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As a TPM Implementation
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ABSTRACT

Manufacturing companies attach importance to Total Productive Maintenance (TPM) applications to extend equipment life
and increase efficiency. The recommended applications with TPM are carried out under the pillar activities. Autonomous
Maintenance (AM) pillar manage the assignments of the operators to undertake routine maintenance work on machine
maintenance. Cleaning, lubrication and control activities are one of the steps of AM pillar and operators need to do them
daily. However, there are a number of occupational health and safety risks that operators may face during these activities.
Safety (S) pillar which serve as another TPM pillar, deal with occupational accidents and possible situations during TPM
applications. AM and S pillars work together to assess the risks that may occur during AM applications. Failure Mode and
Effect Analysis (FMEA) is also frequently utilized for risk assessment, but this is criticized in terms of the difficulty in reaching
the common point of decision-makers’risk assessment and equal weighting of risk factors. Therefore, it is appropriate to
support with the fuzzy logic approach. In this study, the entropy-weighted fuzzy based FMEA method was utilized for
identify and prioritize potential risks that may be encountered during the AM activities. Potential risks were revealed and
evaluated with the FMEA team. Eleven potential risks were identified in the study. The risk factors of the assessment were
weighted by the entropy method. The risk of hand injuring during cleaning the oil below material cutting saw has the

highest risk priority.
Keywords: TPM, FMEA, Fuzzy-Logic, Entropy, MCDM
Jel Classification Codes: M10, L62, C02

1. Introduction

Manufacturing companies, to maintain the existen-
ce under the conditions of competition, are looking for
leading strategies as cost reduction, quality improve-
ment, correct and timely delivery. The Total Productive
Maintenance (TPM) introduced by Nakajima (1988) is
one of the most commonly used implementing models
for equipment managegement. TPM application focu-
ses on increasing the availability ratio, quality ratio and
performance ratio of equipment used in the production
area.To achieve these objectives, TPMis gathered with
autonomous and planned-preventive maintenance
operations. Autonomous maintenance (AM) contains
activities that improve equipment efficiency (Tajiri and
Gotoh 1992; Nakajima 1988, cited in: McKone, and
Weiss, 1998: 340). In TPM applications, autonomous

activities are carried out by machine operators, and
maintenance work is not considered independent from
the operator (Eti et al., 2004: 389). Safety is also crucial
in TPM structure, and the risk assessment is a priority
issue for the implementation of TPM. The identification
of the risks of autonomous maintenance practices are
applied by the operators is also a prerequisite for the
realization of the company’s activities in the world class
(Chen, 2013: 5405). These studies require risk analysis
for the risks encountered in autonomous maintenance
activities.

In the literature and the industrial cases, there
are many risk analyzes that have been examined and
applied. Risk analyzes are divided into two as qualitative
and quantitative approaches. Failure Mode and Effects
Analysis (FMEA) is one of the quantitative methods. In
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risk analysis, FMEA is commonly used to prevent occu-
pational accidents and to eliminate possible problems.
Many risk analysis methods such as Fault Tree Analysis,
Expected Value Analysis, Sensitivity Analysis only assess
the probobility and severity criteria of the failures. The
FMEA method also uses the previously recognizable
value of negativities, unlike other methods. FMEA is
a technique that aims to determine the errors and
dangers in the system without causing an accident
and to start to improvement from the top priority
(Liu, et al.,, 2012: 12297). In determining the degree
of probability, severity and detectability, fuzzy logic
can be applied to the FMEA method in order to treat
subjective or qualitative information in a coherentand
logical manner (Sharma, 2005: 991). Fuzzy based FMEA
method is used to improve quality and maintenance
work (Souza, et al., 2008; Sharma, et al., 2010; Selim,
etal, 2016).

In this article, to determine the risks that may
occur during autonomous maintenance activities, the
opinions of experts were taken. The risk assessment
team consisting of occupational health and safety spe-
cialist, autonomous maintenance officer, maintenance
manager and machine operator have been identifed
as experts. In the second part of the article literature
studies are given. The third chapter describes the fuzzy
based FMEA methodology. In the fourth chapter, the
application work and the results obtained are shared
and the improvement steps of these failures are deci-
ded.In the last part, conclusion and recommendations
are presented.

