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Abstract
The cumulative count of a conforming (CC&)ntrol chart is used fdnigh quality
processes.The CCEr chart is arimprovement of the CCC chart that is based on the
cumulative number of items inspected until obsarvimon-conforming ones. This
paper aims to propose a new approach for manuéttutecision makingccording
to the criteria among theavailable options. The objective functiof the proposed
model is tominimize three criteria simultaneouslincluding expected cosper
hour(C) modified producer riskPR) and modified consumer risk (CRIjhe solution
method for theoproposed model is designbg using AHP techniqueA case study is
showed in numerical illustration sectidn.addition, sensitivity analysis is performed
to illustrate the impact of input parameters on dpimal solutions of the proposed
model.
Keywords: Statistical process control, CCC-r charts, highliug@rocesses,
multiple attribute decision making (MADM), AHP tedlque

1- Introduction

Statistical process control (SPC) is a set of témisreating stability and improving efficiencyrttugh
variability reduction in the production process.agg et al., (2012) emphasized that traditional robnt
charts do not have required efficiency as a detisiaking tool and they are not suitable for highligy
processes that produce very small fraction of deegroducts. Many charts have been suggested to
control and monitor high quality processes. Manyth&fm are categorized as cumulative charts due to
monitor the number of conforming samples beforehew to the first defected nonconforming sample
(Zhang et ak005). One of these charts is known as CCC clarhlative count of a conforming
control chart that was designed by Calvin (1983). He presentedndrol chart by using run length of
successive conforming items according to the gedendtstribution, which resolved the problem of
traditional control charts in generating false @garin control process of high quality processesh Go
(1987) proposed that for inspecting a processheiter that the number of inspected conformingétés
replaced on the chart by the cumulative numberooiconforming items. CCC chart was further studied
by Xie et al.,(1998),Tang and Cheong (2004),Liale{2006), Zhang et al.,(2008), Chan and Wu (2009)
Chen (2009), Chen and Chen (2001), Acosta-MejidZp0Sherbaf Moghaddam (2014). CCC chart is not
sensitive to small incremental changes in the nofocming fraction of the processes and as a result,
chart will not show an alarm in such cases.
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One of the weaknesses of these charts is the dagage time to signal when the nonconforming imact
increase¢Ohta et al., 2001).

A more practical approach for high quality prasssin CCC charts is using the extended statedcall
CCC r chart that considers the cumulative courtonfforming items until the detection gf observation
of non conforming item. CCC-r chart was studieddig et al.(1998), Ohta et al.(2001), Wu et al.(2001
Kuralmani et al. (2002), Chan et al.(2003), Schmart (2005), Albers (2010). These charts that follow
negative binomial probability distribution and d@he extended state of geometric distribution arey th
have greater efficiency in the high quality proesssbut the chart will signal after r, r+1,...
nonconforming samples are observed. Therefore, rmamples should be inspected in order to reach the
first point located on chart and consequently ti@péction cost increases. For this reason, in doder
minimize the costs, the selection of parameteend other parameters will be important. Optimizatio
models of control charts are developed based anocask. The goal of this paper is to develop @ded
to optimize these factors simultaneously. If orllg £conomic factors are considered, then the optima
solution can’t be applied in high quality systeiBecause the basic assumption of this productioocgso
is zero defective, so the time to arrive an alasrsa high thus risks should be considered in theeio
provide sufficient protection for both producer ammhsumer.

Many economic studies have been performed feigdang optimal control chart. Tang et al.(2000)
studied economic statistical design of CCC chastaguthe approach of primary nonconforming fraction
in all control stages of chart with conditional trmh limits. Utah et al.(2001) determined parameter
and obtained sampling interval of CCC-r chart usihg economic model of Lorenzen and Vance
(1986)Xie et al.(2001) studied the economic design of Gsd@rt by analyzing the sensitivity of cost
parameters in chart based on Duncan model (193&n @t al.(2003) obtained the economic design of
CCC charts based on sampling plans and the appofaatteptance risks. Zhang et al.(2011) developed
the economic design of time between events (TBRB)takith the aim of maximizing profit at the time
unit. Yilmaz and Bornak (2013) used the sensitidhalysis of statistical risks based on the model o
Lorenzen and Vance (1986) for economic design ofQBarts. Fallahnezhad and Golbafian (2016)
proposed an economic design of CCC-r control chaated on average number of inspected items. They
studied several models in order to reduce the bgsselecting suitable parameters of chart and
investigated the efficiency of models based onistte&dl and economical criteria. Fallah Nezhadand
Ahmadi Yazdi (2016) proposed a new optimization eiddr designing acceptance sampling plan based
on run length of conforming itemswith the objectieminimizing producer and consumer risks. In this
paper, we will develop the economic model of the ¥ al. (2001) for CCC—r chart with considering th

