intrusion and deflection

StHA] A WF-2 HFsh= dol
e R ]
HeFS FxH A 9
sty 7F B YR s
o 2 HAMSE Fig. 5 9 9]
FAR 7 elgit.

W>i

kS
ool X
B g

I

—|~
r
2
=)
1
o
XN
o
AN

e |
o it do (% oo

g
&
4

N
i
Lo,
i)
ot
tlo
BN

>
e
ol

(2
>

N

M Hz ol
=2 4 |o

Find t; (i=1,2,3,4) (8.2)
to minimize mass (8.b)
subject to intrusion < 50 mm (8.¢)

deflection < 55 mm (8.d)

0.5 mm <DVs <5.0 mm (8.e)

AARFE 47 739 74, 5485 3
TEEY dFoltt Az A 50 mm
3f, M= 55 mm o|37} HEF v 7§
o] FA= FA 05 mm, ) 5.0 mm 2] S
AEZ Aodr), AL Az fuj&ol
1% o|sl7} = a1 7t Afo]&e] My A A st
At Fo 4 e AAAS Weego] 1% o]shrt
HH FHst s At

AbgE HlAdY w4 s ZEa9S LS
DYNA"Wola 571435 Altat A8 42 HH
3}ol &= NASTRAN 2006"9S Al-g-3tt}, & 227
o] AL8-3L7 S Pentium4 1.6GHz, 2GB RAM 9]
o vy T4 A Ha A oF 45 Fola
A8 AA HAA s Ht AR oF 5 Folt. wet
Al gk AlelE 9 Al Ha AR oF 50 W0l
o S7HgstES #8 AFE o+ TR0l
7k AtolEE AsHor st

1159



DV2: FR BPR Rail Reinf

DV3: FR BPR Rail 2

DV4: Crash Box Rail
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Fig.5 Definition of design variables

DV1: FR BPR Rail 1

33 Zn ¥ E9
AR FE ol 87 HAY BH W T2

2 S Table 1 o] YeRdch 282
z} A EA R gk Fig. 6 o YERSL
b 19 FAE 1117 kg oA 1138 kg &2
7tk olAE AFEALE wHer] 96
|

<

¥ Fx2E FF9 FAT FTHsloF gtk A

oju] gk}

7} AlolFoll M o] AAMS FES Fig 7 o 1
ERJI21t). FR BPR Rail 1 «] “r77ﬂ'— z7] AAk

B} &7}.3]_031‘4, o] A& %<& =% Al FR BPR
Rail 1 °] & MX]E 7Hg wel sk dA
My Fh3 %4 F35 TolA A5FH Ay
7 B JES v oo AZEoh
FR BPR Rail Reinf ¢} FR BPR Rail 2 & 3&}3Fx] 7}
A] 7+A~3FS1 31 Crash Box Rail o] 77|+ Z7]#k R
o 743kl o] A& FR BPR Rail 1 ©] F749 7]
WA FFEFI Mygfo] ojn] BE tky Q)
a87) uio] VA AAMSEo] gkolAH e}
Tyl W= g4 9SS vAA &
ool BdEY A4S S 4= FR BPR Rail |

of 714 B dRe wes o 4 vk
SAASES ol &% MAE B4 ¢ 123

Table 1 Result of the nonlinear dynamic response
structural optimization using ESL

Initial Optimum

DV1 [.2mm 2437 mm

DV2 1.0mm  0.501 mm

DV3 [.2mm  0.501 mm

DVv4 1.6 mm 1.317 mm

Mass 11.17 kg 11.38 kg

Constraint Violation 8.24 % -0.04 %
Total no. of nonlinear analysis 6
Total no. of cycle 6

Mass
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Fig.6 The history of the objective function
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Fig. 7 The history of the design variables
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