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Smultaneous Optimization for Robust Design Using Desrability Function
to the Combined Array

Yong-Man Kwon', Yeon-Woong Hong’

Abdract

Taguchi parameter design, the product-array gpproach using orthogona arays is mainly
used. However, it often requires an excessive number of experiments. An dternaive
gpproach, which is cdled the combined-array approach, was suggested by Welch €. d. and
dudied by others. In these studies, only sngle quality characterigtic was considered. We
propose how to Imultaneoudy optimize multiple quality characteristics using desirability
function when we used the combined-array goproach to assgn control and noise factors. An
example is illugrated to the combined-array gpproach.
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Vining  Myers (1990) Box  Jones(1992)
, (multiple quaity characteristics)
Deringer  Suich(1980), Khuri  Conlon(1981)) . Derringer
Quich(1980) Khuri  Conlon(1981)
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Dearinger  Qich(1980)
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E(e)=0, Var( &)= oily, COV( &, &)= oyly  i,j=1,2,-,1, i
: (22 (23
(ordinary lesst scpiares(OLS)) (generalized least souares(GLS)
(Huang (1970, p.188) ).
Yi(X,2)= bo+ x'bj+ x' Bix+2z' Riz+z' r+2' Dix, i= 1,21
24 Box  Jones(1992)
z
z
R, 2 .
m;(x) “ »
m; (X) = JQ yi(x,z)p(z)dz, i= 1,2,--,r,
p(z) z z R,(- 1<z<1 )
Jones(1992)
m;(x)= bp+ x' b+ x' B.x+ (tr R)/3, i=1,2,---,1,
tr(R3) R, , i
(mean souae variation) v, (x)
V)= [ (Vilx,2)- M) p@dz, 0= 1,21
Box  Jones(1992)
Vi(x)= (1+ Dx)'(1+ Dx)/3 + A, = 1,2,-,r,
A= [427 ( rijj)2+ 52}"‘:-112?:,-”( rijk)z]/45 yjki R, j
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di(x) (0=di(x)<1)

Dp(X) = (dy(X)x dp(x)x ..x d,(x)) "

R Da(0) = TR (d00x da(x)x
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Deringer  Suich(1980)
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q
222
mi(x) d; , m;(x)
di(x)
‘ 0 m; < m;(x)
MQ:IF%Q%QIméﬁuKﬁ 2.10)
[ 1 mi(x)<m,
p m.  m(x)
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di(x) = ’ M] r< mi(x)<m; (219
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i Vi(x) i di(x) (0=d;(x)<1)
)
Dy(x) = (di(x)x dy(x)x ..x d;(x)) " Q.
(2.12 r
LR, Dux) = TR (X)X dy ()% x d () (.13
2.1
Vi(x) d; (x) , Vi(x)
0 Vi< Vi(X)
d?(z)=] [VV—VV(Z)] Ve SV(X) <V (2.14)
| 1 Vi(x)<v,
Vi* min 1ERX\//\i(l)Y V: max 1ERX\//\i(l) w
x Vi vi(x) di - di(x)
24
D (X) D (x)
Su= g, Sw(x)= TR [ADn()+ (1 - AD(X)] (2.15)
A 0 1 . A Dn(x)

D.(x) A A
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MATLAB 5.3
for Windows congtr
3.
. <
X1, X, X3 z L 5(2'% 37)
L 5(2'x 3') 1 2
5 8
8 Y2
VE]
< 1>
Source eA B C e e e Z Y1 Y2 Y3
1 1-1-1-1-1-1-1 -1 222 2 174
2 -1-120 0 0 0 0O 181 25 170
3 -1-111 1 11 1 262 28 164
4 -10 -1-10 0 1 1 187 31 83
5 -10 00 1 1 -1-1 222 2 103
6 -10 11 -1-10 0 303 28 92
7 -11 -10 -110 1 211 16 206
8 -110 10 11 -1 190 27 185
9 -11 1 -110 -10 290 21 169
0 1-1-11 1 00 -1 195 0 126
n 1-10 -1-1110 212 0 139
© 1-110 0 -1-11 296 19 U2
13 10 -210 1 -11 0 193 19 115
u 10 0 1 -10 -11 168 31 83
5 10 1 -10 10 -1 312 27 112
16 11 -11 0 1 -10 210 35 181
7 110 -11 -10 1 165 29 202
18 11 10 -10 1 -1 317 26 228
UM 4136 476 2679
(24) < D 2
Vi(x) = 194.42 - 0.30x,+ 59.18x,+ 2.18X;- 2.28Xx2+ 65.63%5
- 12.73%5- 3.33x;X,+ 18.68X,X5 - 1.32X,X5 - 10.75z (3.9

