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Abstract

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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1. A&

12 S %l:“i}(Taguchi [1986, 1987l = FAEAH9 FFRL ol ¥WF S
he® Zole AL BFHozZ dv. A HAuivlg AAdAM JARuIEES o)
A 2ef 4 (product array)2 Alo]Axt} FSUAle RE mEaL4L udyd APwH
£ 3o AsRYE 9t Aol F3AxE FAEAAY FAUFS
A7le 488 gozn drd EASUA FAld FA5AXY AL ERAI F
T AlolUAY AF{xAUL RS + U EH2E MAE J58A §t

getulg AAA e Aojedxet AeAe] vE Ei’-‘}%% 1oz
AN AdF7t AYANA B B °]"4"4 FA4EE 3d8A A= T 2L 9Fe v}
A1 Ao e APFE 29 F UL ¥ oy J&9 F 75‘38 AE48Y
°oJE& ol &% diAWde] AFH 9;1‘:} I FolA vl 232 (combined array
approach)©] Welch, Yu, Kang, ¢} Sacks(1990)ol] ols] A€oz ALHYY o ofF
2 Vining$} Myers (1990), Box$} Jones(1992)59] 93t AFHAU} EFujgolad
FEAAE AojUAe} Zo] 3t AFuido vixdte APuhES L)

HE-Ee AgAgAE HEEFr 3 AQ AS AAQAEY HHzAL Fn
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Aoy AAl dFME ofd Z9o APAZ #BF EAolE FAld mastoo}
g guigrt o8 U AFS F, dF w-S(multiple responses)! B$-7F i)
9. oF utgoA HdAQzY] HHZHL = WL Derringer?t Suich(1980),
Khuri®} Conlon(1981)59 93t olFoFo, ey A AAE WUgEL Faw
TS nEsA g2 FA HAH3 wdolgd. £F A davig AAdA gF u
S0l FF A7 AY HAUA &&= AAHo)

B =89 E3& Derringer?t Suich(1980)7} AAE 7| AT E o] L3t SguQ
of ofjt APujAoAY Z2H2AE HAE YT 5 vh-3 FA HFH3 detg AUgsn
O3R Wy ER vliwstd A2o] Ag wWye] B A&3HYS Hoj:d Yot 2
oAl AZE tdF g FA AF3 4dS AUAda 3-NAME B =FA A
G FAs Wad g7 YHER AE S0 vE ATE FPUI 4PN B

=29 o3& ANHAH.

2. 2 2E HAAE 4 gdF vg FA HH3}
21 JAEF3 AR Y

S ye AAAS ()T FEAAE(2)9 A8 o] AsHATGH 7R AL.
AAAASTH FSARAES 4 & 2=(x, %, 2) '} 2=(2,25,,2) "2 g}
W12 st APsE NelZ HeHSEe /A5E 7 olghn sd WA wgus
9] olAINARY L thgH Frh

vi(x,2)=B8p+x B;+xBx+z2Rz+z y+2Dx+e, i=1,2,-,7 @1

G471 Bi= Ix1, riemxl, B/ =B Ixl R/ =Rix=mxm, D mxIQ

R
2w SAASEY Wy F& Foln &= A HgWFAH Yool
%, A@De 9L dehid ded 2o

yvi=X 0;+ &, i1=1,2,,7 2.2)

A7IN e ¢ WA BguFolMe] X Nx] HMEolm, Xk Nxp §39
718 3 & (design matrix)o]| 2 ASE p, H BgASFAXNY b, = px19 2T
o AAASEY dyolm &= APeae Aol 4 22)9 BAY Poz

E(_Ei)=.0) Var( §i)=aiiIN1 Cov( _Ei, £J)=6: N i,j=l,2,"‘,r, i*j

o] AgEy sz & rxrddolun (L HHUA Y2E gy0th A 22)6A F
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AR mhe Hg veD ol 2 & Urh
) X 0 -0 —al £
y=| 2= 0 X0 & | & |- z9+¢
v, 00~x/| 8] | & 23)

