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)e main purpose of this study is to present a new hybrid approach to select the appropriate maintenance policy (NET) of
machines utilizing analytic network process (ANP), computer simulation, and the concept of virtual cellular manufacturing
system (VCMS). Since conventional methods select only one NETpolicy for all machines or production lines, the performance of
machines that do not conform to the selected policy is reduced. In the proposed method, the information of the functional
parameters of the machines is extracted by means of computer simulation and there is no need for expert opinion. Next, the
appropriate net policy for each machine is selected using the ANP method. To reduce the diversity and complexity of NET
applications, machines are grouped using the concept of virtual cellular manufacturing system based on the similarity of NET
policies. A NETprogram is prepared for each group of machines. )e proposed approach is used in a production unit with three
widely used NET policies, and its efficiency was proved by comparing the results with conventional methods.

1. Introduction

One of the ways to achieve high productivity in production
units is to have the right preventive and maintenance (PM)
policy [1]. It is crucial to have a high productivity line to
reduce costs [2]. One of the major obstacles to achieving the
goals of manufacturing companies is the sudden breakdown
of devices that have a direct impact on production [3].
Preventive and maintenance cost varies from 15 to 70
percent of total production cost [4].

PM is a set of activities that are clearly planned and
performed to prevent the sudden breakdown of machinery,
equipment, and facilities [5]. )e main purpose of PM in a
system is to extend the life of devices with minimum cost
and maximum efficiency during the operation period [6].

However, proper preventive and maintenance policies
directly affect the profitability of the organization; the lack of
proper PM planning reduces the life of the equipment [7].
Different policies have been stated for the PM; each of them
has advantages and disadvantages depending on the type of
machine [8]. Taking advantage of the appropriate PM policy

reduces the costs of a manufacturing organization [9].
According to [10], in many cases, preventive PM improves
the performance of machinery due to more imposing de-
fects, and repairing is only useful to items that have a certain
pattern of damage.

Many studies have been done on the evaluation of the
efficiency and effectiveness of each PM policy and the se-
lection of the best one [11, 12]. Selecting the right PM policy
does not depend on a single criterion and is considered a
multicriteria decision-making issue [13]. )e share of re-
search on the use of multicriteria and multiobjective deci-
sion-making tools has been high [14, 15]. )ere are three
main steps in the process of preparation for multicriteria
decision-making [16]. First, determining the relevant criteria
and options. )en, determining the relative importance of
the criteria and performance of the options on the criteria.
Finally, rank each option and select the best choice [17]. In
multicriteria decision-making methods, criteria such as
safety, cost, added value, and feasibility are selected to
choose the best policy or a combination of different types of
PM policies [18, 19]. )e weight and values of the criteria
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should be derived from the actual performance of the devices
and production lines. However, due to the high cost or lack
of required time, it is estimated by experts [20]. Due to the
low number and high cost of experts, some research has used
low-cost methods such as computer simulation to determine
the criteria values [21, 22].

In a multiproduct manufacturing unit, the performance
of the equipment on different production lines is different
and requires separate PM policies so that a specific policy
may be appropriate only for a set of equipment and may not
be effective for another set. While in most conventional
methods, a PM policy is chosen for the whole company or
production lines [23]. If there is a need for several different
policies in amanufacturing company, similar policies should
fall into one category. Also, the concept of cellular
manufacturing has been used to group different network
policies [24].

Most NET policy selection methods use multicriteria
decision-making tools that require the selection of appro-
priate criteria. )ese methods can be classified into two
general categories. In the first method, only one NETpolicy
is selected for the entire production machinery. But in the
second method, for each production line, a separate NET
policy is selected.

Studies have shown that in conventional methods, a
number of machines are not compatible with the NET se-
lection policy for all machines or production lines. )ere-
fore, these methods have limited efficiency due to
insufficient attention to the specific characteristics of ma-
chines in selecting the appropriate NET policy. As a result,
new high-performance methods are essential for selecting
the appropriate NET policy.

It should be noted that the new methods will require a
lot of functional information from the machines as well as
a variety of NETpolicies. In this regard, the capabilities of
computer simulation softwares can be used to reduce the
problem of selecting experts and the impact of their
personal opinion. Clustering can reduce complexity [25].
It also reduced the diversity and complexity of NET
programs by clustering similar machines in terms of NET
policies.

