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Abstract:

In this paper we develop and analyse economic statistical design of X control chart with the assumption that the sample
average of the quality characteristic (follows a Johnson distribution and the process in-control times follow Pareto
distribution. The Johnson distribution is generally taken for all types of skewed and kurtic variables. Here, the Pareto
distribution is chosen since in many production processes at places like Fertilisers, chemicals, etc., the in-control times are
having long upper tail and suits to the Pareto distribution. The expected cost per a unit time is derived with the use of the
cost model developed for the X control chart. Minimizing the expected cost per a unit time, the optimal design parameters
like sample size and the time interval between two successive samples are derived for given Type | and Type Il errors
associated with the control chart. The sensitivity of the model with respect to the parameters and costs are also studied. This
design is extended to the case when the time to search for an assignable cause and time to repair are also random and follow
a Weibull distribution. The effect of randomness on these times is also investigated.
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To= Expected assignable cause search time for a false

Notations:

S = Expected number of samples taken during the in-
control state.

ARL,= Average run length when process is in control
ARL,= Average run length when process is out of control
h = Time interval between successive samples

k = Number of standard deviations from control limits to
centre line

A = Number of standard deviations slip when out of
control

n = Sample size

E = Expected sampling time for one observation

61= Indicator variable to indicate whether production
continues or not during the assignable

cause search, 61=1 if production continues and 61=0,
otherwise

82= Indicator variable to indicate whether production
continues or not during the repair process, 62=1 if
production continues and 62=0, otherwise
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alarm

T,= Expected time to identify the assignable cause

T, = Expected time to repair the process

a = Fixed cost per sample

b = Variable cost per sample

Co = Hourly cost due to nonconformities produced while
the process is in control

C, = Hourly cost due to nonconformities produced while
the process is out of control (C,> Cy)

C, = Cost per false alarm

W = Cost for locating and repairing the assignable cause

o = Probability that X falls outside the control limits when
the process is in control

B= Probability that X falls within the control limits when
the process is out of control

E(C) = Expected Cycle cost

E(T) = Expected Cycle time
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1. Introduction:

For the excellence in productivity, one has to
concentrate on the quality improvement programs. The
major issue of achieving excellence in quality depends on
Quality control. One of the important techniques adopted
for process control is X control chart. With the help of
Central limit theorem, many researchers considered that
the sample mean of the quality characteristic follows
normal distribution[1]. However, this assumption is
suitable only when the sample size is large. But in many
practical situations, the sample size of the quality character
is small and the normal assumption leads to error. Taking
this concept into consideration several researchers
developed X control charts and statistical economic design
with various distributions [2-6].

Recently Huifen Chen and Yuyen Cheng [7] have
considered the economic statistical design of X chart with
the assumption that the sample average, X of the quality
character follows Johnson distribution. Their cost model
was based on the model proposed by Mc Williams [8],
which is an extension of the work of Lorenzen and Vance
[9]. They emphasised the need of utilising Johnson
distribution as X distribution. They have also assumed that
the in-control times of the process follow a Weibull
distribution. One of the major drawbacks of the two
parameter Weibull distribution is that it considers the
failure starts from zeroth time. In many practical situations
once the process is put in control it may take a minimum
period to failure. Hence it is reasonable to consider a
distribution for the process in-control times which
characterize this property. One such distribution often used
in reliability and life testing is Pareto distribution.

The Pareto distribution also characterizes a limiting
distribution of the waiting time (time to exceed a specific
value of the process character). This distribution is named
after an Italian, Vilfredo Pareto (1848-1923). It is also
empirically observed that in Chemical industries, the in-
control times of the process are having left — skewed with
long upper tail depicting the frequency distribution of
Pareto. Very little work has been reported in literature
regarding the Economic design of X control chart with
Pareto in-control times even though this distribution is
quite common in many Manufacturing and Production
processes. Hence in this article , we develop and analyze
the Economic statistical design of the X control chart
with the assumption that the quality characteristic X
follows Johnson distribution with mean ‘p’ and variance
“@°" and the in control times of the process are random
and follows a Pareto distribution with probability density
function of the form,

f(f)= {cO.t7 1,0 >0,c>0,t=8) (

The Pareto Cumulative distribution function is

B c
F(T]={1— —)J,(B}O,c}ﬂ,tzﬂj o)
Where, ‘t™is the 15—0 ntrol time, ‘0’ is the parameter of Pareto

c.B

distribution, ‘¢’ is the shape parameter and its mean is (_:—1)

