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Multi Objective Optimization of Reinforced Members
for Crash Safety Design of Automobiles
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Masaki SHIRATORI and Keiichi MOTOYAMA

** Yokohama National University, Dept. of Mechanical Engineering,
Tokiwadai 79-5 Hodogaya-ku Yokohama Kanagawa, 240-8501 Japan

CAE technology has been widely applied for the crash safety design of vehicles. Nevertheless,
the optimum design approach has not been completed for the crash behavior of the vehicles because
of the non-linearity of the d¥namic problem. The authers have proposed a Statistical Design Support
System (SDSS), and brought forward that the SDSS is one of the availahle optimal approaches for
the nenlinear and dynamic problems such as the vehicies crashing. In this study, the SDSS was
applied for the multi-objective optimization design of the main reinforced members of a vehicle. The
thickness of each member was chosen as the design variablés, and the total weight and the defcrma-
tion of the cabin as the multi-objection functions. It was shown that the SDSS could satisfactorily
be used as a practical multi-objective optimization design tool for the crash safety design of vehicles,
and the design cycle could be significantly cut down using SDSS.

Key Words - Statistical Design Support Systemn, Multi Ohjective Optimization, Crash Safety
Design, Non-Linear Problem, Crashworthiness
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Fig.1 Concept of Statistical Design Support System
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Fig.2 FEM model of offset crash
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PRM OB A RIR, 7 — (L LR 30T TNTER Analysis Weight of | A-C pillar | Toe-Board
DrL—FIZR IO ki d il BEELIS (2 Number | Discussedfkg) | [m] [m]
KAV O T & A 7 1 23.18 0.0496 0.123
. I . o o 2 30.53 0.0303 0.091
7it\T’\—((D/k‘#%ﬁﬂii%jl%%La)ﬁin'ﬁ‘CDJ_‘.FR’[[%T 3 e T Y
THIEL 126 DT h B R KDHA G DAY IZHI & 4 7335 0.0397 0104
{7\, B4l T B Toe-Board 0 i A8 (Froe-goars) « A~C pillar 3 34.39 0.0245 0.092
B ERL(Fac pitar) & EHL 22 110 O BV yergn) & 11 6 35.52 0.0272 0.096
Ly Eaizint, Lizato T, 2l OISR, 3828, 7 38.62 0.0285 0.092
BAEQERIIFMCE 708 ATINTA S LTS, 8 41.63 0.0288 0.085
9 35.85 0.0242 0.091
X; Rall inner Xy Rail front floor pan 10 32.34 0.0331 0.073
Rail outer Xs  Rocker rain forcement 3! 31.53 0.0340 0.113
X; Front floor upper Rocker inner 12 27.68 0.0320 0.095
X; Hinge pitlar inner Rocker outer 13 35.20 0.0374 0.092
Hinge pillar outer Xy Engine cradie-left 14 33.78 0.0256 0.083
Engine cradle-right 15 34.87 0.0309 0.103
16 39.04 0.0244 0.068
Tablel. Levels of factors 17 35.80 0.0309 0.112
Level 1 | Level 2 | Level 3 18 41.26 0.0325 0.089

All Facior 0.5 0.75 1.00

Fig.3 Analytical model and design factors

Iac pillar

/ Toe-Board

Fig.4  Analytical resuits



BENHERE SR B 2 WESH 0% ARt 5

Wﬁ%ﬁ%%iﬁz#:ﬁﬁ“ %Lﬂ:\ IORIIETHTE
fiF e x T AR A RO RO B T IT o 1,
%wﬁﬁﬂ%@—ﬁwiﬁmmﬂ COFWAT O R LT Hv
THETHD EHR LR BoHE fVCFOStHEo R
ATV T, SDSSTIHERRICL oA THA LML
RETEROEEEVETHEXL TV 252 RIHLT. 4
B 7 BT O % B102 32 T Chebyshev® 856 B 10 25 T T U8
BT KD TL, ZOHECZLST, FRLFPLOBRET
BOREEOH T L RTERMOXERR L E80
EFMT 228 20l LTWE U EOI ENGBLH
FrEE O EA A @), 5), 6) X, TR &
Hr L7277 7 %S, He, W72 1,

