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Abstract - Many organizations have implemented TPM to
improve their equipment efficiency and to obtain the
competitive advantage in the global market in terms of cost,
quality and productivity. But, implementation of TPM is not
an easy task. The objective of this paper is to analyze the
barriers and implement TPM for improvement of machine.
These Barriers can cause the problems of defects, minor
stoppages, speed losses etc. Suitable tactics are given to
overcome the issues by providing the necessary awareness,
incentive systems, motivational action etc. This system is not
only used in large scale manufacturing industry but also in
the medium as well as small scale manufacturing industry.
The certain Barriers are sorted out which hamper the
continuous flow of production in the plant, and also we tried
to eliminate these Barriers first by prioritizing all the chosen
Barriers which is affecting the process most number of times
with help of ISM. To analyze the driving power and
dependence power of barriers MICMAC analysis is
performed. On the basis of MICMAC clusters the TPM pillars
is implemented to improve the performances of machines in
the machine shop.

Key words: Total Productive Maintenance (TPM), Barriers,
MICMAC analysis.

1. INTRODUCTION

In this 21st century manufacturing industries based on the
automated machine and equipment and minimize the
human interference. Maintenance in the past was not
familiar to industries or organization, since its
manifestation in 1930 till now. In any organization Quality
and Maintenance of manufacturing systems are closely
related functions. With the change in time two concepts
have emerged which are Total Productive Maintenance
(TPM) and Total Quality Management (TQM) along with
other concepts to achieve World Class Manufacturing

system [1]. It has been noticed that, there has been a
drastic change in the manner in which industry
works many years ago and now. Due to the improvement
in the technology, you can see all the areas of industry
have been developed.

To improving the performance of maintenance activities in
the plant is to implement Total Productive Maintenance
(TPM) strategy. However number of organizations is
failing to successfully implement such strategies [2].
Implement of TPM help to find out the bottleneck machine
in the cell layout and increase the productivity which can
be obtained by them through the analysis barriers for low
OEE. Considering all the parameter of TPM become
beneficial to sort of the various problems linked with the
production. To achieve this target, efficient maintenance
was in place, Autonomous maintenance teams were
developed for better communication and team-work was
promoted. Finally it results improve in Availability,
Performance and Quality due to which OEE accelerate [3].

1.1 Role of Management in TPM

The main role of TPM is to use the TPM Pillars to deliver
improvement. However in the organization management
should ensure that pillars are applied correctly and at right
time. The continuous practices of TPM Pillars lead to
reduce the breakdowns and other major problems.

To achieve the levels of activity from management:

1. Decide Priorities

2. Create a structure to Manage and Control TPM

3. Coach Individuals, Support Activities, Communicate
progress and success.
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2. LITERATURE REVIEW

To improve the performance and quality need to
implement TPM which is not an easy task. By preparing
certain questionnaires based on survey an interpretive
structural modelling (ISM) approach has utilized in
analyzing their mutual interaction. The first course of
action is to find out problem and establish a strategic
direction for TPM. An ISM model has prepared to identify
some key factors and the implementation of TPM. The ISM
model developed in this paper acts as a tool for top
management to understand/identify the key factors of
TPM implementation.ISM model help to identify and rank
the factor with help to sort out the major problem. This
model has been developed on the basis of consensus of
experts and the employees, the results are quite generic
and helpful for top management to keep efforts towards
the successful implementation of TPM in their
organizations [4]. The author (Fatemeh kahrarian [5])
surveyed the barriers to recognize the major barriers that
significantly affect the performing of TPM in industries so
that management may perform TPM in their organizations
in better way. An ISM-based model has been developed to
analyze the interactions among different TPM enablers. It
identifies the important of any organization on which
management should focus for the performing of TPM to
eliminate barriers. ISM-based model provides a very useful
explanation of the relationships among the factors and
information for the formulation of guidelines to improve
the quality of maintenance activities [6].