[10]. The various shapes of the Pareto distribution frequency
curves for different values of the parameter, ‘c’ are shown in
Figurel.
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Figure 1. Pareto Distribution Frequency curves (6=5)

The expected hourly cost equals the ratio of the
expected cycle cost to the expected cycle time. The
schematic diagram of a Production cycle is shown in
Figure2 as given by Lorenzen and Vance [9].
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Figure 2. Production Cycle

The optimal design parameters of the X control chart
namely, the Sample size (n) and the Sampling interval (h)
are derived by minimizing the expected cost per unit time.
The sensitivity of the model with respect to the parameters
and costs is also studied. This model is extended to the
case when the out of control times (the time to identify
assignable causes and time to repair) are also random and
follows Weibull distribution.

2. Cost Model

The production process is assumed to start in an in-
control state. In order to detect a shift in the process mean,
a sample of ‘n’ independent quality characteristic
measurements Xi, X, X3 ... X, is taken at intervals of ‘h’
hours. The sample average X is assumed to have Johnson
distribution. Johnson family, proposed by Normanl
Johnson [10], includes three transformations of the
standard normal distribution. Let Y and X denote the
Johnson and standard normal variables, respectively. We
use the transformation

X=y+ Sln(g;’:i,),ﬂ <(Y-8<n @

The constants ‘€’ and ‘n’ are location and scale
parameters, ‘y’ and ‘0’ are the shape parameters. To
compute the Johnson cumulative probability F(y) =
P{Y = y}, we transform Y to X using Equation (3) and
then let F(y) = ®(x), where ‘@’ is the standard normal
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cumulative distribution function. Here, Y is taken as a
bounded normal distribution. Hence,

F.(v)=@[y+ 51n( — ,)] @

E+n-—¥
where, Fu( ] is the Johnson cumulative distribution
o
function with mean, ‘p’ and standard deviation, =
Rl

For independent observations , average run lengths
when the process is in control and out of control i.e., ARL,
and ARL; respectively are related to Type | and Type Il
error probabilities, ‘e’ and ‘B’ as follows :

ARL, = 1/a

where,

a=P{E=:yD—k5N'HDr X>u, +ka/yn | :MD}

=1+F“D(HI}_%)_F“D[HE+E) ®
and ARL;, = 1/(1-f)
where,

B=Ply,-ko/yn <X < +ko/yn [p =y, + 40}

Ko Ko
=F 410 (Hu + ﬁ) —Fy 0 (Iiu - ﬁ) ®)

The X control chart is designed to detect whether the
process is out of control or not.

The design parameters ‘n” and ‘h’ are chosen to
minimize the expected cost per a unit time i.e., E(C)/E(T).
A quality cycle is defined as the time until the next in -
control period. The in-control times in each cycle are
identically and independently distributed. Hence, the
expected hourly cost E(C/T) equals the ratio of the
expected cycle cost to the expected cycle time.

From Figure2, the expected cycle time consists of 4
parts namely, (1) Expected time elapsed before assignable
cause occurs , (2) Expected time between the occurrence
of the assignable cause and the next out of control signal,
(3) Expected time ‘T;’ to identify the assignable cause and
(4) Expected time “T,’ to repair the process. In this model
it is assumed that the process in-control times follow

c.B
Pareto distribution with mean, (;) and the in-control

times in each cycle are independently identically
distributed with probability density function of the form
given in Equation (1). Therefore, the expected time
elapsed before the assignable cause occurs, when the
production ceases during the search for an assignable
cause, is the mean of the in-control times plus the time
spent searching during false alarms.

The expected time spent during false alarms is Ty’
times the expected number of false alarms
Tg.5
ARL, 0
where, ‘TE.’ is the expected search time for a false
alarm,

‘S’ is the expected number of samples taken while in
control and

‘ARL,’ is the average run length while in control.

