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Faculty : Engineering

Today’s globalized business environment has brought about new and greater challenges
to manufacturers: product life cycles are shortened; consumer demands and
expectations change rapidly, and manufacturing technologies have seen significant
advances. Many attempts have been made to overcome these challenges and adopting
the Cellular Manufacturing System (CMS) is one of the most successful. CMS is an
efficient application of group technology, with the capability to overcome these
problems. CMS and dynamic environment over recent years have gained a lot of
attention. This study proposed a comprehensive intelligent nonlinear mathematical
model, the nonlinear terms of which were linearized through linearization steps to
identify machine cells, choose optimum machine layout for each cell and also assign
part operations to the machines in each period to minimize total cost and completion
time, with maintenance planning considered as one of the key advantages. This model
can intelligently provide the most proper maintenance plan for each duplicate of
machine type in each production period. This model is able to consider operation
sequences, processing time, production volumes of parts, machine rotation, define
distance between machines, duplicate machines, unequal-area facilities and machine
relocations under the dynamic situation in CMS. This study offers five contributions
namely, a relation to the comprehensive mixed-integer mathematical model formulated
to define cell formation, design layout for unequal-area machines and also assign parts
operations to the machines in DCMS as a first contribution. It is also capable of
locating machines horizontally or vertically in each cell in each period to achieve the
most efficient layout as a second contribution. A third contribution is its capability to
consider the defined distance between machines for movement of parts and labor to
achieve an applicable solution in DCMS. A fourth contribution is related to the model’s
intelligent capability to decide smartly which of two available maintenance plans
should be used for each machine type. The study’s fifth contribution is related to the
model’s bi-objectives, concentrating simultaneously on minimization of total cost and
completion time in contrast to previous studies which concentrated on only one
objective function. The proposed model was coded and simulated in GAMS during five
different steps and in each step one contribution was added for validation by applying
the existing data in the literature. Besides the extracted data from the literature, a case
study was considered to prove the model’s validity. The results showed that, by
implementing the proposed model in the manufacturing system, the overhead cost of
the system is reduced by 7.37% and also the operation cost was reduced from
US$25473 to US$23180, which is equal to nine percent reduction and consequently the
total cost is reduced by 2.6% (from US$191308 to US$186185). In addition, results



clarified the cells, machines layout, parts operations assignment and also proper
maintenance plan for each machine which were model objectives, plus, the obtained
results indicated that cost and completion time were changed in line with demand
changes. The proposed model is therefore able to help managers make decisions in
designing and planning for an optimized DCMS in terms of total cost and completion
time.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk Ijazah Doktor Falsafah

