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Abstract

The purpose of this research is to comprehend iffereht dimensions of the concept of lean in
order to identify activities proportionate to theoaomic, cultural and organizational conditions in
the industrial environment of the country, whiclyasding them, the position of the focus company
was measured in the direction movement of leanihg research was conducted among 15 experts
and managers of Sam Electronics Company, who welected based on the Simple Random
Sampling (SRS) method. To collect data in this aed® a questionnaire was used. The effective
indicators in the lean production system were rdried evaluated after identification, utilizing the
group decision-making model of the fuzzy networklgsis method. The main indicators that were
prioritized include; supply chain management (SCBlppliers, timing production indicators,
human resources management indicators, compreleemgality management, and the indicators of
Total Productive Maintenance. The sub-indicatorseath of the primary indicators were also
identified and prioritized, and according to theulés of the research, necessary suggestions were
made to move towards leaning and investment impgpfar each of the indicators.

Keyword
Lean Production, Fuzzy Condition, Network AnalyBrecess

1. Introduction

The study of lean-production literature shows thate is no consensus among authors and scholars
on offering a specific definition for leaning orale production. Further, some differences are also
observed concerning the expression of the charstitsrand specifications of lean manufacturing.
The existence of this divergence can cause mangriamaties and ambiguities not only at the
theoretical level but also likely to cause probleshgshe executive level to implement them in the
companies. Also, in examining the models usedanileg assessment, it was found that this process
has been significantly dependent on the thoughit#od of the researchers’ opinions of each
period. Therefore, it can be said that these mobeise been developed to either answer the
guestions or test the related assumptions andhdnestheir weaknesses and strengths [1].

Many companies have discovered the importanceaoig, and often they are doing lean working,
without being lean in such groups, typically, mamprovements are applied individually but are
not linked to the overall organization's strateglyis is because lean management is a complicated
process that interacts with several vital concdptas and therefore the use of it requires tormget

of the old patterns and installing new ones/modedétnce, an organization, at one stroke, cannot
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moves towards lean production, but organizationstngradually apply the elements of lean
manufacturing in a specific time-frame [2].

Currently, also at Sam Electrics Co., productioanping in assembly lines of the LCD, LED TV
has encountered with crucial issues in all processth the occurrence of the slightest change in
demands and change of the customers demand lesgitel¢he use of some lean manufacturing
tools. These problems include high stock (partsjdes the production lines and warehouses, lack
of sufficient space and poor layout of elementsr@positories and excessive wastage, which
increase the direct and production cost. The proésroducing cabinets for televisions using
press-and-duct machines as well as the entry afge Ipart of the main prices from abroad cause
the problem of over-supply in the warehouses arsitlbe production lines. Thus, it causes capital
recession, destruction and damage to pieces/ gaeido long-term storage, excess storage costs,
space shortages, and so on.

Therefore, the issue of achieving a lean manufaxgleystem has been proposed as an appropriate
solution to these problems. We should choose aoddtir assessing lean production tools in order
to provide the necessary guidelines for pavingwhg to leaning the lines of production as it is not
possible to access all lean manufacturing tools alsd putting in practice of complete lean
production process, due to economic constraintdauidof full access to resources. In such a case,
it is plausible to reach optimal production by wgsithe minimum resources through the
identification of the essential lean productionides. Doing so, it is possible to control the pssce
of consuming the needed parts from the warehousbetavork/ operation station. Further, it is
possible to carry out the production planning basethe provision of the customer's actual needs,
not the foresight.

Considering the limitations and the importance ednl production, this research, with a proper
understanding ofdifferent dimensions of the leamcept, aims at identifying the activities
following the economic, cultural and organizationahditions in the industrial environment of the
country. And finally, considering the actions asst® position of the company in question in the
direction of leaning.

2. Theoretical Principles/ Framework

Lean production is a kind of manufacturing systdrat,t while employing the benefits of mass
production and custom manufacturing (handy), isgihesl to reduce waste and with the goal of
eliminating activities without value-added [3].Tbentral philosophy of this production system is to
perfect and refine production systems. This metbbgroduction is called lean that consumes
everything less in comparison to mass productiGanLproduction principles consider unlimited
goals for the system. Some of these goals includentinuous decline in the cost price, zeroing
wastes, a never-ending variety of products, anahsdn other words, this method of production is a
complete system that uses the philosophy of coatisumprovement and, utilizing the teamwork
culture, attempts to decrease the losses in the@uption process and finally eliminate them. The
features of such a system are a reduction in ptamudime, efficient personnel performance,
higher quality, more extended machines life anccerehse inthe stock level and overhead costs
[4].The research background shows that lean pramuetas initiated in 1960 in Japan. The idea
pioneers we can name Eiji Toyoda, TaiichiOhno waiter the Second World War and till the
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1990s, made a great deal of effort to create leanufacturing bases. Later, over a period of 5
years, the Massachusetts Institute of TechnologhYMith the help of production institutes and

companies and costing over 5 million dollars, begutensive studies in the recognition field of
lean production. Then they have operated theseitéedi in the framework of a plan called the

International Motor Vehicle Program in 1985 [5].