We have,

§= 1% i pr(asignable cause occurs hetween the i and (i+ 1)®samples)

=01 [(%JE - {-:1+E-l:|.hjc] ®

E C
where, {1 — (;) }is the cumulative distribution

function of Pareto distribution (in-control time) as given in
Equation (2).

If the process is shut down during searches, the
expected time equals to

c.B Tg.5
(.:—1) H ARLg
Let §1=1 if production continues during searches and

61=0 if production ceases during searches.
Hence, the expected time until the assignable cause

occurs is

( c.8 )+ [(1— 8,).T,.5]

c—1 ARLD

=[;T'91]+ (1—-8,).T,.5.a ©)

The total number of samples taken is the sum of
expected number of samples taken during the in control
time (S), plus the number of samples when the process has
gone out of control (ARL,)
= (S + ARLij

The time interval between sampling is ‘h’. Hence, the
total time period for taking (S+ARL, ) samples is
= (S + ARL,).h

But, the samples are being taken out every ‘h’ hours
irrespective of whether the process is in or out of control.
Here, we require only the time period between the
occurrence of assignable cause and the next out of control
signal which is simply the total time period minus the
mean time of in control state.

It is assumed that the in control times follow Pareto

c.B
distribution with mean(—).

c—1
Hence, the required time is
(S+ ARL,) h—(ﬁ]
1 c—1

As ‘E’ is the expected time for measuring each
observation, for a sample of ‘n’ items, the time to analyze
the sample and chart the result is ‘nE’. Hence the total
expected time between the occurrence of assignable cause
and the next out of control signal is

'
(S+ ARL,).h— (—C 1) +nE
—

= (s+ I:;m).h —(£2) +nE (10

As ‘14’ is the expected time to identify the assignable
cause and ‘Tg’ is the expected time to repair the process,
the total time required when the process is out of control is

(s+ -:1:3})'}1 () +nE+T,+T @

Therefore, from Equations (9) & (11) the expected
cycle time is
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)+(1 °]TDS“+(S+E_1@)h'(C i)+nE+T1+1

:(1—51].TD.S.|1+(S+—) h+nE+T,+T,

The cost of the entire cycle includes (1) Cost of non
conformities, (2) Cost of false alarms, (3) Expected cost
for sampling and charting the result and (4) Cost of
repairs, ‘W’.

Let Cy = Hourly cost due to nonconformities produced
while the process is in control and

C; = Hourly cost due to nonconformities produced while
the process is out of control (C,> Cy)

Assuming that the production continues during both
search and repair, the expected cost per cycle due to non
conformities

=(, (Meantn controlﬁme) + (Tl e required when theprocess s out o cortl
= () +¢, {[s+ = B}) n-(2)+nE+ T+ T,)

=c[,(;)+c1{(s+l1 E})h (£)+n+sr, +8T}(13)

where, ‘81" and ‘82’ are as defined earlier.

H)= [cﬂ

-1
12)

5
The expected number of false alarms = m
The expected cost of false alarms
)
—cﬂ.[qRLu}—cz.s.a (14)

where, ‘C,’ is the cost per false alarm.
Since the fixed cost per sample (a) and the variable cost
per sample (b) are considered to effect the total cost, the
expected cost for sampling and charting the result is given
by (a+b.n) times the total time producing divided by the
time interval between sampling
{a+h. - -
== ) {(S+1—B}] h+nE+ 8, T, + az.Tz}(ls)
From Equations (13), (14) and (15), we have,
The Expected cycle cost is,

e e IR A

(atha)

e LA RA
b ) o (16)
in the design of X chart , the design parameters ‘n’
and ‘h’ are chosen to minimize the expected
cost per hour ‘Z’ for a quality cycle where,
Z=E(C)/E(T) 17)
Substituting the Equations (12) and (16) in Equation
(17), we get,

e J+nE+01T+oﬂ Jr =2 s
Jh+nE+01T+o~T'+W IR

T:} (18)

Where, ‘0’ and ‘B’ are as defined in Equations (5) and
(6) respectively.

The optimum values for ‘h” and ‘n’ are obtained by
differentiating ‘Z’ with respect to ‘h” and ‘n’ and equating
them to zero.