MODEL BERSEPADU DWI OBJEKTIF BAGI SISTEM PEMBUATAN
BERSEL

Oleh
AFSANEH NOURI HOUSHYAR
Disember 2014

Pengerusi: Zulkiflle bin Leman, PhD
Fakulti: Kejuruteraan

Persekitaran perniagaan global hari ini telah membawa cabaran baru dan lebih besar
kepada pengilang : kitaran hayat produk yang dipendekkan ; permintaan dan harapan
pengguna yang berbeza dengan cepat , dan teknologi pembuatan telah melihat
kemajuan yang signifikan . Banyak percubaan telah dibuat untuk mengatasi cabaran-
cabaran ini dan menerima pakai Sistem Pembuatan Bersel ( CMS ) adalah salah satu
yang paling berjaya daripada percubaan tersebut . CMS adalah aplikasi yang cekap
teknologi kumpulan , dengan keupayaan untuk mengatasi masalah-masalah ini . CMS
dan persekitaran dinamik dalam tahun baru-baru ini telah mendapat banyak perhatian .
Kajian ini mencadangkan satu model matematik tak linear pintar komprehensif , terma
tak lelurus yang dileluruskan melalui langkah-langkah yang linear untuk mengenalpasti
sel mesin , memilih susun atur mesin yang optimum untuk setiap sel dan juga
menetapkan operasi bahagian untuk mesin-mesin dalam setiap tempoh untuk
meminimumkan jumlah kos dan masa siap dengan perancangan penyelenggaraan
dianggap sebagai salah satu kelebihan utama . Model ini secara bijak boleh
menyediakan pelan penyelenggaraan yang paling sesuai untuk setiap salinan jenis
mesin dalam tempoh setiap pengeluaran . Model ini dapat mempertimbangkan urutan
operasi , masa pemprosesan , jumlah pengeluaran alat ganti , putaran mesin ,
menentukan jarak antara mesin , mesin pendua , kemudahan yang tidak sama rata -
kawasan penempatan-penempatan semula dan mesin bawah keadaan dinamik dalam
CMS . Kajian ini menawarkan lima sumbangan iaitu , yang berhubung dengan
bercampur - integer model yang komprehensif matematik digubal bagi menentukan
pembentukan sel , susun atur reka bentuk yang tidak sama rata untuk mesin - kawasan
dan juga menetapkan operasi bahagian untuk mesin-mesin dalam DCMS sebagai
sumbangan pertama . Ia juga mampu mencari mesin mendatar atau menegak dalam
setiap sel dalam setiap tempoh untuk mencapai susun atur yang paling berkesan sebagai
sumbangan kedua .Sumbangan ketiga ialah keupayaan untuk mempertimbangkan jarak
antara mesin ditakrifkan untuk pergerakan bahagian-bahagian dan buruh untuk
mencapai satu penyelesaian yang diguna pakai dalam DCMS itu . Sumbangan keempat
berkaitan dengan keupayaan pintar model untuk membuat keputusan bijak yang dua
pelan penyelenggaraan disediakan perlu digunakan untuk setiap jenis mesin .
Sumbangan kelima kajian ini berkaitan dengan dua objektif model , menumpukan
perhatian pada masa yang sama meminimumkan jumlah kos dan masa penyelesaian
berbeza dengan kajian sebelum ini yang menumpukan kepada hanya satu fungsi
objektif. Model yang dicadangkan telah dikodkan dan disimulasikan dalam Gams
dalam lima langkah yang berbeza dan dalam setiap langkah satu sumbangan
dimasukkan untuk pengesahan melalui menggunakan data yang sedia ada dalam
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sorotan kajian . Selain daripada data yang diekstrak daripada literatur, kajian kes telah
dipertimbangkan untuk membuktikan kesahihan model . Hasil kajian menunjukkan
bahawa , dengan melaksanakan model yang dicadangkan dalam sistem pembuatan , kos
overhead sistem dikurangkan sebanyak 7.37 % dan juga capaian kos operasi 25473-
23180 $ yang sama dengan pengurangan 9 % dan seterusnya jumlah kos dikurangkan
sebanyak 2.6 % ( 191308-186185 $ ). Di samping itu, keputusan menjelaskan sel-sel ,
susun atur mesin , operasi bahagian tugasan dan juga pelan penyelenggaraan yang betul
bagi setiap mesin yang tidak objektif model , tambahan, mendapat keputusan
menunjukkan bahawa kos dan masa siap diubah selaras dengan perubahan permintaan .
Model yang dicadangkan adalah dengan itu dapat membantu pengurus membuat
keputusan dalam mereka bentuk dan perancangan untuk DCMS dioptimumkan dari
segi jumlah kos dan masa siap .
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CHAPTER 1
INTRODUCTION
1.1  Background

In previous decades, manufacturers faced a lot of challenges because of globalization
and high competition in markets. These problems arise from the shortening of product
life cycle, rapid variations in product demand, and also rapid changes in manufacturing
technologies. Nowadays, most manufacturing companies pay considerable attention to
improving flexibility and responsiveness in order to overcome these kinds of problems
and also meet customers’ needs. One of the major techniques being applied for
improving manufacturing competitiveness is Cellular Manufacturing System (Ahi et al.,
2009). Cellular Manufacturing System is an efficient application of Group Technology
(Logendran & Talkington, 1997) which is able to take advantage of the superiority of
both flow lines and job shops (traditional manufacturing system) and is capable of
overcoming traditional weaknesses. In other words, CMS is a hybrid system linking the
advantages of both job shops (flexibility in producing a wide variety of products) and
flow lines (efficient flow and high production rate).

