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Abstract

This paper is a brief review of the different procedures that are available for fitting
‘heoretical distributions to data. The use of each technique is illustrated by reference to
a2 distribution system which including the Pearson, Poission approximation of Gamma
distribution and Burr functions. These functions can be used to calculate percent out of
specification . '

Therefore, in this paper a new methods for estimating a measure of non-normal
orocess capability for Gamma distributed variable data proposed using the percentage
nonconforming. Process capability indices combines with the percentage nonconforming
information can be used to evaluate more accurately process capability.

1. A&

AT LR e FASHASE Pearson System®] %S Clements(1989)9] & 9t
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Holus EFEY A5E ALdo 2N NATTAY FAFH da) 2o A oA
2RE& Y F e 2L TATHY 285 AN A g
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< AR g oy, HAHFERXY diF FAHTHY Sx2 B9
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2.1 Pearson system .
Pearson system< 2](2.1)9] 0] E2WAAE HZAI|E y= Ax) 9 EXEolt

& ma)y @2.1)

dx c1+cyxtcgx’

Pearson systemold #4ATL HEL o] 248 AAsL AP THYHY A
Rel 7128 ANHE.

Fx) o 2z 4L ARFE 25 ¢, o, ¢, & A22D~A@25) o] F
g9} 424 FaAY.

co = —uylpmy +3u3)/ A

= "V #2B1 (ﬁ2+3)/A (22)
oy = —pp(dpy py — 343) 1A
= —uy (48,—38,) |A (2.3)
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<Fig. 1> Relationship between different type Pearson curve
and their corresponding K-value

Pearson 4% & 48z F4E AR JerdH <Table 2> 2o

<Table 2.> Distribution Name and type of well known Pearson curve

Name Type
Beta 1
Uniform 2(Ky= —1.2)
Gamma, Chi-square 3
Normal 7(02 — 03=0)
t 7
Exponetial 10
B Ao ME Gammat¥9 73S dutAQ) EFES FAH= A= &3 24,

(1) Fro2¥y X, s, Sk, Ky BA%S 78t

(2) Sg, Ky ZFH K&g T3t £X8 g

(3) Sk, Ky BAIZA a3 EE ZH)8tE Pearson TA2 EFstd E Y54 AdX3=
#-& Gruska et al.(1989)9] EoA T3},

(@) AL Rojvts BFES T

22 Gamma £ ¥ 9] ¥ol4 A}
39 FA5Aol AvEEE ¥ W, 1 FEUEITE 428} Eh

Ax)= -l—ax"_le_"/‘g x>0 2.8)

A7IN e= FBEFA, fE JEEFo|T
ZArte¥9 g 242 Q9% H(2100e2 Yerdo
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p=af . (2.9)
&= ap’ (2.10)

ag3 7R e GE(Sk)% FE(KE A@1D 2 A@122 Yehdoh

Sk=2Na 2.11)
Ky=1.5(Sg)*+3 (2.12)
= 6/a+3 |

AR XY TARERSE 421902 e

Fx) = T%ZT fox(x"'l/ﬁ")exp(—x/ﬁ )dx

=I (x/8,a) , x>0 (2.13)
=]—-P(a—1,x/8)

B7t A4 AS, AutExe +AREEIGTE HQ14)2 JYEE F .
F(x)=I(x/B8,a) =1—P(a—1,x/8) (2.14)

Aq71M, P(a—1,x/B) T BT %/ FotFEF o] LA 7H-r7} a—10°]3<
#3858 vehdd

23 Burr ¥

E4A A%e BAEE AR F2e AEHFE ALY o] S 54A HuE
A3 o] A FES T3] YN HAES o HAR BXIFSFE I FEL A
I, dEie] AL ES T de LAY EA7F HAA g a2 FHER
g7t AY A o1 Add EFELS 44 FAYE £ Ao o HF H2L Burr(1942)
9} Hatke(1949)0l 9lsf 21(2.15)¢F 2L &L AL nFo2H AJ=HIAH.