In the present study, a new approach has been proposed
by using computer simulation, ANP method, and the
concept of the virtual cell to select the appropriate PM
policy for the machine. )e procedure is that the widely
used PM policies and their evaluation criteria are extracted
and selected from written sources. In the following, the
required matrices of the ANP method, including policy-
criterion and criterion-criterion, preparation, and appro-
priate PM policy of each machine, are selected. )en
machines are grouped based on the similarity of the PM
policy. If the number of machines belongs to each policy is
large, there is a possibility of creating a variety of PM
programs. In order to reduce the variety of PM programs,
all machines of that policy are formed in a similar virtual
cell. In fact, the machines are not physically moved, but the
machines that belong to each cell are subjected to the same
PM program. Important research innovations include the
following:

(1) Choosing a suitable PM policy for each machine
using simulation and without the use of expert
opinion.

(2) Grouping machines based on similar PM policies
regardless of location.

(3) Applying the concept of virtual cellular
manufacturing system (VCMS) in order to result in
cell formation of policy machines with a relatively
large number of machines. )is act reduces the
variety of PM programs and performs operations on
similar cells without altering the physical location of
the machines.

)e structure of the current research is as follows and
will be described in the new methodology and proposed
model in Section 2. In Section 3, the results of the proposed
approach to data mining are presented. Finally, the dis-
cussion, conclusion, limitation, and future research pro-
posals are represented in Section 4.

2. Research Methodology

)emain goal of the current study is to provide an approach
to selecting the most appropriate PM policy for each ma-
chine in a multiproduct manufacturing system. )is action
uses three tools of managerial, analytical decision-making:
ANP, computer simulation, and the concept of VCMS. )e
conceptual scheme of the proposed approach is shown in
Figure 1.

)e research steps are explained in the following. Finally,
the efficiency of the proposed approach is compared with
conventional methods (Types A and B) [26].

2.1. Initial Steps and Basic Information. At this step, the
evaluation criteria and the most used PM policies are se-
lected. Also, the main activities of the PM are determined in
each PM policy. However, the selection of experts is specific
to common methods and does not include the proposed
approach, but it is necessary to compare the results of the
proposed model with conventional methods.

2.1.1. Selecting PM Criteria. Selection criteria can be defined
as the characteristics, skills, and abilities of a policy that can
effectively perform a given task.)ey are used to identify the
right strategy [27]. Different categories of PM criteria are
provided [11, 28, 29].)e authors of [30] have classified NET
criteria into fourmain groups: cost, value-adding, safety, and
availability. Each criterion, in turn, has subcriteria [31]. In
the proposed approach, 12 subcriteria from the 4 main
groups of criteria that can be calculated by computer sim-
ulation are selected as given in Table 1.

2.1.2. Selecting PM Policies. )e types of PM policies are
condition-based maintenance (CBM), predictive mainte-
nance (PDM), total productive maintenance (TPM), cor-
rective maintenance (CM), and reliability-based
maintenance (RBM). Corrective, preventive, and predictive
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PM policies are themost common policies in an effective PM
management [31], which have also been used in current
research.

2.1.3. Selecting Experts. )is step is specific to conventional
methods (Types A and B), and a sufficient number of PM
experts are selected to perform pairwise comparisons be-
tween criteria and policies.

2.2. Selection of the Appropriate PM Policies

2.2.1. ANP. Although both the ANP and the hierarchical
analysis process take precedence over pairwise comparisons,
there are differences between them [32]. Multiobjective
models are used to select appropriate PM policies [33]. A
network analysis method has been used to select the ap-
propriate PM policy. )is method uses the super-matrix
approach. At this step, the pairwise comparison criteria of
the policy-criterion and the criterion-criterion must be
completed. In conventional methods, these tables are
completed by experts. In this method, there is a problem
with supplying a large number of experts and also applying
the possible manner of experts [34]. Computer simulation
tools are used to solve the problem of the effect of experts’
judgment on determining the values of criteria, pair com-
parison, their weight, and also the relationship between
criteria in the ANP technique.

2.2.2. Computer Simulation. In the proposed model of the
current research, regardless of the physical location and how
the machines are installed in the production lines, the ap-
propriate policy for each machine is selected separately.
)erefore, considering the number of policies, there is the
simulation for each machine, and the values of the policy-
criteria and the criteria-criteria are calculated.

