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Abstract : In the proto design stage of a new car, the performances of an occupant protection system can be evaluated
by CAE even though the real test should be carried out. The number of the real test is reduced by the exact predictions
followed by the appropriate design recommendation. However, the existing researches using CAE in predicting the
performances do not consider the uncertainties of parameters. That often leads to inconsistency between test and CAE.
In this research, the robust design of a protection system such as airbag and load limiter is suggested considering the
frontal crash. The parameter design scheme of the Taguchi method is introduced to obtain the robust design of arbitrary
airbag and load limiter. It is performed based on the frontal crash test condition of US-NCAP with an arbitrary
passenger car. The variances of the performances such as HIC, chest acceleration and probability of combined injury
are calculated by the outer array and the Taylor series expansion. Through the analysis of the Taguchi method, the

robust optimum is determined.
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Fig. 2 Vent hole and tether of an airbag
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Table 1 Levels of design variables

Design variables

Array [Level
xiN) | xo{mm) | x3(K) | x(m) | xs(msec)

1 3000 20 400 0.20 15
Inner

2 4500 30 500 0.25 20
array

3 6000 40 600 0.30 25

1 | x-225 | x»-1.5 x3-25 | x4-0.025| x5-1.0
Outer

2 X1 X2 X3 X4 X5
array

3 | ;4225 | 1S | x3H+25 |xgt0.025] xs+1.0
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Fig. 4 Distribution of a design variable x;

71 AR, xio] BEE Fig 49 242 AF
X 7180 9 B2 9 99.7%= (Ua-30:)9 (0
#130x) AFolofl &z a1 A At @ 0uv= A AWM x9]
FEFHAFO|™ V32 05=As0] T}

32 XA ZAE5E HA JMo| XS
A9 ZAAA

A5} FEZ2HEH T A &= HA F

o] Fig. 5¢} 7Fo] A4 A stz AA = AT

W o)E 7ol TEAZ 287t gt uekA] A

B X, X0, X3, x4, X59] SRS FF o2 T8 §hh

2 AT AL o] Aol thete] Fgol U3 T

Displacement(mm)}

250 "“'\V/\

RIVEA ;

N ?
, AN

Time(msec)
| S—
0.05 0.1 0,15

-50

Fig. 5 Constant body pulse curve



Robust Design of a Driver-Side Airbag Using the Taguchi Method

FelvbsdEE e BXE T817] AHallA 25l o) FEgtE ol WAl E T EF 2 o Sul g A 18
2 0188 A9} U FFANE ol 88 Aol 3le) SAMALHAIEG B 2RI REe
el 742 A st BT % EEAH, 221 A 09 SVWIE T 5
HA S D g o] 83}7] A= Fig 67 2 Atk o] 4-9-2] SNH| & SN, 2 F A5
N EECEN EEE S L D SR ES) NEHE 2 A Zud e ALE BE R T
AL Y2md BT L2x3) Huu IR E o] & 2 L8 A2 oAk o dgsigdom YA 3
atlom & WF-9] 7t 2= = EH S 2 A Table | A DE-E TR 7R AARST xy, x2 x5, X4, x5 T
ME A skt AFuA ”oold wE svuldl
IE«? L2 3C°im§Nso 7 [ i e f:? 12 3Cﬁum5n)?7 8 - SNaE Table 2¢] ’?%6‘}-9‘9‘]—;} o] d¥2 18x18-324
T e T L et a 3o $AATANE Be 2 ek g o] A3
A ERREEE T et il = Al SRR i 2325 SNn| 4 ﬂ%‘l}ﬁé&%‘i—*—?% AT A
GHHEEE BT smeewssomn assasernaus
SRR el T2 [0 x2 x3 x4 x5] = [level2 level3 levell level3
R SRR ERY it level3] & & % 91Tt
RIS v ooz Fooz opy)uls Zaatalrl et
M2223121 3 jpey Coan [SNay
P SRR R RS - I A T B g9 ¥EE AU FFANE ol geA Tohe
HSEREETH ol =4 N N AR S I R R DR S P EIEEEE LR
o R T B priEEOl e TF=A S5 0] HH, Ureom L FA, Open S A A H
(Inoer aray) Zjﬁi R KT F—N“—”- o o™ S 10, MPeom X 317 com S H
— o WZHE W B, 020% EASE thst 2ol
Fig. 6 Arrangement of the inner and the outer arrays TAEAE 2)“;]'-11-12)
Table 2 Inner array and experiments results
Exp. No.|empty [empty | x| X2 X3 X4 Xs empty SNa U peom 0 peom SNb
1 3000 20 400 0.200 0.015 15.853 0.16191 0.00656 12.972
2 4500 30 500 0.250 0.020 21.138 0.08918 0.00168 19.801
3 6000 40 600 0.300 0.025 21.470 0.08479 0.00180 | 20.241
4 3000 20 500 0.250 0.025 17.487 0.13353 0.00540 15.442
5 4500 30 600 0.300 0.015 21.721 0.08082 0.00204 | 20410
6 6000 40 400 0.200 0.020 19.406 0.10992 0.00098 17919
7 3000 30 400 0.300 0.020 21.546 0.08515 0.00349 18.916
8 4500 40 500 0.200 0.025 23.099 0.07110 0.00031 21.548
9 6000 20 600 0.250 0.015 14.943 0.18119 0.00720 12.942
10 3000 40 600 0.250 0.020 22.901 0.06832 0.00187 |} 20332
11 4500 20 400 0.300 0.025 19.157 0.10987 0.00201 17.512
12 6000 30 500 0.200 0.015 18.145 0.12459 0.00432 16.700
13 3000 30 600 0.200 0.025 19.931 0.10264 0.00392 18.285
14 4500 40 400 0.250 0.015 21.995 0.07890 0.00104 19.172
15 6000 20 500 0.300 0.020 16.760 0.14353 0.00250 14.864
16 3000 40 500 0.300 0.015 19.625 0.10384 0.00607 16.948
17 4500 20 600 0.200 0.020 13.057 0.22305 0.00784 10.605
18 6000 30 400 0.250 0.025 18.750 0.11577 0.00104 17.427
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Table 3 Analysis of mean for SNa, Upcom, Opcom and SNy

