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Model Keputusan Penyelenggaraan Autonomi untuk Mesin Larik Menggunakan
Teknik Fuzzy ProsesHirarki Analisis (PHA)

ABSTRAK

Kemerosotan pada mesin pengeluaran boleh menjurus kepada kos pengeluaran yang
tinggi. Salah satu strategi penyelenggaraan pencegahan bagi  mengurangkan
kemerosotan mesin ialah penyelenggaraan autonomi. Tujuan penyelenggaraan
autonomi adalah untuk mencapai satu tahap kebersihan yang tinggi, pelinciran yang
sempurna dan pengetatan yang sesuai pada mesin. Namun begitu, amalan
penyelenggaraan autonomi sedia ada hanya meningkatkan: kos dan masa
penyelenggaraan yang diperlukan. Oleh itu, kajian ini menyarankan model keputusan
penyelenggaraan autonomi menggunakan teknik fuzzy “Proses:Hirarki Analisis’ (PHA)
untuk mengenalpasti komponen kritikal dan menentukan -aktiviti penyelenggaraan
autonomi yang tepat. Satu kajian kes pada mesin larik digunakan untuk mengesahkan
model. Data kagjian dikumpul melalui sesi temubual secara individu bersama juruteknik
di makmal mesin di Universiti Malaysia Perlis.“Dalam kajian ini, fuzzy PHA
diaplikasikan menggunakan data pembezaan .pasangan untuk pengesahan komponen
kritikal. Hasil dapatan kajian menunjukkan bahawa terdapat lapan komponen kritikal
dari mesin larik yang telah dikenalpasti. Dengan maklumat ini, model ini membantu
dalam pengurangan kos dan masa penyé&enggaraan dengan mengenal pasti komponen
yang betul untuk penyenggaraan dan.juga menentukan aktiviti penyelenggaraan yang
betul untuk dilaksanakan. Oleh itu,” kgian ini telah menerangkan secara teori dan
praktikal tentang pembangunanimodel keputusan penyel enggaraan autonomi.
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Autonomous Maintenance Decision Model for Lathe Machine Using Fuzzy
Analytical Hierarchy Process (AHP) Method

ABSTRACT

Deterioration on production machine may lead to high production costs. One of the
preventive maintenance strategies to reduce deterioration of machine is Autonomous
Maintenance (AM). The aim of autonomous maintenance is to achieve a high degree of
cleanliness, excellent lubrication and proper fastening on the machine. However, the
conventional AM practice, the process of initid cleaning might increase the
maintenance cost and the time required. Therefore, to make this process more effective
and efficient, this study proposes an AM decision model using fuzzy Anaytica
Hierarchy Process (AHP) method to identify the critical components and to determine
the right AM activities. A case study of a lathe machine is-used to validate the model.
The data were collected through personnel interview with technicians at machine shop
laboratory in UniMAP. In this study, fuzzy AHR is carried out using pairwise
comparison data to verify the critica components~Finding of the analysis reveals that
there are eight critical components of the latheimachine that have been identified. By
having this information, the model does help.in‘minimizing the maintenance costs and
time by identifying the right component far maintenance and so to determine the right
maintenance activities to be carried out. ’Thus, this study has provide theoretical and
practical inferences about the develgpment of AM decision model.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

This chapter encompasses six sections; the background of-research, the problem
statement, the objectives of the study, the scope and limitation, significant of the study,
and thesis outline. Research background section gives overview about research content
and focus. The problem statement section discusses the problems that occurred in the
autonomous maintenance practices. Later,’ the objectives of the study is presented
followed by the scopes and limitation. Next is significant of the study and thesis outline

section ends this chapter.

1.2 Backgroundf*Resear ch

Nowadays, the utilization of production machines do give a big impact to
manufacturing industries in producing the variable shapes through processes such as
threading, boring, external grooving, shearing, or other forms of deformation.
Production machines employ some sort of tool that does the cutting and shaping or
machining materials. Examples of production machines are lathe machine, milling
machine, vertical band saw, grinding machine, drilling machine, CNC machine, belt

and disc sanders, and many others.



Most production machines are subjected to deterioration with usage and age. Such
machine deterioration may lead to higher production costs, lower product quality and
the increased possibility of breakdown (Wang and Hwang, 2004). Therefore, a well-
planned maintenance program is important to reduce costly breakdowns (Dohi et a.,
2001). Generaly, maintenance can be applied based on preventive maintenance.
Preventive maintenance program involves the maintenance activities such as preventive
repair and preventive replacement that performed before the machine breakdown
(Gertshakh, 1977 and Lofsten, 1999). Preventive maintenance ‘contributes to reducing
costs, minimizing machine downtime, increasing productivity and improving quality

(Usher et al., 1998).

