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Abstract: Total productive maintenance (TPM) is used to eat& the performance of equipment used within the
manufacturing facility, lab set up etc. TPM Concegtd to improve the efficiency of machinery by engwing serious
maintenance activities every day based on the gsd@®ductivity is defined as maintaining the wdekp and
surrounding facilities neat and clean. Equipmergdu$or performing work is said to be monitored gvéime
continuously. Due to the continuous observatiorualite performance of the equipment will help usdte down the
conditions of equipment also suitable remediesitthér increase its effective usages. In this papeattempt has been
made to use TPM concepts (Total Productive Maimte@pgin the lab to set up the environment withie tichnical
education institution in south India. The case gtisdtonducted to study the quality and effectissnef lab instruments
with the help of TPM concepts used in real-timeliapfions.

1 Introduction

TPM (Total Productive Maintenance) finds a good These are the above types of maintenance policies
place for industrial implementation during the iait available as per the literature.
period. Then later TPM Concept was implementedanyn )
different application areas like schools, colleaed higher 1. Breakdown Maintenance: _
level Research institutions. TPM concepts result to The goal of breakdown maintenance is to do the
improve the overall equipment effectiveness thagtimed Maintenance activities after experiencing the nwbin
as measuring the percentage utilization of machinethe later stage of equipment. Here in this type of
within the given facility or set up. TPM strivesrtiafor ~Maintenance system, failure is addressed onlyeaettu
continuous improvement in the workplace environment after noticing the situation.
TPM culture, all peoples are equally involved tbgetfor . _
the upliftment of standards maintained within theility. 2. Preventive Maintenance:

TPM concepts focus on the reliability of equipmand its Preventive maintenance is regular in nature which i
functions. The main discrimination between TPM an@arried out daily before experiencing the failurethe
other concepts is described here as follows: equipment. Successful maintenance strategy requires

a. In the TPM environment, workers are also involve@areful planning and scheduling.
in improving equipment effectiveness.

b. Compared to other types of maintenance policies3- Total Productive Maintenance:
TPM stands for proactive maintenance. Total Productive Maintenance uses everyday

performance activity within the work place. TPM dag
The goal of TPM is used to improve the overalptherwise termed as total employee involvementesyst
equipment effectiveness of machinery by providiighh TPM involves all peoples from levels of managentent
precision results. TPM is said to be the innovatipproach take necessary steps to foresee the various mairden
used in the workplace facility to minimize the dlation ISSUES.
of several losses by increasing the reliabiliteqéipment

with fewer failures. 4. Condition-based Maintenance:
This type of Maintenance strategy monitors the alctu

1.1  Types of maintenance systems condition of asset based on that further decisiam loe

Specific maintenance can be classified into varioJgken what to be done in order to improve the pevémce.
types as listed below: This type of maintenance strategy measures thetineal

1. Breakdown Maintenance. performance of the asset and that tries to find thet

2 Preventive Maintenance. suitable remedial measures for the equipment

3. Total Productive Maintenance. effectiveness.

4. Condition-based Maintenance.
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1.2 Pillarsof Total Productive Maintenance machinery, zero defects and zero accidents witi@rptant
(TPM) system.
TPM (Total Productive Maintenance) is a lean The following are the 8 pillars (Figure 1) of TPWbtal
management strategy which aims for zero breakdmfns Productive Maintenance):

-

Figure1 8 Pillarsof TPM Framework

1. Focused Maintenance, 3. Planned Maintenance:

2. Autonomous Maintenance, According to TPM planned maintenance minimizes the

3. Planned Maintenance, breakdown by controlling the downtime.

4. Training & Education, In this type of maintenance system proper shutdafwvn

5. Early Management, machineries must be done to recover the failures.

6. Quality Maintenance,

7. Office TPM, 4. Training and Education:

8. Safety, Health & Environment. TPM believes on training and education otherwise
every employee will not trust each other.