2. Literature Review

Total Productive Maintenance (TPM), is an evolu-
tion of the methodology that obtained after years of
researches on reactive-protective-preventive works on
equipment maintenance and reliability (McKone, and
Weiss, 1998: 337). The main objective of TPM, which
is to increase the availability and overall equipment
efficiency, is based on the application pillars shown in
Figure 1 (Wakjira, and Singh, 2012: 29; Venkatesh, 2007:
7, Rodrigues, and Hatakeyama, 2006: 277).

Autonomous maintenance is referred to as the
Japanese "Jishu Hozen " as one of the TPM pillars and
is depend on the idea that if operators are involved
in minor maintenance work, there will be more free
time for capable maintenance staff to attend to more
technical repairs and value-added works. With autono-
mous maintenance, operators are obliged to perform
simple daily activities such as cleaning, lubrication,

visual inspection, tightening of loosened bolts, etc. to
prevent equipment failure. (Wakjira, and Singh, 2012:
29; Singh, et al,, 595).

|
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Figure 1: TPM Temple and Pillars

Safety, Health and Environment pillar has an
important place in TPM structure. Shirose (1992) uses
the term “the maintenance of peace of mind” when
describing this pillar (Pomorski, 2004: 62). Safety, Health
and Environment pillar which aims the zero accidents,
focuses on creating and managing a secure workplace.
For this purpose, it works interactively with other pillars
of TPM (Venkatesh, 2007: 18).

The TPM studies which is conducted with a syste-
matic methodology, are closely related to the reliable
operations of manufacturing. The reliability and avai-
lability of the operational systems depend on the TPM
studies which is continued as reliability, availability and
maintainability themes. In the studies supported by
TPM, some quality control tools such as Root Cause
Analysis (RCA), Failure Mode and Effect Analysis (FMEA)
are also utilized for the equipment control (Sharma,
et al.,, 2007: 526). In their study, Sharma, et al. (2007)
proposed that RCA and FMEA methods could be used
for maintenance or replacement decisions under
cost constraints. Zeng, et al., (2010), examined FMEA
method within the scope of integrated management
systems. Keay, and Borycki, (2010), used FMEA method
to evaluate the security. Chen (2013) developed an au-
tonomous preventive maintenance program by using
RCA and FMEA. Chong, et al. (2015) aimed to improve
the Overall Equipment Efficiency (OEE) by applying
FMEA for maintenance activities. Jamshidi, et al. (2015)
used the FMEA method for fuzzy risk — based mainte-
nance framawork for prioritization of medical devices.
The risk crietia for these devices are listed as visibility,
detection via automatic diagnostic aids, detection after
an inspection and scheduled inspection. Bao, et al.
(2017) applied FMEA integrated with AHP method for
evaluating the risks of occupational health and safety.
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FMEA is an approach, which is associated with
proactive regulation, and it is used to emphasize the
avoiding to the problems rather than finding solution
after failure. The FMEA method is implemented by
establishing a risk priority number (RPN) to determine
the importance of the situation or the rating of risks.
However, various methods have been proposed in the
literature to determine the occurrence, severity and
detectability degrees used to construct the RPN of risk
or error. Some approved techniques like Grey theory
(Chang, et al., 1999; Chang, et al., 2001), AHP (Braglia,
2000), TOPSIS (Braglia, et al., 2003), DEA (Garcia, et al.,
2005; Chin, et al., 2009), DEMATEL (Seyed-Hosseini, et
al., 2006), AHP & PROMETHEE (Ozveri and Kabak, 2015),
Fuzzy VIKOR (Liu, et al., 2012), Fuzzy TOPSIS (Kutlu and
Ekmekgioglu, 2012) Fuzzy AHP (Kutlu and Ekmekgioglu,
2012; llangkumaran, et al., 2014), were used with FMEA.
In addition, Liu (2016) have studied FMEA using uncer-
tainty theories and MCDM methods. In addition, in the
FMEA studies occurrence, severity and detectability
values may not be crisp numbers. In these case, fuzzy
FMEA is applied.

In the literature, there are many applications of fuz-
zy FMEA. Immawan, et al., (2018) used fuzzy FMEA for
the assesment of operational risks of book production
services. Dagsuyu, et al., (2016) applied fuzzy FMEA in
sterilization unit risk analysis. Tay, and Lim, (2006) cons-
tituted fuzzy RPN process. In this study, fuzzy- based
FMEA method will be used to evaluate the risks that
may occur during autonomous maintenance activities
in TPM implementation. The use of fuzzy approach is
important for the purpose of promoting the FMEA
method, which is frequently referred to in the studies,
in also uncertanity conditions. In addition, FMEA has
been used in conjunction with several multi-criteria de-
cision-making techniques, but not with fuzzy entropy
for autonomous maintenance activity safety risks. For
this reason, this study differs from the previous studies.
The next part was created to explain methodology.