+ 13.76x,z- 0.85x,z- 3.18x,z + 23.332°
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Vo(X) = 20.61- 1.55X;- 1.45X,+ 1.33x5+ 1.35x3- 1.21x3
+8.28X5+ 1.24%,X,+ 1.02X,X3 + 0.42X,X5 - 0.06z (32
- 0.81x,z- 1.90x,z+ 0.52x,z + 0.322°
Va(x) = 102.36 + 24.45x,- 5.54x,- 4.55x5+ 86.84x5- 3.54x5
- 13.26X5- 7.90X,X,- 11.77X,X; + 16.53X,X; - 14.61z (3.3
- 1.33x,z- 8.72x,z+ 13.38x,z - 0.327°
39, (B2 (33 (25 (26 :
my(x) = - 0.30x,+ 59.18x,+ 2.18X;- 2.28x’+ 65.63x5
- 12.73x5- 3.33x.X, + 18.68x X5~ 1.32X,X,+ 195.23
my(x) = - 1.55x;- 1.45x,+ 1.33x5+ 1.35x2- 1.21x3

+ 8.28x§+ 1.24x X, + 1.02X X5+ 0.42xX,X3+ 20.72

Ma(X) = 24.45xX,- 5.54x,- 4.55X,+ 86.84x%- 3.54x5
- 13.26x§- 7.90x,X, - 11.77X,X5+ 16.53x,X5+ 102.25

Vi(x) = (2.67x,- 10.79x,- 0.55x,+ 11.22)%/3+ 48.36
Vy(x)= (- 0.81X;- 1.90x,+ 0.52x;- 0.06)?/3+ 0.01

Va(x) = (- 1.33x;- 8.72x,+ 13.38x;- 14.61)%/3+ 0.01

R, - 1<X,X,. X351 , Ry
my(x) m,, = 145.393
, M= 331.042 Comy(x) My(X)
m,, = 145.393< m;(x )<m;= 331.042
m,, = 17.943< m,(x)<m, = 33.490

m,, = 70.131<m,(x )<m, = 223.781

Vi(X) v,, = 0.519

vi= 271.965 L) V()
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vy, = 0.519< v;(x )<v; = 271.965
V,, = 0.009 <V,(x)<v,= 3.612
Vs, = 2.741<Vy(x )<V, = 207.585
Y1 ) Y2 Y3
150 Y1 29), vy, (2.10)
Ys (21 (2.19 < 2>
Swu 29, 109, 1)
(2.14) g, S t w 1
.< 2> A 03 0.7
x,=-100, x,=100, x;=0.37, Sy, 0.62, Vi
098, vy, 083, vy, 098 v, 072, vy, 0.17
Y3 100
< 2> Sy
A 1- A X1 X2 X3 Su d; d, d, d,* d,* d,*
0.1 09 -100 100 037 054 0.98 0.83 098 0.72 0.17 100
03 0.7 -100 100 037 0.62 0.98 0.83 098 0.72 0.17 100
05 05 -100 100 0.36 071 0.98 0.83 0.9 0.72 0.17 099
0.7 03 -100 100 033 0.8 0.98 0.4 100 0.73 0.16 096
09 0.1 -0.96 100 0.12 0.90 0.96 0.89 100 0.73 0.14 0.77
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