Let

R=2=2fy= s [(%)E - (u:lfa.h)c]}

et [(%)E - (':1+El}-h)c]}

19)
ol e e (- 3
we have,
Bt oot nane e -2 o
—).h+n.E+ol.T +04.T2l o
BIE(T)]

=S+ B}+h R+ (1-5,).Tp8e.R (1)

h

3z o
Therefore, — = O implies,

1) 5+ ah+hR}+C« R+@|S+ -+t o

ﬁ)'}iﬂ'E”l-Tﬁ%-T:]' E(C){S +ﬁ+h.R+ [l—olj.TO.S.a.R}]/
[ET) =0

This implies,

{{(1—0]TBSa+(s+ )h+nE+T1+T}[ Is %+h.R}+c;.u.R+

E for Lot n)- 220 (o4 L) bt nE + 8T 4 5, T}} ©(2)+
1

ol(s+55) n-(2 )+nE+olT+o TGS S (s Dhne (09)

RE + 8Tyt 5y T +W)(5+; TR 61].TB.S.u.R}I/{ 1-5,)T 5.0+

(s+g5) b +nE+T, +T}

Where, ‘o’ and ‘B’ are as defined in Equations (5) and
(6) respectively.

And for optimal ‘n’

B g g E+[§J.[(S+%B}J.h+n.E+61.T1+E::.T:](23)

E[Ea—'f] =E (24)
Therefore, Z—z = 0 implies,

) o+ ) [+ LR 1)}-504/

1)} =0

This implies,

{{(1—61].T0.S.u+(i+ﬁ).h $uE+THT) {c £+ g (2) (s+

I;Tﬁ)).h+n.E+51.T1+52.T2” (&) +a{(s+55) 0 (5) +npesin+

25)

BT+ ot S {(s4 )bt nE 45,4 62.T2}+W}.E{/{(1—

B TSat (St bt nE 4T ) =0

Where, ‘o’ and ‘B’ are as defined in Equations (5) and
(6) respectively.

Solving the Equations (22) and (25) iteratively using
numerical method the optimal sampling interval (h") and
the optimal sample size (n") can be obtained for the given
values of the model parameters and cost parameters

3. Sensitivity Analysis:
The sensitivity of the cost model is studied with

respect to all the cost parameters involved in the model.
The initial parameters of the cost model are set as follows:
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C :2, 0= 5, 61= 62=1, E= 001, a= 3, b= 001, T0:1, T1:2,
T2:1, Cz:5, W= 90,
Co=10, C,=20, £20.05, n=2, y=2, =1, p=2.5, o=1, k=3,

A=0.5

Using the Equations (22) and (25) and the initial values
of the parameters as given above, the optimal interval

368

between the successive samples (h") and the optimal
sample size (n") are obtained. Substituting these values in
the total cost, ‘Z’, the optimal total cost Z* is computed
and all these values are presented inTable-land Table-2.

Table 1. Optimal values of n, h and Z for various values of ¢, 0, §, 1, y and &

c 0 g 1 y 5 h* n* z*
1.890 5 0.05 2 2 1 12.048 146 19.819
1.895 5 0.05 2 2 1 12.020 139 19.823
1.990 5 0.05 2 2 1 11.683 15 19.887
1.995 5 0.05 2 2 1 11.677 9 19.890

2 5.05 0.05 2 2 1 11.709 27 19.881

2 5.10 0.05 2 2 1 11.766 51 19.869

2 5.15 0.05 2 2 1 11.838 75 19.857

2 5.20 0.05 2 2 1 11.922 99 19.845

2 5 0.01 2 2 1 11.949 6 19.893

2 5 0.02 2 2 1 11.882 5 19.893

2 5 0.03 2 2 1 11.814 4 19.893

2 5 0.04 2 2 1 11.744 3 19.893

2 5 0.05 1.80 2 1 13.357 90 19.922

2 5 0.05 1.85 2 1 12.878 67 19.916

2 5 0.05 1.90 2 1 12.437 45 19.910

2 5 0.05 1.95 2 1 12.035 23 19.902

2 5 0.05 2 1.92 1 13.343 114 19.933

2 5 0.05 2 1.94 1 12.801 84 19.926

2 5 0.05 2 1.96 1 12.343 55 19.916

2 5 0.05 2 1.98 1 11.968 27 19.905

2 5 0.05 2 2 0.96 15.266 68 19.856

2 5 0.05 2 2 0.97 14.504 55 19.863

2 5 0.05 2 2 0.98 13.658 40 19.871

2 5 0.05 2 2 0.99 12.405 22 19.881
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Table 2. Optimal values of n, h and Z for various values of Co Ci, C2, W, a, b and A

