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In the industrial fields, the process capability index has been using to evaluate the variation of quality in the process. The

traditional process capability indices such as C,, C,, C,,

and C have been applied in the industrial fields. These traditional

process capability indices are mainly applied in the univariate analysis. However, the main streams in the recent industry are

the multivariate manufacturing process and the multiple quality characteristics are corrected each other. Therefore, the multivariate

statistical method should be used in the process capability analysis. The multivariate process indices need to be enhanced with

more useful information and extensive application in the recent industrial fields. Hence, the purpose of the study is to develop

a more effective multivariate process index (A/C,;) using the multivariate inverted normal loss function. The multivariate inverted

normal loss function has the flexibility for the any type of the symmetrical and asymmetrical loss functions as well as the economic

information. Especially, the proposed modeling method for the multivariate inverted normal loss function (MINLF) and the expected

loss from MINLF in this paper can be applied to the any type of the symmetrical and asymmetrical loss functions. And this

modeling method can be easily expanded from a bivariate case to a multivariate case.
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<Figure 2> Modified Quadratic Loss Function
<Figure 3> Symmetric Inverted Normal Loss Function
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<Figure 4> Asymmetric Inverted Normal Loss Function
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Interval of Asymmetric Multivariate centered around Target T; Max. Loss
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<Figure 6> Modeling Method of Asymmetric Interval for A/C,,
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T, <, < USLy, LSL, < xy < Ty, LSLy <z, < T}

A6:1—exp{—%(X—T)TA*(X—T)}: ;

T, <2, < USLy, LSLy <, < Ty, Ty < 4 < USL,

A7:lfexp{*%(X—T)TAA(X—T)}: )

T <z <USL,, T, <xy < USLy, LSL; < 53 < T}

A

'1—exp{—%(x—T)TA*(X—T)}: ,

0

T, <2, < USLy, Ty <y < USLy, Ty < x4 < USL,

EL(X, T)]
_ / / ALX, T)f(X)dX
s, LSL,Y LSL,

7 T, USL;
+ / / A,L(X, T) f(X)dX
s, LSL,
7 USL,
+/ / A L(X, T)f(X)dX
LSL, LSL,
iy USL, [ USL,
+ / / A,L(X, T) f(X)dX
LSL,
USL, 7,
+/ f " ALX T A(X)dx
LSL,Y LSLy
USL, T USL,
+ [ [T A ) pxax
i LSL,Y Ty
USL, USL, Ty
+ [ A mpxax
i T, LSLy
USL, USL, USLJ
S0 P B
T

T) £(X)dX
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/ A L3y, 2oy 30) [T, T9ym3) dTdyda,
s, 1sn,Y LSt
T, pUSL
/ / ALy, 24, ) f(2), T905)dasdrgde,
LSL,

USL, TS
/ / 1:1 Ty xQ)f(az17 z27x3)dz3dz2dl’l
LSL, LSL,
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(2) AL m(u=T)

T, =55, T, = 5.5, 2,~N(6.5, 08), 2,~N(3.5, 1.0), LSL, =
25, USL, = 8.5, LSL, = 2.5, USL, =85, A’ =[1, 1, 1, 1],
A= 1.398, A,=1.398, ¢=0.65

%123 0|

<Table 2> Comparison between Univariate and Bivariate Cases
in Symmetrical Situation(p=T)

USL, f USLy
/ / A L3y, T4, ) f(21, T9y13) dTsdrod,
L8,

UsL, T, T
/ / ALy, 24, 7y) f(2), T905)daydryde,
LsL,* L,

USL, T, UbLS
+/ / / L(xy, T, 1) [z, 29,75) dydayde,
LSL,

USL, [ USL,
N B
LSL,

USL,  USL, [ USL
+/ / / ASL(Z'l, Lo xQ)f(ml, xz,x3)dx3dx2dm1
7 , Y

:L‘l, T xQ)f(xl, xQ,x3)da::;da:2dx1

4. x| o

9] A o= 471419 gz dgte] £4 5
AAE 7ol AT A4 (correlation coefficient) 7} H g w)
ch 2k oA Ere] 23S njwstax} skl
4.1 2H2¥(Bivariate)
4.1.1 AL o