714 y& rNx1, Ze rNxrp, 8= rpx] 28|31 & rNxlojt} F¥ go B
A-ZEIYE L O Zo

Var(e)=3Q@I= Q.

o714 @& ZZYIF(Kronecker multiplication)©]t}.
H(23)o A g9 HFAY EHFA F(best linear unbiased estimator(BLUE))&

T=Z'DNZ'W=(Z2D'Zy=(8"8. B
ol &7 Gi=(X'X)7'X yi= A wgere HAAS U@ JrAFE
Hgoltt, JdA wewse 2L ggH g
vi(x,2) =£(x273, i=1,2,-,7 (2.4)

714 g(x,2)€ (2,2)R44 AdHAA XgPe P34 2 P9 W o}
424e dAl g3 2L AYgd 2333ARges Yeid $ Qo

v:(2,2)=by+x'b+x Bix+z Raz+tz r+2 Dix, i=1,2,r ©25)

FEAAE zE 49T HE AY £ Yo AAZE AT 5 U= FFUSE
olth. zol #H TE AAo] gt AL FuYY R4 FYLE(uniform
distribution)& 7HY8 A et FESAA 29 WANMS oW gl M PFE M%)
2 Jehvlz s ol® “idd 24" WREY ol W gt 2o

mD= [ 3ix20@dz, i=12,7

G714 p2)e 29 FEIEFFoH zv R(—-1<z<1)0y FILIEE I}
Box¢t Jones(1992)= H#R AL g3 gvx s



m(x)=by+x bi+x Bx+(rR)3, i=1,2-7 (2.6)

4714 MR 98 R iz 2289 Folnh. ¥, St A wgas
o) 339 PYFEYo) g HFAFAE(mean square variation)g v;(x)e W
ge 2o

v; (%)= fo( yi(x,2)— m(2)Y’NH2)dz, i=12,,7.

Box ¢} Jones(1992) A AF¥E S oS 2o 3.

fl

?),‘(.Z)‘_"( it D,‘X)'( z;+ D;Z)/3 + 2,’. i=12,,7 27

A7l A= ( 7)2+ 557550 ;1 ( P’ ) 5olm 7i'e Riel juid 9
3 kA g giott 2= 9;(2)8 M 2R BATE g AL

22 FAWEA A8 93 ¥ FAAA

% & Derringerst Suich(1980)7F AN 7@+ ol gste] EFo] £4E Fa
540z A@Hd A2 HABPLe Atsns #9 BATYE Fasyom
2ARgo] H2gd @ A 7HF DA WA AdeS d(D)Fe 10]

Wz o A g ARAAA 0] Hol dlLgtol 0o] HEE e B
zug @

hu

al

|

Q

=
s
{ 0 Vi<vx)
® ". q
[—QL:‘M] V< v )< 0]
Vi U

1 v{x)<v,,

d,(&) =
(2.8)

AN e Minp VD), vix MaX.ex V(D) 223 ¢t Y9 AsAe
UERdTh gztol 248 BARYo 2 AN JYEEgol 19 YA n
BARgo] ZEXo 2Fu AL Ahedsol 0o 7HALAE Fgol gk
WA A 239 2any v(DE A JgEs dlx) 0<d(x)<D=z =
g @ g i EARHe gF £ ANNTFE JSGEFS Ao e

DV() = (d(x)xdy 2)x-xd (2)) V" ©29)

mebA HQNA »H EARFG A HHWAS b o] Ateh
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xek, PV = D% (dil@)dy(a)xd ()"

(2.10)
H1023H FAVEVS AT W ARl dE AL 7T 4 A 9o,
23 4 wg SANAYst B

WMt el AY A ZHLE HAE 87 AF SAHAN Yoz FA
Pl ARRAL FUN FAUEES Fol7) A% FAAAS AL 42 2 &
e Relth wews7t 7Y A FFUFA U@ £ %S DWx)E =
# T Be FAHAS $Ae dast go| AdstnA @i

