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Multiple Response Optimization for Robust Design
using Desirability Function

Yong-Man Kwonl) - Yeon-Woong Hong? * Duk-Joon Chang3)

Abstract

Robust design is to identify appropriate settings of control factors that
make the system’s performance robust to to changes in the noise factors
that represent the source of variation. In the Taguchi parameter design,
the product array approach using orthogonal arrays is mainly used.
However, it often requires an excessive number of experiments. An
alternative approach, which is called the combined array approach, was
suggested by Welch et. al. (1990) and studied by others. In these studies,
only single response variable was considered. We propose how to
simultaneously optimize multiple responses when we use the combined
array approach.
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5o #3k oj:rlb A9 oA Ze= *‘qulﬂr

E =59 ZAL Derringerst Su1ch(1980)7} AAE 71U E o] &3l T3
of o3 AFujA A ZHAE HAE 9% tF g TA HAs WS Atsta
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vi(x,z)=py+x Bi+xBx+z'Rz+2z y+2zZDx+e, i=1,2,,7r
2.1
oA7IM g Ix1, y= mxl, B/ = B~ Ixl R = R<= mxm, D= mxI 523
ol S AATFES] HEH S ddolu = A NESH S A A Aol 2
2De 8= bl o3 2o

v,i=X 0;+ &;, 1=1,2,,7 (2.2)
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& = (design matrix)o] L 7= p, z"%ﬂ*lﬂ }%%“’Foﬂfﬂﬂ ﬁz-
AATES WHola & AT

E(&)=20, Var( &;) = 0;ly, Cov( &;, ﬁj) = o,ly ,7=1,2,, 7, i#+7J

ol AHHEYIL Ak 3= B EOlL (4, )HA e golth A 22)004 Foi
e AL o3 2ol & 4 9t
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) X 0 : O ﬁl £

y=| ¥ |= 0 X 0 4:92 +| £ |=Zza+ e (2.3)
2 00 - x| & e,

yNx1, Z< rNxrp, O rpx] 183l g pNx]°olth &8 g9 A4k~

Var(e)=2QRQI= Q.
4714 % 2497 (Kronecker multiplication)©] o,
21(2.3)91 A geo] H =AY EHFA F(best linear unbiased estimator(BLUE))&
=z Nz W=(Z2 " Zy=(D, D, T
ojth. AN F=(X'X) X y= A HEFF SAAAT N HAaA A
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vi(x,2) =g (2,274, i=1,2,,7 (2.4)
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A7 t(R)= BZE R dad 9459 golv. 4, $2= A a9
FAE ARy e Hit AW E(mean square variation)S P, (x)Eh W T
I
(= [ (Bi(x,2)— m(x)n2dz,  i=1,2,,7.
Box¢} Jones(1992)& Al w5 b3 2ol sk9ioh
v,(x)=( 2+ Dx)( x;+ Dx)/3 + A;, i=1,2,,7r (2.7)
A A = TAZ7 () + B3PS 0 (1) 45010 = RyEl
B pHA Ao ot 2= P (x)E A FAHE BARE gt ekt
22 FAWAFY g gF ¥s FAHHI
RE gy F4WES Ao 2s 5 F7] dio] TASAHY AEE T
Al dvkar @ 4 vk -2l Derringer®t Su ich(1980)7} AAEE 7S o]
gte] FHe EAS WASAHoR WEste] AmE HASPYES Aljbstaa g
TARYE S HAEAo|mR AR HAgd fq1 A7t 7Hg HAES AR 7
e d(x) 2 1o] s HAdgd w A7t 7 7 AA 00 Hol g(x)#*
o] 0o] HX=F vh&} o] G i}
dx)= [ L U;('x)] Vi< 0(x)<0} (2.8)
1 /Z)\l'(,X)ﬁﬂl'*
A7IN 05T min Lep 0(%), ViT max ,p 0(x) LEL g Aol AFEs
et gokol S5 BAIREY ] HxA] A AR g ghol 1o 7k e A] A
AR o] Bxxlo] Zgvt "ol ZItigkagho] 0l 7P A= A aFe] Utk
MA A FAE SAEY p(nE A ST d(x) (0<d(n)<D)E @
SWES 3 v e BARYA te T 7IurE Ve TS AbEste]l uE
W oEak 2
DV(x) = (dy(x)xdy(x)x-xd (x)) " (2.9)
whebA 2 (2.9)01 4 prhe] AR e H A shgehS vkt 2ol Ak
reg, DV = TEG (di(x)xdy(x)<xd (x) " (2.10)
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b7 o8 AiQl A4S EMAE AAE 7] A% FAHAE Wwaew FA
Hite] AgzAes FUA FAWSS Fo]7] A SAHAS WS Az = F
A& Bolth N WETE ol A FAWEA g F Jdds DW(«x)E 1H
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max 1/r» .
SV= % (dx)xdyx)xd (), i=1200 2.1
mu<L< m(x)<L<m: : 554
Zﬂé‘l—}—ﬁ /”\/li(,x)2122ml‘* Uol—ml_'—:_—_/\é
mi(x)< L, <m] it
0117]}\1 m-*Tl:‘ min JCERX;VL\Z'(‘X)’ mj}_l_—; max JERX;}@\Z‘(QC) O]ﬂ ll‘v’]— [2}_1:‘ 01:19/]'04 }6]—'/;:
oty [ EFF LT AS5E FEE T U Agze] gspEo] AW E o
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WA s FAWMES Folvd Jdorng et lf’Jr LoAlA AeIJAAE] ATE
A RE Aol AodAEe FAAAEE Tote el E Aol
3. Hx dAF

