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A Study on a Measure for Non-Normal Process Capability
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ABSTRACT

All indices that are now in use assume normally distributed data, and any use

of the indices on non-normal data results in inaccurate capability measurements.

Therefore, C,i1s proposed which extends the most useful index to date, the
Pearn-Kotz-Johnson C,,., by not only taking into account that the process mean

may not lie midway between the specification limits and incorporating a penalty
when the mean deviates from its target, but also incorporating a penalty for
skewness.  Therefore we propose, a new process capability index C,(WV)
applying the weighted variance control charting method for non-normally
distributed.

The main idea of the weighted variance method(WVM) is to divide a skewed
or asymmetric distribution into two normal distribution from its mean to create
two new distributions which have the same mean but different standard
distributions. In this paper we propose an example, a distribution generated from
the Johnson family of distnbutions, to demonstrate how the weighted
variance-based process capability indices perform in comparison with another two
non—-normal methods, namely the Clements and the Wright methods. This ¢xamp1e
shows that the weighted variance-based indices are more consistent than the other
two methods in terms of sensitivity to departure to the process mean/median from

the target value for non-normal process.

+ o FAAHE U bR
| e}

*

*
[

13
=
o
ks
e
2
o

(o]

Jin
ol

-311-



I.AE

B =fdMe BAAEAR deoldE deded M Bddoz AEHI UE

Pearson Al=®& o]gated vA7 T e M2L 3HTY 5= Cu(WIE

Clements(1989)el o8] Hx=z A7i=HAG. 2 F v]A
Clements®& 283 Al 2- 4 34d ¥85HA+ A
o ols] AAHo] gt WA B AFoA AHEE stF At 71z FHTEA

T Cpud WV Clements B2 Al 44d S AT Azt A] &332 70d

x
rlo
g
)
sy}
=
=}
A=)
=
Q
~t
N
N
=
<o
O
I
!
Ul
g

B FAEIY. A2 Cu{ WV)E Johnson A28 Spxdg AMEstel o & 2714

C,= = 6o 2.1

( USL—y p—LSL

C ,»= min 35 35 )=min( C,,, C,) (2.2)

USL—LSL

c. = ‘ (2.3)
b 6V o2+ (u—T)°
¢ = min(USL—T, T~ LSL) (2.4)
» W o2+ (u—T)°2
_ min(USL— p, p— LSL) (25)
Come WV ol (u—T)? '
Cos = min(USL—u—|p—T,u— LSL—|u—T)) (2.6)

W oi+ (u—T1)°

-312-



A7 p= BAY HAF, F& BAHY A USL LSLR T:

w,
of
ox
o
=
il

3.1 Pearson Al&®el] ofd FAFEAE: C,y
Cy#2 437 fslA 221Dl A Clementse 60 A U, — L,2 235} 4
(3.1)3 o] vetin.

_ USL - LSL )

A7IM U,& 99865 #EHFeln, L,& 0135 #EHFA M e Yebdo
Cpl TLE HTo2 4Q2)MM USL— p il USL— M2, p— LSL B4l
of M,—LSL= W35, 3¢ 424 U,— M., M,— L,2 =9 2(32)8 2}

[ USL— M, M,—LSL .
Cp = mm[ U, M, M.-1L, =min( C,,, C,) (3.2)

Com» Copm>» CypmpS Pearson 3} Kotz(1994~5)e] @B e 2 Jglm 21(3.3)~2(35)
9 o Bk

co— USL—LSL (3.3)
" Up"Lp ? 2 '
6 (~T—) + (M. ~T)

min[USL— T, T— LSL]

Com = U ? (3.4)
3\/(—%) + (M, -TD?
Cpme = min 7 (j;l’ M. =7 AZ —LSL . (35)
3\/(——-—)+(M n? 3\/(—”)+(M n*

3
B Ao A= Clementse] W< A 44d] 3ASEXR

22 §35845 Cud 4GOS Urhd 5 oo

Sol7tx BN A, A)

USL- M .- M, —T M.—LSL-| M,—T]

Uy~ M, ", . M,— L,
18] (—25=%) + (M-D BJ(f)—(M n?