Ssv= T2% (dy(x)xdy(x)x--xd(x)) yr, i=1,2,-,7,

2=k (2.11)
m; <L< m(x)<h<m; : $554

AdzA m(x)>L>m,, - G EA
m(x)<h<m; - GAEXN

A7|H mye min epm{2), miz max ,op mAx) olm L3t Lt Qoo W4
olth, H21DoA L& 242 b 245 ZAYTF T A2 AsiE o
ER3A%50 dg 240 AXNE FFe) Ak

3. vjm A7
3.1 2AMdyd=y

gl A WESulh(inner array)le 2459 AloUx A B C, D 181 F
2 Aamg Lg2®)e wasz o2ud(outer array)l 245( No: 3% z3A, Ny g
B 239 BeUA NE AL <E D>NE Aojate] Bkl Uehy o <E
2>t A oF AguAY Zx AR ¥ 9} vl= AE Yol g 7M3HQY A7)
Aok Z= AR V& FdEA I3 R AE Ve BAEAo fEe <E 2>9 A
YAe2Rg g go] SNH|(signal-to-noise ratio)s AN 4 gt (1) Fo=A:
SNi=—1010g10[1/3,§3‘1y52]—30, @) Bgirsxy: S f=—101°gm[1/3,z3;’%]+35.

EARNAD <E 3> T8I <E 4SZRE yoMEA B 181 CAA ofFE &
dan »YNE D FARA7 #osth gy <¥ 5>RE A H¥y zae
AyB1CoDyFy (120 min, 80T, -20C, 5%, 800 rpm)°] €& ¢ 4 Utk



<E 1> 293} 5

A 1A} 05E 157
{ A : 38 AzH(min) 120 130
B: A8&%(T) 70 80
C: Y25 (T) ~20 -15
D : #H7t(%) 5 10
F:E@&S0mmpm) 800 900
<E 2> uAejde] g AP
8UMWA A BeeeeelCeeDeeFe
MF 1 2345678 9101112131415 |n,
Eh: By \ .
1 -1-1-1-1-1-1-1-1-1-1-1-1-1-1-1 [59
2 1-1-1-1-1-1-111111111 |59
3 -1-1-11111-1-1-1-1 1111 |65
4 -1-1-1 1 111111 1-1-1-1-1 |51
5 -1 1 1-1-111-1-111-1-111 [59
6 -1 11-1-11111-1-111-1-1 159
7 -11111-1-1-1-11111-1-1 |65
8 -1 111 1-1-111-1-1-1-111 [5]
9 1-1 1-1 1-11-1 1-1 1-11-11 [59
10 1-1 1-1 1-111-11-11-11-1 |59
11 1-1 1 1-11-1-11-111-1 1-1 |65
12 1-1 1 1-11-11-11-1-11-11 |51
13 1 1-1-111-1-111-1-111-1 [59
14 1 1-1-1 1 1-1 1-1-111-1-11 |59
15 1 1-11-1-11-111-11-1-11 |65
16 1 1-1 1-1-111-1-11-111-1 |56
<E 3> »n9 BARNE <E 4> Y9 BAEAE
2.9 S f | Fy L f
A 37830 1 37830 1327 A 04658 1
B 36290 1 3620 1273 B 2180 1.
C 71824 1 17184 2519 C 17490 1
D 06400 1 06400 224 D 13745% 1
F 0020 1 00240 008 F 133043 1
e 2814 10 02851 e 44805 10 -
A 181148 15 A 349342 15




<E 5> 2% &% 8%F

29 FE ol e SNH9] & | volrje SNulo & | FAFE

A 0 ( 120 min ) 4762 4781 O
1 ( 130 min ) 39.84 45.08

B 0(70 TC) 3992 43.49
1(8 C) 4754 49.40 0

C 0(-20 C) 49.09 43.40 0
1(-157T) 38.37 49.49

D 0(5%) 42.13 53.86 e)
1(10% ) 4533 39.03

F 0 ( 800 rpm ) 43.42 53.74 0]
1 (900 rpm ) 44.04 39.15

32 s@¥wagd=y

ANRER FEARE (2,20 24F0l22 ARAARYe2 Y 7} 3l
o webd AoldAst FEAAY BEAEL LA AP A IRIARY
& g3t 2.