factors like C (expected cost per hour) CritelFfR(modified producer risk) Criteria a@R(modified

consumer risk ) criteria Simultaneously. In theeotword, we propose a Multiple Attribute Decision
Making (MADM) method for determining the optimalrameters. In section 2, the economic model is
introduced. In section 3, numerical illustration seown for elaborating solution method and the
performance of the proposed model. In section dsiBeity analysis is made to analyze the impacdthef
parameters of the model and finally the paper ickmed in section 5.

2- The proposed modelfor CCC—r chart

2-1- The parameters used in the model

LCL lower control limit for the CC-r control chai

h the time between produci two successive iter
C expecte cos per hou
ARL1 average run length when ' process is in contr

ARL2 average run length when process is out of cc

ANI, averagenumber inspectewhen process iin contro
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average number inspected when process is (contro
2

PR modified producer ris

CR modified consumer ris

S Number of the produced products until the procgss contro

Co quality cost/hour whilthe production process is in con

Cl quality cost/hour while the production processusaf control & CO)
Y cost per false alar

W cost tclocateanc to repair the assignable ca

| the cost of inspecting one it

'|'0 expected search time for investigating the falaen:

'|'1 expected time to discover the assignable ¢

'|'2 expected time to repair the proc

P, expected fraction defective produced when the @®tein contrc

P, expected fraction defective produced when the mo&eout ocontro
A 1/mean tim when the process is in contr

5= 1 if production continues during selaes
' 0 if production ceases during seah

5 = 1 if production continues during reap
2 0 if production ceases during repair

2-2-The process model

Production cycle of process has started from thginbeng of production or after identification
operation and eliminating the reason of an outositrol condition. The items are inspected one by ain
h time interval. We should monitor the number dfpected items until achieving, nonconforming

product on control chartAssume thattahe beginning state of the cyckyen though the process is in
control, but we maybserve false alarms. The paramé\p’s the average time thélne process isn

control. A, can be divided into two partBirst part is the average time that the process becomutesf
control. Second part is the average time for ingating false alarms when process is in contfothe

production process is stopped during the inspedfdalse alarms, thethe value of3; is considered to
be zero and thterm ST,/ ANlI,is timeto identify false alarmsthatwill be added to the tinie/ A for
obtaining A.S is equal to the number of produced product timtilprocess is in control andi$ the time
needed for investigating each false alama the rati&G/ ANlis equal to the number of false alarms in
each cycle.Since we haveconsidetteel average number of inspecteditemsin the maaas, the measure
AN isused in the proposed model. So we have:

A=1/A+ (1-9)ST / AN] , (1)

Also, Ayis equal to the time duration that the process mdoward out of control state so that we reach
to the first true alarm.
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A =h(ANI,-1) , 2
Azis equal to the summation of the expected timaeniifying the assignable cause after observing tru

alarmT,andthe required time to repair the reason of baingut of control condition and to remove the
identified reason as,thus following is obtained,

A=TH+T, 3
Therefore, the time required for each cycle is ioleth from the sum of A A,and As:
E(T)=1/A+(1-9)ST/ ANJ+ f ANJ-D)+ T+ T (4)

The expected cost of cycle according to assumeahpeters of model can be obtained as follows:

E(P)=G/A+ G(HANI,-1)+5,T+J,T)+ SY ANk W( 8 AN, (5)

When one point on the CCC-r control Chart datan@re than the upper control limit (UCL), then
process is efficient and there is no need for ctine action. Ttherefore, corrective action is devieen
one point is located under the lower control lifiCL). Thus, we consider one-sided CCC-r control

chart with LCL in this papem is the probability of observing a false alarm wipeocess is in control and
[ is the probability of not observing any alarm whencess is out of control thatfor low sided CCC-r
chart,a andf are calculated as follows equations (Ohta e2aD;):

LCL k_l
- r_ k—r (6)
a ;L_JQG p)
ﬁ=1-§(r:ﬂp; 1-p)” 0

Average run length when the process is in confdRl ) and average run length when process is out of
control ARLy) can be obtained as follows:

ARL =1/a, )

ARL =1/(1-p) , ©
Sincer/p,, is the mean value of a negative binomial distidouwith parameter r and, thus the average
number of inspections until a false signal is atedias follows.