(1) xI&0l %S W(p=T)

T, =55, T, =55, 2,~N(5.5, 0.8), 2,~N(5.5, 1.0), LSL, =
2.5, USL, = 8.5, LSL, = 2.5, USL, = 85, A" = [1, 1, 1, 1],
A= 1.398, A,=1.398, e=0.65

<Table 1> Comparison between Univariate and Bivariate Cases
in Symmetrical Situation(u="T)

Univariate Bivariate
No | Correlation D c MG, | MC,

a:l z,  |(z, 2,)|(z), 2,)
1 none 0 2.236 1.342 0.340 0.818
2 weak 0.38 2.236 1.342 0.304 0.802
3 moderate 0.51 2.236 1.342 0.296 0.796
4 high 0.88 2.236 1.342 0.277 0.778
5 very high 0.99 2.236 1.342 0.273 0.773

412 vt A AL

(1) AI2&0| 32 W(p=T)

T, =155, T, =55, £,~N(5.5, 0.8), 2,~N(5.5, 1.0), LSL, =
2.5, USL, = 8.5, LSL, = 2.5, USL, = 85, A" =1, 2, 3, 4],
A =1.398, A\,=1.398, ¢=0.65

<Table 3> Comparison between Univariate and Bivariate Cases
in Asymmetrical Situation(x=T)

Univariate Bivariate
No | Correlation D cr MG, | MG,

Ty Ty (Il’ 932) (Iu Iz)
1 none 0 1.677 1.500 0.851 0.746
2 weak 0.38 1.677 1.500 0.920 0.794
3 moderate 0.51 1.677 1.500 0.989 0.821
4 high 0.88 1.677 1.500 1.791 0.970
5 very high 0.99 1.677 1.500 6.034 1.069

(2) XI2H0l U= W(p=T)

T, =55, T, = 5.5, ©,~N(65, 0.8), 2,~N(3.5, 1.0), LSL, =
2.5, USL, = 8.5, LSL, = 2.5, USL, = 85, A" =[1, 2, 3, 4],
A= 1.398, A\,=1.398, ¢=0.65

<Table 4> Comparison between Univariate and Bivariate Cases
in Asymmetrical Situation(u=T)

Univariate Bivariate Univariate Bivariate
No | Correlation D Cr, MG, | MG, No | Correlation I c MG, | MG,

Ty zy |y, @) | (@), z,) 0! z, |z, 2) (@, 2)
1 none 0 3.354 3.000 0.851 1.175 1 none 0 1.118 0.671 0.340 0.543
2 weak 0.38 3.354 3.000 0.920 1.250 2 weak 0.38 1.118 0.671 0.304 0.528
3 moderate 0.51 3.354 3.000 0.989 1.292 3 moderate 0.51 1.118 0.671 0.296 0.522
4 high 0.88 3.354 3.000 1.791 1.525 4 high 0.88 1.118 0.671 0.277 0.500
5 very high 0.99 3.354 3.000 6.034 1.680 5 very high 0.99 1.118 0.671 0.273 0.491
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4.2 382K Three-Variate)

42.1 AL
(1) xI2&0 %S W(uw=T)

7, =55, T, = 100, 7, = 7.5, 2,~N(5.5, 0.8), 2,~N(10.0,
15), 24~N(75, 10), LSL, =25, USL, = 85, LSL, =25, USL,
=85, LSL, =25, USL, =85 A" =[1, 1,1, 1,1, 1, 1, 1],
A = 1398, A, = 1398, A, = 1.398, e=0.65

<Table 5> Comparison between Univariate and Three-variate
Cases in Symmetrical Situation(y=T)