CMS can be considered as a successful manufacturing system which is able to meet
today’s market requirements (Rafiee et al., 2011). Ariafar (2012) explains some of the
main benefits of CMS implementation in comparison with traditional manufacturing
system as follows:

Reduction in inventory

Reducing the work in process

Decreasing the set up time and throughput time
Reduction in material handling cost

Simplification of production planning and scheduling
Improvement of product quality

Sk Wb =

In CMS, parts are grouped based on their similarities like shape, tolerance and process
plan. These groups of parts will be named part families. There are many machine cells
in CMS and in each machine cell, there are dissimilar machines which are dedicated to
manufacture one or more part families. CMS has two main elements which are shown
in Figure 1-1.

Cellular Manufacutring
System

Cell
Formation

Intra-cell
Layout

Inter-cell
Layout

Figure 1-1: Elements of CMS



The first step in designing CMS is called cell formation (CF), which is a process of
grouping parts into the part families and also dedicating part families to machine cells in
order to be produced. This step in CMS is a crucial stage and has gained a lot of
attention and become a well-studied problem in the past few decades (Papaioannou &
Wilson, 2010; Sarker, 1998; Yin, 2005, 2006).

The next prominent step in designing CMS is layout design. The aim of this step is, to
arrange departments, aisles, machines, tools and instruments on the shop floor in the
most efficient way. Layout design in CMS includes arranging cells on the shop floor
(inter-cell layout) and also arranging facilities in the cells (intra-cell layout). Layout
design is an important decision in CMS, which has tremendous impacts on
manufacturing performance; hence, evaluating the performance of layout is a crucial
issue in the manufacturing system. In order to evaluate the layout performance, different
criteria can be defined for this mean such as: material handling cost, throughput time,
lead time and so on. Based on the literature, material handling cost is the most
important criteria applied for evaluating the layout performance. In other words, 20-50
% of the operating expenses are allocated to material handling cost, and by
implementing an efficient layout design, the operating expenses can be reduced by 10-
30% (Tompkins, 2010). Therefore, a well-designed layout leads to a reduction in
material handling cost, lead time and throughput time. In contrast, inefficient layout
causes system inefficiency, increased cost and also an increase in accumulated work in
process. Although layout design is important in the manufacturing system, especially in
CMS, this issue has attracted less attention to itself in comparison to cell formation (Ahi
et al., 2009; Ariafar, 2012; Sangwan & Kodali, 2009; Sarker, 1998; Wang et al., 2001).

Besides the importance of cell formation and layout design in CMS, as explained
earlier, another crucial issue in CMS is related to the concept of a static or dynamic
environment for the system. There are two types of manner for cellular manufacturing
system which are named static and dynamic condition. A static environment is related
to the traditional CMS where no changes in demand are taken into account, whereas in
dynamic environment, part demand and part mix will change in successive periods
(Papaioannou & Wilson, 2010). In other words, these concepts mean that the cell
formation and facility layout are either constant during the whole period of production
or will change period by period in the production process.

Most previous researchers considered CMS under the static condition and merely
formed cells in a single-time period in order to prevent complexity in their study but
Rafiee et al. (2011) expressed clearly that optimum cell configuration in one period may
not be suitable for another period, since nowadays short product life cycle leads to
change in the demand and product mix over a period. Therefore, concentrating on
dynamic situation in CMS has taken on greater importance. Recently, most researchers
have focused on dynamic CMS, since it is more practical and also more close to reality.

CMS and dynamic environment have been emerging topics in recent years, having
gained a lot of interest from researchers (Ariafar, 2012). According to the research
scope, a review has been done in the literature of the Cellular Manufacturing System
(CMS), and Dynamic Cellular Manufacturing System (DCMS) to determine the
existing gaps and identify the problem statement for this study.



1.2

Problem statement

As explained in the previous section, the main focused areas of this research are CMS
and DCMS and as such the author has made attempts to review the literature related to
these topics, besides also focusing more on the most recently published papers in this
research area (Kia et al., 2012b). A review of the literature has revealed some gaps in
previous studies which are summarized as follows:

1.

There have been several studies done on cell formation and layout design in
CMS, but there is a need to have more investigation on these two issues
simultaneously in the dynamic environment of the CMS. In other words, the
first gap indicated in the literature is related to a lack of a comprehensive
mathematical model for DCMS, which simultaneously concentrates on cell
formation and layout design (Mohammadi & Foroghi, 2014; Mahdavi et al.,
2013).