1. Focused Maintenance: Training is the only possible way of education to

Focused maintenance is otherwise termed a&wlighten the knowledge of technicians or workdysua
continuous improvement the main goal is to imprthee the use and functions of machines. So, training and
effectiveness of maintenance program. education act as main hub to sharpen the mindsodéex

TPM focuses on losses in equipment as listed belowabout the functions of machines.

1. Unplanned or unexpected machine stop

2. Shutdown losses 5. Early Maintenance:

3. Speed losses The main objective of early maintenance is to impro

These are the various losses in TPM. In this giyettee  the effectiveness of machineries well in advanderbehe
aim is to avoid losses of equipment, tools and@netc failure occurs. Early maintenance means careful
the whole team has to be proactive in nature. assessment and conditional analysis of equipmeethan

the everyday usages.

2. Autonomous Maintenance:

This is the second pillar in TPM hierarchy in thipe 6. Quality Maintenance:
of maintenance system every team will act as iddiai It is focused towards the customer satisfaction by
person or autonomous agent. Everyone has tdelivering high quality products. Through focused
responsibility to clean, inspect and contributehwiairious improvement defects are eliminated from the process
assets of organization. In autonomous maintenant@ough effective maintenance procedures.
everyone are involved in improving the quality of
equipment functioning and its usages. All are rasjine 7. Office TPM:
for their work that's why TPM is said to be totahployee Office TPM aims to improve the administrative
culture. This type of method improves safety ofipopent  functions or processes more effectively. This idek
by reducing accidents. process and procedures that can be automated. The
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documents are maintained with proper labelingp reduce the machine breakdown time TPM (Total
mechanism, sorting the files within the rack as tier Productive Maintenance) is carried out to improke t
standards etc . Office TPM aims for improving ttemdard quality of equipment functioning. In addition toaththe
office work culture in order to maintain the docuntsee authors have described about the various pillarSRi¥!
frequent usages. and OEE concepts.

8. Safety, Health &Environment: Sivakumar Annamalai, Suresh D. [3] Fhe present
The aim is to improve the safety by proper educaticarticle focuses about the self-directed maintenaaceely
and training provided to the workers every now #reh. TPM. TPM concept is incorporated with Overall
Safety maintenance of equipment’s must be regulatédjuipment Effectiveness (OEE) for enhancing the

every now and then for the concern of workers. productivity of equipment. In the proposed work OEE
The motto of this pillar is to achieve zero defeantsl conceptis applied to measure the effectivenesmohines
zero accidents within the shop or workplace. and equipment’s with respect to the daily use. GEBRds

as benchmark reference for all companies in order t

1.3 Concept of overall equipment effectiveness maintain the tools and machineries with good wagkin

Overall equipment effectiveness is a common stahdagonditions.
for measuring productivity of the organization This
concept tries to define the percentage of manufagu Wan Hasrulnizzam etal. [4] 4n present article the main
time maintained to be truly productive. OEE aims tdocus is made on the use of office TPM for Leatuo®m
benchmark the performance of the machineries coedparin the faculty of Manufacturing Engineering, Unisiir
with standards. OEE helps to improve the produgtiof ~— Teknikal Malaysia Melaka. Selected as primary setioc

the manufacturing equipment. data gathering, Observation and Interview techrigqused
The physical relationship of OEE (1) can be exméssin this work. In the present work the main respansle
as given below: considered are staffs and students. For the enimemtef
Office TPM lecturer room was selected for further
OEE = Availability *Performance* Quality (1) implementation using 5S concept. The results obthin
from 5S concepts created a positive impressiofi Biedfs
Where: and students of the university in Malaysia.
Availability = It measures the percentage of usafjthe
equipment throughout the time. Jignasha P. Acharya & Maharshi J. Bhatt [5] - The
Performance = It describes the operating charatitiof ~entire work focused on the implementation of TPM ds
the equipment subject to repair and other losses various pillars to solve the manufacturing probheithin
Quality = It expresses the percentage of both gmoibad the organization . Also in this paper focus on @BEcepts
part produced together improves the success of industry by maintainingahéory

machines with high working standards.