)e authors of [35] have studied the optimization of PM
systems based on simulation. By examining about 59 articles
published between 2000 and 2013, they found results in
using simulation techniques in optimizing PM systems,
which is summarized in Table 2.

(1) Computer Simulation Model Assumptions

(1) )e model consists of several continuous production
lines, and each line consists of several machines

(2) Each production line is a single product that requires
a specific sequence to build

(3) Production operations are continuous and in pro-
duction line form

(4) )e cost and time of the production operation are
stochastic

(5) )e production capacity of each of the lines and the
whole factory in each period is constant, known, and
limited

(6) Primary input materials to the system are assumed to
be unlimited

(7) Start-up time is not considered for the system
(8) )e study period or simulation time is 180 days
(9) Conveyors act as transmitters and have no role in

PM programming

Hypotheses 1, 2, 3, and 5 are derived from conventional
methods. But hypotheses 5 to 7 are new and relevant to current
research. Hypotheses 7 and 9 are intended to simplify themodel.
)e eighth assumption also determines the planning period.

(2) Simulation Model Parameters. In order to determine the
policy-criterion as well as the policy-policy entry of the
matrix directly, it is necessary to determine the simulation
parameters in each of the production lines.)ese parameters

Highly used PM policies

PM evaluation criteria

Simulation parameters

Main PM activities

Criteria-Criteria
Policy-Criteria

Matrices
(Arena)

Appropriate
PM policy of each

machine
(ANP)

Virtual cell formation of
machines for policies

(VCMS)

The appropriate PM policy for
each machine and the same PM

program for the machines of
virtual cells

Performance
investigation

The whole unit with a
single PM policy

(Type A)

Each production line
with a suitable PM

policy (Type B)

Figure 1: )e conceptual framework of the hybrid approach.

Table 1: Criteria and subcriteria of selecting PM policies.

Cost Value adding Safety Availability
C1: Capital cost C4: Reliability C7: Operator skills C10: Facility utilization
C2: Running cost C5: Capability C8: Flexibility C11: Resource availability
C3: Maintenance downtime C6: Repair load C9: Efficiency
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are extracted throughmachine-building documentation. For
example, the parameters of the Nugget production line, as
described in Table 3, include failure time, repair time, repair
cost, process time, production cost, and waste cost.

Using the Arena version 13.5 software, a computer
simulation model is developed.)e construction, validation,
entry of information, and reporting of models in the current
research is in accordance with the method of [36]. In order
to test the structural error of the model, the results of
simulation with real data are examined to confirm the ac-
curacy of the prediction results of the model. For this
purpose, all the studied parameters in the simulation are
considered definitively and reviewed and controlled in Excel
software. If the results obtained from the simulation are
similar to the results of the statistical calculations, the ac-
curacy of the model results is confirmed. At the end of this
step, the machines are grouped regardless of their location
and only based on the same PM policy.

2.3. Virtual Cell Formation. Cellular production is an in-
dustrial application of group technology concepts and is a
production philosophy in which similar parts are produced,
designed, identified, and grouped in order to take advantage
of their similarity. )is concept was first proposed by [37].

Sometimes moving machines may not be physically
possible or cost-effective. In order to overcome this problem,
there are approaches in which one of them is VCMS. Unlike
static and classic cellular production, in a virtual cell system,
machines, parts, and workers are temporarily grouped for a
period of time.)e groupedmachines are not necessarily the
same. If the demand pattern changes from one period to
another, the machines in each cell may be transferred vir-
tually to another part [38].

)ere is a PM program because of the number of machines
in each PM policy, and this matter increases the complexity of
the proposed model in practice; as a result, PM programs must
be reduced by using techniques. To this end, in policies where
the number of machines are somany, the machines are formed
as cell according to the same PM program and with the help of
the concept of virtual cellular production.

In the current research proposal, if the number of ma-
chines in each policy is more than 5, the machines will or-
ganize as cell layouts in virtual cells that have a similar PM
program. If needed, the number of machines can be changed,
and the number of cells can be controlled. With this act, the
machines are subjected to a similar program to the PM with
no need for physical movement. By changing demand or
other production conditions in the next periods, the position

of machines in virtual cells may change. In order to cell layout
machines in any PM policy, it is necessary to select the PM
activities related to that policy. For example, these activities
for preventive PM are described in Table 4 [39].