3. Methodology

3.1 Failure Mode and Effect Analysis

Failure Mode and Effect Analysis (FMEA) is an
analysis method that develops proactive solutions
to take precautions by predicting the risks. FMEA
which developed by the US Army and first used in
the development of flight control systems in the early
1950s, has focused on system and equipment failures.
Then the method that used by some state institutions
such as NASA, has become widespread in industrial

applications with the use of fuel tanks by Ford Motor
Company in 1980s for design faults (Chang et al. 1999:
1072; Sankar, and Prabhu, 2001: 325). FMEA is used to
eliminate the losses that may occur as a result of the
error to the customer. Potantiel failures can be arising
from design, system, process and service are revealed,
later occurrence, severity, detection values of these
failures are determined, then the risk is evaluated and
finally is prioritized (Stamatis, D. H., 2003: 5-10; Chin,
etal., 2009: 1769).

Traditional FMEA is a crucial method for detecting
and eliminating potential failures to improve the
reliability of systems. An inter-functional expert FMEA
team is set up to analyze a specific product or system.
The initial step of the FMEA is to detect all feasible
defect types of product or system. Then, the process
is performing on the defect modes defined by taking
into account the risk factors and the Occurrence (O),
Severity (S) and Detection (D) values are determined.
An integer scale of 1 to 10 is used to evaluate three
risk factors in traditional FMEA. And risk factors are
multiplied to obtain the Risk Priority Number (RPN) as
shown in Equation 1 (Stamatis, 2003: 47);

RPN=0OxSxD, (M

In general, the failures which have higher RPN are
considered to be more considerable. According to the
RPN values, failure modes (FM) are separated and then
corrective actions are taken in to them with high risk
levels.

FMEA is an effective and systematic method that
can increase the reliability of systems, but this method
is criticized in the literature because of its limitations
(Braglia, et al., 2003; Sharma, et al., 2005; Tay, and Lim,
2006; Wang, et al., 2009; Liu, 2016). The common points
of these criticisms can be listed as; the relative weight of
therisk factors is not considered, and the uncertainty of
data does not allow for the computation of the absolute
values. In order to overcome these deficiencies of the
traditional FMEA some revisions apply like that, the
integration of FMEA with fuzzy logic approach and
using the factor weighting methods.

3.2 Fuzzy Logic

Fuzzy set theory is a tool that was developed by Za-
deh (1965) and can be used to describe mathematically
complex and ambiguous systems that have difficulty
in expressing exact numbers (Yadav, et al., 2003: 660).
The application of fuzzy set theory in FMEA ensures
several advantages such as the use both quantitative
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and qualitative data together, the direct interpretation
of failure modes using linguistic variables. In addition,
fuzzy logic is considering the uncertainty of a system
affected by many factors (Sharma et al., 2005; Liu, 2016).

The fuzzy set is a set of elements that do not have
definite boundaries, have gradual transitions, and have
certain membership degrees. This cluster describes
a convex structure of fuzzy numbers, each with a
membership degree between 0 and 1 (Hu, et al., 2009:
708). The membership function represents the degree
of truth in fuzzy logic and the membership functions
characterize fuzziness, whether the elements in fuzzy
sets are discrete or continuous (Zadeh, 1975). In the
definition of membership functions, the proximity of
the numbers is used, and the membership functions
are usually represented by triangular membership
functions and trapezoidal membership functions ac-
cording to the situation of this neighborhood (Sanayei
etal., 2010: 26). In applications, triangular membership
functions are preferred mostly for ease of calculation.
In this study, triangular membership function is used.

Triangle membership function is defined by three
parameters a,, a, and a,. Here, a1 and a3 respectively,
the lower and upper limit values and a2 is the mean
value of fuzzy numbers. (Salehi and Tavakkoli-Moghad-
dam, 2008). Triangle membership function is defined
in equation 2 and the triangular form is shown in the
Figure 2.