Frequent machine breakdowns, low plant availability,
increased rejection are a great threat to increase operating
and maintenance cost. The company has to suffer due to
lower availability of machines the performance rate also
decreases as a result of breakdowns which may leads to
possess extra cost during the production [7].

TPM pillars were used to short out major losses in the
plant and the results show improvements in machine
utilization and OEE for identified critical equipment [8].
TPM is a useful tool in helping firm to achieve optimal
manufacturing process. The level of maintenance, an
organization will be able to reap competitive advantages
brought by TPM [9].

3. PROBLEM IDENTIFICATION

The data are collected from machine shop (MARS-1) of
Bhilai Steel Plant (BSP), Bhilai Chhattisgarh. MARS-1 has a
vital role to play in maintaining the plant equipment so for
as it supplies the bulk no. of spare parts required by the
various units of plant. It acquires an added importance by
virtue of the finishing line of manufacturing activities of
machine shop. The product mix so arranged so as to meet
the demand of both heavy and small spares. In this
machine shop due to improper planning & improper
identification of problems leads to uncontrollable
production losses & increase in waste and unnecessary
operation which results in customer complaints (other
department). Sometimes material handling system like
crane is not available due to which machine remains idle.

4. METHODOLOGY

After 1 month analysis of machines in machine shop of
manufacturing industry some of the barriers are sorted
out and on the basis of the analysis 10 main barriers are
selected and ISM approach have been used and then TPM
pillars is implemented to achieve the objectives of this
research. The methodology employed to identifies the
existing operations in the facilities with the help of
detailed study and project training. Further root cause
barriers are pointed out to reduce unproductive time and
to increase the overall equipment effectiveness and
efficiency of the existing system.

These methodologies and their respective results are
discussed in the following sections.

4.1 Barriers

Some of the barriers where sorted out by the analysis of
machine during the working shift of the machine, which
majorly effecting the machining work of the machine and
cause unproductive time which leads to delay in finishing
the machining work of the job and ultimately it become
burden to entire department of machine shop.

1. Lack of knowledge of TPM
2. Noninvolvement of management
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3. Need for training

4. Issuesin design modification

5. Lack of flexibilities

6. Lack of board organizational involvement

7. Poor communication system

8. Unavailability of equipment parts

9. Conflicts with interdepartmental

10. Frequent changes in design

11. Longer lead time

12. Organization resistance to change

13. Work culture

14. Inability to plan design change or replacement
maintenance.

4.2 An ISM approach for modeling of Barriers

ISM is a qualitative tool that was developed by ]. Warfield
to find the complex comprehensive systematic model [10].
The ISM methodology is interpretive from the fact that as
the judgment of the group decides whether the variables
are related or not. It is structural model, as on the basis of
relationship; an overall structure is developed from the
complex set of variables. It is a modelling technique in
which the specific relationships of the variables and the
overall structure of the system under consideration are
portrayed in a digraph model. The model so formed
portrays the structure of a complex issue or problem in a
carefully designed pattern implying graphics as well as
words (Raj et al. [11]; Singh et al. [12]; Ravi and Shankar
[13]). The fundamental idea obtain from ISM modelling for
converting the complex factors into several sub factors by
utilization of realistic knowledge and experience of
experts[14].
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The various steps involved in ISM modeling are as follows.

Identify the variables

\4
Establish contextual relationship between
them
(Formulate SSIM)

A4
Develop initial reachability matrix

A\ 4
Develop final reachbility matrix
(Check IRM for its transitivity)

A\ 4

FRM is partitioned into different level viz.

Reachability set

Antecedent set

Intersection set

A\ 4

Based on relationship a directed graph is
drawn

A\ 4

Resultant diagraph is converted in to

A 4

ISM developed is reviewed

Fig -4.1: Steps involved in ISM modeling
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For further improvement in the machine shop of
manufacturing industry different barriers are found. ISM
method is applied to improve the continuous flow
production-Table 4.1 shows Dbarriers for TPM
implementation in machine shop industry is coded. To
arrive the contextual correlation of barriers for TPM
implementation ISM model is developed.