3. Resear ch Background

Majava and Ojanpera have been exploring the demedop of lean production in small and
medium-sized companies. The results of their studan contribute to creating knowledge in lean
manufacturing. Also, managers in small and mediatergrises may use the results of this study as
a reference at the time of designing productiorettgapment projects [6].

AlManei et al. have evaluated the development efglobal production framework applying Six-
Sigma, overall/total production, maintenance arash lproduction. The results of their studies have
shown that in order to achieve a global level anddhieve such a situation, it is necessary to have
a single target to move so that it provides mongoofunities for improvement [7].

Mrugalska and Ahram undertook a study concernimegféict that lean production has been widely
populated and accepted in the industrial envirorimdme production process, continuous
improvement and focus on value-added activitiesabyiding wastes, is a paradigm that has just
emerged in the manufacturing sector. This allowsart grid to be built up of machines, products,
components, properties, individuals and ICT systémmsughout the value chain for having an
original factory. In their study, they investigatsthall and medium-sized as well as extensive
industries from the viewpoint of the factors foheving lean production [8].

Prajapati and Deshpande in a study investigatedusieeof learning principles and techniques in
reducing the cycle time. They highlighted the inmpoce of this study as identifying the best tools
and techniques for solving problems [9].

Sepahvand et al. have been exploring the partioipah the global economy, global thinking is
inevitable and implementation of management andyston models in world-class is necessary.
In today’s competitive world, one of the main camseof top managers is the profitability and
acquisition of sustainable results. One of the rganal models that recently and widely used in
world-class firms is Lean Six Sigma (LSS) methodgloAccording to the growing use of the Lean
Six Sigma program in the organizations of the coyrihe factors affecting the success of LSS in
order to world-class production (critical factoSupport factors and related factors) have been
analyzed in this paper. The study sample consisteal top and middle managers in companies
active in the household appliances industry inEeahan province [10].

Gupta and Kumar Jain explored the literature oh Ipeoduction, stated that lean manufacturing
requires the use of a wide range of tools and igdes as well as the selection of tools in a
particular situation. To achieve organizationalcess, many of these lean manufacturing tools are
needed to be implemented and performed by the maon. Companies that use lean
manufacturing tools have better flexibility and k&tr share. Further, lean production is an
operational and cultural environment that minimipesduction wastes [11].

Rahman et al. examined lean production by the imptgation of the Kanban system and stated
that senior management commitment, seller particpa stock management, and quality
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improvement are significant for establishing Kanlaaxd moving towards the lean manufacturing
[12].

Gamage et al. examined the potential challengesefiiedts of lean manufacturing techniques
performance in Sri Lanka's textile industry. Th&gted that the process improvement would reduce
financial and non-financial benefits and also redtie time is a critical factor in Operational sost
decrease [13].

Dombrowski et al. investigated knowledge managentenhe lean manufacturing system. Their
research results have shown that many differentwledge flows can occur during the
implementation of the lean production system, dnsl is decentralized, and the role of a specific
approach may help identify the appropriate methiddhowledge management [14].

SolimaniNasab and Talebi examined an analysis ibdréaor success factors accessibility lean
production system in Iran tire co.The aim of thegper analyzes the failure or success factors in
achieving a lean production system in Iran Tire Bas been done. To determine the rate of lean
production systems, with research in books, adjdigternet resources, functions and areas initiall
were identified Lean Production. The results ofsttgearch, extraction and identification
performance were 23 in seven areas were divideen,Tio assess and identify the current status of
tire companies and determine the strengths and nesaks and suggest some strategies for
improving production systems to achieve a lean peodn system, was attempted. In the same
direction as that under this assumption eight ficamt difference between the current situation in
the company's production system with the demandseofean production system, in general, and
in each domain separately, there is a plan andptaige limits for acceptance hypotheses, the
average higher than 4 were selected [15].