Based on the documents submitted by the
manufacturing factory, the requirements of each machine
will be determined by the selected PM policy activities. )e
result will be a matrix, including the numbers 0 and 1. )is
matrix for machines that belong to the Preventive PM Policy
is shown in Table 4. With the help of the mathematical
model, machines are formed as cell layout based on the
similarity of activities. )is model is described as follows:

Indices:

i: index for activities (i � 1, 2, . . . , P)

j: index for machines (j � 1, 2, . . . , M)

k: index for clusters (k � 1, 2, . . . , C)

Parameters:

rij: 1 if machine j requires activity i; 0, otherwise
e: minimum number of machines should be assigned
to a formed cluster
A: large positive number

Decision variables:

Xik: 1 if activity i is assigned to cluster k; 0, otherwise
Yjk: 1 if machine j is assigned to cluster k; 0, otherwise
Zk: 1 if cluster k is to be formed; 0, otherwise

Objective function:

MinZ � 􏽘
C

k�1
􏽘

P

i�1
􏽘

M

j�1
XikYjk − 􏽘

P

i�1
􏽘

M

j�1
rijXikYjk

⎛⎝ ⎞⎠

+ 􏽘
C

k�1
􏽘

P

i�1
􏽘

M

j�1
rijXik 1 − Yjk􏼐 􏼑.

(1)

Constraints:

􏽘

C

k�1
Xik � 1, ∀i, (2)

􏽘

M

i�1
Xik ≤A × Zk, ∀k, (3)

􏽘

C

k�1
Yjk � 1, ∀j, (4)

Table 2: Simulation application in optimizing PM systems.

PM PDM CM PM
PM policy in simulation Asset PM resources Dynamic production
Simulation techniques Discrete event Discrete event and other techniques Other techniques
Optimization models Advanced models Classic models Manual models
Advanced models Integrated models SA GA
Optimization Minimum cost Maximum availability Maximum output
Single objective or multiobjective Multiobjective Single objective
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􏽘

M

j�1
Yjk ≤A × Zk, ∀k, (5)

􏽘

M

j�1
Yjk ≥ e × Zk, ∀k, (6)

Xik, Yjk, Zk ∈ 0, 1{ }, ∀i, j, k. (7)

Linearization:

)e objective function of the model is a nonlinear
equation due to the multiplication of the variables Xik

and Yjk. Let us define the following new variable.
Wijk � XikYjk. (8)

Hence, the following constraints should be added to
the original mathematical model [40]:

Wijk − Xik − Yjk + 1.5≥ 0, ∀i, j, k, (9)

1.5 × Wijk − Xik − Yjk ≤ 0, ∀i, j, k. (10)

Now, we have linear programming as follows:

MinZ � 􏽘
C

k�1
􏽘

P

i�1
􏽘

M

j�1
Wijk − 􏽘

P

i�1
􏽘

M

j�1
rijWijk

⎛⎝ ⎞⎠

+ 􏽘
C

k�1
􏽘

P

i�1
􏽘

M

j�1
rij Xik − Wijk􏼐 􏼑.

(11)

Constraints include equations (2)–(7), (9), and (10).

With the implementation of the linear model with the
help of Lingo software, the machines of each policy are
assigned to the cells. For example, the result of the cell
formation of 9 machines to receive preventive PM policy
activities is shown in Figure 2.

2.4. Calculation and Comparison of the Efficiency of the
Methods (Types A and B). At this step, the efficiency of the

production lines is calculated with the policies and the se-
lected PM program and also compared with the perfor-
mance results of the two conventional methods (Types A and
B).

3. Case Mining

)e proposed approach in current research has been vali-
dated by using case mining. )e steps of case mining are
exactly in line with the proposed model. In the following, a
description of the steps of case mining will be explained.

3.1. Initial Steps and Basic Information. )is study was
performed on a production unit of Iranian meat and protein
products, including three production lines: Nugget, Burger,
and Sausage. )e number of products is 3, the number of
production lines is 3, and the number of machines is 15. )e
other assumptions of the proposed approach are precisely
the same. According to previous explanations, PM policies
are corrective, preventive, and predictive. )e criteria and
subcriteria for selecting the appropriate policy for PM in-
clude 12 criteria, as described in Table 1. Since conventional
approaches require the opinion of experts for pairwise
comparisons, 5 persons were selected, including 3 experts in
the field of PM and 2 experts in the field of food industry
machines.

