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Abstract

TPM is mostly regarded as an integral part of LeEPM role in maintenance is similar to TQM in QtpaliThis
paper aims to reach a prescription about the h#gide toward Lean and TPM as well as their impeatation.
Two companies which have implemented TPM withoutstdering Lean were investigated. They had impldeten
TPM before Lean, but now believe that a companykhgtart with Lean and grow Lean thinking among th
employees. In this paper, Lean and TPM comparisones that they have several common tools and ptsice
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1. Literature review

Companies implement Lean to achieve better quali#gigning the processes which meet customer eqaints
and expectations, waste elimination (Waste is aniyity that does not add value to the product enviee.) and
lead time reduction (It helps a Lean enterprisévdethe products to the customer in a shorter tamé reduce total
costs, both direct and indirect) [2]. Since wadimieation is one of the Lean objectives, it is cal for companies
to identify wastes relevant to defects, waitingdjnover production (producing more, earlier or syaiman next
workstation demand results in larger inventory a@odts), transportation (transportation within WamkProcess
(WIP) resulting from weak plant layout and, shogag understanding of production or process flowyentory

(Excess raw materials, finished products and WiiRysed creativity (Failure in exploiting the knedge and
unigue abilities of the employees), movement (Extaasportation due to wrong location of equipmentd tools)
and over processing (Parts of processes that aneadded-value to the product or service) [2,6].

TPM objectives can be classified in seven parthviaire higher productivity of equipment and plaminprising;
obtaining minimum 80% Overall Plant Effectivene€@Pg) and minimum 90% Overall Equipment Effectivenes
(OEE), maintaining the product quality, zero equéminbreakdowns by maintaining the equipments aimabtevel,
zero product defects, zero accidents in all fumai@reas, reduction in the manufacturing costsimvalvement of
all employees in the organization [7]. Lean comssat many tools. TPM is based on 5S, which is dnthe Lean
tools and consists of several pillars that reqtital employee participation with special focustbe operators.
Since the goal of TPM is increase in productivitydaefficiency of equipments, this ultimately resuit fewer
losses and defects, which leads to less waste.a@adowering is the Lean goal. Based on this idean is a
culture which paves the way to reach excellencenéamufacturing, and TPM is a tool of Lean. The fundatal
question for the companies is: Which one should thiart with, Lean or TPM? In addition, what is thest
prescription for TPM and Lean implementation angleitation? [1, 3]

2. Case Study: TPM and Lean in Practice

Considering the practical experiences of diffek@hpanies, which implemented both Lean and TPM help
understand the points which may emerge duringrtieémentation of Lean and TPM, whereas, they migitbe
taken into account before the implementation preces

2.1 SKF Company
SKF was founded in 1907 and is an international gamy producing a wide range of bearings used is, eind
mills, machinery, etc. SKF owns manufacturing site$30 countries.

The following is based on SKF managers’ ideas abheah and TPM results in SKF:
Lean manufacturing and its origin, TPS, are thigkinodels. They deal with the question: “How do yook at
your organization?”

Lean manufacturing is defined aa philosophy that when implemented reduces the fiioma customer order to
delivery by eliminating sources of waste in thedaretion flow” [10].
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There are two different types of organizationshi@ tnanagement’s point of view:

Result-driven Management: Lean thinkers like production managers and tecansccreate methods for process
improvements. They plan and dictate how work shdédione. One drawback of the result-driven managéis
that the employees, who actually do the work, ateimvolved in developing their own jobs. Anotheadback is
that the result-driven method requires strict aunin the organization. The ultimate result of tlaipproach is
confusion and less job satisfaction among the eyegl®.

In result-driven companies, managers very oftentpatmuch focus on results, parameters, efficiesney their
levels and targets but these may be different freality because the tools are just used withoukingron Lean
thinking [8].

Employees

Top
Management Middle Managers

Middle Managers Top

Managcment

Employees

Figure 3: Management by result-driven [8] Figure 4: Management by needriven [8]

Means-driven Management: This induces the concept of a supporting orgaimizaeverything is done to meet the
customer demands. This task is very difficult bseasometimes customer demand goes up or down aiadblea
interests exist. Due to this fact, organizationschi® increase creativity and competence of thd@raps. This will
result in enhanced working methods, which leadsetter results. Since employees create value ftomers, their
role in the Value Creating Chain (VCC) is very dalcin the VCC, employees create value and thedheid
managers like the production managers support theproviding the best conditions to perform thasks [8].

Result-driven management and means-driven manageareboth extremes. The best choice is a mixtéithean
but with more emphasis on the second type.