Simons and Taylor explored Lean thinking in the k#d meat industry.Food Value Chain Analysis
(FVCA) based on the lean paradigm is being appice@ight value chains in the UK red meat
industry. This paper is based on the forth chawolving value-added pork for a major retailer.
Systems theory is used to evaluate FVCA based wnsiab-systems—goals and values, logistics,
human resources and management structure. Thésrebolw a positive potential logistics benefits
along the chain, but identified two key implemeiatatissues; inter-company alignment of other
sub-systems and chain organizational stabilityughotime [16].

Abdulmalek and Rajgupal describe a case wheregdeganiples were adapted for the process sector
for application at a large integrated steel milalde stream mapping was the main tool used to
identify the opportunities for various lean techrag. We also describe a simulation model that was
developed to contrast the “before” and “after” sr#ws in detail, in order to illustrate to managers
potential benefits such as reduced production tead-and lower work-in-process inventory [17].
Shah and Ward examined the effects of three caméxactors, plant size, plant age, and
unionization status, on the likelihood of implemegt22 manufacturing practices that are key
facets of lean production systems. Further, we ypast four “bundles” of inter-related and
internally consistent practices; these are judtare (JIT), total quality management (TQM), total
preventive maintenance (TPM), and human resourceageament (HRM) [2].

The purpose of Ebadi et al.'s study is to preserdva integrated approach based on EFQM model
using Fuzzy Logic, Analytical Hierarchy Process @Hechnique, and Operations Research (OR)
model to improve the organizations’ excellence lelbg increasing the quality of business
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performance evaluation and determining of improveinpeojects with high priority. A case study
in Yazd Regional Electricity Co. in Iran is presshtto demonstrate the applicability of the
proposed approach. In a way that, primarily, pen@mce assessment by the crisp method and the
proposed method, the Fuzzy method, is carriedi&8]t [

Purpose of the article TaghiZadeh et al. investgathe extent of acceptance of Iranian tractor
manufacturing companies is based on pure thinkiegn thinking is a solution for minimizing the
costs and wastes and is a way to continuous prwdycind value creation. Managers by deeply
understanding this paradigm could use its techisiguel make their firms ready forthe competition.
For this purpose in this paper first, the theosdtlzackground of lean thinking has been reviewed
and its principles have been described. Afterwardgescriptive survey method has been used to
inspect the adoption rate of Iran Tractor ManufantuCompany with lean thinking principles [19-
20].

TolouiEshalaki et al. The indicators of effectivaah production identified were prioritized using
specified AHP indices. Then, for converting differemeasures with diverse dimensions and
converts different relative importance to one sngimount with no dimension, a dimensional
analytical model was used. The figure resulted frima dimensional analytical model was
compared to lean production global standard, amallyi, after diagnosis of the gap between internal
and external organizations, and offered a suitatddel for minimizing the present and desired gap
[21].

4. Methodology of Research

The research method used in this research diredlyois applied, concerning goal, descriptive and
regarding strategy is a survey Methodology.

In this research, the current status of the pradnadf LEDs and LCD TVs was studied at Sam
Electronics Co. To accomplish this, by using asgjoenaire, the opinions of various experts of the
production system such as material supply managenogrstics, production planning, and control
management, and warehouse management, engineeadgcph and documentary information in
the company, identifying production planning issuéise implementation degree of leaning
principles in the company or, in other words, legnidegree of a firm have evaluated. Then the lean
production system employing the ANP network analysichnique was estimated to achieve a
higher degree of leaning in the production procdésbke company.

In this study, the obtained scores, from the vieivghe workers, the operational experts, and the
analysis results of questionnaires containing goestrelated to the components, sub-components,
and elements of the lean production system, arengie experts in order to carry out their pair
comparisons and announce their opinion. Then weulzed the weights of the pairwise matrices
and used the FANP technique to evaluate the leateggee of the company.

5. The Steps of the Algorithmsof Network Analysis

51Step 1l
Determination of the Lean Production ComponentSarh Electrics (Figure 1)
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The Lean Production Components of Sam Electrics Co.
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Figurel. Conceptual Model of Research (Source: Bigkga and Ahram, 2017)

5.2 Step Two: Pair Comparison of the Primary antssdiary Factors

It is necessary to have a pairwise comparison l@twiee given scores/points in order to obtain the
weight of the main and its subset subsidiary factdherefore, each of the experts was provided
guestionnaires for each pairwise comparison of etainent.