2H2E AAE 9% OF W BA HH8 wetdA W} ALE @ WH@
Al o8k HAH 3t wetyt 27t Ak B

AAE F3le] vl AFsFarAp s}
31 U IHTH

Wt Ao Al W S8 E (inner array)dl = 2559 AlAA A, B C, D 183 F
=z

g Auwd LBl wiAst e Fuid outer array)el 25F( N, B =1

’

Ny v 2] Fgelxk N& RS <E 1>l A e Alojdxtel #ate] el
woden <E 2> wapbujdo] o3 AujAoly A= AR oy o v ARy,

) AR AT AR ARy e FUIEH 23 R ARyt @
g <% 2> A¥AEZHEEH vs3 2ol SNH(signal-to-noise
3
ratio) S AN 4 vk (1) WHHEA: SN;=—101log ,[1/3 Zly;Z]_go, (2) WrEA:
3
SN;=—101log ,[1/3 3 y31+35.

FAEAAT <HE 3> 283 <E DRFH ydXE A B 28 CARATL oFF
fFelsta y ol A= pot FAAE frelstt. meb <iE 5>2HFH FA A4S 23
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<E 3> y o HaEdE E 4> g0 BAEME
a9l S f 1% F, 22l S f vV F,
A 3.7830 1 37830 13.27 A 04658 1 04658 1.04
B 3.6290 1 36290 1273 B 21830 1 21830 4.87
C 7.1824 1 71824 2519 C 17490 1 1.7490 3.90
D 0.6400 1 0.6400 2.24 D 137456 1 137456 30.63
F 0.0240 1 0.0240 0.08 F 133043 1 13.3043 29.65
e 28514 10 0.2851 e 44805 10  0.4487
A 181148 15 A 349342 15
<¥ 5> 29 Ao QoW
£l T y ool E SNule] & | g elie SNuje] g | HATT
A 0 ( 120 min ) 47.62 4781 O
1 ( 130 min ) 39.84 45.08
B 0(C70 C) 39.92 43.49
1(80 TC) 4754 49.40 O
C 0(-20T) 49.09 43.40 O
1(-157T) 38.37 49.49
D 0(5 %) 42.13 53.86 O
1 (10% ) 45.33 39.03
F 0 ( 800 rpm ) 43.42 53.74 @)
1 (900 rpm ) 44.04 39.15