Table 3 Variance analysis of A-C pillar

SUMOF EGREE OF EFFECTIVE

FACTOR  SQUARE REEDOM VARIANCE FRATIO  RATIO%)
X, 1 BOEOS | BOOEO5 LIBEHOL ™ 066

2 24008 0 240B08 O000E00 0

X, 1 16E04 | 165604 244EHG] 2089

2 296E05 ] 29605 43TEH0* 301

X, 1 LSSEG4 | 19BE-04  297FHI ** 2522

2 9EM 0 903E0O  000EH0 0

X, 1 S6IE0S | SGIEDS 828EH00* 651

2 308507 0 308EQ7  0A0EH00 0

X 1 190 | L40E-04  220E+01 %+ 1879

2 I89E08 0 2R9E08  0.00FH00 )

X, L 1SIB0S | LSIEOS  220E+0 109

2 41E06 1 417E06  60SEOI 0

ERROR 1| 6I10EQS 9  677ED6 148
TOTAL TRE0d 17 0

Yoe-Board = | A Moe-Board [F0.22+0.042X,-0.037 X2 +0.087.X;
0.057X,7-0. 118X 7+0.043X,°-0.103.X,+0.056.X,°-0.203.X;
+0.124 X5 40.043X-0.026X;° [tn] (4)

Fa-C pillar=| A la pitiar [0.107-0,0103.X,-0.0801.X,+0.0435X,°
-0.0163X3-0.00865X-0.0141.X35-0.0199X,+0.0162X,°[m] (5)

Vurign=3.315+9.626X +4 481X,+7 S00X-2 24 1 X,7+12.26X;
-2.241.X5-4.212X,+4.483X,-0.949X+4.483X7+11 97X,

-2.242% ¢ [kg] (6}
[m]
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VAV
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[Run number]
Fig.5 Comparison of Toe-Board
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Fig.7 Comparison of Weight of Discussed Members
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Objective function: { ¥ueighi, Yroe-oard YA Cpitiar J—— minimum
Constraints 1 0.5 2 X,=1 (i=1,2,+ 6
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The first step
Objective function ! mininum
Constraints | Ya¢ i =0.0350,  Yroenoarg =0.10,
032X=1 (i=1,2,7.,6)
BT S AT RER YRR 4 1R, RIS
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The second step

chi ght s

Objective function | Yacpita ——*  minimum
Constraints . Yre.poan =0.10,
Fperghe S 26.24+2 88

0.5= X< (E1.2.7.6)

The third step
Objective function | ¥ryepoay ——»
Consltraints | wa__hl__26 24+2 88,
Yac omar=0.027340.0039,
05=X=1 {i=1,2,-+-.6)

nminimum
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Table 4 Optimal solution

Weight | A-C pillar | Toe-Board
Initial 46.04kg 0.0198m 0.074m
First step 26.24kg 0.034%m (.099m
Second step 28.92kg 0.0273m 0.100m
Third step 28.92kg 0.0311m 0.07%m

Table 5 Optimal parameter
X ¢ X | Xo | A Xy

Initial 1.60 | 1.00 1 1.00 | 1.00 | 1.60 | 1.00
Optimum | 0.5 [ 0.61 | 0.88 | 0.88 | 0.73 | 0.5

o

—e— Woight
— - A-G pillar
---dc-- Toe-Board

Normalized objective function
(Y=Y ¥+l

(=1
n
f
|

Initial | 3
Optimization step
Fig.8 Optimization step vs normalized objective function

Table 6 Reanalysis solution

Weight | A-C pillar | Toe-Board
Optimum 28.92 0.0311 0.079
28.96 0.0278 0.085

Reanalysis

B OER 6, AC pillar D7 R, Toe-Board M
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