Table -4.1: Barriers (Factors) for TPM implementation in
machine shop

5. Barriers Code
No.
1 Lack of board organizational 1
' involvement '
2. Lack of flexibilities 2.
3. Poor communication system 3.
4, Work culture 4,
5 Conflicts with 5
interdepartmental
6. Lack of knowledge of TPM 6.
7. Need for training 7.
8. Frequent changes in design 8.
Organization resistance to
9. 9.
change
10, Inability to plan design change 10,

or replacement maintenance.

4.2.1 Structural Self-Interaction Matrix

For analyzing the barriers, a contextual relationship of
leads to or influences type is chosen. This means that one
barrier influences another barrier. On the basis of this,
contextual relationship between the identified barriers is
developed.

1. Vfor the relation from barrier i to barrier j (i.e., barrier
i will influence barrier j)

2. Afor the relation from barrier j to barrieri (i.e.,
barrier i will be influenced by barrier j)

3. Xfor both direction relations (i.e., barriers i and j will
influence each other)

4. O for no relation between the barriers (i.e., barriers i
and j are unrelated).

Based on the contextual relationships, the SSIM is
developed. To obtain consensus, the SSIM was further

discussed by a group of experts and analysis. On the basis
of their responses and analysis, SSIM has been finalized
and it is presented in Table 4.2

Table -4.2: Structural Self Intersection Matrix (SSIM)

BARRIERS | 19 |9 |8 |7 |6 |5 |4|3|2]1
L X|v|io|v|v|o|o|lo|V
2 AlAalAalAalx|o]|o]oO
3. olo|o|A|lA|V]X

4. O|A|X|A|A]|X

> o|lo|o|Al|aA

6. VI|iv|al|v

7 AlA|X

8. AloO

9. X

10.

4.2.2 Reachability matrix

The SSIM is transformed into a reachability matrix format
by transforming the information in each entry of the SSIM
into 1s and Os in the reachability matrix. The substitution
of 1s and Os are as per the following rules:

1. Ifthe (i, j) entry in the SSIM is V, then the (i, j) entry in
the reachability matrix becomes 1 and the (j, i) entry
becomes 0.

2. [Ifthe (i, j) entry in the SSIM is A, then the (j, j) entry in
the matrix becomes 0 and the (j, i) entry becomes 1.

3. Ifthe (i, j) entry in the SSIM is X, then the (i, j) entry in
the matrix becomes 1 and the (j, i) entry also becomes
1.

4. Ifthe (i, j) entry in the SSIM is O, then the (j, j) entry in
the matrix becomes 0 and the (j, i) entry also becomes
0.

Following the below rules, the initial reachability matrix is
prepared and is shown in Table 4.3
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Table -4.3: Initial reachability matrix