Moreover, as stated in the previous section, layout design is one of the main
elements of CMS, which must be considered in designing the manufacturing
system. In the designing step of the intra-cell layout, it is crucial to consider
the machine dimensions as such data will help in designing a practical and
efficient layout which is more close to the real situation of the manufacturing
system. Although some previous studies considered dimensions of machine in
facility layout design, none of them combined this issue with CMS and
specifically with the DCMS. This means to say that many researchers
considered facilities as equal or unequal-area machines in their study but this
issue has not been considered in DCMS. A recent research by Kia et al,
(2012b) paid attention to this issue and proposed a mathematical model for
DCMS by focusing on unequal-area machine; therefore, there is a big need to
investigate the dimensions of machine in designing a DCMS. In other words,
the second gap, revealed in the literature is related to the lack of a DCMS
model which takes into account the dimensions of machines for designing
more applicable layout (Kia et al., 2012b; Mohammadi & Foroghi, 2014).

In addition, as the literature review has shown, none of the previous studies
considered a specific distance between machines for movement of parts and
labor in DCMS. In other words, defining the distance between machines in
order to allow movement of parts and labor across them is crucial in layout
design of DCMS. Indeed, this essential spatial factor must be taken into
account in the designing step in order to make the model more practical and
close to reality; hence, the third gap seen in literature is related to considering
the defined distance between the machines for movement of parts and labor.
Moreover, as the literature review illustrates, there are many models which
have been proposed for designing a CMS by defining different objective
functions such as: inter and intra-cell material handling, operation cost,
procurement cost and so on. Although, the importance of reliability and
maintenance planning in a manufacturing system is obvious and has been
illustrated in the literature, there are just a few researchers who have
considered this issue in their work. Therefore, there is a need to investigate
more on the reliability and maintenance planning with the incorporation of
other elements simultaneously in CMS and especially in DCMS to make it
more close to reality (Aljuneidi, 2013). To put it differently, the fourth gap,
which is revealed in literature is related to taking into account maintenance
planning and machine reliability in the DCMS model. Preventive maintenance



practices will be promptly activated thus increasing equipment reliability,
decreasing the frequency of unexpected random failures and ultimately
decreasing corrective maintenance interventions; therefore, maintenance
planning which means, letting the system decides about the most proper
maintenance plan for its machines should be considered in the manufacturing
system (Colledani et al., 2014; Negahban & Smith, 2014).

In addition, as can be seen in the literature, the majority of proposed models
are single-objective models. That is to say, most of the models define one type
of objective function which has the same nature; then, makes an attempt to
minimize or maximize them. These types of models are named single-
objective models. Most of the researchers have focused on minimization or
maximization of one objective function in order to avoid model complexity.
However, although some researchers have made attempts to consider more
than one objective in their model, there is still a lack of multi-objective models
as has been revealed in the literature for DCMS. In other words, the fifth gap,
revealed in the literature is related to objectives of the model. Most previous
DCMS models were single-objective; therefore, there is an urgent need to
propose multi-objective models in DCMS.

The above stated issues are some of the main gaps that have been revealed in DCMS
literature. This study makes an attempt to fill these identified gaps and the research
attempts are as follows:

1.

Since the first revealed gap is related to lack of a comprehensive DCMS model
for solving cell formation and layout design problems simultaneously,
therefore, this research proposes a comprehensive mathematical model which
integrates cell formation and intra-cell layout design concurrently. It considers
operation sequences, processing time, production volumes of parts, duplicate
machines, machine capacity, intra-cell layout design, and machine relocations
under the dynamic situation in CMS. In other words, in order to fill the first
gap, this research proposes a comprehensive CMS model which considers
different manufacturing features under the dynamic situation for making cell
formation and designing intra-cell layout concurrently. Since all previous
proposed models have been non-linear mathematical models, this study
proposes a comprehensive non-linear mathematical model at first, then the
non-linear terms are linearized through the linearization steps and finally the
comprehensive mixed-integer mathematical model is applied in order to
identify the machine cell, part families and assign them to the cell and
concurrently choose the optimum machine layout in each cell and also the
assignment of part operation to the machines with regard to the model
objective function.

