2004

=] (o] = O
EEPERE LS ENE SRR
ZE  olE - FaAl

L EEEREEEY

OPTIMIZATION OF A DRIVER-SIDE AIRBAG USING KRIGING
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Abstract

In the proto design stage of a new car, the performance of an occupant protection system is often

evaluated by CAE instead of the real test.

values hence reducing the number of the real tests.

CAE predicts and recommends the appropriate design
However, the existing researches using CAE in

predicting the performances do not consider the uncertaintics of parameters, in which inconsistency
In this research, the optimization procedure of a

between the actual test results and CAE exists.

protection system such as airbag and load limiter is suggested for the frontal collision.

The DACE

modeling known as Kriging interpolation is introduced to obtain the meta model of the system
followed by the tabu search method to determine a global optimum.
suggested design is determined through the Monte-Carlo Simulation.
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Define the design variables, the
noises.

v

Build the approximate model
using kriging interpolation.
(Deterministic approach)

+

Determine the optimum design
minimizing the probability of
combined injury by using Tabu
search method.
(Deterministic approach)

+

Determine the distribution of
optimum design using
Monte-Carlo Simulation.
(Stochastic approach)

Fig. 1 The Overall Design Process
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Fig. 2 Star Rating of US-NCAP

(a) Multibody (b) Design Variables
Fig. 3 Simulation Model for the Frontal Crash

7| A Zt ZAe S FES FA S ol
|, HIC®} &% ]’—.E Aohest 2B 48] 715
/\é Pcom‘x% ﬂr% )*\1(18)“’(20)& 75']}1\_]'1:'4 9113}

Pcom = Phead + Pchest - (Phead b Pchest) (18)
Fheat = [ 1+ep (5.2-0.00851 X HIOT' (19)
Pchest :[ 1"'@41) (5%_0(XBS b achest)T] (20)

oA A Abgd A" mde MADYMO A
xﬂ%é}“ EE“O]E}. o] 7] A ool e ez v}
A FEREE s, 22y @yE Rdy el
%ﬂoﬁ“ EEﬂiS Fig3ell YR AT

o] EAlE 4 QD~Q)E TAHT ALH H3FH
e e TAlolth
Fy, x09) =4t — 2. lx‘f-l-%x? + 2020, — di+ 4xd (21)
2 < x1 =2, 2= x £2 (22)
& = B
=g — ‘»,—_-_-—:e,:
ET .
— I iy
(a) Original function (b) n=25¢ '
Bt 51
S “’*;’*'3‘__»-» == = = Gasa
'-a“-:%l- it o, S BEESSE) PrIR—-
= e == e
) n=64 () n=1000

Fig. 4 Contours of mathematical problem
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Tablel Local optima of mathematical problem

No. X1,X2 Function value
1 0.090,-0.713 -1.030
2 -0.090, 0.713 -1.030
3 1.704,-0.796 -0.215
4 -1.704, 0.796 -0.215
5 1.607, 0.569 2.104
6 -1.607,-0.569 2.104
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Table 3 Properties of orthogonal arrays

OA |Strength |levels No. rows No. |columns No.
125 2 5 25 6
164 3 4 64 5
1144 2 12 144 5

Table 2 Predicted global optimum and validations of DACE models(math. problem)

ns X1,X2 (01,02 | RMSE | MAXAE | 3(x) | y(&) | %Error
25 | 0.111,-0.683 | 0.308,1.675 | 4.517 10.307 | -2.856| -1.026 | 179.25
o4 | -0.075, 0.727 | 0.888,0.907 | 0.238 0.815 | -1.025 | -1.029 0.38
100 ] -0.089, 0.685 | 1.822,2.487 | 0.212 0.704 | -1.014 | -1.025 1.12
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Table 5 Predicted global optimum and validations of DACE models(airbag problem)

OA | x1(N), x2(mm), x3(K), x4(mm), xs(msec)

RMSE

(x10°9) %Error

MAXAE | w(x) | y(x)

L25 | 3734.07, 38.09, 400.00, 0.237, 0.025

7.783 0.0361 0054 | 0065 | 16.35

Led | 3791.61, 3741, 582.41, 0.226, 0.023

2.302 0.0167 | 0.058 | 0070 | 1797

L144 | 3570.61, 39.97, 600.00, 0.300, 0.025

1.789 0.0164 | 0.058 | 0059 | 2 .37

Table4 Optimum parameters(airbag problem)

OA o1 7 &3 &4 &5

125 ] 0.103 | 0.324 | 0.0001 | 0.361 | 0.008
164 | 0173 | 0.811 | 0.055 | 0.223 | 0.012
1.144| 0.571 | 3.298 | 0.029 | 1.067 | 0.014
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