4.2.3 Partitioning the reachability matrix

BARRIERS | 11213 1415161718910 To find out the levels of barriers it is required to
1 111lo0lolol1l1lol1l1 partitioned matrix into the reachability set and antecedent
set and interaction between them [10]. The four iterations
2 1/10{0|0j1|0]|0]O0]0O in the ISM model are shown respectively, in the Table 4.5 -
4.8. The results of the four iterations in ISM model are
3 0j1)1]1]0]0 010 amalgamated and shown in Table 4.9.
4 001111 10p0)1)010 Table -4.5: First iteration to find levels of factors to
ololol1l1lololololo implement TPM in machine shop
3 IEEEEEEEEEREE IR EE Barri | Reachability | Antecedent Intersectio | Lev
ers set set n set el
7 ol1l1l1111lo0l1l1l0]o0 1. 1,2,3,45,6,7,8 | 1,6,9,10 1,6,9,10
,9,10
8 o101 y0f1fy1f1(0¢o0 2. 2,3,4,5,6,791 | 1,2,4,6,789,1 | 2,4,6,79,1
0 0 0
9 0|10 1100 1 0311 3. 3,458 1,2,3,456,7,8 | 3,458 I
10 t{1fofofofoftfr|1]1 9,10
4. 2,3,4,5,6,7,8 1,2,3,456,7,8 | 2,3,4,5,6,7,
The next step of ISM is prepared the final reachability z 3458 ’19'21(3)45 578 245 3 T
matrix. The initial reachability matrix is converted into ) 7 9’ 1’0’ 7t e
final reachability matrix by using the transitivity principle. Lo
The transitivity principle shows that the factors A link 6. 1,2,3456,78 | 1,24,6789,1 | 1,2,4,6,78,
from factor B and factor B link from factor C than the factor 9,10 0 9,10
A should link from factor C [15]. It is shown in Table 4.4 7. 2,3,4,5,6,7,8 12467891 | 24,678
with driving power and dependence power. 0
8. 2,3,4,5,6,7,89 | 1,3,4,56,7,89 | 3,4,5,6,7,8,
Table -4.4: Final reachability matrix 10 ,10 9,10
: 9. 1,2,3,4,5,6,7,8 | 1,2,6,89,10 1,2,6,89,1
Bar briv 9,10 0
rier | 1. |2 |3 |4 |5 |6 7 |89 |10 poi, 10. 1,2,3,4,5,6,7,8 | 1,2,6,89,10 1,2,6,89,1
S
er ,9,10 0
1. 1 11t vt 1] 11|l 1] 1] 10 Table -4.6: second iteration to find levels of factors to
implement TPM in machine shop
2. 0O [ 1|1t 1T |17 | 1 |[17] 0 |17 |17 |8
3 olol1]|1]1]olo]1r|lo]|o]|a4 Barrie | Reachabilit | Antecede | Intersect | Lev
rs y set nt set ion set el
S IR T I I e M M M e M 4 1, 1,2,6,79,10 | 1,69,10 | 1,6,9,10
5, olo|1m| 1|1 |o0o]o|1m|o|o0]4 2. 2,6,7,9,10 1,2,6,79, | 26,791
10 0
6 vttty gne 4, 2,6,7 1,2,6,7,9, | 26,7 1l
7. o |11 |1 |1]|1r|1|1|0]|O0]7 10
6. 1,2,6,79,10 | 1,2,6,79, | 1,2,6,7,9,
8. 0 1 17 1 17 1 1 1 1T 1T | 9 10 10
9. 17 1 17 1 1T | 17 1 17 1 1 10 7. 2,6,7 1,2,6,7,9, 2,6,7 II
10. 111 |ar 1t 1|1]1]|1]10 10
o 8. 2,6,7,9,10 1,6,7,9,10 | 6,7,9,10
eng 9. 1,2,6,79,10 | 1,2,6,9,10 | 1,2,6,9,1
enc 14 | gl10|10[10| 88966 0
e 10. 1,2,6,79,10 | 1,2,69,10 | 1,2,6,9,1
pow 0
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Table -4.7: Third iteration to find levels of factors to