Anotherimportant feature of the fuzzy logic appro-
ach is that it allows to give meaning to difficult situati-
ons with quantitative values. The concept of linguistic
variable is very practical in dealing with situations that
are too complex to be reasonably defined by traditional
quantitative expressions (Zadeh, 1975; cited in: Liu, et

H 9

1

Figure 2: Triangle Membership Function

al.,, 2015: 581). A linguistic variable is a factor whose
values are words in language and fuzzy numbers are
used for expressing these linguistic variable values. Lin-
guistic variables and the conversion the fuzzy numbers
are explained in table 1.

Table 1: Linguistic Variables and Triangular Fuzzy
Numbers

Linguistic Variables  Triangular Fuzzy Numbers

Very Low 00,1)
Low (0,1,3)
Medium Low (1,3,5)
Medium (35.7)
Medium High (5,7,9)
High (79,10
Very High (9,10,10)

Ref: Zadeh, 1975, cited in: Liu, et al,, 2016

One of the most important steps of fuzzy logic ap-
proach is the process of defuzzication. Defuzzification
is performed to obtain a best non-fuzzy performance
(BPN) value. Between the techniques like as center of
area (COA), mean of maximal (MOM), and a-cut; the COA
has practical process and is calculated with equation 3
(Alcan, et al.,, 2013: 628).

X, (a)=a, +[(a3 —a)+(a, _al)]/3

Following the defuzzication process, it would be
appropriate to study another issue called the weak
aspect of the traditional FMEA method in the resulting
non-fuzzy decision matrix. This issue is about weights
of risk factors.

x—a, <
» G <x<a
a, —aq
a,—x
M) = i — a,<x<a, (2)
a;—a,
0, otherwise
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3.3 Shannon Entropy

Entropy method is one of the objective weighting
methods that can be used to determine the importance
order of the criteria. There are various weighting met-
hods that can be used to determine the priority of risk
factors. They can be subjective methods like nominal
group technique, Pairwise comparison (AHP), Delphi
method, Simple Multi-attribute Ranking Technique
(SMART) or can be objective methods like Entropy
method, Criteria Importance Through Inter-criteria
Correlation (CRITIC), mean weight ans so on. In this
study objective Entropy method is used.

Shannon Entropy (Shannon, and Weaver, 1947),
which is defined as a measure of uncertainty in the
knowledge generated in terms of probability theory,
is very suitable for measuring the relative contrast den-
sities of the criteria representing the average intrinsic
information transmitted to the decision maker (Liu,
2016: 186). Entropy method is one of the objective
weighting methods that can be used to determine
the importance order of the criteria. The steps of the
method are described as follows (Sari, E..B., 2017: 66)

Xu? represents the value of alternative i according
to the criterion j.

Xy
Step1: i ~ m i=1,2,...,m;j=1,2,
Xii
i=1
.n.
1 m
Step2: ¢, =—— ) P. In P,
J hl m; ) q

Each criterion has an entropy value. Here ej shows
the entropy value of the criterion j.

l—ej

D¢,

the criteria are assigned. The sum of the weightsis equal

Adim 3: W, = The weight values of

to 1. Zn:VVJ =1.
=1

After the explanation of the methods to be used in
the study, the steps to be applied in the research study
have been transformed into a model. The steps of the
proposed FMEA model supported by fuzzy and entropy
are shown in Figure 3.

Form the FMEA Team

Determine The Aim of Risk Assessment

Identify Potential Risks

Evaluation with Linguistic Variables

)
)
)
)

Language Variables are Converted to Fuzzy Numbers ]

Defuzzication ]

Weighted Risk Factors with Entropy. ]

RPN is calculated

ilable with with Entropy | fuzzy based FMEA) ]

(Values are

List the risks ]

Figure 3: Entropy Weighted Fuzzy Based Failure
Mode and Effect Analysis

The first step of the application is the establishment
of the FMEA team. The leader of the maintenance
team, the autonomous maintenance pillar leader, the
machine operator and safety pillar leader are members
of FMEA team. Potential risks are revealed according
to aim of risk assessment. Linguistic variables are
evaluated, and linguistic expressions are transformed
into fuzzy numbers. Defuzzication step calculations are
applied to fuzzy numbers. Risk factors are weighted by
the entropy method. RPN value calculations are made.
Risks are listed by prioritizing.