] (3.6)

-313-



32 Johnson AlA&®of} o3 FAHFHX| S

Bl E A A AT s dwrdAZd "o C,& AQGDHY 2o

Cpd A%el Yutsts AQ22e #2 #AAQ LSL3 USLL Johnson ML
2ot} 7,7 Zy 3o Asaskol A3 o] vehdnh

. Z YA
C = min(— 3L 3U) (3.7)
33 dxo RS FAFHASL C,
C ——mn(USL— pu, pp = LSL)
T3 o+ (u =D Hluslol
—l#—ﬂ
(3.8)
T3 o (i—D i+ uelol
A7NM  pae HOAYS AFE7] Yl BR e 92 33 A3 gz
HEE o2 Urd Foge $o) vuYe APAANL EF Mg 4 274
A 283 Co 4 FE g2 UFE 2398 o) B}

1+ {((x—~ Doy +|8Y

ANV B = p3/03e d59 AEH FFaE ZEo|n
34 7t At 7izx FHFEAF

7} &2 R (the weighted variance method : WVM)el 8 71Ed e U3 HFz
ol REAANE ZE 2709 AR REZE 9t=E AL gustE Ror = e
52 HUAREEE 29 HFEER BEIe Holg. WVME 7tAste 23 dol
Hej 5SS o L3 B2y E= Choobinch & Ballard(1987)ell 98 A7¥ % 1
N2 & Choobinch & Branting(1986)2] wrE4F ZAle] 71x3ch weld 715 E Ak
7128 TATHAFTEL AATAH A THSHAFTES G #ol FAHIA
Yetd £ o

éﬂ(wmz—({%l—;[;% (3.10)

-314-



714

9, SRADERY 4F E2BA SpH SpE ¥ BRERLL wddo
24 thgT} 2ol vhehuth

S s 2
2 Z](A" T) 27’21_1

Spi= o = s+ (X — T)? (3.13)
Snzz 2 :’Zvl(X"* n’ _ 2ny,—1 20 (T 2
5 oy 2 H(X=D) (3.14)
Cpk(WV):min{ -XESILSL : USI?:S;“?] (3.15)
Com (WV) = %]—TLS% (3.16)
C,,m'(WV)=min[ TES];]SL : U%;T] 317
Comp (WV) = mm[ 7%3]7‘_18[“ , U%Ié;zy] (3.18)
@M(Wv):mm[ "X’—LSLB}A X—T]| ’ USL—T(?:SYIQ X-T]| (3.19)
V. ey 2 33
ATl Atk A NEAY FAFHAFY Cpudl 57T UFe7 9

&tod Pearson Al 4w 4txMo] diete g shwh® Johnson AlZEle]l SpI el Ao
AedA s dixe] WgsA Mgy C 2 d TALHAAFE vy R 5%
o] A= Hahn and Shapiro(1967)7F A A& oAlE Q83 <X 41> [SL= 04 .
USL=09%! 4o %e T=0502 H&2 50078 A3 dlole] s

b
il

-315-



36.1
74.1
93.8
90.4
73.0
52.0
337
19.9
10.8

4.1
500
3.64

-
1A

33
99
87
32
21
500

n
e}

Ko

20
0.875
09% 3

0.475

04012
05

NO

A
P

10

11

41> 05 2 A3

ik

glste] vebl i
<

e

sA

&+

A
Jo
1_.M0
o

5

o] &

4.1 Pearson(Clement®)ol)

<E 42>% Zt}.

il

2 3

—

o)

oj
Nz

4

ar
Jo

rviel

Ho

4.2 Johnson AlZ=®lo]l 2%

>s 2o}

[aN]
o

2
T
T

pre

oj
N

e

i
Jlo
ﬂmo
Ho

TEAF(C) 2 7L
1 Aol 23

.l
o

= v
P E

T
p64

1

gt

1

u
“

43 =i

£
ol
iy

ol

i

Ho

.

<H 42> &g

=
=

T
THXA

3

A

o] 27k ¥

'
4

2olq AEA A
AEC R

=
-

p=cS
L

2
Abstod

o

-

JohnsonAl 2~ &le] AH$ 0313
o}

<HE 42>14

[}

-

A% 030
o

al

)

WVMe
ol

7

0242 v}ATFF A Pearson Al2=®¥< 4% 0259 e 21,
23]

A
(o]
pai

Cp$k7}' C;m li r’}'

Al

<
F gojRlA] a1

B ts ol o

9 Pearson® Johnscn HH ol A3

ol
p8d

=M

IES-E LR

Cpsk( 14 1/)

o))

,umo

o
o

T
H
~E

W
JJo

4

= -
R

a2 O
e

—
L

A A kst

{=]
Rl

¥ =
T LI

~N
e

!