422 MR o
(1) xI=&o0| ¢S W(p="T)
7, =55, T, = 100, 7, = 1.5, 2,~N(5.5, 0.8), 2,~N(10.0,
1.5), 24~N(75, 10), LSL, =25, USL, =85, LSL, = 25, USL,
=85, LSL, = 2.5, USL, =85, A" =[1,2,3,4,5,6,7, 8],

Ay = 1398, A, = 1.398, Ay = 1.398, €=10.65

<Table 7> Comparison between Univariate and Three-variate
Cases in Asymmetrical Situation(u=T)

Univariate Three-variate
No| »p cr MCG,, MC,
Ty Ty T3 (xu Lo, Is) (Iu Lo, Is)
1 0 1.186 | 0.802 1.061 1.735 0.710
2 0.38 1.186 0.802 1.061 2.142 0.756
3 0.51 1.186 | 0.802 1.061 2.492 0.780
4 0.88 1.186 0.802 1.061 8.704 0.961
5 0.99 1.186 | 0.802 1.061 100.532 1.126

Univariate Three-variate
No| »p c. MC,, MG,
Ty ) wy (g, @y, 3y) (a0, @y, )
| 0 3.354 | 2.268 | 3.000 1.735 1.505
2| 038 | 3354 | 2268 | 3.000 2.142 1.603
31 051 3.354 | 2.268 | 3.000 2.492 1.655
4| 088 | 3354 | 2268 | 3.000 8.704 2.039
51 099 | 3354 | 2268 | 3.000 100.532 2.389

(2) x|2Y0l AS W(u=T)

7, =55, T, = 100, T} = 7.5, 2,~N(45, 0.8), 2,~N8.0, 1.5),
g~ (9.0, 1.0), LSL, = 2.5, USL, = 8.5, LSL, = 2.5, USL, =
85, LSL, =25 USL, =85, A" =[I, L, L1, 1,1, 1, 1], A, =

1.398, X, = 1.398, Ay = 1.398, ¢=0.65

<Table 6> Comparison between Univariate and Three-variate
Cases in Symmetrical Situation(u= T)

Univariate Three-variate
No| »p (o8 MC,, MG,
T, Ty Ty (.7;1, Ty, .13) (.7;1, Ty, .1'3)
1 0 2.236 1.279 1.664 0.648 1.462
2 0.38 2.236 1.279 1.664 0.653 1.450
3 0.51 2236 | 1.279 | 1.664 0.697 1.444
4 0.88 2236 | 1279 | 1.664 1.253 1.421
5 0.99 2236 | 1.279 | 1.664 4227 1.415

M (= T)

=175, z,~N(45, 08), z,~N8.0, 1.5),

1:3~N(90 10) LSLI = 2.5, USL, = 8.5, LSL, = 2.5, USL,

=85, LSL, =25, USL, =85 A =1[1,2,3,4,5,6,7, 8],
= 1398, A, = 1.398, X\, = 1.398, €=0.65

<Table 8> Comparison between Univariate and Three-variate
Cases in Asymmetrical Situation(u= T)

Univariate Three-variate
No I o MC,, MC,
Ty Ty T3 (l’lr Lo, T’i) (951: Ly» 333)
1 0 0.791 0.452 0.588 0.648 0911
2 0.38 0.791 0.452 | 0.588 0.653 0.900
3 0.51 0.791 0.452 0.588 0.697 0.898
4 0.88 0.791 0.452 | 0.588 1.253 0.908
5 0.99 0.791 0.452 | 0.588 4227 0.921

Els
= 3] 2 M B
Aol M MC,, & N Hh o] A-Ho] gl W
A7E 1ol 7PAA oo}
MC, = bgE B7HA I

FE
N Eu

5.4 B

B Avol ANeE AT EARSE ol8F o
W FASAAS M, S Ve B 2 e 3
A seh vlag A3 e gt
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