2 Literature review

This section describes the brief literature survey¥asSim S. Hangad & S. Sanjay Kumar [6] 4n this work
collected on TPM concepts as shown: authors have focused on medium sized industry RV T

implementation. Depending on the size industries ar

Ranteshwar Singh, Ashish M Gohil, Dhaval B Shah, & classified into three type’s namely small, mediurd lrge
Sanjay Desai [1] -n this article authors have focused thé$ized Industries .In this existing work deep fomumade
difference between quality and manufacturing whace ©" TPM challenges and implementation and its sitganik
closely connected to the organization. over a pedb Mportance.

certain time these two have emerged into TPM (Total i .
Productive Maintenance) and TQM (Total QualityR@hulV. Dandage, Prasad K. Hajare, Manoj V. Dhebe,
Management) respectively. In this paper author ritest Amitraj U. Lad, Santosh S. Pinjari [7] - In t_hls ample
the importance of TPM (Total Productive Maintengnce?uthors have made key focus on laboratories aveilab
and its significant features. The concept was impleted (€chnical institutions in India particularly thegrsidered
in auto component manufacturing industry. Alsohagg  €Ngineering institutions . In every technical ington

have suggested the concept of OEE for successflfré are various laboratories equipped with aitsia
implementation of TPM. instruments but the thing is how these instrumgaisg to

serve the need in future use. In this work TPM ephds
Dip Kumar Patel & Prashant Singh Tomar [2] —The focused for improving the quality and use of lab
proposed article describes the efforts to minimitze instruments for effective demonstration. Also iistivork
machine downtime at manufacturing unit of switclarge @Uthors have given suggestion to use preventive