Co Cy C, w a b A h* n* z*
9.80 20 5 90 3 0.01 0.5 11.562 51 19.866
9.85 20 5 90 3 0.01 0.5 11.582 39 19.873
9.90 20 5 90 3 0.01 0.5 11.606 27 19.880
9.95 20 5 90 3 0.01 0.5 11.636 15 19.887
10 20.05 5 90 3 0.01 0.5 11.636 15 19.937
10 20.10 5 90 3 0.01 0.5 11.606 27 19.980
10 20.15 5 90 3 0.01 0.5 11.582 39 20.023
10 20.20 5 90 3 0.01 0.5 11.562 51 20.066
10 20 10 90 3 0.01 0.5 13.446 28 19.919
10 20 15 90 3 0.01 0.5 14.933 44 19.934
10 20 20 90 3 0.01 0.5 16.243 56 19.944
10 20 25 90 3 0.01 0.5 17.426 66 19.951
10 20 5 87 3 0.01 0.5 11.535 74 19.853
10 20 5 88 3 0.01 0.5 11.562 51 19.866
10 20 5 89 3 0.01 0.5 11.606 27 19.880
10 20 5 90 3 0.01 0.5 11.672 3 19.894
10 20 5 90 2 0.01 0.5 12.079 95 19.895
10 20 5 90 2.25 0.01 0.5 11.977 72 19.895
10 20 5 90 25 0.01 0.5 11.875 49 19.894
10 20 5 90 2.75 0.01 0.5 11.773 26 19.894
10 20 5 90 3 0.001 0.5 11.702 13 19.893
10 20 5 90 3 0.003 0.5 11.675 6 19.893
10 20 5 90 3 0.005 0.5 11.669 4 19.893
10 20 5 90 3 0.007 0.5 11.668 3 19.893
10 20 5 90 3 0.01 0.75 12.192 33 19.892
10 20 5 90 3 0.01 1 12.616 60 19.893
10 20 5 90 3 0.01 1.25 13.042 85 19.895
10 20 5 90 3 0.01 15 13.495 109 19.897
From Table 1 , it is observed that as the shape 1The variation in optimal design parameters for various

parameter, ‘c’ increases , the optimal values of ‘n’ is values of ‘¢’ and ‘© are shown in Figures 3 and 4

decreasing, the optimal values of ‘h’ is decreasing and the respectively.

expected cost per hour decreases for fixed values of the .

other parameters. If the parameter, ‘© increases, the = 200

optimal values of ‘n’ are increasing, the optimal values of c S 0 5*_\% —o— h*

‘h’ is increasing and the expected cost per hour decreases = "

for fixed values of the other parameters. Regarding the 8—2 18 19 2 21 #=n

Johnson distribution parameters, it is observed that as the ‘g 7*

parameter ‘¢’ increases, the optimal values of ‘n’ is c

decreasing, the optimal values of ‘h’ is decreasing and the

expected cost per hour remains constant for fixed values of Figure 3. ‘c’ Vs Optimal values of h, n and Z

the other parameters. When the parameter ‘n’ increases ,

the optimal values of ‘n’ is decreasing, the optimal values

of ‘h’ is decreasing and the expected cost per hour — . 200 i -

decreases for fixed values of the other parameters. With g o 0 i o ¢

respect to the parameter ‘y’ , if it increases , the optimal = % 4.85 505 595 ——n*

values of ‘n’ is decreasing, the optimal values of ‘h’ is 8?5

decreasing and the expected cost per hour decreases for > (<) zZ*

fixed values of the other parameters. As the parameter ‘6’

increases , the optimal values of ‘n’ is decreasing, the
optimal values of ‘h’ is decreasing and the expected cost
per hour increases for fixed values of the other parameters.