ANIL =(r/ p)ARL , (10)

Also r/p,, is the mean value of a negative binomial distidsuwith parameter r and, pnd the average
number of inspections until a true signal is oledias follows:

ANL, =(r/ p,)ARL, , (11)
Also the expected cost per time unitis calculattbows.
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C= E(P)/ ET), (12)

Modified producers’ risk is probability of obsergira signal when process is in control and modified
consumers’ risk is the probability of not observiegignal when process is out of control basedhen t
number of produced items. These definitions areenapplicable because they provide more information
about the number of inspected items before obsgrvisignal. Since we have used the average nurfiber o
inspected items in each cycle, thus the modifiedipcer risk (PR) and the modified consumer risk)(CR
of decision making process are obtained as follgwin

PR=1/ AN| - (13)

CR=1-(1/ ANL) , (14)
The objective functions are to minimize C, PR ami@iteria simultaneously and the optimum value of
and LCL should be determined based on the equat&)nsr (7) .Therefore, the objective function & a
follows:

Z=mif{C(r,LCL), PR T, LCL), CR'r, LCL)]

Since three different objective functions sholld minimized thus a solution algorithm based
onMultiple Attribute Decision MakingMADM) is employed.
MCDM techniques are used to help the decision nsateeevaluate, sort, select candidates based on the
analysis expressed by scores, values, prefereteasities according to several criteria. Theseegat
may represent different aspects of the objectivesispon and De Bruyn, 1989).These processes are
generally divided into two branches:
First branch: Multiple Attribute Decision Making (MADM) methaddeal with the process of selecting
the best alternative in the presence of multipgeially conflicting, decision criteria. MADM technigs
can be applied as an analytical method to analgeednk a set of criteria or alternatives (Colsad ®e
Bruyn, 1989).

Second branch: Multi objective methods (MODM-Multi-objective deston making) which are
sometimes considered as the extended models ofematttal programming, where several objective
functions are considered simultaneously (Colsonz@@ruyn, 1989).

According to the different objective functions emysd in the proposed model, the MADM method is
used to determine the best solution which its apptin is elaborated in the next section.

3- Numerical illustration

3-1- Solution methodology
The values of input parameters to evaluate #wopnance of the proposed model is assumed as
follows: h =0.3 hours , S =100006:71,6,=0 , To=1lhours ,T =5hours ,}=8 hours

W=60 $ , Y= 50 $ J|= 45 $ , G 4 $ , G= 30 s
Suppose that the process produces about 0.27% mfonting items when in control.In the other words,
The LCL is determined using the classical standard falaemaprobability levelx = 0.0027 based on
three-sigma limits.

The values oANI , ANI, andCcan be obtained based on the input parameters.effeet of the
parameter ‘r' on the objective functions is showrhe Fig.1.
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Fig.1.Impacts of increasing the parameter r on the olbgftinctions

It is observed that the values of C and PR as®e by increasing the value of the parameter thiaut
value of CR decreases. Thus the variations C andrBf the same direction while the variation & C
is not in the same direction with the other objextiunctions. Therefore the optimal value of r mioest
selected among the available options.Thus, forsitetimaking, we are using the MADM methods. In
this case, AHP (Analytic Hierarchy Process) techaits used. The AHP technique is based on pairwise
comparison that can check the different scenanoDEecision-makergAksakal and Dgdevire, 2014).
AHP model for selecting optimal value ofr is showrFig. 2.

Selection optimal r

Goal

Criteria

Options &= = Sl =< T e T

Fig.2 The AHP model for decision making

Decision making steps are as follow:

1- Determine the weights of criteria using pairwisenparisons method.
2- Obtain the values of criteria for different value.o

3- Pairwise comparisons of criteria for different \edwof r using the selected framework.
4- Apply the analytical hierarchical process for detiming the weight for each value of r.
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Stepl: Compute the weights of criteria. Pairwismgarison of criteria is performed based on experts’
opinion depending on the practical conditions drefolicies of decision makers. The results ofvpiag
comparisons are shown as follows:

C is k times more important than P im(C/ PR) =k

C is K'times more important than C im@R) =k

We assume that according to the expert opinion, CIRR) =7.5 and im(C/ CR) =2.5.
For example, the criterion C is 2.5 times more intgott than the criterion CR.