3.2. Selecting the Appropriate PM Policies. In the new pro-
posed method, it is necessary to determine the simulation
parameters of the production lines. By conducting field
studies on production line documentation, the parameters of
all three production lines, including failure time, repair time,
repair cost, process time, production costs, and waste costs,
were extracted. As an example, these parameters for the
Nugget line, which has 5 machines, are described in Table 3.

In the proposed model of the current research, computer
simulation models are made according to the parameters of
the machines. PM computer simulation model has been
developed in the study company considering all the pa-
rameters of machines and the number of PM policies. For
example, the developed model for the study company is
related to preventive PM policy, as shown in Figure 3.

In order to check the accuracy of the simulation models
and ensure their correct performance, the expected results of
the model solution according to the input data were created
in Excel software and compared with the output of the
models. )e results were very close, and, as a conclusion, the
validity of the models was confirmed.

Table 3: Nugget production line machines simulation parameters.

Machine Process
Production line parameters

Failure time Repair time Repair cost Process time Production costs Waste costs
M11 Material preparation TRIA (115,150,200) EXPO (1.5) 6500 50 10 10
M12 Material injection TRIA (90,100,120) EXPO (2.5) 3000 25 3 3
M13 Spraying powder TRIA (40,115,150) EXPO (1.5) 2000 30 5 5
M14 Cooking and freezing TRIA (120,180,240) EXPO (1.5) 2800 50 3 3
M15 Packaging TRIA (25,45,60) EXPO (0.5) 2000 45 7 7

Table 4: PM activities for preventive PM policy.

O1: Inspection O7: Take reading
O2: Predictive maintenance O8: Lubrication
O3: Cleaning O9: Schedule replacement
O4: Tightening O10: Interview operator
O5: Operating O11: Analysis
O6: Adjustment
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In order to select the appropriate PM policies, an ANP
approach is used. )e ANP method used in this research
consists of 5 steps [41].

For this purpose, it is first necessary to complete the
criteria-policy matrix. )e results of the implementation of
simulation models were obtained for each of the three
policies. For example, the values obtained for the criteria-
policy matrix for the first machine of the Nugget production
line are as described in Table 5.

Arena software has a tool called a process analyzer that
allows you to extract the best possible performance for
changing variables and sensitivity analysis. )e techniques
used in this tool are based on theories presented by Hong
and Nelson [42]. By using this tool, the relationships be-
tween the PM criteria for the first machine of the Nugget
production line are calculated and are shown in Table 6.

)e criteria-policy matrix is normalized, and the relation-
ships between thematrix of criteria and theweight of the criteria
are obtained. For example, the result of the weights for the first
machine of the Nugget production line is given in Table 7.

Finally, the preventive PM policy was chosen for the first
machine of the Nugget production line. Similarly, calcula-
tions were repeated for other machines, and appropriate
policies were obtained.)ese results are shown in Table 8. In
order to compare the efficiency of the proposed model in
current research with conventional methods (Types A and
B), the most appropriate PM policy was obtained based on
the opinion of experts for the entire production unit as well
as each of the production lines. )e most appropriate policy

for all production line machines is preventive policy. )e
most appropriate policy of PM for the Nugget line was
preventive and for the next two lines was predictive.

According to the results of the proposed model, the
largest number of machines belongs to the policy of pre-
ventive PM (9 devices); the next one was the policy of
predictive PM (4 devices) and the policy of corrective PM (2
devices). )erefore, in the next step, preventive PM policy
machines will be formed as cell layouts.

According to the results of the proposed model, the
largest number of machines belongs to the policy of pre-
ventive PM (9 devices); the next one was the policy of
predictive PM (4 devices) and the policy of corrective PM (2
devices). )erefore, in the next step, preventive PM policy
machines will be formed as cell layouts.

3.3. Forming a Virtual Cell. )e machine-activity matrix,
which determines the activities required for each machine
with a preventive PM policy, is shown in Table 9.

)e maximum number of cells is 4, and the minimum
number of machines for each cell is 2 if it is formed. )e
linear clustering model for preventive PM policy has been
solved with the help of “Lingo” and “GAMS” software, the
results of which are shown in Figure 2. Due to the linearity of
models, the obtained results are optimal global values.

