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Design of Occupant Protection Equipment for Passenger Car Using
Taguchi Method
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ABSTRACT

The design of an occupant protection equipment has been considered as the important process in
developing a new car since the crash performance plays an important role on the market. The cost is
increased when an unexpected real test is carried out in the proto-design stage. Thus, the exact
prediction of a crash performance can reduce the number of full-car test. In this research, the robust
design of an airbag system considering the frontal crash is suggested to predict the more reliable
responses. On the contrary, most existing researches do not consider the uncertainties. The uncertainties
treated in this research are the tolerances of the vent hole, the time to fire and the length of a strap in
airbag and the tolerance of the load limiter load in seat belt. The Taguchi method is utilized to
determine the robust optimum of each parameter
F871489] : Occupant Protection Equipment(522E%7), Taguchi Method(THR ), Airbag(ofo}®),
Uncertainties(Z2H44)
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37 59 AxH7AE(NCAP, New Car Assessment Program)7} 9tt.%® o] zlxo) 9
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e SAAT 4 A, AN ARFAE ncd ¥R M
C(Head Injury Criterion), % 7}4 % (Chest Acceleration) & £34Hs] 71549 &5 58 =3t
o HAZE AAsLA ) ol& 3 AHEE WL dFAYoln, nejd HAHESFE ooy
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1920 @l g =M A (Fisher, R. A)dl 2a /e A5HA 4gAYHL thgsn B3
F 5AY MAE aFEE AMREYIZE A& Fdvh. 2u 2 A AARA olF JEAA A
Lo TAFHL Y& AL hERYL olYdd BAPEG MA Fn U dEAE 1949 @
Yol A7 EANAFA(Electrical Communication Laboratories)o| A A4bA A4te] 3 &
e 27t 2ANS 23 483 HAEd = v R0 2284 2 XE RS 1}7‘]
gge AUt 2t olAL Hd AETHA AFAYYAA AHE=HE A 2o d B (orthogonal
array)9t SN Z 8 A AL E = SN HI(SN ratio)E EQ3le] 42 WHE AMHHAT o] SN
Hl= 7z} EAxdz Aosty HASE o BAEA(smaller-the-better type characteristic)$l
ASde e o] EARG MY
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A ofe A (2), 33 o] EANE 2111}.(9'10)

#f:f(x1,x2.,.--,xn) 2)
2
oif=2 —a%f "0, 0 3)

a7]M & fe 4] BEAE, xix,.. xS AAVFE BAFT

Inner array Outer array
Exp. D.v. Exp. |Noise Factor Exp. |Noise Factor
No. |x; x3 x3 X4 No. (x; x3 X3 X4 No. [x) x3 X3 X4
1 1 111 1 1 111 t-l: 1 1111 e
2 12 2 2 2 2 2 2 2 2 2 2 2 2 2 |s
No | Nt | . .. | Now

238 1 HEud R 95ud
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oo AL nddlrzuEcddIZods PSS Adgd FMVSS208 H1E AlF, A8
T gk oojwe 1997\ d St o] Fo] AMEHE RE S84 MY e FIo] 7
3 Heol Utk o] Wite] oW, HAHE AALsA S Hybrid I 50%tiletin] & B $-3L
30mphe] £#52 A FEANFS o FAY 2HE wEof k. 4 (DE EASHE 0
A8 A e 10000347} Hojop grp 4P
1]
HIC=[ tz‘l‘h j; a(Dd** (t,— 1) (4)
714 alt)e FE/MEEY w42 BAEE #E FAFY FANMEENY 1, e FEAC 36
msec ©]8t9] AL ZE F ALGE ud,

FR7MEEE 3msec °)F A5¥o2 FEIAESEY 60ME 2ASA FEE FAHT oy
fEE L 5L 10000 N %273 Fe& FAST ot o AF2AL 1997d 271X
FEASFIARAT ALFEA ] FAFdoz Add) AAFHAAG. 2827 dF AFA AzAA N
WRHQ 7lEez A3 AMEsla glout AvlE oojwe] Fate] 73 HE AFREEHE &
on g 7‘21 °~‘7ﬂ 2 Rog.?