Tablel.Comparing the relative importance of criteria

PR CR C
PR 1 0.33 0.13
CR 3 1 0.4
C 7.5 2.5 1

The weights of criteria are obtained as follows:

Wc=0.652,Wcr=0.261,Wpr=0.087

Step2: Compare the options with respect to critdrfe available options for decision making are, r=1
r=2...r=7. The aim of AHP model is to determine tiptirmal value of r.

First we compare the options with respect to gateC. For pairwise comparison between options
according to experts’ opinion, the ratio of cost elassified as follows to obtain the preferendes o
decision maker in comparison of different values lbdsed on the cost criterion .
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5.5:if 5<Cr /Cr

4.5:if4<Cr/Cr <5
3.5:f3<Cr/Cr <4
2.5:f2<Cr/Cr <3

Ex(r/r)= .
1.75:f 1.2<Cr ICr < 2
1.5:f1.1<Cr /Cr'<1.2
1.25:f1.001<Cr /Cr <1.1
1:ifCr /Cr <1.001
For example:

If
C,/C,» = 1.9, then expected cost per hour (C) of optidal.75 times more than the optitin
IfC,./C,» = 1.09, then expected cost per hour (C) of optidal.25 times more than the optithn

IfC,/C, = 1.15, then expected cost per hour (C) of optidal.5 times more than the optithn
Therefore, if we assume0.001 and p=0.01, then the results of pairwise comparisongdbam the
criterion C are reported in the Table2.

Table 2.Pairwise comparison of the options with respecthéocriteriorC

K' r r2 r3 P 's e r7
>

r 1 175 175 175 175 1.75 1.75
r 0.57 1 125 125 125 125 1.25
r3 0.57 0.8 1 1 1 1 1
ls 0.57 0.8 1 1 1 1 1
I's 0.57 0.8 1 1 1 1 1
I's 0.57 0.8 1 1 1 1 1
r7 0.57 0.8 1 1 1 1 1

Also the pairwise comparison between optionstiver criteria is performed in the same approach
framework. The same approach is employed for coimgaine options with respect to the criterion CR.
Following pairwise comparison was considered byetgerts. We have studied a high quality process, s
defective parts are rarely produced and the prdibabf discovering an out of control process isww
because very small values of shift may occur.
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1/2:if 0.9999&CRr CRr
1/3:if 0.999%CRr [CRr < 0.999¢
R(r /r')=41/4if0.9996< CRr /CRr< 0.999¢
1/5:if 0.9990 CR /CRr< 0.9996
1/6:ifCRr/CR <0.9990

Table 3.Pairwise comparison of the options with respethé&ocriterionCR

X' ry rz r3 la s l's r7
;

r 1 033 033 033 033 033 033
r 3 1 0.5 0.5 0.5 0.5 0.5
r3 3 2 1 0.5 0.5 0.5 0.5
rs 3 2 2 1 0.5 0.5 0.5
I's 3 2 2 2 1 0.5 0.5
e 3 2 2 2 2 1 0.5
r7 3 2 2 2 2 1

Also the options are compared with respect to thierion PR. Following method is applied for paisei
comparison.

4:if 200000G PRr PRr

3.5:if 3000 PRr /PRr < 200000
3:if 2000< PRr /PRr < 3000

2.5:if 1500 PRr /PRr < 2000
2:if 1250< PRr /PRr < 1500
1.5:ifPRr /PRr < 1250

P(r/r'):
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Table 4.Pairwise comparison of the options with respect to the ddtt PR

S

r
ra
r3
I4
Is
13

7

I I rs I I's I's r7

1 3 4 4 4 4
0.33 2.5 4 4 4
0.25 0.4 1 2 3.5 4 4
0.25 0.25 0.5 1 3.5 4
0.25 0.25 0.28 0.5 1 2 3.5
0.25 0.25 0.25 0.28 0.5 1 1.5
0.25 0.25 0.25 0.25 0.28 066 1

Step3: After the above ste@sP techniqu was used to find the optimahlue ofr.