situated in north Indian states. The problem fodusén@intenance in order to keep the equipment in good
primarily is idle time due to machine break downorder Working condition.
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that TPM is most widely used concept in many
Vigneshwaran, Maran & Manikanadan [8] - The main countries.Therefore, TPM is considered to be wokids
purpose of this article is to improve the effectiess of strategy.
equipment using concept named TPM ( Total Prodectiv
Maintenance) . In this paper both tangible andnigitsle =~ Muhammad Zubair et al. [14] — This article primarily
measures are discussed briefly to analyze the tapoe focus on OEE (Overall Equipment Effectiveness).c8in
and implementation of TPM in many several applaai equipment is the main key important element in the
such as Educational Institutions and Industriesthis  production its quality must be fixed higher in arde
present work authors conducted review by collectingerform much better. In this work evaluation of OEE
several sources on Total productive maintenanceitand (Overall Equipment Effectiveness) is carried outadoal
applications. The literature focuses on TPM by echrey pharmaceutical industry situated in Pakistan. InEOE
Overall Equipment Effectiveness as well as Employesoncepts there are three main parameters considered
Morale. namely availability, Performance & Quality. OEE
concepts will try to identify the area for identifg the
Hemlata Vivek Gaikwad [9] - The article discuss about bottlenecks in production line.
the purpose of Jishu Hozen one among the pillarR
activity aims to focus on zero defects, Zero aauisleZero Lisbeth del Carmen Ng Corrales et al[15] - This paper
breakdowns and Zero wastages. There are threeimasetells about the status of research carried ouhbwarious
the study namely planning, Observing and Analyzinquthors on OEE concepts practiced in TPM
Organization formed a research team to do necessamplementation for machine as well as equipment
analysis and experiments using the Jishu Hozearmfi maintenance . Authors have reviewed 862 articleasobu
TPM. By implementing the TPM concept in industrieghat they took references of about 182 articlesifhighly
employee can able to achieve the target of more&&6 indexed journals on TPM concept. Based on the vweoie
as per world class standards. literature following are the three key results doby the
authors. 1. The academic Interest in TPM has isecta
Yash Parik & Pranav Mahamuni [10] —In this paper the Iot in last few decades 2. Many no of authors dugyex
detailed research is carried on the various metleods model based on OEE concepts in TPM. 3. OEE is the
processes to improve the quality and maintenanB& T emerging topic in the area of logistics operatiemsl
helps to improve the productivity of the manufaittgr services. Moreover this research serves as badatiwe
operations. TPM Pillars serves as effective guidaared literature studies.
support for successful implementation. In this cleti
attempt has been made to TPM objectives, bengfils aV. Ramakrishnan & S. Nallusamy [16] -In this present
Overall equipment effectiveness. work the main aim is to implement the lean techeiqu
TPM methodology in order to reduce the machine
I.P.S. Ahuja and J.S. Khamba [11] -The main purpose breakdown time within the shop floor unit. Thisdstwas
of this article is to conduct detail review on TRiMd its conducted in foundry shop in a leading manufacturin
implementation challenges.This paper focuses andustry situated in south Tamil Nadu. Also froneth
Importance of TPM, Basic framework and its applmad results of analysis it is confirmed that breakddaiture
in machine maintenance in shop floor. Detailed syrig  happens due to flaws observed in casting operafifier
conducted by questionnaire technique. careful study suggestion has been given to redbee t
overall lead time and breakdown time. Based ondhalt
Ravishankar V. Korgal & Anil S. Badiger [12] -In the it is found that 20 percentage savings done in @vipg
fast-growing competitive environment TPM is the tbeshe breakdown time to minimal after incorporatihg tean
focused philosophy used in all manufacturing emises technique in TPM work culture.
in order to improve the productivity of the resmscThe
main role of this work is to review the concepfléfM in  G. Pinto et al. [17] - The present article describes the
engineering educational Institutions. In this papgtable importance of maintenance in Industrial Sector. rEve
effort has been made to implement the TPM praciices though there are many strategies used to tackieusar
normal applications. This article strives for fingiout the productivity issues. This work was implemented lie t
possible areas to implement TPM and its roles ohifiiwal industrial context. The methodology chosen her€oisl
Institutions. Productive Maintenance (TPM). TPM uses maintenance
activities which are derived from preventive mainatece.
A. Sivanatham & N.M. Sivaram [13] -The present article Based on the results it is observed that thereavaesrease
focuses on the review about TPM concepts and breakdown due to failure by 38% this leads treéase
applications. This article represents the basigimsi of in  machine availability and Overall Equipment
TPM, process guidelines and Case studies.Accotditige  effectiveness.
Total Productive Maintenance it is observed from féct
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Melesse workneh Wakijra et al. [18] - The main respectively. In phase 1 the possible losses amed th

objective of this work is to review the contribui® of contributing losses which affect the process adressed

TPM in various dimensions within the organizatibnthis here. In the second phase TPM implementation and

work significant importance is studied and evalddby suggested training program is initiated by the rgangent

measuring the performance improvements. In theeptes of company for smooth operation of processes.

work various factors like top management suppod an

leadership, traditional maintenance policies andoua Summary of literature:

initiatives taken during the implementation proceds Based on the above survey it is observed that gever

TPM. researchers have contributed their ideas on TPMlwhi
includes the integration of OEE concepts in entranttie

A.Y. Ali [19] - The problem encountered in this work isefficiency of machines and supporting equipments. |

frequent breakdown of equipment namely Xerox maehirsome research articles focus is made on 5S Congepts

due to poor unpleasant work environment. Thusfowe TPM then followed by various pillars of TPM like

problems lead to disrupt exams and other produgiméx  autonomous maintenance, planned maintenance and

in the university. In this work TPM is used as mwde quality maintenance are implemented for successive

approach by equipping the concept namely Overdilinctioning of TPM.