Level X1 X2 X3 X4 X5
1 19.557 | 16.209 | 19.450 | 18.248 | 18.713
SNa 2 20.027 | 20.205 | 19.375 | 19.535 | 19.134
3 18.245 | 21.416 | 19.003 | 20.046 | 19.982
1 0.109 | 0.158 0.110 0.132 0.121
HPcom 2 0.108 0.099 | 0.111 0.111 0.119
3 0.126 | 0.086 | 0.123 | 0.101 | 0.103
1 0.004 | 0.005 0.002 | 0.004 0.004
OPcom 2 0.002 | 0.003 0.003 0.003 0.003
3 0.003 0.002 0.004 0.002 | 0.002
1 17.149 | 14.056 | 17.319 | 16.338 | 16.524
SNy 2 18.174 | 18.589 | 17.550 | 17.519 | 17.072
3 16.682 | 19.360 | 17.135 | 18.148 | 18.409
£ poom= P oom{X1, %2, X3, %4, X5) @)
Shom= 24 35;‘;'") o, ®)

EgAl s DTS FEs BEARE 47
Fasgd Again T ole) 5408 2E o
27 gA7L Ak web Zzke] dstel B R
& ANS Og EdolE-0 o o3 HAFES
AAsor A} 242re] S i FREEA 2
32 Table 30l EAISHATE BHAS ol B 5
A7t s g HE Y BA B HHEES
[x1 x2 x3 x4 x5]=[level2 level3 levell level3 level3] 2.2

W 543 AFHE zter) ol $AY dXet &
itk 7k o] A7y} trEA Ut HE A A5
F2 A7) o8] Efolm-0x2AR AAH o
oF & Zo|th o] Ak SNH & 48 &€ %
g} 598 grojtk B EAA Z—ﬁ‘*«»‘ﬁﬂ
o] Bx: o&udy HAF5A

[

o] A A¥E F1 Yk

Fof| il FNAEE & BH, Peom

0634, TE=H A= 0.817x1070] AAkE
Pcomo] ;ﬂﬁ_‘f’: % &%q—‘ﬂ O]

o Be

136 st2xISXI2sts=2F MR2A X225, 2004

L

Sum of squares (10°3)
i o

X1 ®2 %3 x4 5

Design variable

(a) Sum of squares of mean( Hpcom)

Sum of square {109"5)
=

il N . §

®1 X2 X3 %4 *5
Design variable

(b) Sum of squares of standard deviation(Opcom)

Fig. 7 Sum of squares of mean(Upom) and standard devi-
ation(Opcom)

50 Displacement(mm)

/‘\

250 I}IAQ/\\)V\/X‘\

150 'I’// \\

N
NA

0.05 0.1 015

BPO
BP1
———-8P2

Time(msec)