i
I
r3
r4
5
16
i

Spnthesiz with respect to;

Zoal: r optimal

Owerall Inconziztency = .01

N —————
241 I

ey —

s ]

13z I
e

150 |

Fig.3. Total value criteria for options

Since theobjective functio is minimized at 3 thus r =3 is the mtimal option. Also overall

inconsistency valuis acceptabli(less than or equal 0.{Aksakal and Dgdevire, 2014.According to the
Fig.3, overall inconsistencyale is equal to 0.01; therefothe obtained resuliare trustable. Also, the
proposed approach can t@milarly be used to findoptimum solutionfor other scenarios of
nonconforming fraction thahe results a shown in Table5. Also in Fig.4, talue ofeach criterion for
each option is shown by ttar grap..
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Fig.4.value of each of the criteria in the options

The values of LCL are obtained using producer iristhe equation (6) based ah=0.0027. As can
be seen in the Table 5, the value of r=3 is optimahe cases,p0.01, 0.02, 0.03 but when.04 then
r=4 will be optimal. Thus the optimal value of cierases as the value gfipcreases.
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Table5Result of the optimal design of the CEChart (« = 0.0027)

Scenarios r LCL ANIy ANl C (r*,LCL¥)
1 3 1000000 9999.99 59.8140
2 76 2000000000 2000000.00 45.0744
P=0.001 3 272 3000000000000 299999999.99  45.0005
P,=0.01 4 566 4.0000e+15 4.0000e+10 45.0000 (3,272)
5 932 5.0000e+18 5.0000e+12 45.0000
6 1354 6.0000e+21 6.0001e+14 45.0000
7 1819 7.0000e+24 7.0056e+16 45.0000
1 3 1000000 2499.99 103.5158
2 76 2000000000 250000.00 45.5950
P=0.001 3 272 300000000000 18749999.99 45.0079
P,=0.02 4 566 4.0000e+15 1.2500e+09 45.0001 (3,272)
5 932 5.0000e+18 7.8125e+10 45.0000
6 1354 6.0000e+21 4.6875e+12 45.0000
7 1819 7.0000e+24 2.7344e+14 45.0000
1 3 1000000 1.1111e+03 173.9760
2 76 2000000000 7.4074e+04 47.0072
P=0.001 3 272 3000000000000 3.7037e+06 45.0402
P,=0.03 4 566 4.0000e+15 1.6461e+08 45.0009 (3,272)
5 932 5.0000e+18 6.8587e+09 45.0000
6 1354 6.0000e+21 2.7435e+11 45.0000
7 1819 7.0000e+24 1.0669e+13 45.0000
1 3 1000000 625.0000 267.9270
2 76 2000000000 3.1250e+04 49.7540
P=0.001 3 272 3000000000000 1.1719e+06 45.1269
P,=0.04 4 566 4.0000e+15 3.9063e+07 45.0038 (4,566)
5 932 5.0000e+18 1.2207e+09 45.0001
6 1354 6.0000e+21 3.6621e+10 45.0000
7 1819 7.0000e+24 1.0681e+12 45.0000

In this subsection, suppose that historical datdicate that the process produces about 5%
nonconforming items when out of contrqﬁ’(: 0.05). Thus we can determine the optimal value of LCL

based on the consumer risk in the equation (7) eotisidering assumed parameters and AHP technique
in the subsection 3-1, the result are obtaineddambted in the Table 6. As can be seen in the T&ble
when the parametegimcreases, LCL value decreases for the fixed vadfies
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Table 6.Result of the optimal design of the C(E(C-hart(ﬂ = 0.05)

