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Evaluation of Performance on Attribute Control Chart
using Variable Sampling Intervals
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Abstract

In case of pn control chart often used in mass production system of plant industry
and so on, we could evaluate it’s performance by the approximation to normal
distribution. It has many differences according to sample sizes and defective fraction,
and have disadvantage that needs much samples to use the normal distribution
approximation. Existent control charts can not detect the cause of process something
wrong because it is taking the sampling intervals of fixed length about all times from
the process.

Therefore, to overcome this shortcoming we use VSI(variable sampling intervals)
techniques in this paper. This technique takes a long sampling interval to have the next
sampling point if the sample point is in stable state, and if the sample point is near
control lines, it takes short sampling interval because the probability to escape control
limit is high. To analyze performance of pn control charts that have existent fixed
sampling intervals(FSI) and that use VSI technique, we compare ATS of two charts,
and analyze the performance of each control chart by the sample sizes, process fraction
defective and control limits that Ryan and Schwertman had proposed.
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Schwertmane] AMAlstE pn BHES HAFGANAN ZBAELY 7HHLE 30 #HF
AE AE35 e AFA BYENAY FAEE Frtetr] At 71E9 HHOE #HE
Lo FYPEE Priste HF W ZO](ARL : average run length) H7PE3y VSI 7|H &

A& BYzelrMe ATSE Hli - HESt A o,

2. 7V F=3 m BE =
WE Alolg) Azbe] Tt uwl, Ao MEFIro] o]He I EsE pn BYEY
EQS Hristaz @ 1 AE PR WA SAF Fol TR BHFY Jvel UL o
AbgEolA 1, wrEe e AZ e FA%ol #E FAA sbrte] A W AHEHET
o)At A durd oz #e] BAF0 HYFANG 23PL of BT}
2 NE P dyE B BAZ A 219 99 e Qg w AHE P
L=[LWL, UWL] (2.1)
o] 7] A UML=np+ 7y Vip(l—p)E  Ax  A¢  #LIAE ez,
LWL=np—7 V(np(1—p) £ 2L 3& FIAE vdehinl, v & 12 0. FA8H,
e AE 7 4 BY BAF A (22)9 dF "ol uw AlgHojx)
L=[LCL,LwL) U (UWL, UCL] (2.2)
712 LCL=np— W (mp(l—p) UCL=np+ W (np(1l—p)= #Z we ez 2a
o Yehue, y= F2 39 A$olx, o) ol AAHE FAHAXNAY x, 7t B A
Qoute] dojd W X E Hsiop T},
ol pn BE =M WTol BEEA ol olF FEL 4 (237 2,
a=Pr(x; < np—3Vup(1—p), or x; = np+3V np(1—p) (2.3)
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714, o YA REE(false alarm)ol iz, HF HZO|(ARL)E HFo] 1/eolx AL
(1-a)/a* Q) 718822 eY, 2822 ARLS A 24)7% 2.
ARL=% (2.4)
VSI #alx o] dT9A Cui®t Reynoldse= } B AUozx UeguolXE Fa T Ed
Yatel 34 HERORVEH AAW oFL PAREH F AY AT FHOT Fo A
f3tNord, B Ao pr T TAA = Table 19 3l d), dy, dz3& Al A2 FBo=
Yol AbgetmA wot.
Table 1. Values of the ATS for FSI and VSI charts for a representative
number of intervals

mean shift { fixed interval vatighie inkarya
=2 7=3 7=9
0.030 364.24600 343.638259 370.750407 370.969077
0.031 327.25330 305.170328 330473197 331.698517
0.032 268.41540 245.302178 2671623571 269.063023
0.033 208.02900 184.841471 203.838791 205.017249
0.034 156.96250 134.603913 150476775 151.244782
0.035 117.57580 96.655887 109.814423 110.201362
0.036 88.39951 69.235301 80.115158 80.212209
0.037 67.08126 49776112 53.769168 58.670877
0.038 51.50805 36.030254 43468794 43.252314
0.039 40.05807 26.299095 32.458852 32.180462

xsampling intervals @ fixed, d=1; =2, d;=(0.1,1.9) cutoff value =0.7
7=3,d;=(0.1,1.0,1.9) cutoff value =0.2, 1.5
7=5,d;=(0.1,0.5,1.0,1.5,1.9) cutoff value =0.2, 0.5, 1.0, 1.7
oluf YAl FSI ## =9 As7t A3t7] 7148 AL ol nAd 7L &
gozx HAA 7T F &4, VSI #FHENAE FIho] AR FonE TS ol
Tt o
VSI np B =Y ATSE 2 (253 2}

_ __bi -
ATS—Jga’j e 7=1,2,3

_ b ) D3

A7V, p& AZol I Lo £ FE, pE AFol 7T Lol £8 FECL, pe

WEo F7 Lo £ FEL Tk
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3. 7% HFr}

2R FPAFET pm BEAEY YT P}

= @AM pn BEEY FYEE #A 7] A8 Fortran IMSL Z2 1% BINDFE
o83t oI E X FAFEUL FFE Aista, ojwe MEAY] xE 2000, B
g p¥ 0058 wEdi 71A 3o,

Table 2& MEZ7]¢ EHES 20034 0052 2AAAER EZFEo] 00018 0.0647HA)
FhE A9 F BYEE ¥ug Aolth Table 294 E BSEo] B&Fo] Wl ulat
A e ZAE BT e BEEE VSI 7IHE ol 43 ppAXolt. wats 71&9
He=rt A Jfe] Fe 2 e VSI 7[¥HS AEE ATyt EE W3] g9 A
TEE A F9o 0 $L FYEE BAEFS & 5 Yo

