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, the optimum design of X charts,

ssignable cause occuring randomly

was studied. article extends the study to allow

for the occurrems =ay=rz2] assignable causes.,
14 independent W encountered in the model.

The optimum size and frequency of sampling,

and the positiafig;;,f 1 limits are to be seeked.
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1. INTRCDUCTION

Considering the maximum income criterion of X control
charts, several authers (1-8) derived a formula giving the
long run average net income per unit time as a function of
the parameters, sample size n and its frequency h and multiple
k of sigma determining the control limits, when there is a
single assignable cause occuring randomly with known effect.
This model includes 14 independent parameters that may affect
the net income function.

In the presented study, we build a model to allow

for the occurance of multiple assignable causes,

2. FEATURES OF THE MODEL :

The main features of the model are (2,7) :-

a, Samples of n items are taken every h hours of.operations.
The quality characteristic X of each item is determined,
and a sample mean X is plotted on an X chart with
control limits at | k O

b. The process is at any time in one of the two states.

Either it is in control or it has been disturbed by

the occurrence of an assignable cause Aj which

produces a shift in the process mean of § : o~ where

!

o is the standard deviation of X. This standard
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deviation is assumed to remain invarient with the

shift in the mean,

c. It i8 assumed that when the process has been disturbed

d, When

€.

When

by a given assignable cause, it is free from the
occurrence of other assignable causes,

the process is in control, the occurrence times of
the various assignable causes are assumed to be
independently exponentialy distributed wi.h mean
times '1/")\!_j according to waiting time analysis(B)
The time at which the process goes out of control
is distributed with mean 1/7, where

A= TNy ceseeccncceccanaiaciaaana(1)

the process goes out of control owing to the
occurrence of cause Aj, the average length of time
before the presence of Aj is detected, is made up

of several parts.

Let Pj be the probability that a point falls outside

the control limits after the occurrence of cause Aj.

Since we assume that the distribution of X is normal,

~k- &.yT o
dJd
—22/2 e—z2/2
P = e—'—dZ'i' _dZ ...0-0»(2)
J yamw yen
TR k—%j Vo
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@ples that will be taken
suse A, will be (1/Pj).
gely following the

2=e time before a later
1imits would be (4/Pj)h.
f. Let o @nt falling outside the

ce peess is in the state of

B o o s niin i, s (5D

I of production is sufficie=-
probability of a change in

£ the taking of a sample may

g« The aver : will be out of control before

‘f“-ide the control limits is:
.’ h

h. Conside® ped in taking and inspecting a
results, the delay in plotting
2 by (en+l), where e is the time

inzs which is directly related
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to the sample size n, and 1 is &

1% Dj’ is the average time taken to 1
- cause Ad after a point has beem
the control limits,
o Gj’ is the average time required fos

of the process to bring it back
when a sample point falls outside

k. The proportion of time, B , the proe:

18 3 :
1 1
F (ij)/(zx. +ZBJ)
dJ
where,
Bj = adh + (en+l) + Dj + Gj
1. 1, Mb
=g

J

Hence the time proportion during
out of control, equals
X=1 —ﬁ ssesvscssssns

1. The average expected number of false al

B e

i ]

h
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erations due to false alarms will be :

n, The aw ber of times per unit time the process

g8 out of control is:
- - !
B (1/x 2+ I By

O b wj is the average cost for finding an assignable cause
Aj when it occures, the average cost per unit time

111D AT EE
wi e EJ 5

p. If the average cost of adjustment and repair of an
assignable cause Aj is Fj’ the average cost per unit

time will be Eij.

g. When the process mean shifts from X to X + Sjo' due to
occurrence of an assignable cause Aj, it will be
assumed that the proportion of defective items
produced will be:increased. VO be the average income
per unit time occurring from operation of the process
at the standard 1evel:§, qu be the average income
per unit time occurring from operation at the new

level X + ‘Sjoj and v2j be that income per unit time

for the other new 1eve11§ > SJO“.
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r. In the long run, the probability that a sample point will
fall outside the upper control limit is assumed to
equal the probability that a sample point will fall
under the lower control limit.

s. The average income per unit time from the ogcurrence
moment of an assignable cause Aj untill noticing a
sample point falling outside the upper control limit
is :

qu(ah + en + 1)
/1
2 — B.

and the income per unit time untill a sample point is

noticed fall under the lower control limit is :

21 (ah + en + 1)

2(-—- + B

t. The cost part per unit time for keeping the control chart,
is assumed to be given by the simple linear function
(b/h) + (en/h), where b is the cost of sampling and
charting per sample which is independent of the
sample size, and c¢c is the cost of measuring an item
and of other control chart operations directly

related to the size of the sample.
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Vo2 2Us + 2 X (5 + My) (uy/2) + (o T/h)

S =
1 + 2 XJBJ
zjkj(wj £t Fj) b + cn
+ '1 +leBj + h ..I......I...I.(?)

The average net income I will be a maximum when S is
a minimum for certain values of n, h and k, since VO is
independent of these three variables., Hence the optimum
'8olution will be obtained by minimizing S.

For certain values of the 14 independent parameters

(sja )\ja VO’ vqje vaja e, 1, Dj, G’j& T, sz Fja b and ¢),
the model can be solved by the aid of the electronic
computer(7>.
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