Z2

7}

-316-

3o

7

1

1

M<

= T

p—

Eal
)



<E 42> A9t €AW FFFHAF A 23 ) Ha2GE JEED)
=) 4 o
%Xc_)}i‘?f“‘?_r Cp Cpm a;m Cpmk as Cpsk
9 AgTy ol
Normal 0.791(060) 1 088 | 060 | 024 | 046 033 0.24
WvmM 1.08{(098): 115 070 | 030 0.57 - 0.30
Pearson _ ~ ~ _
0.63 (0561 067 ] 054 | 0.21 0.45 -1 025
(Clements)
.\]OH’NOITnal (074) 080
Johnson | 0.80 : 064 | 025} 048 -1 031
(0.78)1 0.85
Wright - 033 -~
ol RREA ALY C, R 358 wedFo] MARTRY TASAL v

rz
of
>,
N
y

V. 28

BasAd AdoAA A 4Hd AF Cpuv ZEXNZRE T Hojde dizh

73

2ol EARM Bael A%t |x- 718 SUTLEA, Cpui ¥H 2SoIhD 5
Qs @zl Aol strigts FAl A VAN olulel A= AS
S a%x BE ASE AU AN Cpurt A A Ao MR A

$. FAo) ZEAZPH WY 1 W] VAo ARE A5 cps,;: 37

-
o
=

diolelofl daiMd= H 838717 € Edk 2284 Clements ‘%ﬁ% olgjzl & H %"23%
AT ES2 BYFES A 23lo] AT Fozy uAFLAN st FAHEExTE

g olal= Wojth,
2 ARNAE MATERN d5td] Clements$¥ e B4AA 4z TA=LAS
w

A Co( WV)E AQkste] Johnson Wweol SptdS HE&AA Adg 53 d0e

-317-



AR Foz vAHT FAHA g Johnson Alz="e] S;#HT vlusiA  C, 7t
Bergo 2x2% B A vAFTEE 2ui2A #Hisle FATEASLE
Hao] Folof o}

Ansd

{11 Benson, E. D.(1994), “Statistical Properties of a System of Fourth-Generation
Process Capability Indices C,,(UV.W)" Ph. D. Dissertation, University of

Marvyland.

[2] Boyles, R. A.(1991), “The Tagux Capability Index,” Journal of Quality
Technology, 23(1), pp. 17-26.

[3] Chan, L. K., Cheng, S. W., and Spiring, F. A.(1988), "A New Measure of
Process Capability: C,,," Journal of Quality Technology, 20(3), pp. 162 - 175.

[4] Choi, B. C, and Owen, D. B.(1990). “A Study of New Process Capability
Index,” Communication in Statistics. —~Theory and Method, 19(4), pp. 1231 - 1245.

[5] Choobinch, F., Ballard, J. L.(1987), ~ Control-limits of QC Charts for Skewed
Distribution using Weighted-Variance ~, IEEE Trans., REL-36, pp. 473-477

[6] Choobinch, F., Branting, D.(1986), ~ A Simple Approximation for semivariance
", Eur. J. Oper. Res.,, 27, pp. 364-370

[71 Clements, J. A.(1989), ” Process Capability Calculations for Non-normal
Distributions.” Quality Process, 22(9), pp. 95-100

[8] Farnum, N. R.(1996~7), "Using Johnson Curves to Describe Non-Normal
Process Data,” Quality Engineering , 92), pp. 329 - 336.

[9] Hahn, G. ], and Shapiro, S. S.(1967), “Statistical Models in Engineering,” John
Wiley & Sons, Inc.,, New York. p. 207.

[10} Johnson, N.(1949), "Svstems of Frequency Curves Generated by Translation,”
Biometrika, 36, pp. 149 - 176.

[11] Kane, V.(1986). “Process Capabiity Indices,” Journal of Quality Technology,
18(1) . pp. 41 - 52.

[12] Lovelace, C. R.(1994), * The Development of a Process Capability Index for

Non-Normal Processes  Naturally Bound ot Zero.” Ph. D. Disscrtation,

-318-



University of Alabama in Huntsville.

[13] Peamn, W. L., and Kotz, $.(1994~5), "Application of Clements’ Method for
Calculating Second-and-Third-Generation Process Capability Indices
Non-Normal Pearsonian Population,” Quality Engineering, 7(1), pp. 139-145.

[14] Pearn, W. L., Kotz, S., and Johnson, N. L.{1992), "Distributional and Inferential
Properties of Process Capability Indices,” Journal of Quality Technology. 24(4),
pp. 216 - 231.

[15] Slifker, J. F., and Shapiro, S. S5.(1980), "The Johnson System @ Selection and
Parameter Estimation,” Technometrics, 22(2), pp. 239 - 246.

[16] Wright, P. A.(1995), "A Process Capability Index Sensitive to Skewness.”

Journal of Statistical Computation and Simulation, 52, pp. 195-203.

-319-