Summing up 15 experts opinion regarding the impaesof C1 in relation to C2:

Assuming that K_i (I, m, u) = the idea of expemtgarding the importance of C1 toC2.

K1=(1,1.5,2), K2=(1,1.5,2),

K3= (1.5, 2, 2.5), K4= (2, 2.5, 3),
K5= (1.5, 2, 2.5), K6= (1, 1.5, 2),
K7= (1.5, 2, 2.5), K8= (1, 1.5, 2),
K9= (1, 1.5, 2), K10= (1.5, 2, 2.5),
K11= (1.5, 2, 2.5), K12= (2, 2.5, 3),
K13= (1.5, 2, 2.5), K14= (1.5, 2, 2.5),
K15= (1, 1.5, 2)

5.2.1 Calculating Geometric Mean of Total Comméixgert K

To perform pairwise comparisons in group mode,radtdaining the fuzzy pair comparative table
for each expert, the following relation was applieccompute the composition of individual views
and obtain the final tables of pair comparisong:[22

Zs-:(li/lllzl:; lk , Vm1m2m3 oMy, k\/ull.IZ e Uk (1)

5.3 Step Three
Weighting the primary and secondary components
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5.3.1 Defuzzification

In order to weigh components and sub-componeritentaily of matrixes of done pair comparisons,
which are as triangular fuzzy numbers, must be edad to absolute numbers. The methods used
for this purpose generally are called defuzzifmatmethods. The way of Defuzzification used in
this study is the Center of Gravity method. In tteéshnique, also called the center of mass, the
surface gravity center of the subframe of the fumzgmbership function is determined as the
definite value of the fuzzy number, which for thtudy, the center of gravity method (Surface
Center,) is performed as follows:

In order b convert the fuzzy number M (I, m, u) = to the definite number, equation (2} Heeen
applied, where | is the lower bound of the membpréinction, m the component with a greater
degree of membership, and the upper bound of thebmeship function of the triangular fuzzy
number.

After the defuzzification and integration of thepexts’ opinion, the matrix of the first direct
relation of the aggregation, with definite numb#rat represent the immediate effect of factor i on
the element j, was formed.

N |(u—z>+3(m—l> )

5.3.2 Weighting and Calculating the ConsistencyeRat
After converting fuzzy numbers to absolute numb8tger Decision software was used to weight
the matrices and calculate the consistency rate.

5.4 Step Four
Calculate the limited supermatrix

5.4.1 Formation of UnweightedSuper Matrix

Since all available comparison matrices in the UghtedSuper matrix structure (A, B, C) are
calculated and also their compatibility is contdll the Unweighted Super matrix can be obtained
by replacing these matrices with the primary su@rs) (Table 1)

Tablel. Method of obtaining UnweightedSuper Matrix

Cluster 01 Goal 02 Main Components 3 Subcomponents
Node C1
Labels Lean C1 Cc2 C3 C4 C5 C1l-1 C1-2
productio
n
01 Goal Lean 0.000000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
productio 0 0 0 0 0 0 0
n
02 Main C1 0.257958 0.00000 0.31404 0.31479 0.26860 0.26600 0.00000 0.00000
components 0 2 9 1 6 0 0
C2 0.130497 0.23370 0.00000 0.21815 0.21754 0.27930 0.00000 0.00000
6 0 0 9 8 0 0
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C3 0.212619 0.40586 0.26061 0.00000 0.34974 0.27535 0.00000 0.00000

3 8 0 4 8 0 0
C4 0.135723 0.16839 0.20647 0.20575 0.00000 0.17932 0.00000 0.00000
6 6 8 0 8 0 0
C5 0.263203 0.19203 0.21886 0.26129 0.16410 0.00000 0.00000 0.00000
5 3 2 6 0 0 0
3 Ci1-1 0.000000 0.24892 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Subcomponen 6 0 0 0 0 0 0
ts C1 C1-2 0.000000 0.28085 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
8 0 0 0 0 0 0

6. Findings

6.1 The Results of the Pairwise Comparisons oMam Components

The results of the experiments carried out by thpeds according to fuzzy calculations are
presented in Table (2). The decision-making groupsisted of 15 managers and experts. Thus the
matrixes of pair comparisons are the result of anggric mean of pairwise comparisons of 15
people.

As an example, after collecting the experts’ respsnregarding the importance of the factor C1
compared to C2, it was found that six experts kelieC1l is less important than C2 and seven
consider a greater significance for C1 and finghlg other two experts have given C1 much more
importance compared to C2. Then, to formulate thienise comparisons matrices for weighting
the components, the geometric meanings of the cosgos were calculated as follows to reach the
consensus of the expert's opinion.