\]
5
iy

AAJAAE2 FAAE (&, 2)° °
O mepa Aolelael FSAAY WEAEE nel e

e ge3t 2

}i(x,Z):blo+x’gi+LIi+Z Dix, 1= 1,2, L, 7.
22del N 2 Mo A F4E FERIAD EArgAe 4oy gy
m(x)=by+x'b;, i=1,2,,7r (3.1)
%i(x):é( z;+ Dz‘i\f)'( 7+ Dix), 1=1,2,,7 (3.2)

A F4E FERy AGDE e 2ol X & 5 Utk

%i(x)zh,(x)ﬁol‘ i=1,2,"',7

AN p(x)=1,xy, =, x,) LT D= (b, b,,, b)) BT Y

w20l
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THME = AAAR 4 (F2 A), x,(FS B AL 4 (F2 0% FEAA
F) 283 z(Z52 NE skl Aald L)l A3

5 (F2

>€’r E3tmjde] o AT A WA A(<KE 2>5 HAS)
oA 1270 AmE ARt wAmdd SIS AT
o] <& 6>°lA 57 AlofARte}t 1/h9] FElAre] 5ol
2>RHE AIARE AT 272 b axuldoAl gy ol

w N

M Axnel 2ER ol HE pavel fOFHE BT med <E 6>AH 4ol
A 499 4g A }ua_ 4 Aol
< 6>2YH FAHE 2% dARIE 24 4 vgn 2.

v (x,2) = 60.00 — 3.25x; + 3.13x, — 4.25x3+ 1.38x, — 0.13x5 — 1.002 (3.3)

— 2.25zx;— 0.63z2x — 2.252x3— 0.88zx4+ 0.132x5.
yo(x,2) = 29.31 + 0.94%; — 1.06x,— 1.19x5+ 3.06x, + 2.94x5+ 0.06z a4
—0.81zx; — 1.81zxy— 0.442x53+ 0.312x4+ 0.192x5.

m(x)= —3. 25x1+ 3.13x,— 4.25x5+ 1.38x, — 0.13x5+ 60.00.
my(x) = 0.94x; — 1.06x5— 1.19x3+ 3.06x4 + 2.94x5+ 29.31 -

(x) = ( —2.25x,— 0.63x,— 2.25x5— 0.88x,+ 0.13x5;— 1.00)?%/3.

vo(x) = (—0.81x,— 1.81xy— 0.44x5+ 0.31x, + 0.19x; + 0.06)%/3.

FEl= oA ASke thE vES BAIFAE S5 SV AQIDE ol &5ty FHAsle)
=dl 3ojA YE-8 MATLAB 6.09] = dt2o] = “const” &5 AFE317] =2
gk P R L <xy,x9, x5, 0,05 <1 2 WA FHolH, R AlA

my(x),  my(x), v (x) 2L Py (x)e WA= A A 47.86< my(x) <
72.14, 20.12< m, (x)<38.50, 0.00< 2, (x)<16.99 aga

0.00< 2, (x)=<4.37°ITh
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< 6> Egel o APAR

e} A5
N |t zs 4 6 7 8 910 112 13 1 Iy Ty,
ER=B

1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1]59] 23
2 -1 -1 -1 -1 -1 -1 -1 1 1 1 1 1 1 1 1 (59| 30
3 -1 -1 -1 1 1 1 1 -1 -1 -1 -1 1 1 1 16933
4 -1 -1 -1 1 1 1 1 1 1 1 1 -1 -1 -1 -1/|56]29
5 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1|69 36
6 -1 1 1 -1 -1 1 1 1 1 -1 -1 1 1 -1 -1]61]|21
7 -1 1 1 1 1 -1 -1 -1 -1 1 1 1 1 -1 -11|74) 30
8 -1 1 1 1 1 -1 -1 1 1 -1 -1 -1 -1 1 15925
9 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1|60 30
10 1 -1 1 -1 1 -1 1 1 -1 1 -1 1 -1 1 -1]51]|31
11 1 -1 1 1 -1 1 -1 -1 1 -1 1 1 -1 1 -1]57| 4
12 1 -1 1 1 -1 1 -1 1 -1 1 -1 -1 1 -1 1|44 | 26
13 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 |64] 31
14 1 1 -1 -1 1 1 -1 1 -1 -1 1 1 -1 -1 1|65 32
15 1 1 -1 1 -1 -1 1 -1 1 1 -1 1 -1 -1 1|62 20
16 1 1 -1 1 -1 -1 1 1 -1 -1 1 -1 1 1 -1/|51]31
Z[EFA| a b ab ¢ ac bc abc d ad bd abd cd acd bed abed
LR X Xy © Z X1Z2 X92 € x5 © e x4 € e xg
e