Equipment effectiveness. Thus at the end authove ha

stated the outcomes of using TPM concepts in pacti3  Methodology

applications. In this section the diversified survey (Table 1) is
collected from around 27 respondents from various

T. Ahamed et al. [20] -TPM helps to maximize the departments within the same organization. The

equipment usage and its performance. The goal M iBP  methodology carried out for survey mechanism isugh

to improve the effectiveness through proper hagdbh Google survey forms with 6 different questions as
tools by following the guidelines as framed by to@ described below:

management team within the organization. The ewntird
was divided into two phases namely phase 1 and 2

Table 1 The diversified survey

TPM (TOTAL PRODUCTIVE MAINTENANCE) - SURVEY FOR WORKPLACE

MAINTENANCE
MANAKULA VINAYAGAR INSTIUTE OF TECHNOLOGY
Email *

Fnall:

QUESTION 1 How often your organization supports Toél Productive Maintenance methodology

[ veryrare

[Z always

[Z fewtimes

[Z none

QUESTION 2 Does your Institutes have enough resoues to implement TPM strategy

[Z vyes

[ No

QUESTION 3 Does your Institutes follow 5 S conceptisa TPM Methodology as regular practice.
[Z vyes

[ No

QUESTION 4 Does your Employees are trained enouglo tuse TPM Guidelines in real time situations.
[Z vyes

[ No

QUESTION 5 In a day how many times you keep your wil system neat and clean by TPM approach.
[Z 2timesinaday
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[ 1timeinaday
[Z 4timesinaday

2 none

QUESTION 6 What type of Maintenance strategy you pefer to use in yourwork place for guiding the
employees?

EZ Autonomous Maintenance

2 Corrective Maintenance

£  Predictive maintenance

2 none

Submit

The outcome of the survey is described as follows: 10.29.6% of the respondents said that only 2timesdaya
the work system was maintained neat and clean by
. 55.6 % of the respondents gave positive feedbaoltab ~ TPM Approach.

TPM support within the organization. 11.25.9% of the respondents said that only 1 timeday

. 18.5% of the responded that only few times theyluse the work system was maintained neat and clean by
TPM support within the organization. TPM Approach.

. 25.9% of the respondents said very rare cases TPM. 37% of the respondents said that only 4 timesdaya
resources are supported within the organization. the work system was maintained neat and clean by

. Only 11.1 % of the respondents said that the instit TPM Approach.
does not have effective TPM strategy. 13.7.4% of the respondents said that none are not

. 88.9% of the respondents said that their instithtee maintaining the work system neat and clean by TPM
enough resources to have effective TPM strategy. Approach.

. 74.1% of the respondents replied that their instgu 14.40.7% of the respondents preferred autonomous
have regular resources for 5S practices. maintenance in workplace for guiding employees.

. 25.9% of the respondents replied that their inst#u 15.25.9% of the respondents preferred predictive
will adapt to 5S practices. maintenance in workplace for guiding employees.

. 66.7% of the respondents said that their orgaoizati 16.33.3% of the respondents preferred corrective
has well trained employees to use TPM Guidelines. maintenance in workplace for guiding employees.

. 33.3% of the respondents said that their orgawizati
has well trained employees to use TPM Guidelines. The above information is represented in the formpief

chart as described below (Figure 2 - Figure 7):

QUESTION 1 How often your organization supports Total Productive Maintenance
methodology

27 responses

® very rare
@ always
few times

® none

Figure 2 Respondent feedback

~ 18 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 8 2022 Issue: 1 Pages: 13-22 ISSN 2453-675X

Methodology
Panneerselvam Sivasankaran

QUESTICN 2 Does your Institutes have enough resources to implement TPM strategy

27 responses

@ yes
@ NO

Figure 3 Respondent feedback

QUESTIOM 3 Does your Institutes follow 5 S concepts in TPM Methodology as regular
practice .

27 responses

@ ves
@ NO

Figure 4 Respondent feedback

QUESTION 4 Does your Employees are trained enough to use TPM Guidelines in real time
situations .

27 responses

@ yes
@ NO

Figure5 Respondent feedback
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QUESTION 5 In a day how many times you keep your work system neat and clean by TPM
approach .

27 responses

@ 2 times in a day
@ 1timein a day
@ 4times in a day
@ none

Figure 6 Respondent feedback

QUESTION 5 What type of Maintenance strategy you prefer to use in your work place for
guiding the employees ?