H e HiFojQol® NCAP¢] e, T2 aEerd32] NCAP
SEp am o] o&m #4X7 telE Ux}e) B2 BmphT THH| F
@, s Aol A3 bsde AR F BAZA $IL ¥ A
vnzl HICS §271&% achestzfa FEA8 7549 HE Pond S Ao o8 2R 2
Poom = Phead t Pepest — (Phreod + Pepest) (5)

Piesa=[1+ exp(5.02—0.00351 x HIC)] ! 6)

- 301 -



Pt = [1+ exp(5.55— 0.0693 X @ cpege )] ™ )

(b) 30 ms (c) 50 ms
a9 2 $£84A% Fd 2 27|2d ¢

q71M Phead D Pones® HEAA S FR/IERY E5oltk. ¥ MR BAHE 552 Pond
o2 AAHY,

AANSE dud $EQ 2= §3x) AN MEE ABK), oW ¥ x3
(o), Aol A ol(x), o8 AANH)2ZA 5 Al it AFE MADYMO
A4 AFaE dols Edoln doMe fHer RUD UnA REL ZAZYR FAH

gt zdyd ¥ 08 20 EASAR 27122 Oms, 30ms, 50ms, 70mse} Aol

Zk AAASF A3 FE e GA AHRE 4 e oz AARHoH AANSE x, x
X3, X4, %52 ZF LA E 2225(ax)N, E15(ax)mm, 25(ax3)K, £25(axdmm, *1.0(axXs)ms
olty. & AANMTE AMERXE ZEva 7H gk

3 ZAMA Z2t ,

AANSFY 7 £22 2EUHY d5x)Y BY [1F 25F 35F]=[3000N 4500N 6000N], ofjof % 2]

EZ &Y BF 05E 29F 397F1=20mm 30mm 40mm], ooi¥ %4 24 =) A5 I+
27E 37F]F[400K 500K 600K], ooj# HhZelx)d A% UFE 29€ 359F1=[200mm 250mm

300mml, Y HAXNHx)A B UFE 25F 35€)=[15ms 20ms Bms]eltt. @A 2+ A=Y W&
g H A5ud +EL BASE E 13 2o

M R

E 1 UEeE ¢ ASuEoMe dAs £

Aray Level Desigh Variable

x1(N) Xo(mm) x3(K) x4(mm) x5(ms)

1 3000 20 400 200 15

inner Array 2 4500 30 500 250 20

3 6000 40 600 300 25
1 x1-225 x2-1.5 x3-25 X4-25 X5-1.0

Quter Array 2 X X2 X3 X4 X5
3 x1+225 X2-15 X3+25 Xa+25 x5+1.0
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BAWGT Sholm 4747k NI B2 Ly HUMSES Agstel E 29 2o] vhxshech

E 2 AP wjA(LI8 ZuujE )

Exp. Y |2 |x X Xs H Poen O Peem SN

1 30001 20 {400 | 200 0.015 0.16191 0.00656 15.853

2 4500 | 30 | 500 | 250 0.020 0.08918 0.00168 21.138

3 6000 | 40 | 600 [ 300 0.025 0.08479 0.00180 21470

4 3000 20 | 500 | 250 0.025 0.13353 0.00540 17.487

5 4500 | 30 | 600 | 300 0.015 0.08082 0.00204 21.721

) 6000 40 | 400 § 200 0.020 0.10992 0.00098 19406

7 3000 30 | 400 [ 300 0.020 0.08515 0.00349 21.546

8 4500 40 | 500 | 200 | 0.025 0.07110 0.00031 23.099

9 6000f 20 | 600 | 250 | 0.015 0.138119 0.00720 14.943

10 3000 | 40 | 600 | 250 0.020 0.06832 0.00187 22.901

11 45001 20 | 400 | 300 0.025 0.10987 0.00201 19.157

12 6000 | 30 | 500 [ 200 | 0.015 0.12459 0.00432 18.145

13 3000 30 | 600 | 200 0.025 0.10264 0.00392 19.931

14 4500 40 | 400 | 250 0.015 0.078%0 0.00104 21.995

15 6000 | 20 | 500 | 300 0.020 0.14353 0.00250 16.760

16 3000 40 | 500 { 300 0.015 0.10384 0.00607 19625

17 4500 | 20 | 600 | 200 0.020 0.22305 0.00784 13.057

18 6000 | 30 [ 400 | 250 | 0.025 0.11577 0.00104 18.750
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