Autonomous Maintenance (AM) is‘@maintenance philosophy which has machine
operators personally conducting maintenance activities, including cleaning, lubricating,
tightening, inspection and even perform simple countermeasure. Such autonomous
maintenance activities prevent forced deterioration of machine. For instance, untighten
bolt or nut on accomponent/part may cause a vibration problem to the machine. The
problem .can- be reduced through periodically tightening activity. The am of
autonomous maintenance is to achieve a high degree of cleanliness, excellent

lubrication and proper fastening to reduce machine breakdown and maintenance cost.

1.3 Problem Statement

Most of the industries perform the Autonomous Maintenance (AM) process under

the framework of Total Productive Maintenance (TPM). They accomplish the

autonomous maintenance based on the general process of AM practice with conducting



initial cleaning as a first step. Through this cleaning activity, any problem with the

machine or unsatisfactory conditions on component will be revealed.

However, it is found that in the conventional AM practice, the process of initia
cleaning might increase the maintenance cost and the time required. In addition, this
conventional procedures for AM practice is considered as less effective because it did
not provide detailed information on how AM practice should be applied and

implemented (Min et a., 2011).

In autonomous maintenance, it is vital toselect the correct component for
maintenance activity, in order to reduce the maintenance costs. However, there are very
few of research discusses on this issue. Thus, this research is motivated by the fact that

anew method in critical component selection is needed.

1.4 Objectives of the Study

The main research objective of this study is to develop the autonomous maintenance
decision model for production machine equipment. The main part of the model is the
application of Fuzzy Analytica Hierarchy Process (AHP) to analyze the data using
pairwise comparison. The developed model will help maintenance engineering
department in identifying the critical components towards autonomous maintenance

program development. The specific objectives of this research are as follows:

i. To identify the suitable method to develop the autonomous maintenance

decision model for critical component selection purpose.



ii. To develop an autonomous maintenance decision model of production machine
using Fuzzy Analytical Hierarchy Process approach.
iii. To validate the proposed autonomous maintenance decision model using a case

study of alathe machine.

1.5 Scope and Limitation

This study focuses on developing a decision model of autenemous maintenance for
critical component identification purpose. The scope and{dimitation of this study are as
follows:

i. Themodel is developed by using Fuzzy. Analytical Hierarchy Process method.

ii. The mode is validated using allathe machine as a case study of production

machine.

1.6 Significant of the Study

This study develops a decision model of autonomous maintenance for lathe
machine. In developing the model, the significant contributions made by this study are
outlined as follow. In term of theory and model development, the main part of the
model is the application of Fuzzy Anaytical Hierarchy Process in developing an
autonomous maintenance decision model to help the technicians in decision making to

seek the critical component to be prioritized in maintenance activity.

In terms of practicality, an autonomous maintenance decision model using fuzzy

AHP approach has been implemented at a lathe machine a UniMAP. Prioritizing



components for maintenance activities due to the limited resources is necessary and
autonomous maintenance using fuzzy AHP approach is thérst step toward a

systematic maintenance trend. The approach presented in this study gives a possible and
practical solution to maintenance decision making problems in selecting critical
components for maintenance activities. Overcoming the conventiona AHP
shortcomings, this approach systematically formulates expert’s knowledge about

machines prioritizing to efficiently allocate available resources.

1.7 Thesis Outline

Chapter 2 discusses the key issues in autonomous maintenance and provides an
overview of past autonomous maintenance applications. This chapter also presents an
overview of the literatures on Fuzzy Anaytica Hierarchy Process (AHP). Some

classifications of Fuzzy Analytical Hierarchy Process applications are discussed.

Chapter 3 clarifies the research method employed in this study in order to achieve
research objectives. This chapter explains the fuzzy AHP method in detail. Fuzzy AHP

method is the core in development of AM decision model.

Chapter 4 describes the validation of AM decision model based on application in
lathe machine as a case study. This chapter also include a section for discussion on

model results and analysis.

Chapter 5 ended this dissertation as a conclusion chapter. It summarizes the

research findings, discuss its contributions and how further work might best be directed.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter reviews the literature in the topic of autonemous maintenance. The
first section discusses the previous studies of the autonomous maintenance in the
context of Total Productive Maintenance (TPM), program. Next, various multi criteria
decision making methods for critical component selection in production machine are
reviewed. Later, the advantages and “limitations of multi criteria decision making
methods are summarized. The final section concludes the findings from literature

review.