According to second revealed gap, which is related to considering the
dimensions of the machine and its effective impacts on the layout design for
DCMS, this study attempts to focus on both equal and unequal-area machines
for designing a DCMS. In addition, the proposed model of this research is able
to rotate the machines in order to utilize the shop floor space in the most
efficient way. In other words, in response to the second gap, this study
attempts to take into account the dimensions of machines in the proposed
mathematical model and also consider machines as unequal-sized facilities;
also, the proposed model is able to locate machines horizontally or vertically in



the cells in such a way that no overlapping occurs. Indeed, this model will
decide whether the machine must be located horizontally or vertically in the
cells in order to achieve the most efficient layout during each production
period.

Based on the third existing gap, in this research the author considers the
defined distance between machines for movement of parts and labor. In fact,
defining this distance between machines in the proposed model is crucial for a
logical layout; otherwise, the model will decide to locate the machines so close
to each other in order to utilize the cell’s area in the most spatially economical
way which is not applicable since there is no space between them for
movement. Therefore, in order to address the third gap, this research considers
the specific distance between all machines to let the model design the layout in
such a way that there is no overlap between machines and there is a distance
between them for movement of parts and labor.

Based on the fourth revealed gap, maintenance planning and reliability of
machine are important issues in manufacturing planning which must be
considered. Although, some of the previous research made attempts to propose
comprehensive model (Kia et al., 2012b), none of them took into account the
issue of maintenance planning. In order to fill the fourth gap, this study
considers maintenance planning in its proposed mathematical model. Indeed,
the author considers maintenance planning in the model and proposes the
model in such a way that it works smartly and intelligently. In fact, in this
model, the author defines two types of maintenance plan for the system, which
are Plan 1 and Plan 2. Plan 1 merely considers the corrective maintenance,
which means when any breakdown or problem occurs; the machines are
repaired in order to return back to the normal situation and production. In
contrast, Plan 2 considers both preventive and corrective maintenance for the
machine. In other words, in this plan, plus the corrective maintenance which
must be done when encountering the machine breakdown, the preventive
maintenance also must be carried out before the start of next production run in
order to improve the machine reliability or to return the machine to the ‘as
good as new’ condition. In fact, the proposed model is defined intelligently to
enable it to decide on the selection of either Plan 1 or 2 for its machines by
considering the minimization of cost as the objective of the system (the
objective function includes different costs which are: inter-cell material
handling cost, intra-cell material handling cost, operation cost, overhead cost,
reconfiguration cost, and maintenance cost). Put differently, although Plan 2
has extra cost for preventive maintenance, it is able to decrease the possibility
of breakdown happening in the system, in other words, it is able to increase the
average time between the machine’s failures; therefore, it is crucial for the
model to work smartly to define the proper maintenance plan for each machine
in each period. In fact, the proposed model is defined intelligently to decide the
selection of either Plan 1 or 2 for its machines.

Since the fifth revealed gap relates to a lack of multi-objective DCMS models;
therefore, this research attempts to consider another objective for the proposed
DCMS model. In order to fill the fifth gap, this study proposes a
comprehensive bi-objective model for DCMS, which is able to help the
decision-makers to consider two conflicting objectives simultaneously in their



deciding process. Since the importance of minimizing the cost in any
manufacturing system is obvious and also based on the intention of all
manufacturers to reduce system costs, the cost function is considered as a first
objective function for this study, which must be minimized. In addition,
according to the research of Wu et al., (2007b) and Tavakkoli-Moghaddam et
al., (2010), completion time also is considered as an important objective for a
Cellular Manufacturing System, which has effective influence on the system;
hence, minimization of completion time is defined as a second objective
function for the proposed model in this research. Since the first objective is
minimization of cost and the second objective is minimization of completion
time; therefore, a trade-off must be made between these two objective
functions in order to reach the optimal situation.

