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1. Introduction

Control charts are widely used in industry as d toanonitor process characteristics.
Deviations from process targets can be detecteckdbam evidence statistical
significance. It can be said that the birth of modstatistical process control (SPC)
took place when Walter A. Shewart developed theceph of a control chart en
1920’s.Traditional attribute chart such msindc charts are not suitable in automated
high yield manufacturing and continuos productioacesses. Failure in the selection
of the underlying distribution can result incorrecnclusions regarding the statistical
control of a process. Traditionally, standard statal control charts for a discrete
random are based on Poisson or binomial distribatidhis paper presents the latest
development of statistical control charts for dtsli geometric distribution.

2. CCC charts

The cumulative count of conforming chart (CCC) ipaverful technique for process
control when a large number of consecutive confogritems are observed between
two nonconforming ones. A control chart can bewgeto monitor this number and
decisions made based whether this number is tge lar small. The CCC chart is very
useful for one at a time inspections or tests whisk common in automated
manufacturing process. It is a technique for highaliy processes when
nonconforming items are rarely observed. High dquadrocess are usually associated
with low counts of nonconforming items. Calvin(198Bstly studied the CCC charts
to monitor zero defects processes. The use of € dontrol chart has been further
studied by Lucas(1989), Bourke(1991), Kaminsky 11992), Xie and Goh(1995),
Ermer(1995), Glushkovsky(1994), Xie et al.(1995) aloyner-Motley(1998), Wu et
al(1999, 2000), Kuralmani et al(2002), among others



3. Average Run Length

The run length of a chart is the number of samalpsor to observing an out of limits
point on the chart. Since it is assumed that th&a @éme generated by underlying
probabilistic model, the run length is a randomalale. Depending on the actual state
of the system, we can suppose the process is imetaan length (RLIN) or out of
control run length (RLOUT). If we have enough higtal process data, we can
considertp and o known, we can suppose the run length in a in-ocbtrocess is
distributed as a geometric distribution, RILS(a), and the run length in a out.process
is distributed, ROUTIG(1-0H),where a is the probability a false alarm anglis the
probability of not detecting a shift at a sampltimge.

The Average Run Length (ARL) is a property of atooinchart. The ARL is the
expected number of runs to an alarm and is expitetesgending of the case
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Therefore, the standard deviation and the averdgbeorun length (a number of a
consecutive units between two successive alarmakigdistribution will be very close
if ais small.

And SRL(OUT) as
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So, SRL(OUT3>ARL(OUT) for a large ARL(OUT).

The lower and upper control limits of the CCC chante given by

UCL = In(a/?2)
In(1- p)
LCL = In[1-a/2]
In(1- p)

The control limts are highly asymmetric. The logdseccan be used for the plotting. The
CCC chart is a powerful charting technique whenpglracess is near ZD and samples are
mosttly conforming, and also is useful for detegtiprocess improvement, which
conventional techniques would fail even with thenoaon rules.The resolution of the CCC
chart on a log-scale is higher when the procesktgigmhigher.



Xie and Goh(1992) introduced the concept of cetydrwvels, which is the probability that
the process is actually out-of-control. The cettaitevel is related to false alarm
probability when interpreting CCC chart signal. Tietation between the proportion of
nonconforming item® and number of items inspectadwhich is given as, (p)"=s, The
number of conforming items inspected before a nofaweing one is allowed for the
process to still be considered in control can h@essed=Ing/In(1-p).

The figure 1 facilities decisions on the state ohtcol of a process whenever a non
conforming item is observed
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Figure 1. States of control of a process.

For a high quality products, a good approximatiboestainty level iss=e""

In the case grouped data are considered, threeasiigmts can be used to count data.
Assuming the underlying distribution to be geonwetii we have a subgroup of sire

then the total number of counts in the subgrao¥ips z X, [(Negbinf,p). In general, based

i=1
on the conventional idea of k-sigma, control limfts Z=X-n, is given as
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Although the geometric charts are shown to be bigtéor the monitoring of high
guality process, it has also problems since thedsta assumptions are similar to those

k2
wherep<1-—.
n



of the traditional Shewart chart. One of the proidas relationated with the average
run length. It is due to the skewness of geomelistribution, the ARL curve does not
have its maximum at the process level used to ctenfhe control limits, so the

process is shifted slightly and it will take a lengime to raise an alarm. Xie et al.
(2000) proposed an optimization method to obtaa riteximum ARL at the desired
value ofp. The control limits obtained are:
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where ), is a adjustment factor, a function of false alapnobability, and its
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Kuralmani et al (2002) proposed a conditional pdace making use of the information

earlier counts. This procedure operates as follaWs. counts the conforming units

until a conforming unit is found. Then it is cond&d that the process is in control is.

1. the count of conforming units are within the lovaed upper control limits or

2. hprevious runs were in control even if the count@fforming units are not within
the control limits.

For a fixed value oh and a prescribed false alarm probabilityhe conditional limits

are given as

expression isy, =

In[1-(1-3)/2| In[(1-0)/2]
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wheredis the solution of the following equation
1-a=0+@1-9)d"

Whenh approaches infinitely will aproach 1a, which means that the CCC chart is an
asymptotic case of the conditional procedure.



To compare the ARL’s between the conditional, optinsonditional and traditional charts,
graphs are drawn in figure 2.
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Figure 2. ARL curves of conditional and CCC ch&wtsp=50 ppm.

The ARL curve is almost shifted towards to the Ieforder to achieve maximun ARL at

the desired process average. The maximun of thageeun lengh peaks at just p=50 ppm
An alarm will be raised quickly no matter the diten the process shifts towards from this
value.

4 .Conclusions

In this paper, the importance of underlying dition in SPC data is studied. Geometric
distributions is useful in manufacturing industrikshas been exposed traditional methods
based on a single count, it is relatively insewsitio process shifts. In addition optimal
limts are defined in such a way that the averagelengh becomes maximun when the
process average is at the nominal level. Theseadsthould be easily implemented in
manufacturing industry. This  method is highly editto automatic production
environments where the products are inspected dt@e another and the count of
conforming is accumulated automatically.
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