Scenarios r LCL ANI; ANl C (r*,LCL*)
1 6 1006021.05 10621.57 58.9505
2 36 2071275688.78 2843139.60 45.0523
P;=0.001 3 83 3253244531335.74  677127562.78  45.0002
P,=0.01 4 138 4.5785e+15 1.5535e+11 45.0000 (3,83)
5 199 6.0771e+18 3.5490e+13 45.0000
6 263 7.7670e+21 8.0183e+15 45.0000
7 330 9.6801e+24 2.1017e+18 45.0000
1 3 1.0030e+06 2.6562e+03 100.1286
2 19 2.0363e+09 3.5964e+05 45.4136
P;=0.001 3 42 3.1225e+12 4.2069e+07 45.0035
P,=0.02 4 70 4.2773e+15 4.8391e+09 45.0000 (3,42)
5 100 5.5041e+18 5.4336e+11 45.0000
6 132 6.8129e+21 6.0986e+13 45.0000
7 166 8.2152e+24 6.9286e+15 45.0000
1 2 1.0020e+06 1180.90 166.6173
2 13 2.0242e+09 1.0676e+05 46.3929
P;=0.001 3 28 3.0791e+12 8.1766e+06 45.0182
P,=0.03 4 47 4.1800e+15 6.2878e+08 45.0002 (3,28)
5 67 5.3253e+18 4.6733e+10 45.0000
6 89 6.5260e+21 3.5439e+12 45.0000
7 111 7.7754e+24 2.6127e+14 45.0000
1 2 1.0020e+06 678.1684 251.4764
2 10 2.0181e+09 4.5124e+04 48.2937
P;=0.001 3 22 3.0606e+12 2.6513e+06 45.0561
P,=0.04 4 35 4.1301e+15 1.4424e+08 45.0010 (4,35)
5 51 5.2407e+18 8.3150e+09 45.0000
6 67 6.3840e+21 4.6017e+11 45.0000
7 84 7.5682e+24 2.5790e+13 45.0000

4- Sensitivity analysis

4-1- Sensitivity analysis of pairwise comparisons

In this section, sensitivity analysis of exmedpinion is carried out to investigate their impac the
optimal value of r. The parameters 0.0027, R=0.001 and Z0.01 are assumed for the sensitivity

analysis.
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Table7. Result of sensitivity analysis of pairwise comparis ¢ = 0.0027, R=0.001, B=0.01)

The level of The amount of weight gained
importance
Scenario
1 im(C/CR)=3 Wpr=0.111<Wer=0.222<W:=0.667
im(C/PR)=6
2 im(C/CR)=3 Wcr=0.182<WPR=0.273<WC=0.545
im(C/PR)=2
3 im(C/CR}3 Wpr=Wcr=0.200<W:=0.600
im(C/PR)F3
4 im(C/CR)=1 Wpr=0.143<Wer=Wc=0.429
im(C/PR)=3
5 im(C/CR)=3 Wcr=0.143<Wr=W:=0.429
im(C/PR)=1
6 im(C/CR)=0.33 Wp=0.077=<W:=0.231<W:g=0.692
im(C/PR)=3
7 im(C/CR)=0.25 WC=0.125<WPR=0.375<WCR=0.500
im(C/PR)=0.33
8 im(C/CR)=0.33 Wc=Wpr=0.200<W:R=0.600
im(C/PR)=1
9 im(C/CR)=0.33 Wc=0.143<Wog=Wcr=0.429
im(C/PR)=0.33
10 im(C/CR)=0.33 Wc=0.125<Wer=0.375<Wsr=0.500
im(C/PR)=0.25
11 im(C/CR)=3 Wcr=0.077<W=0.231<W:=0.692
im(C/PR)=0.33
12 im(C/CR)=1 Wcr=Wc=0.200<Wsr=0.600
im(C/PR)=0.33
13 im(C/CR)=3 Wcr=0.143<W-=Wpr=0.429
im(C/PR)=1
14 im(C/CR)=1 Wer=Wc=Wpr=0.333
im(C/PR)=1

According to the table7, almostit can be obsenetdthhen im(C/CR) increases and simultaneously
im(C/PR) decreases, then the optimal value of mimaber of r optimal increases .Also, when im(C/PR)
increases and im(C/CR) decreases, then the optimlaé of decreases, then the optimal value of r
decreases.
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4-2- Sensitivity analysis of input parameters

In this subsection, asensitivity analysis isfg@ned on the parameters that are used in the edono
design for CCQ- control chart. In the Table 5, the optimal valugarfid LCL optimal areobtained with
considering the criter@, PR ang CR simultaneously. Table 5 shows the variations efdtiterion C
based on an increase of 50%in the assumed initiednpeters.As can be seen, with increasing the
parametersh, Tland,,Tthe value ofC decreases and with increasing the parametgrls @nd W, the
value of Cincreasesbut with increasing the parametersC§ and Y, the variations ofCis little and
isconsidered to be zero. In the basic mode, asspnoeidiction continues during searches and productio
ceases during repair. In case 9 of Table 5, we hasamed that production ceases during searches and
production continues during repair and it is obedrthat the functiorC was increased comparing to the
basic mode.In case 10, we have assumed that piodwsases during searches and production ceases
during repair and it is observed that the functiémas decreased comparing to the basic mode. In case
11, we have assumed that production continues gig@arches and production continues during repair
and it is observed that the functiGrwas increased comparing to the basic mode. Alsthdrcase 9, 10
and 11, it is observed that the optimal value & plarameter r is fixed.Also it is observed thathbot
options r=2 and r=3 are optimal in the cases 2Indowever £3,is more efficient tham=2 based on
the criterion C. but as mentioned above, with adersing criteriac. PR andcRr Simultaneously, we see