4. Research Study

In this section, the proposed approach isimplemen-
ted in a manufacturing company operating in Izmir. The
company produces a speed of 200pcs/min (machine
speed depending on the part form) on multi-station
machines that make mass production with cold for-
ming method. For an enterprise that produces at this
high speed, equipment management and maintenance
is very important. The company implements Total
Productive Maintenance (TPM) in this regard. Within
the scope of the study, Autonomous Maintenance (AM)
pillar activities carried out within the framework of TPM
implementation are examined. As an Autonomous
control step in the planned AM activities, cleaning
lubrication and control operations are carried out. In
this context, AM checklist was created in the enterprise
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and equipment maintenance services were separated
as professional maintenance and autonomous mainte-
nance. The operator is responsible for the operations
to be performed with AM. Each operator follows their
own autonomous schedule. The operators are likely to
encounter some occupational health and safety risks
when performing the procedures in the autonomous
schedule. For this reason, the Safety (S) pillar formed
within the scope of TPM studies should also make an
inspection. The leader of the maintenance team, the
autonomous maintenance pillar leader, the machine
operator and safety pillar leader formed the risk map

shown in Figure 4 for the risks that may occur during
the cleaning lubrication and control operations of the
machine.

After reveal of the risk map, it is required to conduct
a study on which risks are more important. The first
step is to determine the purpose of the risk assessment
team.Therisk assessment team agrees to identify high
priority risks, but first of all, there is a need to identify
the areas of potential risk. The potential risks that may
be encountered during the cleaning lubrication and
control operation of the machine with the risk map
above are explained in Table 2.

| |Ri5k Mapping |

Splalier To Eys

Figure 4: Risk Map of AM Activities on Machine

Table 2: Potential Risk of AM Activities

NO Potential Risk of AM Activities

FM1 Falling during cleaning of the transparent surveillance cover of machine

FM2 Finger jam during cleaning transfer system

FM3 Falling during cleaning of the side walls and panels of machine interior part
FM4 Head bumping during manipulator cleaning

FM5 Foot slipping during cleaning of machine outer protection covers and top

FM6 Foot slipping during machine control panel cleaning

FM7 Foot slipping when cleaning measuring stand next to the control panel

FM8 Hand injuring during cleaning the oil below material cutting saw

FM9 Hand jam when cleaning drive rollers

FM10 Head bumping when discharging the canister under the product collection stand
FM11 Foot slipping during draining the canister under the product collection stand
FM12 Hand injuring during cleaning of oil deposits under the product collection table
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Theleader of the maintenance team, AM pillar leader,
the machine operator and S pillar leader have expressed
their opinions in determining the potential problems.
However, there are differences due to different areas of
expertise of the decision-makers in determining the risk
factor of the identified potential problems. Therefore,
the priorities stated by the decision makers on the
risks should be taken into consideration with linguistic
variability. Fuzzy logic approach is appropriate in this
regard. Table 3 presents the responses of the decision
makers to the risk factors with linguistic variables.

The linguistic values were first converted to triangu-
lar fuzzy numbers. Then, the triangular fuzzy numbers
in the form of “ a, a,, a," were calculated as “ Min a,,
Vs a,, Max a,” to evaluate the values of four decision
makers together and the fuzzy matrix was obtained
and is shown in Table 4.

In order to defuzzication the total fuzzy matrix, the
Center of Area (COA) method was used as described in
the methodology chapter, and the decision matrix was
reached shown as Table 5.

Table 3: Decision Makers’ Answers to Risks Factors of Failure Modes

EM NO Severity Occurrence Detection
DM1 DM2 DM3 DM4 DM1 DM2 DM3 DM4 DM1 DM2 DM3 DM4
FM1 ML L L ML M M ML MH L ML M M
FM2 MH MH M MH M MH M MH ML ML ML M
FM3 ML ML L M ML M M MH ML ML ML ML
FM4 M M M MH M ML M M L M L M
FM5 L ML L ML ML M M M L L ML M
FMé6 L ML L M L L ML ML ML M M ML
FM7 ML ML L M L ML L ML L ML M
FM8 M M M MH MH M M MH H MH H M
FM9 ML ML L ML L ML M M ML M M M
FM10 M M ML MH ML ML M M MH M ML MH
FM11 H MH M H ML L M M H MH H H
FM12 ML M ML M L ML M M ML M M M
Table 4: Total Fuzzy Decision Matrix Table 5: Decision Matrix