};(x.z)=bﬂ+x'£i+i'1i+g' Di-x’ i=1,2,, 7.

224X e WPos A FHE YZEIAF BARYAHL g5y g,

m(x)=by+x'b;, i=12,,7. (3.1)

?Ji(_z)=%( zi+ Dx)( 2+ Dix),  i= L2, 7 (3.2)

MA 238 B2y YEDE e o) 1A & & A
lizi(ﬁ):_&'(ﬁ) je\o,' 1= 1,2,"', r

Q7N K@=z, 2) agn Gou= (b, b,, b)) B, a3
Tolth

S Lol AU £ (FL A), H(EL B) YR S L O% FAR %
(3L D), 5%5(FLF) 2331 23 NE i Fald L% 29wz @
o <E 6> FHuldel o 4PARAY $A TANAE 2>F AL )0 o
@ dEARdA 128 A2E At DAL SPude TAS ZANA
MEE7] A5t <E 6>0lH 59 Aol 14 FLARY £Fo] YA st



72

2ANA <E ¥ AYAEE AAG 272 @R RN yeldE
AxNel 283 ¥oldE BxNol #oe ngtth weby <X 6>4d FeAAe

499 4% wWixsd @ Aol
<E 6>2FH F4d 2% JARILS & & oS3 2o

¥, (x,2) = 60.00 - 3.25%, + 3.13x,— 4.25x; + 1.38x, — 0.13x; — 1.00z
— 2.252%, — 0.632x,— 2.252x; — 0.882x, + 0.132x5. 33)

¥2(x,2) = 29.31 +0.94x, — 1.06x,— 1.19x; + 3.06x, + 2.94x5+ 0.062
— 0.81zx, — 1.812x,— 0.442%;+ 0.312x, + 0.192x;. 34

A(33) 2gx 4QBHZ¥E H@e)% AQNE o4sd, teH 2e 239 YREYAH
BARYAe det
my(x)= —3.25x,+ 3.13x,— 4.25%; + 1.38x, — 0.13x;+ 60.00.
my(x) = 0.94x, — 1.06x,— 1.19x;+ 3.06x, + 2.94x,+ 29.31 .
1(x) = ( —2.25%,~ 0.63x,— 2.25x; — 0.88x, + 0.13x;— 1.00)%/3,
vy(x) = ( —0.81%,— 1.81x,— 0.44x, + 0.31x,+ 0.19x5+ 0.06)2/3.

SeE 9A AL UF Be BAHEY 25 SV AQ1DE ol4sd FYsiad 3l
o] Y94 MATLAB 609 ST 2o Ut “const” ¥48 A2 @ E0]9
q R -1Sx,%,%,%,% <1 9 sy Aos, R, Figx m (),

my(x), v (x) a3z (X9 wWae Z #  47.86< m (2)< 72.14,
20.12< m, (£)<38.50, 0.00< 7,(x)<16.99 =gz 0.00< ,(x)<4.370|t}.

A% A8 ne BuSHolnz F7Fey m(De 2= Juyg 72147
HiI uE A8 Yl FASHOIEEZ my(e) BEEAE Haz 20127 Ao =
@ 2arg (Dt Jag 1.=0.00m Hugt v]=16.90Ict. 8d v,(2)
£ Aoz 2.=0.000 Fugr 0j=4.37010. 2argq ad Aggss A
2124 A% ¢=1% A4 F 7UdsEE 729 ¢ 4(213)E HEAY <E
>¢ BY, $UE4d FE A8 o gred m(De ExAE Aug 7214
olmz PFEPe ARZAL 60.00, 6300 12T 6600 O|FOT B4E AHAHO
o Eg BAEHA myla)e] EEAE Hagto] 020022 AFEAL 2300,
2400 13 2600 oz GA TL4ES ARARL W EAWSY F U4
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DW(x)& HuistAzl AFeolth <E T>olM ZE AE M 912 A8 39 3
FFe Azl 69.00 o4 2300 olstd W AAAY HAHAZPBL X;=-10,
X9=10, %¥3=-09, X4=-08 T8 X5=-10 o|vj o o my(x), my(x), v (x)
a8a v(x) e 7 7 6923, 2299, 3.45, 032 ot