)is has two significant achievements. First, the diversity
of PM programs has been reduced by approximately 65%,
and the application of the model in practice is remarkably
facilitated. Second, the cell for each operation team was
determined. In this example, operations 4, 6, and 10 are
deployed in the first cell, operations 5 and 9 in the second
cell, and operations 1, 2, 3, 7, 8, and 11 in the third cell.
Obviously, 12 operational services are provided outside the
cells, which is the best possible situation.

3.4. Calculation and Comparison of the Efficiency of the
Methods (Types A and B). )is step is only to compare the
efficiency of the proposed model of the current research with
conventional methods (Types A and B), and in the running

M11 C11 M12 M13C12 C13 C14M14 M15

M21 C21 M22 M23C22 C23 C24M24 M25

M31 C31 M32 M33C32 C33 C34M34 M35

Basic Machine Basic Machine Basic Machine Basic Machine Basic Machine

Basic Machine Basic Machine Basic Machine Basic Machine Basic Machine

Basic Machine Basic Machine Basic Machine Basic Machine Basic Machine

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

.......................

STATE

STATE STATE STATE STATE

STATESTATESTATESTATE

STATE STATE STATE STATE

STATE STATE STATE STATE

STATESTATESTATESTATESTATE

STATE STATE STATE STATE STATE

Figure 2: Clustering of machines for preventive PM policy.
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M6
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Figure 3: Production line simulation model for preventive PM
policy.
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model, this step is not required. In order to compare them
and prove the efficiency of the proposed method, the uti-
lization of the whole system has been used. First, according
to the appropriate policy of the PM, by using simulation, the

parameters of the NETare calculated. )e values of the total
utilization of this current research approach and conven-
tional methods (Types A and B) are in accordance with
Table 10.

Table 7: Criteria of weight values by simulation for the Nugget line.

Criterion weight C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11
0.071 0.085 0.063 0.067 0.080 0.041 0.069 0.031 0.063 0.066 0.182

CM 92 81 76 78 76 74 73 62 59 54 47
PM 154 152 150 146 141 134 131 120 112 113 105
PDM 157 145 163 139 147 150 148 146 142 139 134

Table 8: Appropriate PM policies.

Model
Nugget Burger Sausage

M11 M12 M13 M14 M15 M21 M22 M23 M24 M25 M31 M32 M33 M34 M35

Proposed model
CM CM

PM PM PM PM PM PM PM PM PM
PDM PDM PDM PDM

A policy for each line (Type B) PM PDM PDM
A policy for all lines (Type A) PM

Table 9: Matrix of machine-activity for preventive PM policy.

O1 O2 O3 O4 O5 O6 O7 O8 O9 O10 O11

M1 1 0 1 0 1 0 1 1 0 0 1
M2 1 1 1 0 0 1 1 1 1 0 1
M3 1 0 0 1 1 1 0 0 0 1 1
M4 0 0 0 1 0 1 0 0 1 1 0
M5 0 0 0 1 1 0 0 0 1 1 0
M6 1 1 1 0 0 0 1 1 0 0 1
M7 1 0 0 0 1 0 0 0 0 1 0
M8 1 1 1 0 1 0 1 0 0 0 1
M9 1 0 0 1 0 1 0 1 0 1 0

Table 5: Results of the Nugget line criteria-policy matrix with simulation.

Policy C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

CM 152 147 147 155 141 140 127 126 119 114 122
PM 122 118 116 115 113 111 110 104 100 97 94
PDM 160 148 153 145 148 137 132 125 124 120 121

Table 6: Results of the criteria-criteria relationship with simulation.