Figure 4. ‘© Vs Optimal values of h, n, Z



© 2010 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 4, Number 3 (ISSN 1995-6665) 370

From Table 2, it is observed that as the parameter ‘Cy’
increases, the optimal values of ‘n’ is decreasing, the
optimal values of ‘h’ is increasing and the expected cost
per hour increases for fixed values of the other parameters.
When the parameter ‘C;” increases, the optimal values of
‘n’ is increasing, the optimal values of ‘h’ is decreasing
and the expected cost per hour increases for fixed values of
the other parameters .With regard to the parameter ‘C,’, if
it increases, the optimal values of ‘n’ is increasing, the
optimal values of ‘h’ is increasing and the expected cost
per hour increases for fixed values of the other parameters.
As the parameter ‘W’ increases , the optimal values of ‘n’
is decreasing, the optimal values of ‘h’ is increasing and
the expected cost per hour increases for fixed values of the
other parameters. With reference to the parameter ‘a’, as it
increases, the optimal values of ‘n’ is decreasing, the
optimal values of ‘h’ are decreasing and the expected cost
per hour decreases for fixed values of the other parameters.
As the parameter ‘b’ increases, the optimal values of ‘n’ is
decreasing, the optimal values of ‘h’ is decreasing and the
expected cost per hour remains constant for fixed values
of the other parameters. When the parameter ‘A’ increases
, the optimal values of ‘n’ is increasing, the optimal values
of ‘h’ is increasing and the expected cost per hour
increases for fixed values of the other parameters

4. Optimal Design Parameters When the Process Out
of Control Times are Random:

the earlier sections 3 and 4, we assumed that the time to
identify the assignable causes for process out of control
(T1) and the time to repair or eliminate the assignable
cause (T,) are fixed and known. But in many production
processes there are multiple assignable causes like
defective raw materials, faulty setup, untrained operators,
the cumulative effect of heat, vibration, shocks, power
fluctuations, etc., when the process is governed by
multiple assignable causes, ‘T;” and ‘T’ are also random
and follows a probability distribution. A suitable
distribution for ‘T;” and ‘T,’ is a Weibull distribution since
it accommodates constant, increasing and decreasing
hazard rates. Hence, here we assume that ‘T’ and ‘T’
follow Weibull distributions with parameters (A;, v;) and
(A2, v;) respectively, ‘A’ being the scale parameter and ‘v’
being the shape parameter.

fit,)= Aoyt e e d >0y >0t > Oand (26)
flt,) = hoypte e d 50,308 >0 @)

The Expected values of ‘T;” and ‘T, are

E[T1]=— (1—|— )and (28)
E(Tﬂj——r(1+ ] 29)

Substituting these values in the equation (18), we get

the expected cost per a unit time as

1={6 () el g b (S BRI DA ) Gt

e e )]*W}“{'

(1+i} r(u )
)T°Sa+(8+ ]h+nE+—+T} (30)
Where, ‘o’ and ‘B’ are as defined in Equations (5) and
(6) respectively. _
for obtaining the optimal design parameters of the X
chart, we differentiate ‘Z” with respect to ‘h’ and ‘n’ and

equate them to zero.
Az _ 0 impli
ah implies,

{(1—51) T,Sat (345 h + nE +F(H“;‘}+r(lT+_‘:_=']}.{cl-{ﬁﬁﬂ.r{h

CpoRt+ — IMH) {

S+1—m+hR} fatoa) {(s+1—wj h+n+ 20142 ]+

ﬁr(H—}}H (2] +ef(s+ E))h (= ]+n5+5—r(1+—)+— T+
H)+ ¢ a2 {(S+ﬁ)h+nE+—F(l+ } ( }}{

R0 61).TD.S.u.R}I/{(1—51j T, u+(8+m)

r(1+‘—}}

i (31)
Where, ‘o’ and ‘B’ are as defined in Equations (5) and

(6) respectively.