Severity Occurrence Detection Severity Occurrence Detection
FM1 0,25 (1,59 (035,7) FM1 2,333 5,000 3,500
FM2 (3,6.59) (3,69 (1,35,7) FM2 6,167 6,000 3,833
FM3 03.7) (1,5.9) (13,5 FM3 3,333 5,000 3,000
FM4 (3559 (14.5,7) 0,3,7) FM4 5,833 4,167 3,333
FM5 0,2,5) (1,45,7) (0,25,7) FM5 2,333 4,167 3,167
FMé6 0,2.5,7) 02,5 (14,7) FMé 3,167 2,333 4,000
FM7 03,7) 0,25 (0,25,7) FM7 3,333 2,333 3,167
FM8 (35.59) (3,69 (3,7.5,10) FM8 5,833 6,000 6,833
FM9 (0,25,5) (0,35,7) (1,45,7) FM9 2,500 3,500 4,167
FM10 (1,59) (1,4,7) (1,559) FM10 5,000 4,000 5167
FM11 (3,759 (0,35,7) (5,8.5,10) FM11 6,500 3,500 7,833
FM12 (1,4,7) (03.5,7) (1,4.5,7) FM12 4,000 3,500 4,167
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Entropy method was used in order to prevent risk
factors from being taken equally in prioritization and
the weights of the risk factors were calculated as WS
=0.418, WO = 0.257, WD = 0.325. Fuzzy FMEA values,
which are formed with the idea that uncertainty and
risk priority will change, are associated with entropy
weights. Failure Mode (8) “Hand injuring during clea-
ning the oil below material cutting saw” has emerged
as the mostimportant risk. FM8 is also the most crucial
risk of classical FMEA. In the table 6, results of entropy
weighted fuzzy FMEA and classical fuzzy FMEA is
compared.

Table 6: Risk Priority Results

Fuzzy FMEA Classic Fuzzy FMEA
Entropi
Priority FM weighted RPN  FM RPN
RPN1 FM8 6,201 FM8 210
RPN2 FM11 6,163 FM11 147
RPN3 FM2 5,366 FM2 144
RPN4 FM10 4,797 FM10 100
RPN5 FM4 4,593 FM4 90
RPN6 FM12 3,926 FM1 60
RPN7 FM3 3,653 FM3 60
RPN8 FM1 3,397 FM9 48
RPN9 FM9 3,298 FM12 48
RPN10  FM6 3,224 FM5 24
RPN11 FM5 3,075 FM6 24
RPN12  FM7 3,022 FM7 18

Table 7: Precaution and Improvement of Failure Modes

When the classical fuzzy FMEA method and Fuzzy
FMEA method were compared, the first 5 failure modes
that should be prioritized among the all problems are
same. The fact that different decision makers have
similar views in linguistic expressions used for these
risks contributes to these results. However, the classi-
cal method and fuzzy FMEA results do not show any
similarity between the problem types with less priority.
Because, the rate of neglection for decision makers are
different in the situations that are considered to be less
hazardous. So that, the results vary from the most to
least prominence.

On the other hand, the risk factors are considered
to be of equalimportance when performing RPN calcu-
lation in classical fuzzy FMEA method. However, in this
study, the risk factor values were weighted by Shannon
Entropy method. The weight of severity risk factor is
0.418 and it is the highest weight between the factors,
this is leading to the prominence of fatal defect types
in ranking. So, severity risk factor has a decisive role in
this study. However, it is still not effective enough to
be made prioritized by evaluating alone. Therefore, the
effect of other risk factors appears in the calculations.

Identifying the failure modes and prioritizing them
is certainly crucial, but the main objective of all these
studies is to prepare groundwork for precautions and
improvements of failures. Following the Fuzzy FMEA
study, the results were evaluated by decision makers.
And for all twelve potential risk, action list have been
initiated. In addition, there are issues that should be
done in common for all risks. Table 7 shows what
requires to be done for prevention and improvement.