olmw FH#wd 77(x)° BEAL Hugh 72147 H 1

=
dolBE (xS HXEAE HAw 201270 "ok w=e #2t

m B
2 A 55 43RS v FAUEY F V¥ sE DV («x)S A3t
AL Adelh, <E 7>l BT ARy d mE AR 9 FABI Az

60.00 o147 2300 ols W Aejelael AHEAL x =10, x,-10, x3=-09,

X4:*O.8 lai x5:71~0 O]U:] O] HH /7741(,3:), ,”\/[’Z(K)’ ,1\}1(,2‘() :L‘ﬂvﬂ ,1\}2(.2()
L2 ZF ZF 69.23, 22.99, 3.45, 0.32 ©]t}.
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<E 7> FAHAE Wk Sy

HAA sA A3 g
X, Xy X3 X4 Xs my(x) my(x) v,(x) vy(x)
ARz my(x)= 69.00, my(x)< 23.00
-1.0 1.0 -09 -0.8 -1.0 69.23 22.99 3.45 0.32
AGEA  y (2)= 68.00, 7y (x)< 24.00
-1.0 09 -06 -04 -1.0 68.20 23.97 1.70 0.22
ATEA my(x)=> 66.00, ms(x)< 26.00
-1.0 06 -01 03 -1.0 66.10 28.83 0.17 0.02
33 43 v
3143 3242RY 7|E9 R WHE 5 SNE S AFES wAedH 2 $-
g7t 2ol Ate TG IHAAY vE v sAHAE Wtk Hud

& Aol

wapuf e Aa < 5>YE FAANEE 20 A B CDF x,=-10, x,=10,
x3=-1.0, x,=-1.0, x;=-10) =, 120 min, 80°C, -20C, 5%, 1] 800 rpme] ¥
geldel A <E T>RRPE SAHA} 2dL 7ol FRE5EAY Huw
of dd AgEAE 69.00 14T 2300 olstE FAL W x=-10, x,=10, x4
=-0.9, x,=-08 L3 x,=-1.0 =, 120 min, 80C, -19.75C, 55% 1|1 800 rpm®]
= As & g AT 2Tk AR Rl el A A8 Weke FAH e
ki oflzte] AHxAL WA AA A A FxzI0] ¢hEhE A
v AFod AFFE 122 FolWAMRE VE] wAWA Y vd dags o
KX o

of
o

4. AE

B owRAE TE wgwsel PiRyel U AREAL Fu 2amge 7]
HEE Avssis AAs Were ol gdtel FAWESN FAFEL B nelw
B W A wek SVE Ak 3FeIM S Aol g Al
Were Agatel PSE 2 FolWAR 1o wAMIPHA VS AHE
Qg & QA EF A BA AR Pore Aol FEUS wstolof
s17] miel shikel ARt A= ThE FEAA F Al o] FASHANA F
Aol FF A BPEAL HE F AACL Pk AA pEe FrIGY ol
A AR2AS 27 R BPEA 2707k Gl Aol Urk mMiE WA
AgwA e 24 wamgs Sgudel e Azl AW AHs Pore
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Egude ol ggony V12 & AP APAYY 2L 28U F o] oy
A vhebE e AN B A4E A BARS AAW 5 ol uAdete] @
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