that these two options have the same efficiency.
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Table 8 Sensitivity analysis for economic design for CE€Chart (o = 0.0027, R=0.001, B=0.01, W=0.652, W:r=0.261, Wz=0.087)

*

*

P P, h T Tt T & 6 G &G | Y W r LCU C i
Base = "po001 001 03 1 5 8 1 0 4 30 45 50 60 272 450004958
States
1 h; 0001 001 045 1 5 8 1 0 4 30 45 50 60 3 272 40.0003310 -12.5003
2 h, 0001 001 06 1 5 8 1 0 4 30 45 50 60 2 76, 37.5372721,3 -19.8822
3 272 75002484  -20.0005
3 T 0001 001 03 15 5 8 1 0O 4 30 45 50 60 3 272 450004958 0
4 T 0001 001 03 2 5 8 1 0 4 30 45 50 60 3 272 450004958 0
5 Ty 0001 001 03 1 75 8 1 0 4 30 45 50 60 3 272 450004954 -8.9E-07
6 T, 0001 001 03 1 10 8 1 O 4 30 45 50 60 3 272 450004950 -1.8E-06
7 Ty 0001 001 03 1 5 12 1 0 4 30 45 50 60 3 272 450004938 -4.4E-06
8 Tp 0001 001 03 1 5 16 1 O 4 30 45 50 60 3 272 450004918 -8.9E-06
9 449 0001 001 03 1 5 8 0 1 4 30 45 50 60 3 272 450004968 2.22E-06
10 4z 0001 001 03 1 5 8 0 0O 4 30 45 50 60 3 272 450004942 -3.6E-06
11 5z 0001 001 03 1 5 8 1 1 4 30 45 50 60 3 272 450004985  6E-06
12 C, 0001 001 03 1 5 8 1 0 6 30 45 50 60 3 272 450004958 0
13 C, 0001 001 03 1 5 8 1 0 8 30 45 50 60 3 272 450004958 0
14 Cy 0001 001 03 1 5 8 1 0 4 45 45 50 60 3 272 60.0004945 24.99979
15 C, 0001 001 03 1 5 8 1 0 4 60 45 50 60 2, 76, 750739809, 40.05847
3 272 75.0004932 39.99973
16 1, 0001 001 03 1 5 8 1 0 4 30 675 50 60 3 272 525007448 14.28599
17 1; 0001 001 03 1 5 8 1 0 4 30 9 50 60 3 272 60.0009937 25.00042
18 Y; 0001 001 03 1 5 8 1 0 4 30 45 75 60 3 272 450004958 0
19 Y, 0001 001 03 1 5 8 1 0 4 30 45 100 60 3 272 450004958 0
20 W; 0001 001 03 1 5 8 1 0 4 30 45 50 90 3 272 450004962 8.89E-07
21 W, 0001 001 03 1 5 8 1 0 4 30 45 50 120 3 272 450004965 1.56E-06
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5- Conclusion

In this paper, we proposed a method based otipheudttribute decision making (MADM) methods to
deal with the process of designing the CCC-r chased on the economic model which has been
introduced by Xie et al.,(1998). Also the expeatedt per hour(C), modified producer risk (PR) and
modified consumer risk (CR) are assumed as decisitaria of AHP model then the proposed model
was solved by AHP techniques.Numerical illustraticas used to demonstratethe solution method.A step
by stepsolution method is developed for determitiregoptimal value of r based on conflicting demisi
criteria.Sensitivity analysis is done to illustrétbe impact of different input parameters on thaults of
the model. For future studies, we suggested toldevtbe economic model for CCC-r chart with varebl
sampling intervals or to develop an optimizatiooremmic model for CCC-r chart with the risk
constraints.
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