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

C1 1 2 4 4.5 6 4 8 5 7 4 4
C2 0.5 1 5 4 6 4 5 5 6 4 4
C3 0.3 0.2 1 2 2 0.2 2 0.3 0.3 0.3 0.3
C4 0.2 0.3 0.5 1 5 2 4 2 0.3 2 0.3
C5 0.2 0.2 0.5 0.2 1 0.2 2 0.3 2 2 2
C6 0.3 0.3 5 0.5 5 1 5 0.3 0.5 0.3 0.3
C7 0.1 0.2 0.5 0.3 0.5 0.2 1 0.3 2 0.5 0.5
C8 0.2 0.2 3.3 0.5 3.3 3.3 3.3 1 4 0.3 0.3
C9 0.1 0.2 3.3 3.3 0.5 2 0.5 0.3 1 4 4
C10 0.3 0.3 3.3 0.5 0.5 3.3 2 3.3 0.3 1 2
C11 0.3 0.3 3.3 3.3 0.5 3.3 2 3.3 0.3 0.5 1
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3.5. SensitivityAnalysis. )e policy and schedule selected for
each machine can change under the influence of key factors.
In the following, various situations are discussed; those key
factors affect the choice of policy and NET program of each
machine. )ese sensitivity analyses can be performed in
scenario-based research and the results can be compared
with the results of the current research.

3.5.1. Change in the NET Policy Selection Criteria.
According to Table 1, in the current study, 11 criteria have
been used to select the appropriate NET policy. )e type
and number of these criteria can be changed according to
the type of machines of each manufacturing company.
However, the policy of choice for each machine may
change.

3.5.2. Change in NET Policies. In the current study, three
policies CM, PM, and PDM were used. Depending on the
needs of manufacturing organizations and the type of
machines, the type and number of NET policies can be
changed. In this case, the results obtained for machine policy
and application may change.

3.5.3. Change in Production Line Parameters

(Case 1) Change in the number of parameters: in the
current research, according to Table 3, six performance
parameters are considered for each machine. As the
number of these parameters increases, the accuracy of
the model increases, and the policies chosen for the
machines may change.
(Case 2) Change in the type of parameters: according to
Table 3, in the current study, out of six functional
parameters, four are definite parameters, and the other
two parameters are random. Changes in the type of
these parameters may change the type of policy selected
for the machine.

3.5.4. Change in Cell Formation Type. In the current study,
the number of cells that indicate the type of NETprogram is
determined by the model. In practice, as the number of
machines in each policy increases, the number of cells may
be limited by the model.)is decision will change the type of
car NET program.

4. Discussion

In various studies, different methods have been proposed
to select the best NET policy. Most of these methods use

multicriteria decision-making tools by selecting criteria.
)ese common methods of choosing the optimal NET
policy can be categorized into two general categories. In
the first method (A), only one NETpolicy is selected for all
production machines. In the second common method (B),
a separate policy is selected for each production line. )e
results of the study on several articles showed that due to
the choice of NET policy for a large number of machines
and insufficient attention to the specific characteristics of
each machine, the common methods have limited effi-
ciency. As a result, new methods of high-performance
NET policy selection need to be introduced, focusing on
the specific characteristics of each machine. In this regard,
the capabilities of simulation software can be used and the
impact of personal opinion of experts can be reduced.
Also, by clustering machines according to similar NET
policies, it reduces the variety and complexity of NET
programs.

5. Conclusion

)e main focus of the present study is on selecting the
appropriate NETpolicy for a group of similar machines in
terms of NET policy. For this purpose, first, with the help
of computer simulation, the values of the functional
parameters of the machines are extracted. )is infor-
mation is for completing the ANP matrices. In the usual
way, this information was given by experts and led to
applying personal taste in choosing the NET policy. Next,
the appropriate policy for each machine is selected using
the ANP method. In this approach, the number of NET
executable programs increases and makes the operation
more complex. In order to reduce the number of NET
applications, similar machines are grouped in virtual cells
without physical displacement. For each cell, a NET
program is prepared and executed. )e results of a case
study in a food industry show that the optimal NET
policies of some machines located on a production line are
different from each other. Also, the results obtained from
the executive method were compared with two conven-
tional methods. According to the results, the efficiency of
the proposed research method is higher than both con-
ventional methods. Given the limitations of the current
research, it is suggested that the sensitivity analyses
presented in the current research should be performed in
a scenario-based research and the results should be
compared with the current research. Increase the accuracy
of results and analyses by using decision-making methods
with multiple criteria in an uncertainty environment such
as FANP.

Table 10: Comparison of the effectiveness of appropriate policies for methods.

Type A Type B Proposed model

All lines (PM) Nugget (PM) Burger (PDM) Sausage (PDM)
Group 1 (PM)

Group 2 (PDM) Group 3
(CM)Cell 1 Cell 2 Cell 3

Number of machines 15 5 5 5 3 2 4 4 2
System efficiency 0.6484 0.7023 0.8748
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