2) A @A oA S Hrt

£ dTFolA = Ryand Schwertman©] AAISHE Qe pn B =M HA e g Ao
A FSI pn @29 VSI 7| & o] &3 pn BelkoAMe 3P & njudtc],

Table 5% Ryan¥ Schwertman©] A AdleE #E HAL39E wle FSIpn #aEoA
Y EZFE Wt @2 ARLY Wsol A e Fez UE VSI 7IHe H&d m
B =AY BT BFE Wt @Z ATSY W3 s wlud Ao,

Table 2. Comparison of the ATS for FSI and VSI pn charts
(in case shift p)

FS1 pw~ chart VSI pn~chart
P ATS b ATS
0.050 370.42080 0.050 372.039363
0.051 298.50300 0.051 298.491215
0.052 241.27560 0.052 240.489141
0.053 196.55550 0.053 194.642704
0.054 161.15720 0.054 158.280555
0.055 132.98230 0.055 129.323732
0.056 110.42670 0.056 106.162974
0.057 92.26318 0.057 87.554229
0.058 7755051 0.058 72.534700
0.059 65.56422 0.059 60.357335
0.060 55.74387 0.060 50.440492
0.061 47.65385 0.061 42.329533
0.062 40.95374 0.062 35.667601
0.063 35.37609 0.063 30.173383
0.064 30.70967 0.064 25.624159

Table 3= Ryan¥® Schwertmano] A3t le HAAHFAE THEZFE patol u
2 9 -otdFe] mgel tiFd EFE AN G2 ARLe] 1/ a2 74079 24}
ste #HJIAE FIHEZ s BEBAY Zo] Folzon, B AFNMNE Ryandt
Schwertman©] AAjstil e HA AL AN FSI pn @] @A vl "o
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BE oF AAE ARLE F3Hod, VSI 7I¥e H83 pn B EAME Table 201
A AARE 39 Fres Yo A (25)9 93 ATSE T34,

Table 3914 WElRo] etAdeol - ARLI ATSE A FAMSHA Usgton ZFAHA
EZEo] W met VSI 71HE HEF pn BV FSI pr B8 B o 320}
A UYeYI otk oA AR Ee SAME A% FSI pr WEE A& A B

2 ATFolA AAE VST 71HE AL3 BYEE AMEste Aol © ¥& Ao B

J8]3 Fig. 1.£ Table 19 AAE FHEZFEC] 0039 299 Ryan# Schwertman©]
AAET e dHGAWNMY FSI pn Y= 7o 722 UYE VSI pn #Y=E
g vzt ool 1 A dFAAH &, FAFT EFEo 003Y BHME BT
A9l §AEHA vElvm glen, FARPT BEFEo] 00018 F7hEel ot 3709 Fiez
U VSI pr =7 F3%7 o $A4 JEdz

Table 3. Comparison of the ATS for FSI and VSI pn charts using
control limit by Ryan and Schwertman(in case of fixed =
=357, shift p=0.03)

FSI pn- chart VSI pm-chart
b ATS J ATS
0.030 364.2460 0.030 370.750407
0.031 327.2533 0.031 330.473197
0.032 268.4154 0.032 267.623971
0.033 208.0290 0.033 203.838791
0.034 156.9625 0.034 150.476775
0.035 1175758 0.035 109.814423
0.036 88.39951 0.036 80.115158
0.037 67.08126 0.037 58.769168
0.038 51.50805 0.038 43.468794
0.039 40.05807 0.039 32.458852
*p=23,d;=(0.1,1.0,1.9) cutoff value =0.2, 15
400 (Tafixed
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Fig. 1. Comparison of FSI and VSl p»n control
chart for ATS(n=474, p=0.03, cutoff value = 0.2, 1.5)
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w2} A Ryan# Schwertmano] A A|ghe #FE A WA FSI pn BT Boh E Ao
Al AAIG 370 FEe R YE VSI pr BEEY FPEV Y 2S5 ¢ F U

2 dFdAE 7€ 24" MEFTE ZE m BYES VSI 7Y
A3l x}, Ryan®} Schwertmano] A|A| &t "3%37]
FANAN 2 BHEY $YZE ATSZ H|F - BAHY. 2 Ax3E Qo)
Zth AA, Reynold 2 VSI 7|¥& o4& X #BIAEdA AF ox
=, 2 79 pm BZAAE IHY 7R Ure Ao TAHT EFEC AN
Hd o} w7t BAERE | EF FL FIEE BYATh

E4), Ryan® Schwertman®] AAstE pn T Z A MEA79 FAHAELEEN &
5“4” HHTAE AR AT A, 1Y AEAVIE ZE o BEYES M9 AE
g FE& e VSI pn BYEANA 4 FHEFE UHE IALHYL d=, F B
A’I‘S7} FARSHA vugtow, gAe WErt Bt FAHAEZFE] FUIEAE e, B 4
TFol A AAEE 30y AEY TS 2E VST pr BYEN H $FFE BAdFa o
betA, pn B EE AHESE AQANA AEF 7S ZAANIIE ARTG B AT
M AAStE MR FEFE FEstd TG TAStE W E o F @A ol dAH
o g ZxE we] & £ JoBR VSI pr #AYEE FFATA HL3E Hol By

o ougde ez Azt
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