27 responses

@ Autonomous Maintenance
@ Corrective Maintenance
@ Predictive maintenance
@ none

Figure 7 Respondent feedback

4 Case study

In this section attempt has been made to conduct
detailed investigation on lab equipment maintenarsieg
TPM strategy. Maintenance study was carried out in
Higher Learning Technical institutions situatedsiouth
Tamil Nadu. The study conducted in the Departmént o
Mechanical Engineering laboratories namely producti
technology lab, Metrology and Instrumentation lab,
Material Testing and Metallurgy lab, Thermal labdan
Design Engineering lab. The details of lab are shaw
below figures (Figure 8 - Fugure 10):

Figure9 Machine Shop

Production Techpology lab:

| T

Metrology and Instrumentation lab:
4 e 7

1
Figure8 CNC Laboratory

Figure 10 Metrology Laboratory
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The specific focus of work is carried out in Proiiue
Technology lab especially Machine shop. In thisigtooth
5S and scheduled maintenance is followed here i th
study as described below:

Comparision of OEE

100%

80% —

5S in lab Equipment Maintenance:
Following are the steps followed in 5S implemewotati 60%

in lab setup as listed below:

1. First thing in machine shop sort out the unwantec 40%
materials away from the place that will not add any
value. 20%

2. Next thing set in order as per the sequence ait bas
facilities such as machineries, tools and equipment

3. Next important job clean the machines daily in orde
to maintain it in better workable condition.

4. Then standardize the process to improve the setup
time as well as through put time.

5. At last sustain in improving the effectiveness ofrkv
by maximizing the performance efficiency.

0%

world class Before TPM  After TPM

Figure 11 Comparison of OEE

From graph 1 (Figure 11), it is clearly understeétoat
observed OEE value is far less compared to woddscl
standards. Based on the above reasons the organikas

Following are the numerical data taken within theo take some remedial measures in improving the
machine shop for 30 days as described below (T3ble  effectiveness of TPM. Thus this case study clearly
describes the challenges and various views withm t

Table 2 the numerical data taken within the machine shop machine shop environment. The main thing which is

S.NO Category Before | \tior TPM commonly noted here is lack of technical mainteraarw
TPM other support facilities in addition to that topvéé
1. Total time 16 hrs 5 hrs management vision is not much clear in forming the
guidelines for TPM implementation in work place.ride
2. Down time 15 days 6 days | strong focus is made on to improve the 5S and other
3 RUN time 15 hrs 6 hrs maintenance systems within the work area.
4. Availability 60% 80% 5 Conclusion
Performance TPM has become the key important business strategy
5. Efficiency 65% 90% for improving the enterprise planning and develophie
) various ways starting from planning to implememagénd
6. Quality rate 60% 84% execution level. The effective TPM implementaticeipis
7 OEE 23.4% 60.48% to optimize the machine performance in terms of
productivity. It is highly important to understatite basic

philosophy of TPM and its features in manufacturing

According to world class standards for manufactiirinsystems. In highly competitive environment follogin
OEE must be 85% but here the observed OEE valg@m practices will lead the organization to go fogh
obtained after implementing TPM is said to be 6%48 scale of production. Thus TPM Prove to be the best

(Figure 11). There is some difference significaffedence

between the observed value and standard value.

From the above data it is clearly observed thaetise

competitive followed in  manufacturing
organization.

In this paper attempt has been made to review the

strategy

lot of misconception of TPM implementation due k&t various literatures of TPM and its future extension
following challenges as described below:

followed by data collection through Google survey

1. Lack of technical support teams. obtained from around 27 respondents within the same

2. Lack of awareness about the concept of TPMrganization. In addition to that case study ie alesented
from I.earnmg stage. here to highlight the TPM challenges applied in $akup

3. Poor implementation procedures. of technical higher learning institutes.

4. Lack of coordination within the team members.

These are the above reasons for obtaining poor O
score even though after implementing TPM in machi

shop environment.
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