implement TPM in machine shop

Barrier | Reachabilit | Anteceden | Intersectio | Leve
S y set tset n set 1

1. 1,9,10 1,9,10 1,9,10

2. 9,10 1,9,10 9,10 111

6. 1,9,10 1,9,10 1,9,10

8. 9,10 1,9,10 9,10 111

9. 1,9,10 1,9,10 1,9,10

10. 1,9,10 1,9,10 1,9,10

Table -4.8: Fourth iteration to find levels of factors to

implement TPM in machine shop

Barrier | Reachabilit | Anteceden | Intersectio | Leve
S y set tset n set 1

1. 1 1 1 1V

6. 1 1 1 I\%

9. 1 1 1 IV
10. 1 1 1 I\%

Table -4.9: Levels of factors to implement TPM in machine

shop
Barri | Reachability | Antecedent Intersectio | Lev
ers set set n set el
1. |1,23456,78 | 169,10 1,6,9,10 Y%
,9,10
2.123456791 |1,246,7891 | 24,6791 | Il
0 0 0
3. 13458 1,2,3,4,5,6,7,8 | 3,458 I
,9,10
4. | 2,3,45,6,7,8 1,2,34,56,78 | 2,3,45,6,7, | 1l
,9,10 8
5.1 3,458 1,2,3,4,5,6,7,8 | 3,458 I
,9,10
6. 112345678 |1,246,7891 | 1,24,6,78, | IV
,9,10 0 9,10
7. 12,345,678 1,2,4,6,7,89,1 | 2,4,6,7,8 11
0
8.12345,6,789 | 1,3,45,6,7,89 | 3,456,7,8, | llI
,10 ,10 9,10
9.11234,5,6,7,8 | 1,2,6,8,9,10 1,2,6,89,1 |1V
,9,10 0
10, 1,2,3,4,5,6,7,8 | 1,2,6,8,9,10 1,2,689,1 | IV
,9,10 0

4.3 Development of ISM model

Hierarchy of the model is developed after identified the
level of barriers. In this development, the top level enabler
is positioned at the top of the digraph and second level
enabler is placed at second position and so on, until the
bottom level is placed at the lowest position in the digraph.
Next, the digraph is converted into an ISM model by
replacing nodes of the elements with statements as shown
in Figure 4.3. The final reachability matrix represents the
level of factors, Poor communication system, Conflicts with
interdepartmental which occupy the first level in the
matrix so it is represent in the top level of the hierarchy.
Work culture, Need for training occupies the second level
in the matrix so it represents the one step below in the
hierarchy and so on. As per the relationship between the
criteria i and j the direction of arrow is placed. ISM
modelling highlights the main factors (barriers) of TPM in
machine shop manufacturing industry require to more
attention for tackle these barriers.

o

@

Fig -4.2: Digraph showing levels of TPM barriers
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Poor Conflicts with
communication [« interdepartmental
system (3) (5)
A
Work culture (4) Need for training

A

Lack of flexibilities (2) Frequent changes in
< > design (8)

A A
A A A
Lack Lack Organi Inability
of of zation to plan
board knowle resista design
organi dgeof |, .| nceto | change
e hig : | change i or

zation TPM g
al (6) 9) replacem
involv ent
ement maintena
(1) nce (10)

Fig -4.3: ISM model for barriers to TPM implementation

4.4 MICMAC Analysis

To find the driving power and dependence power of
barriers for TPM implementation in machine shop
MICMAC analysis is performed. This classification is
similar to that by Mandal and Deshmukh [16]. The drive
power and dependence power of barriers is shown in
Table 4.4. The driving power and dependence power
diagram is drawn as shown in Figure 4.4. This Figure has
been divided into four clusters. First cluster includes
‘autonomous barrier’, second cluster includes ‘dependent
barrier’, third cluster includes ‘linkage barrier’ and fourth
cluster contains ‘independent barrier’.

10 1 6

6 9,10

Driving Power

Dependence Power

>

Fig -4.4: Clusters of barriers in the implementation of TPM

I.  Autonomous: These barriers have weak driving power
but weak dependence power

II. Independent: These barriers have strong driving
power but weak dependence power.

III. Linkages: These barriers have strong driving power as
well as strong dependence power.

IV. Dependent: These barriers have weak driving power
but strong dependence power.

4.5 Implementation of TPM

By the implementation of TPM we can reduce the losses
and eliminate the root causes barriers so that machine
does don’t require more time than actual time and thus
Implementation of TPM is beneficial to the industry.
Approach of these 8 pillars was suggested by the Japan
Institute of Plant maintenance.
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Planned Maintenance
Quality Maintenance
Education & Training
Office TPM
Development Management

Autonomous Maintenance
Focussed Maintenance

Safety, Health & Environment

4.5: TPM Pillars (Nakajima Model) [17]

1. Autonomous Maintenance-This pillar is geared towards
developing operators to be able to take care of small task
maintenance activities, thus with the help of skilled
maintenance people to spend time on and added valuable
activities and technical repairs.