6.2 Results of Calculating the Geometric Mean oEgperts’ Total Comments

From the calculation of the geometric mean of tialtopinions of 15 experts concerning C1
compared to C2, the values (1.32, 1.84, and 3.24¢ been obtained.
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Table2.Unweighted Supermatrix
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7. The Analysis of the Obtained Weights

Table 3 shows that the experts consider supplyhamanagement as the most effective component
in assessing the lean production system, after twttie elements of timely production, human
resources management, and total quality managemednotal effective maintenance system
management play the most crucial role in the poéevaluating the lean manufacturing system
respectfully. Further, the sub-component 3-C3, Beppuality assurance of materials, among all
other sub-components, is the most effective subuteoth evaluating the system performance
according to experts.

Table3. Final weights of each of the effective comgnts and sub-components by the fuzzy ANP anatystsod

Total Welght Total weight of
. of the main : . .
Main Final the main grade inthe _.
components- subcomponents Final grade
components limited rate/grade s_uk_Jcompon_ents- category
. limited matrix
matrix
C1-1 0.028274 3 10
Ci1 0.113585 2 C1-2 0.031902 2 8
C1-3 0.053410 1 2
c2-1 0.030302 2 9
C2 0.095370 3 Cc2-2 0.023204 3 13
C2-3 0.041864 1 3
C3-1 0.028246 3 11
Cc3 0.123136 1 C3-2 0.039113 2 4
C3-3 0.055778 1 1
C4-1 0.024583 2 12
C4 0.079932 5 C4-2 0.035083 1 6
C4-3 0.020266 3 14
C5-1 0.031960 2 7
C5 0.087977 4 C5-2 0.036567 1 5
C5-3 0.019449 3 15

8. Conclusion

The occurrence of political, demographic, econoamd cultural changes on the one hand, and the
variety in consumer markets, the level of custommetinations and the increase of industrial
competition of the industries, on the other sidayehled to significant revolutions in the
manufacturing systems of industries in the 20thtuegn Undoubtedly, the organizations will
overcome the challenges posed by these changesihneimain in the new competitive world that
can adapt to these changes. Given that the prinfcipas of the industrial revolutions of the world

is on the industrial production system, organizaimust concentrate more on an adaptation of the
principal focus with occurred changes. To achiévg they need models that measure the degree of
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conformity of the production system with the changad challenges posed by it; one of the
manufacturing developments and revolutions of tigustry in the world is the lean production.
Consequently, the assessment and evaluation ofiegece of adaptation of sectors with this
revolution also require a model or models that ilp them in this direction.

This research has been conducted to design a el scientific model for assessing the degree
of leaning in the Sam electronics manufacturingesys In the designed model, the advantages of
the available hierarchical structure between thapmments of lean production are applied, and the
wished model has been designed. The quantitatiteomes of this model help the company's
managers to periodically plan for leaning improvaemand assess the status of their company's
progression and weaknesses tangibly and comprefensi

Another advantage of using this model is the idieation of weak and strong domains among the
leaning components in each industry, which can beduto present a suitable performance
improvement pattern in order to raise the leaniegrée for each unit.

The results indicate that in the process of pradociines of LEDs, LCDs, supply chain
management has the highest conformity with leamnlymton, which suggests a more appropriate
control of this factor than other factors. Totdleefive maintenance has the least match with lean
production, which indicates the management weakokgss factor over other considerations. It is
also observed that the main elements of supplyncim@nagement and timely production have the
highest importance and an enormous impact on Hrerlg of the production line. Due to the high
weight of these two factors, any increase in thaityuof their subfactors, which makes them adapt
to the leaning system, has significant effects lm movement of the product line to the point of
leaning.

The results of the study of lean production factorSam Electronics Company are as follows:

The leaning of the production line depends on the fhain elements; timely production, human
resource management, communication with supplietal maintenance, and total quality control.
Each of these five main factors has their sub-elsehich impact on the leaning of production
lines.

To approach lean production, priority is given kengents that are more important.

In short, the company can, by taking into accotsitspecific organizational and environmental
conditions, and by creating a reasonable balanoeg efficiently utilize the benefits of each of the
related activities and provide growth. The lack afbalance between these dimensions will
dramatically restrict the organization from achreyits goals and even may transform them into a
threat to the organization.
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