Y = y(1-9g(xy)  y=F) 215
A7 g(x,y) & 0<y<l o #8 FFolil F(x)E F(—o) =0, F(o) =1¢l ¥
ZAa goltt :
21(2.15)3= (216)3F wi¢ FALEY g(x,y) = (a + bx+ cx?)”! ¥ ), Pearson system
o] AEFE BAA Y.
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—Zf = y(m—x) g(x,v) (2.16)

g(x,y) = g(x) 4 9 H@215)9 e

F(x) = [1 + exp (‘—fg(x)‘a'x)]_l

oltt. Burrel 9& gAsA naE@ 71 Hd = Q2177 2. o)A e Burr ¥3
=¥ ol
Fx)=1-(1+2)"*" 220
=0 x<0 : 217
o714 C, K& Gruska et al.(1989)¢] Burr ¥ 9 249 HoA Fojx= A% s

o,
gsdngers 2(218)% 2.
c—1

F(x) = f(x) = #{)m (2.18)

A(2.18)9] s w3 HEuNd (2199 2L FHHF L AL
M= [ FQ+a) " dx 5<CK-1 (2.19)
Fol7 dojEe] & Bur X5 HEd = Axe o7 2o

(1) REo2RY X, s, Sk, Ky 543 78,

#
(2) & Sk, Ky #oll s (EE 233 Bur B39 259 ¥2%H C, K,
g o,

®>
o>

-~

H
e

X =0( B—x)/stu

ol 4 P, (x< %)= F(xy;CK)
4) x & 89S &8 PE A,

P= F(xy; C,K)

AN

x = [(1-p " —1]"
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3. AATETA S B7}

2 A7elA Aol ArEXE ¥ W BFEY FEE FATHES HuE] YsEA
Montgomery et al. (1996-1997)9] <Table 3>& 21434 Pearson system, Gamma %39
Folg 1A R Burr £¥9] 37kA Wil odf EFEL FAHS/IZ gt <Table 3>
a, A7} 747+ 05, 1 ol HFH £4do] 247 059 #APEXE &= FH & nsh

<Table 3.> Errors in C, when Process is Gamma distribution

Cu=067 | Ca=100 | Cu=1.33 | Cu=167 | Cu=2.00
(Normal ) (Normal ) (Normal ) (Normal ) (Normal )
u+ Ko 191 2.62 3.33 4.04 474
Predicted
Defective(Right | 50, 390 PPM| 22,040 PPM | 9,878 PPM | 4,498 PPM | 2,071 PPM
Tall)
‘Predicted ’
Defective 22,750 PPM | 1,350 PPM | 32 PPM 0.29 PPM 0.001 PPM
(Normal)
Absolute Error | 27,640 PPM | 20,690 PPM | 9846 PPM | 4497 PPM_| 2,071 PPM
| Relative Error | 54.85 % 93.87 % 99.68 % 99.99 % 100 %
’Equivalc_‘nt' Cu | 055 0.67 0.78 0.87 0.96

3.1 Pearson system

Gamma X9 238 245 221y

() EREAZE T=1, s=0.71, Sx=2.8, Ky= 152 FaAch

(@ Sy, Ky2%H 78 K @o] K0 0|22 Gamma EEE #1},

(3) Grusk et al(1989)9] ZolX Sy =283 Sy=2.9RHOZHE Sy = 2.83 9
HrhgoR ANS Z@E 78 & 9tk

@ X=Z s+X2%8 Z=1929 @, X=190 , Z=392 9« d,
X=3.285, Z=6.6149 W X=5.1960lch WetH u+ Ko® Wolut ¥%
0 Cu=0679 W 47,112 PPM, Cpo=1.00% W 29206 PPM, Cp = 1.3
A W, 9,796 PPM, Cp= 1.679 ® 6,583 PPM, Cp=2.00< W, 3,414 PPM
oz vt