Benchmarking Scania, SKF tries to send a commorsageswithin the organization. The message is “Mgeti
customer demands”. The customer demands are ngbtiat, right quality, on time delivery and reasdeatpst.
Establishing a common language within the orgamimats a difficult procedure. It can be done by idiefy
principles. SKF defined five principles as basestfe bridge (Processes) between the supplier rmaustomer.
The principles are not methods. They do not telhaw to do things and how to reach the goals. Thkws what is
important and show the direction. The principlgzresent a way of thinking [8].

2.1.1 Manufacturing excellence

Manufacturing excellence is about creating a thligkorganization. When employees understand whatSkie
model of principles is about and why they are int@at; the organization can start utilizing the emgpks. For
instance if the employees know why demand flowripartant, they will cooperate in developing methtmsake
the company more demand-driven. To utilize all esypes’ creativity and competence, SKF needs to laave
common language. This language consists of priesipl

By creating a thinking organization, all employeasswell as the management, can use a common laagyagsing
the same words and will have the same understaralihgveryone will use the words based on his/agk aind
perspective. By sharing a common understandingio€iples, the employees will be involved more avitll apply

the principles in reality and the principles becomere sustainable. The important factor in gainlngommon
language is mutual trust. A company should trust émployees to do trial and error works under et

conditions. The employees need to understand theiples, believe in them and have the opportutttgxperience
by themselves. (Learning by Doing). Ultimately, temployees will be more self-confident and will strthe
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managers more. Many companies mistakenly think ta@ymanage everything in the organization by marsaand
supervisors. With systematic thinking, there wil o need for much supervision. Instead, the masaga spend
their time on more value added activities like pdavg prerequisites for the employees [1, 8].

2.1.2 SKF thinking model

After identifying and defining the principles, coarpes need to develop methods like 5S, Poka Yok&eh, TPM,
Kanban cord, etc. to fulfill the principles bettdétethods are used to fulfill the principles. SKHIollow up the
results of using the methods. If the results atesatisfactory, they will change or revise the noetth[8].

2.1.3 TPM in SKF

Everything is in the hands of the operators and thleould feel ownership of the equipments and thiee
responsibility. All TPM pillars focus on the opereg to make them feel ownership of equipments,iolskills and
take actions to take care of the equipments [1].

2.2 Khavar Spring Manufacturing (KSM)
KSM was founded in 1977 with the aim of manufactgrcar springs. It's located in Kaveh industriahemear
Saveh city in Iran. KSM implemented TPM in 2003 d&mén in 2006 [9].

2.2.1 TPM implementation in KSM
Reasons for TPM implementation in Khavar Company [9

e A large number of unplanned stops (Breakdown reaimce)

e Long down times of the equipment

e Low equipment efficiency and productivity

e High number of Wastage, “redo’s” and rejects dupdor quality

e Extensive imposed overhead expenses.

e Inconvenient purchases in qualitative, quantieaind on time point of view

e Lack of proper communication between the warehoMséntenance and Purchasing departments
e Lack of Multi-skilled and flexible staff

e Problems due to a wide range of products that weyduced in low amount

e Lack of listening to the voice of customers araksholders

e Lack of job satisfaction

e Lack of preventive maintenance

e Lack of standards for equipment setups

e Critical parts of equipments, which have dire¢eetf on the quality of product, were not identified
e Lack of total culture for productive maintenandéhin the organization

2.2.2 Lean implementation in KSM

After TPM was implemented in KSM, the following fems still existed. KSM decided to implement Leana

response to these difficulties [9]:

(1) No decrease in Lead time

(2) No thorough waste elimination especially aéreflo’s”

(3) Lack of suitable and specific internal and exé¢ communication channels in case of incidentsemergences

(4) Lack of listening to the voice of customers atakeholders

(5) No decrease in the number of employees

(6) Improper lay-out of the equipments and its itsdike non value adding motions and transportatiad, waste of
energy

(7) No inventory reduction

(8) Insufficient job satisfaction and enthusiasmoagthe employees

(9) Unused creativities

(10) Over production and using a Push system idstéa pull one

(11) High overhead expenses

(12) Losses and wastage

(13) No dramatic decrease in number of incidenfsries and damages

(14) Commitment toward changing the organizatida alearning type
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3. Lean and TPM Comparison

In this part, similarities and differences betwéeman and TPM are discussed. These two conceptarpared in
the fields of Origin, Theory, Process view, ApproaMethodology, Tools, Primary effects, Seconddfgats and
Criticism.

3.1 Origin and Theory: The Lean concept came irtstence at Toyota Company during the 1930s andilsnafter

the Second World War. Toyota managers and engiteetdenchmarked the Flow Production concept fronal.F
After understanding and using the concept, thegtestao develop and improve it and defined ToyotadBction

System (TPS) which focuses on elimination of watiteswaste in time as well as resources. TPS éshise of
what is known as Lean now. TPM also originated@tofa but was introduced during the 1970s. Toyetetbped
the American concept, PM, with focus on Total Enyples Participation. Total was added to PM and fdririeM.