2 — 0 impii

r implies,

5 )l (stba)
[(1—01)-To-5-u+(8+—)h+ B "'}.{CI.E+‘T.E+

3

?] [+ )h+nE +—r(1+\}+%r(1+—)}} [eo(&)#e{(s+

)a- ( )+ nE+— r(1+\j+f: r(1+—)}+ G sar & {(s+1—ﬁ)) n+
nE + i'“”{”f'r(”@}* W} =

/{(1—0)T Su+(s+—) h+nE+

) o)
)

A Ay

(32)

Where, ‘o’ and ‘B’ are as defined in Equations (5) and

(6) respectively.
Solving the equations (31) and (32) simultaneously for
and ‘n’ using numerical techniques, we obtain the
optimal time interval between successive samples (h") and
the optimal sample size ().

To study the effect of the random nature of ‘T;’ and
‘T,” on the optimal design parameters we carry out the
sensitivity analysis for the parameters ‘A;’, ‘v;’, ‘A,” and
‘v,” with the initial values of the other parameters as

c=2,0=05,8=8,=1, E=0.01,a=3,b=0.01, Tp=1,
C,=5W = 90,C,=10, C,=20, &=0.05, n=2, y=2, 6=1,
u=2.5, o=1, k=3, A=0.5 and are shown in Table-3.

gh’
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Table 3. Optimal values of n, h and Z for various values of 2,
Vi, }\.2 and V2

A Vi es V2 h* n* z*

2 0.7 1 0.5 11.525 6 19.893
4 0.7 1 0.5 11.398 8 19.892
6 0.7 1 0.5 11.357 9 19.892
8 0.7 1 0.5 11.336 10 19.892
3 0.4 1 0.5 11.716 2 19.894
3 0.5 1 0.5 11.538 5 19.893
3 0.6 1 0.5 11.472 7 19.893
3 0.9 1 0.5 11.412 8 19.892
3 0.7 11 0.5 11.368 9 19.892
3 0.7 1.2 0.5 11.308 11 19.892
3 0.7 13 0.5 11.257 12 19.892
3 0.7 1.4 0.5 11.214 13 19.892
3 0.7 1 0.50 11.44 8 19.893
3 0.7 1 0.54 11.342 10 19.892
3 0.7 1 0.58 11.272 11 19.892
3 0.7 1 0.62 11.220 13 19.892

From Table 3, we observe that as the parameter ‘A;’
increases, the optimal values of ‘n’ is increasing, the
optimal values of ‘h’ is decreasing and the expected cost
per hour decreases for fixed values of the other parameters.
When the parameter vy’ increases , the optimal values of
‘n’ is increasing, the optimal values of ‘h’ is decreasing
and the expected cost per hour decreases for fixed values
of the other parameters. With respect to the parameter ‘A,’
as it increases , the optimal values of ‘n’ is increasing, the
optimal values of ‘h’ is decreasing and the expected cost
per hour remains constant for fixed values of the other
parameters. As the parameter ‘v,” increases , the optimal
values of ‘n’ is increasing, the optimal values of ‘h’ is
decreasing and the expected cost per hour decreases for
fixed values of the other parameters. The optimal design
parameters, n® and h* and the expected cost per a unit
time are highly sensitive to the Weibull model parameters
and by suitably estimating the model parameters we can
have more accuracy in reducing the nonconformities and
minimize the cost of Quality improvement program.

5. Conclusions:

In this paper we have proposed a Statistical economic
design of X control chart for the variables having Johnson
distribution as X distribution and the process in-control
times follow a Pareto distribution. The Pareto distribution
considered in this study can be applied for the processes
which will run for a minimum period of time without non
conformities. This distribution also includes the increasing
and decreasing rates of failure. Minimizing the expected
cost per a unit time, the optimal design parameters namely,
sample size and time interval between successive samples
are determined.

The numerical values indicate that the effect of Johnson
distribution parameters and Pareto distribution parameters
have significant effect on optimal design parameters.
Another variation in this model is also considered by
introducing randomness for ‘T, and ‘T,’ (Time to identify
the assignable cause and time to repair). As a result of this
modification it is observed that the model parameters of
‘Ty” and “T,’will also significantly influence the design
parameters. Sensitivity analysis carried out indicates that
the optimal design parameters and the cost per a unit time
are more sensitive towards the cost parameters than the
other parameters. This design is much useful in quality
control programs of production industries like chemicals,
paints, films, etc.
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