To sum it up, due to the importance of existing gaps in the literature, this research
proposes a comprehensive intelligent non-linear mathematical model, the non-linear
terms are linearized through linearization steps in order to identify the machine cell and
part families and assign them to the cell and also concurrently, choose the optimum
machine layout in each cell and also assign the part operation to each machine with
regards to minimization of total cost (material handling cost, operation cost, overhead
cost, reconfiguration cost and maintenance cost) and also completion time. In other
words, this research proposes a comprehensive mathematical model, which integrates
cell formation and intra-cell layout design. Moreover, it considers operation sequences,
processing time, production volumes of parts, duplicate machines, machine capacity,
intra-cell layout design, unequal-area facilities, continuous area cells, machines rotation,
defined distance for movement of parts and labor, and machine relocations under the
dynamic situation in CMS. The research’s novelties are related to: multi-objective
nature of the proposed model, defining the maintenance plan for the model (makes it as
an intelligent model) and also the linearization of non-linear terms of mathematical
model in contrast to previous researches.

1.3  Importance of the study

Batch manufacturing has a significant share of the total manufacturing activities. Due to
the present competitive market, it needs to produce a large variety of products in small
manufacturing lot sizes at a competitive price in response to customer needs.
Conventional manufacturing systems (job shops and flow shops) have found it difficult
to comply with these requirements and have resorted to Group technology (Niaki et al.,
2011). Manufacturer applied Group technology is one of the best manufacturing
systems used in order to survive in the competitive international market (Aljuneidi,
2013). One of the most important applications of GT in the manufacturing context is
CMS. Reduction in product life cycle and variations in product mix and demands create
dynamic conditions in the manufacturing system which lead to DCMS. It is important
for companies that use DCMS to invest sufficient time in the design and planning phase
of any DCMS implementation. The benefits of DCMS can only occur to the company if
strategic decisions are based upon results obtained from mathematical models
(Aljuneidi, 2013). The applicable DCMS model is the one which covers manufacturing
attributes such as operation sequence, processing time, production volumes of parts,
inter cell and intra cell movements, machine duplications, cell reconfiguration, machine
procurements, machine size, machine layout, machine capacity, alternate routing,
breakdown and maintenance planning, and lot split (Saxena & Jane 2011; Aljuneidi,
2013; Mohammadi & Foroghi, 2014 ). Some of these issues have been considered in



previous researches but based on the literature review of this study and also the problem
statement, there is need to propose a comprehensive integrated model for DCMS design
with their simultaneous consideration since the absence of these factors in the problem,
limits its application in most real-life cases (Mohammadi & Foroghi, 2014). The author
simultaneously included the various cost terms in objective function of the model from
the various cost term combinations considered by earlier researchers. In addition, since
time is a crucial factor in any manufacturing system; therefore, the author consider it as
a second objective function for the model in order to help managers to decide more
accurately in the designing step. The proposed DCMS model integrates concurrently the
important manufacturing attributes in existing models in a single model such as
machines layout by considering their sizes and defined distance between them, machine
breakdown effect in terms of maintenance cost and its planning. In fact, the importance
of good layout planning is shown by the fact that annually over US$250 billion are
spent in the United States alone, layouts that require planning and replanning
(Tompkins et al., 2003). Further, between 20% and 50% costs in manufacturing are
related to material handling. Effective and innovative facility planning can reduce
material handling costs by 10-30% (Tompkins et al., 2003); therefore, it is essential to
concentrate on optimum machine layout in the DCMS model. In addition, to attain the
benefits of DCMS, its layout should be designed efficiently. Nevertheless, very limited
research has been done on this area and also, there are still several shortcomings in
those researches for instance: the CF and the intra-cell layout problems are solved
sequentially. As a result, the final design may not be efficient so simultaneous
consideration is required (Mohammadi & Foroghi, 2014). Besides the machine layout,
which must be considered, it is also necessary to focus on machine breakdown.
Machines are key elements of manufacturing systems. Traditionally, cell formation and
work allocation are done with the assumption of 100% reliability of machines but in
practice, machines fail during operations and are not free from wvulnerability to
disruption so the practical DCMS model should take it into account (Aljuneidi, 2013).

The proposed model of this study, to the best of the author’s knowledge, is the most
comprehensive model to date with a more integrated approach to the DCMSs, which is
able to cover the mentioned gaps in the previous sections.

1.4  Objectives

Based on the problems statements which have been explained in the previous section,
the specific objectives of this study are summarized as follows:

1. To propose a comprehensive intelligent nonlinear mathematical DCMS model
by considering the unequal-area machines for solving the cell formation and
intra-cell layout problem.