2.2 Total Productive Maintenance (TPM)

Maintenance could be defined as a set of activities or tasks used to restore an item to
astate in which it can perform its designated functions (Willmott and McCarthy, 2001).
One of the maintenance practices that can be utilized is the Total Productive
Maintenance (TPM). TPM is a maintenance framework which developed for improving
productivity by making processes more reliable and less wasteful without interfering
with the daily process. Figure 2.1 summaries the overal elements in the TPM

framework.
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Figure 2.1 shows that TPM has a single goﬂ\rgt the highest level; which is to

improve Overall Equipment Effectiveness @EE) by reducing performance loss and
increasing machine availability. OE%@u%d as a tool to know the current state of
machine by measuring its effecélj@nes In the TPM framework, Nakgjima (1989) has
identified six major Iow@hich can affect the machine availability, performance
efficiency and quality\(‘r%lte of products. The framework emphasizes that a stable 5S
processisthe f ation on which the entire system is built to achieve the above goals.
The fra@c‘r’k also shows the eight pillars or tools that are necessary to achieve the
goal@nce a 5S process has been achieved. Autonomous Maintenance is one of the

pillars and isillustrated with the *house’ shown in Figure 2.1.



2.2.1 Autonomous M aintenance

Autonomous maintenance (AM) is known as Jitshu-Hosen in Japanese, is a
maintenance philosophy which emphasizes on the ‘man-machine relationship in
performing three simple activities, cleaning, lubricating and tightening. This
relationship refers to the corporation system between maintenance personnel and

machine operators towards eliminating the sources of deterioration.

As reported in Mugwindiri and Mbohwa (2013), AM(can provide many benefits to
organizations. By practicing AM continuously, machines can run on, close to, the full
capacity. Breakdowns of machine also may occur rarely, so as to capital expenditure is
reduced. In consequences, products are{produced to specification, and cleanliness and

pride improves the working environment.

The general procedure for AM practice usually consists of the following seven steps

(Tsang and Chan;2000):

I. (C_JInitial cleaning and inspection of all equipment
ii.  Eliminate for the causes and effects of dirt and dust
iii.  Define standards of cleaning, lubricating and tightening
iv.  General inspection training for all team members
v.  Equipment inspection checks on afrequent basis
vi.  Workplace management and control

vii.  Continuous improvement



Steps 1 to 5 of the AM deal with machine improvement. These steps aim to
decrease the machine life variability and extend the average lifespan of the machine.
While steps 6 to 7 deal with the process improvement; aiming to improve product

lifespan and design lifespan (Mckone and Weiss, 1998).

2.2.2 Technical Issue of Autonomous M aintenance

TPM program is designed to maximize the Overall Equipment-Effectiveness (OEE).
It involves all departments and employees from top management to front line workers
(Robinson and Ginder, 1995). In other words, TPV provides a method to keep the
performance of machine and plant at its higher productive level through team work of
all departments of institution. The issueof application and implementation of AM have

been reported by some researcher.

Many studies discussed on the concept that AM as a sub-set of TPM framework
(Tsang, 2002; Chan et a., 2005; and Campbell and Reyes, 2006). Brah and Chong
(2004) conducted a research concerning anayzing the reationship between TPM
implementation and performance. The authors reported the AM application from the
aspect of management. McKone et a. (2001) investigated the relationship between six
elements of manufacturing performance and seven TPM eements, in which four of
them are come from AM activities. A few research reported a case studies in TPM
implementation (Tsang and Chan, 2000; and Eti et al., 2004). Both studies stated that
the management team should be highly committed in implementing an AM program.

Recently, Ahuja and Khamba (2008) suggested future work in TPM and AM research.



From the literatures, it can be concluded that, most research only report the
implementation of the autonomous maintenance based on the context of TPM program.
None of the research intensively focus on the autonomous maintenance as a main area
of study. Furthermore, mainly research that report the implementation AM in context of

TPM program are only based on the general process of AM practice.

Many research report the AM process as conducting an initial cleaning as afirst step
to inspect, discover and expose the hidden defects or abnormalities on component.
Unfortunately, this process will increase the maintenance/cost and time required to find
the critical component. Though, this conventional~procedures of AM practice have a
tendency to be less effective, especiadly in thedetail of how AM practice should be

applied and implemented (Min et al., 2011).

Adhere to that, Moubray (1995) discussed that many companies have increasingly
faced a great stress to.deal ‘with the massive amount of costs which are originated from
the operation, mamtenance and investment of their subassemblies. Maintenance costs,
although likely to be one of the main expenditure among the mentioned cost-oriented
items, have a significant role in maintaining the system reliability within the desirable

[imit.

Also, it is important to note that almost one third of all maintenance costs are
wasted as the result of unnecessary or improper maintenance activities (Mobley, 2002).
Thus research in this area is growing as the role maintenance is going to be profit

contributor (Waeyenbergh and Pintelon, 2002).
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