5 b

Fig. 8 Uncertain body pulse curves

HAFFo 2 AAE oo A Ee HetxAE 1
HEH Ppcom+30pom=0.06597} F T}, A A kA ol A
Peom@] GllZ X2 0.06347} obd 0.0659% B Ao
efd-atch
AR Pl B F B2l tHf‘f& =
Z AFgo s XA Fig. 734 2tk Bl g
FEEE X, X, X5, X1, BT LR AW, Eﬁ‘:ﬂi}ﬂ] o
3 o] A= T
o] njaA
LASE Y

i}

2
II

5t FBE= xp, x5, X1, X3, X4 TO| T

£ =77} r:‘ré *3741



33 XA ZAS8E WA SME 0
=3iet A9 ZALA
AAFEZRE TR AA Y &R Y2t
HEE 7H 7ol e BadA e S ETe
0]-8-3}4] Peom®] B H EAE AFESIIT 4 (8)
& ol F QT olfrE A AEEd A 2
of WY Wg= g 7) ool

S A0S 245 B FAelth, o] 9] AHgH
SNH]= 2] (6)0. 24 Table 20 SNo EA3}5ATH
Aol 245 2A0) AR TeiH ) wEol
o] & Fig. 62 2] Z w20l 4] 8115 Qo] Wl A3l 2lct.

o] 75 SNyl th gt 332 4] 2 #-Z Table 3¢
EAYTE ool )k 2t AANFe) ARFE
2 [x1 x2 x3 x4 xs5]=[level2 level3 level2 level3 level3] o]
Aot FeldFol oA, Pl BT R EFAA}
2 T Upeom = 0.07119, Opeom = 9.89x107 0]},
W} A Peom ] w3 e Hotx0 S nes| B
Upcom+30pcom=0.10097} A& v} &, FAZTS o]
43l TAFEEC] 0.10]3H9] b AT &

E 3% FHobxd g o] &3td 01049 e

744 % ek

ARSI

2) AAZEE A TS A A A

71 918) Hlde] 5 R AS5dg o] &3t
W 3 IS vasink 5 oyl o 33

FEE FYW AT AFHAULE 7 2 o)
&% W2 Tl ) AY vtk MF Fol 2

4| ofofuo] Z2aH

A5, ol Ag mEste] AR T F A WHE
A A3k Tt

3) AARTe FH olihgs 2ta v e A
So M ZHHHHE AEsinh AAW
T FA Fol AMREY ASol= HYy &
FZ o] &3l= AHo] npEFstA Nt A 9] T
ZHATMHo] Fgor uy g Aol 9=
v g Z- o] 8-l of Pt

4) & ATolA HEsHA o A, Y 54
B FEed gk dAEe] BEAAR 1
gt Zlo] Bk @A Al ol & Rojth

2 ATl B2 =88 FAl olEVe AR £

S ZAAPEHY

References

1) J. M. Lim, “Software Development for the
Occupant Crash Analysis and Recommen-
dations for the Related Part Design,” Hanyang
University, Ph. D. Thesis, 1997.

H. Y. Jeong, Y. H. Kim, “New Crash Dis-
crimination Algorithm and Accelerometer
Locations,” Transactions of KSAE, Vol.8,
No.6, pp.182-193, 2000.

J. D. Horsch, D. C. Viano, J. Decou, “History
of Safety Research and Development on the
General Motors Energy-Absorbing Steering
System,” SAE 912890, 1991.

D. C. Viano, “Effectiveness of Safety Belts and
Airbags in Preventing Fatal Injury,” SAE
910901, 1991.

Y. S. Park, G. J. Park, “Crash Analysis and
Design of a Belt Integrated Seat for Occupant
Safety,” Vol.215, No.8, pp.875-889, 2001.

J. M. Lim, D. H. Wu, G. J. Park, “Analysis and
Design Consideration of an Energy Absorbing
Steering System Using Orthogonal Arrays,”
International Journal of Crashworthiness,
Vol.5, No.3, pp.271-278, 2000.

Y. S. Park, J. Y. Lee, G. J. Park, “An Airbag
Design for the Safety of an Occupant Using the

2)

3)

4)

5)

6)

7)

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 2, 2004 137



Kwonhee Lee - Wonsik Joe

Orthogonal Array,” Transactions of KSAE,
Vol.3, No.2, pp.62-76, 1995.

8) TNO, MADYMOQ Users Manual, 1999.

9) Taguchi, Systems of Experimental Design
(Vol. I, II), Kraus International Publications,
New York, 1987.

10) M. S. Phadke, Quality Engineering Using
Robust Design, Prentice Hall, New Jersey,
1989.

138 3t ZX eS| =2Z M2 X225, 2004

11) K. H. Lee, G. J. Park, “Robust Optimization in
Discrete Design Space for Constrained Pro-
blems,” AIAA J., Vol.40, No4, pp.774-780,
2002.

12) K. H. Lee, G. I. Park, “Robust Optimization
Considering Tolerances of Design Variables,”
Computers & Structures, Vol.79, No.1, pp.77-
86, 2001.