Some initiatives like-

a. Initial cleaning

b. Routine inspection

c. Understand the relation between productivity and
maintenance.

d. Small maintenance work.

2. Focused Maintenance- The main is to achieve and
sustain zero losses with respect to minor stoppage,
measurement and adjustments, defects, barriers and un-
avoided down times.

3. Planned Maintenance-It is aimed to produce defect free
products for total customer satisfaction. It is an organized
maintenance work carried out as per recorded procedures
having control. It divided planned maintenance into 4
groups as

a. Preventive Maintenance

b. Predictive Maintenance

c. Breakdown Maintenance

d. Corrective Maintenance

4. Quality Maintenance-Quality Maintenance aims to
assure zero defects condition, based on the basic concept
of maintaining the equipments in good condition to
provide perfect quality products. Quality maintenance is
an interaction between man, machine, job and the method
in the industry.

5. Education and Training- Its is aimed to provide multi
skills to employees, so that it raise morale and add value to
the work and perform all required functions effectively
and independently. Education and Training of the work is

an important factor which increases the working ability of
the employees as well as increase the output of the
industry.

6. Safety, Health &Environment- Focus on reduce the
pollution, reduce the hazards, increase the recycling and
implementation of systems for safety purpose,
occupational health and clean, safe environment and zero
accident.

7. Office TPM/Administrative Improvements- To improve
productivity, and efficiency of administrative functions and
to eliminate the losses. Office TPM gives the better
planning to perform a task.

8. Development Management- Development Management
Planning project strategies and analyzing the factors that
influencing project decision, design new products as per
customer focus, reduce lead time from design to
production to market. Development Management focuses
on the condition of market according to that implement
new product and with new process.

Barriers

v

Implementation of TPM pillars
%)
o) o
@ X & m Z
s s < o =2 I =
@ Q o o
= @ - 5 c ] o =]
S 3 d T ] £ 5 % g
CBD S 2 5 5 < =3 o 3
3 = =}
2 25 2 5 £ 2 2T &
o R0 3 2. 2 2 <
< 3 a 5 2
2 3 3 m — T = = 2.
] 2 3 < 5 < o o S
o o= = =4} -
«Q [Z = =. 5 =] [ @
g 2 5 2 3 3 3 =
«'30 = 3 a @ @ @ 3
2 5 2 @
X
0}
(%)
c
-
(%]

Continuous improvement

Fig -4.6: Integrated model of TPM Pillars

5. CONCLUSIONS & DISCUSSIONS
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The major objective of this paper is to identify the barriers
that commonly affect the successful implementation of
TPM in any industry so that management may successfully
implement TPM in their organizations. An ISM-based
model has been developed to analyze the interactions
among different barriers. It identifies the key barriers on
which management should focus for the successful
implementation of TPM. With the help of ISM
methodology, we have found the key barriers which
interrupt the continuous flow production of the firm and
by the implementation of TPM it is possible to overcome
these barriers. The driver dependence diagram helps to
classify different barriers of TPM performing. Whole
system and the management have to pay an attention to all
the recognized enablers of TPM performing.

e By the regular inspection of machine through the TPM
pillar the barriers can be eliminate.

e Success of TPM depends on various pillars like,
Autonomous Focused Maintenance,
Planned Maintenance, Quality Maintenance, Education
and Training, Safety, Health & Environment, Office
TPM/

e  Administrative
Management, 5-S.

Maintenance,

Improvements, Development
e The key factors for this implementation are workers
involvement and top management support.
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