2. To linearize the comprehensive intelligent non-linear mathematical DCMS
model to achieve the comprehensive intelligent mixed-integer mathematical
DCMS model.

3. To solve and validate the proposed comprehensive mixed-integer mathematical
DCMS model by previous and physical data via the GAMS.



1.5

Contribution of the study

In previous sections, the main objectives of this research have been explained. The aim
of this section is to clarify the main contributions of this study.

a)

b)

¢)

d)

e)

1.6

The first contribution of this study is related to the comprehensive mixed-
integer mathematical model, which has been formulated for defining the cell
formation, designing the layout for unequal-area machines and also assigning
the part operation to each machine under dynamic environment in Cellular
Manufacturing System. The model arranges the machines in the cell in the
most efficient manner. In fact, the first proposed model is a non-linear model,
and then non-linear terms are identified and linearized through linearization
step to reach the comprehensive mixed-integer mathematical model.

The second contribution of this study is related to the capability of the model
in machine rotation. Put differently, the model is able to locate the machines
horizontally or vertically in each cell in each period in order to reach the most
efficient layout in DCMS.

The third contribution of this research is related to considering the defined
distance between machines for movement of parts and labor. This contribution
is for achieve a more applicable and practical solution in DCMS.

The fourth contribution of this study is related to its intelligence capability.
Indeed, the proposed model of this research performs smartly and intelligently.
In other words, two types of maintenance plans (Planl and Plan 2) are defined
for the system and the proposed smart model is able to decide which
maintenance plan is more suitable for each machine in each period in DCMS.
The fifth contribution of this model relates to the model’s objective, which is
bi-objectives. Indeed, this model concentrates simultaneously on minimization
of two objectives, which are named cost function and completion time in
contrast to previous researches which had been concentrated on only one
objective function for DCMS.

Scope of study

In previous sections, the existing gaps in the literature and the main aspects of this study
were explained. In the following figure and section the main scope of the proposed
model is summarized:

Classification
of Model

Obiecti Shape of Manne Number
l jective l facility -.l r | of facility

l Single l Multi l Equal lun‘elqua l Static lDyféam‘ l Single lMuglpl

Figure 1-2: Classification of model



Based on figure 1-2, for the first classification, it can be mentioned that this research
proposes a multi-objectives model. The proposed model includes two minimization
objective functions, which are cost function and also completion time. The cost function
includes different costs in the systems which are: inter-cell material handling cost, intra-
cell material handling cost, operation cost, overhead cost, reconfiguration cost and
maintenance cost.

For the next category which is related to the shape of facilities, this research focuses on
unequal-area machines. The proposed model is able to design the most efficient layout
for unequal-area machines in each cell. The proposed model considers the size and
rotation of each machine in each cell in each period.

By surveying the literature, it becomes obvious that, in the current competitive market,
the static manufacturing system cannot perform productively; hence, most
manufacturing systems go toward the dynamic status to survive in the volatile market;
therefore, this study concentrates on the dynamic CMS not static CMS.

The last category is related to the number of facilities, which can be single or multiple.
In the present research, the main focus is on multiple machines with multi-products
under multi-periods. The issue is that, most of previous researches assumed that all their
machines are multi-process machines to prevent complications in their model, but this
research tries to be close to the reality; therefore, has omitted this assumption and
assumes that each machine is able to process only some operation of each part in the
system, which are defined in advance and the model is able to assign part operation to
the machines by considering the objective functions. Although this assumption makes
the model more complicated, it becomes more practical.

At the end, it can be concluded that, the proposed model can be applicable for the
manufacturing system, since it is so comprehensive and intelligent. It helps managers to
make decision in the designing and planning step for their system and also helps them
to reach the optimized DCMS according to the total cost and completion time.

1.7 Outline of thesis

This thesis is organized into five chapters. Chapter 2 reviews the relevant literature with
regard to CMS, DCMS, machine reliability and breakdown in CMS. In Chapter 3, the
research method which has been applied in this study is explained; in addition, the
mathematical model is formulated in this chapter. Chapter 4 is dedicated to validation of
the proposed mathematical model. Moreover, the results are discussed and analyzed in
the same chapter. Finally, chapter 5 provides the summary, conclusion and future
direction of this study.
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