::ci::;e Precaution and Improvement

FM1 Visual warning form is hanged on the line. Protective work shoes and gloves will be used. Make sure that the ground is dry.
FM2 Visual warning form is hanged on the line. Protective work shoes glasses and gloves will be used

FM3 Visual warning form is hanged on the line. Protective work shoes and gloves will be used. Make sure that the ground is dry.
FM4 Visual warning form is hanged on the line. Protective work shoes glasses and gloves will be used

FM5 Visual warning form is hanged on the line. Protective work shoes and gloves will be used. Make sure that the ground is dry.
FM6 Visual warning form is hanged on the line. Protective work shoes and gloves will be used. Make sure that the ground is dry.
FM7 Visual warning form is hanged on the line. Protective work shoes and gloves will be used. Make sure that the ground is dry.
FM8 Visual warning form is hanged on the line. Protective work shoes glasses and gloves will be used

FM9 Visual warning form is hanged on the line. Protective work shoes glasses and gloves will be used

FM10 Visual warning form is hanged on the line. Protective work shoes glasses and gloves will be used

FM11 Visual warning form is hanged on the line. Protective work shoes and gloves will be used. Make sure that the ground is dry.
FM12 Visual warning form is hanged on the line. Protective work shoes glasses and gloves will be used
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Informing the employees and increasing their
awareness are important in all occupational health
and safety issues. For this reason, a training program
for operators has been established. During the trai-
ning, protective equipment and their importance are
repeated and the importance of using equipment for
potential risks is discussed. In order to increase the
awareness of the employees and to keep in mind the
importance of the subject, visual warning forms were
hung on various parts of the line. In order to maintain
improvement work on occupational health and safety
issues, it was decided to obtain management support
to provide regular information about near miss, close
accidents and unsafe acts parameters from employee
data to the leader of S pillar.

5. Conclusion

The TPM is a common philosophy that addresses
the methods that many manufacturing enterprises
take into account while managing their operations
in a systematic manner. Tasks performed during TPM
applications are managed with the help of pillars and
these pillars are in an interactive relationship with
each other. AM and S pillars describe two of the eight
application pillars in the TPM structure and are the
subject of this study.

The TPM is based on the activities to be done to
increase the effectiveness of the equipment on the
basis of the application. AM pillar manage the activities
that involve daily maintenance repairs by machine
operators. With the guidance of AM pillar, machine
operators perform cleaning lubrication and control
operations for the equipment. This process makes
easier to detect when equipment problems are visible,
and so the life of the equipment increases. However,
there are some occupational health and safety risks
where operators are likely to encounter during the
realization of these activities. S pillars are activated at
this point and perform risk analysis for tasks defined
by AM pillar.

There are many techniques for risk assessment.
FMEA is a more preferable method because it takes
into account the severity, occurrence and detection
values. The main area of use of the FMEA method is
the detection of product, process and service failure
encountered in the production area, but is also used
in risk assessment processes.

Fuzzy-based FMEA is a method that can be applied
if decision makers are affected by linguistic factors in
determining risk factors. In this study, the opinions of
four different decision makers were taken to determine
the occupational health and safety risks that may
be encountered during the AM activities, including
the maintenance manager, the AM pillar leader, the
machine operator and the S pillar leader. Fuzzy based
FMEA method is used for the answers of these decision
makers.

The matrix, which is the linguistic variables created
by fuzzy logic, was first converted to fuzzy numbers and
then a total fuzzy matrix was obtained. Then, after de-
fuzzication of the total fuzzy matrix, the decision matrix
was reached. In order to determine the weights of the
risk factors in this matrix, entropy technique which is
the objective weighting method has been applied. The
results were determined as entropy weighted fuzzy
FMEA and classical fuzzy FMEA and compared with
each other.

The results of the modifications made in order to
eliminate the disadvantageous points of the classical
fuzzy FMEA method have similarities in the high priority
types of errors. However, in cases where uncertainty is
more common and less priority situations are differen-
tiated. Therefore, it is seen that fuzzy logic approach is
effective in uncertainty environment and in situations
where decision makers cannot agree.

The use of fuzzy approach is important for the
purpose of promoting the FMEA method, which is
frequently referred to in the studies, in also uncertanity
conditions. In addition, FMEA has been used in conjun-
ction with a number of multi-criteria decision-making
techniques, but not with fuzzy entropy for autonomous
maintenance activity safety risks. For this reason, this
study differs from the others, in terms of enabling the
use in the industry while being a new application study
in the field. In order to improve the study and to see
more reflections of the effect of the fuzzy approach on
theresults, itis recommended to carry out applications
by taking into consideration the opinions of the decisi-
on makers who are contradictory in the future studies.
In addition, it can be said that more uncertain results
will be obtained and the differences will be determined
cases where uncertainty is higher.
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