<# 6> FHIdd % 4FA=

4 A
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 Y| ¥,
ch:hin
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 1T 1 1 1 1 1 1 11!5]30
3 -1 -1 -1 1 1 1 1 -1 -1 -1 -1 1 1 1 116933
4 -1 -1 -t 1 1 1 1 1 1 1 1 -1 -1 -1 -1{5H6/29
5 -1 11-1 -1 1T 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 -1j61}21
7 -1 1 1 1 1 -1 -1 -1-1 1 1 1 1 -1 -1174!30
8 -1 1 1 1 1-1 -1 1 1-1 -1 -1 -1 1 1/|59(25
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 1T 1 -1 1 -1 1 -1 1 -1i51}31
11 1 -1 1 1-1 1 -1 -1 1 -1 1 1 -1 1 -1(5741
12 1 -r 1 1-11-11-11-1-11-1 114426
13 $1 1T -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 1:65132
15 1 1.-1 1 -1 -1 1 -1 1 1 -1 1 -1 -1 11!62]|20
16 1 1 -1 1 -1 -1 1T 1 -1 -1 1 -1 1 1 -1]|51]31
712¥2A]| a b ab ¢ ac bc abc d ad bd abd cd acd bed abed
““7‘] X X3 e zZ X2 X2 e X3 e e X4 e e Xj e

<E 7> FAHAHF et SV

HAA SAHA S g

XT X3 X3 X4 ;;ll(ﬁ) ";lz(I) ’1}1(.&) ’1)2(.&)
Adza  m(x)= 69.00, m,(x)< 23.00

-1.0 1.0 -09 -0.8 -1.0 69.23 2299 345 032
Agdza  m(x)= 68.00, my(x)< 24.00

-1.0 09 -0.6 -0.4 -1.0 6820 2397 170 022
Agza m(x)= 66.00, m,(x)< 26.00

-10 06 -0.1 03 -10 6610 2883 017  0.02
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33 A3 Hx

3133 32328 7I€9 gd3x Y$EE F SNHE AHES wxiudgdady ¢
7t M2o] A FFuAHAIYANANY TF v FAHAZ Wy vnyg 5
A& Aol

AAujde] d3} <E 552REH EAFHGR 2AL ABGDF( X1=-1.0, *3=10,
X3=-10, ¥4=-10, ¥5=-1.0) =, 120 min, 80T, -20T, 5%, 183 800 rpme°] U2
Sduide A3 <F O2ZEYH FAIA3 AL F 9 FAEAA HERHY
W AF2AE 6900 o] FF 23.00 °J&=2 FAL W x=-10, ¥2=10, ¥3=-09, %
=-08 &3 %5=-1.0 &, 120 min, 80T, -19.75T, 55% 122 800 rpmo] HE R
S ¢ F Adug. 87 AUz T FAAFHZ Wk FAHF AR
ol w2t Ao HHXAL WAt AUXNA APzl 43HA Fe
Z4o] AIFFE 122 Fo|UAE JIEY ANEHIYY ¥k ARE S
A3}

4. A8

B =EdA 2ol AYT HEHE e ALt AFFE IAA FolHAE V)
F9 aAuldHaT v&d AU 4& & YA B GFRY FA AAg
Wk AlojdAre] FEWE Hatojof 37| wWFEoh e AT ME gE
AN F A o3 FAEFAAA FAY fKo@ A BHIARALE 2E F AL
Y sk Add e Fudg welA FHzAL F7] Wi Bdxd 275
£o1¥ F3o) Uk

FaFd
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