3.2 Gamma X 9] ¥ol4&ZA}L
Zuk 3o 3 2x S A213)0] g8 FalR gt <Table 4> FolA U 1
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A A7 AFQ A ZAoEEY FHEIFFE HQ1DE Yehde] A £ Q7] Wi
A(2.14)F o) &3 PuEEY ZARS '?‘%.l Agtet FHEZLFFZ 7 e v B
t}. Montgomery et al. (1996-1997)& a, B, B, BAte] 21z} 19 AR EelA FHE
TH5E 78 BFEE A W, Cp=0.67Y W 49787 PPM, Cn=1.009 W 18316
PPM, Cn=1.339 © 6700 PPM, Cy=1.67 4 ), 2500 PPM, Cp=12.00%

o, 900 PPM .2 viet} w9 2AME AH}E HAFH

<Table 4.> Comparison between Poission approximation and Gamma distribution

Cu=06] [Cu=100 [Cu=133 [Cp=167 |Cp=2.00
Gamma 49,787 18,316 6,738 2,479 912
distribution PPM PPM PPM PPM PPM
Poission 49,800 18,300 6,700 2,500 900
distribution PPM PPM PPM PPM PPM
33 Burr %
Burr ¥ %5 A &= AzZFH
() FLEASZE X =1, s=0.71, S¢=2.83, Ky=15°32
(2) Gruska et al.(1989)¢] Burr 2% 259 E2REH 2T Sy=2, Ky=13%
ge 4% C, K 2, ot 9&% 7t

C = 2.50080

K = 2.148%4

2= 0.76034

o= 0.44288
(3) P(x<{xy) & A4/ HalA

x=0a( H—x)/stu
28H % =1919 W, =169, % =26 ¢ @, x=2.08,
% =3.339 W, x,=2.5256, 7z =4.049 W, x,=2.9685, x =474 w,

xp = 3.4051 ©] &},

(4) P= F(xy;c k)=2%H
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F(x)=P(x<1.91)
= (1+x°)"*
— 1—(1+1.6399%508 )~ 2.8
= (.040561 = 40,561 PPM

Ze wyoz Hesd Cpu=1.004 W 14124 PPM, Cn=1.339 9 5631
PPM, Cu=1.67 ¥ o 2522 PPM, Cpy=2.009 W 1255 PPM o2 B%Fo] 33
€k o) 4 AedA el ® <Table 5> 2tk

<Table 5.> Computation of Gamma , Pearson, Burr distribution(PPM)

Cu=067 |Cu=1.00 |Cp=133 [Cp=167 |Cp=2.00
Gamma 50,390 22,040 9,878 4,498 2,071
Pearson 47,112 29,206 9,796 6,583 3,414
Burr 40,561 14,124 5,631 2,522 1,255

<Table 4>, <Table 5504 & ¢ Y% FHo] HAvlE¥d WE o, EFEL F34
A7 Fol&AlE A9 a7 9182 ¢ 4 913, Pearson system¥® Burr #¥XHtu &
Holds & & ANY. a2z uAFFAN d3 EFEY Axd 48 FATHY
7} Folg Al /43 £33, 1 SO & Pearson systemdl ¥ Wdo] ¥FdHcim
‘;}%E}

r-EoEﬂLIFPE

4. BE

2 AN golEEd 4 T4 aané Pearson system, ¥o}% 24} ¥ Burr
239 3714 REE g FAL Holut 23EE FAGoH AT 24 T4
selof sl uoh FAM F7h ARG ANE 4 Yol AFAZ H4F FAY AVE 4
Bt HHHY ANAAE 4 + A= FAFYY 2L ZEE ANHIAT,

AoIETS S FAel dg e Axel 9@ FASE) Wt AeRE o
£3A7h 7% F3, 7 B8 Pearson system o S8 el xscin wedn. A
Skst Ky #& A% + rhd Bur 2Xe 98 o] So%UNE ALY =S
29 # qlo] By 1Y 4 gl Pdel T Aol

SE A4 TANN U F A RS NATEES A 2FEY 252 e
W 5 g ol e AT YeAAcl 9o, BFES 4o M2E HIHE AN
stel WATEAS TASEY WAS 2B Axz %Y & ASS AAA ol
g Aol
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