Production loss is in contrast with right qualitgasonable cost and right time. In this way, Rédiaguipment
(through TPM) is needed.

3.2 Objective:“Lean Thinking has always sought reliable procesdmg TPM provides the route map to zero
breakdowns and continuous improvement in equipmgithization.[12]

3.3 Process view and approach: Lean is a disciplinefocuses on process speed and efficiencyheflow, in
order to increase the customer value. In Lean, faatwring improvements are mainly in the form objpcts,
which are performed by project groups. TPM can dscaconsidered as an improvement project with the af
decreasing process delays and, involving operatmignaintenance teams (teamwork).

3.4 Methodology Principles of Lean and TPM show the way to reduobirt objectives. The Lean principles
understand the customer value, value stream, asaflgsv, pull, perfection. TPM principles are Oprovement,
Front line asset care as part of the job, Systenagiproach toward maintenance, Continuous & apjateptraining,
early equipment management.

Lean and TPM comparison reveals that OEE is agfdrean analysis; also, OEE improvement has a ipesitfect
on Flow and Perfection. Front line asset care tdfétow and Perfection. A systematic approach tinteaance
serves Lean principles like Flow and Perfectionnif@mous and appropriate training helps in undeditey
customer value by providing external or internastomers with fewer defective products and posiyivefects
Flow and Perfection. Finally, early equipment maragnt facilitates Flow and Perfection.

3.5 Tools: Unlike Six Sigma €, whose tools are statistical in order to elimintite source of variation, Lean tools
are of analytical type. They help reduce and elatenwaste. TPM doesn’t have tools like those ofnleat it has
some pillars that work in a variety of fields lieetonomous maintenance, planned maintenance, Kaaaadity
maintenance, Office TPM, Training and Health, saftEnvironment. Some measuring factors like OEstex
order to see how much the TPM implementation isassful.

3.6 Effects: Lead time reduction is the main oljecof Lean which ultimately results in custometisfaction as a
secondary effect. After Lean implementation, we @so see other secondary effects and changesalike
productivity increase and a reduction in inventdiye primary effect of TPM is a decrease in loadinge, which is
Total possible time minus Scheduled non-productiore. This effect positively influences the Availlitly factor
for machines and OEE respectively. More Reliabiiityd efficiency of the equipments as well as a Bectdty
increase can be achieved as a secondary effect.

3.7 Criticism: The main criticism against Leanashk of flexibility the concept offers [5]. In adiih, the concept
actually can lead to delays for the customers If4is a question among the theorists whether Ledrich was
developed for manufacturing and distribution situa, is applicable to all industries [11]. TPM dse& long period
to be fully implemented. This period includes timés introduction, training, creating TPM groups dan
implementation of TPM.

TPM tries to increase the margin of companies loygiasing the productivity. It only makes the opersand staff
maintain equipments without considering working thveir attitudes and trying to encourage them toetak
responsibility and feel ownership of the equipments
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Table 1: Lean and TPM comparison

Concepts Lean TPM
Origin Quality evaluation, Toyota , 1940s Toyotd70
Theory Removes waste Remove production losses
Objective Reliable processes Zero breakdowns &icoats improvement in
equipment optimization
Process view Improve flow in processes Decreasseprodelays
Approach Project management Team working and ereployolvement
Methodology Understanding customer value, valye OEE improvement, Front line asset care as part of

stream , analysis, flow, pull, perfection the job, Systematic approach toward maintenance,
Continuous & appropriate training, Early
equipment management

Tools(Methods) Analytical tools Pillars includingethods like TBM, CBM, RCM
Primary effects Reduces lead time Decreases loantimggin the process
Secondary Reduces inventory, increases Increases reliability and efficiency of equipment
effects productivity and customer satisfaction as well as total productivity
Criticism Reduces flexibility, causes congestionjn  TPM implementation is a long term process|

the supply chain, Lean culture takes alang TPM mostly focuses on company margins
time to be totally accepted

4. Conclusion

In order to reach manufacturing excellence in apamy, the first step is working on Lean.

Lean starts with revolutionizing the minds of thenptoyees. Many organizations implement TPM before

establishing Lean. Experiences show that compaungss TPM to increase their productivity and equipimen

efficiency without trying to motivate the operatdcstake part in the program actively and volumyaftmployees

may regard TPM as just another improvement prognahich serves targets and strategies of the company

company should raise employees’ responsibility @mthusiasm to their jobs. This can be achieveddrysferring

the message through training sessions and meestajfg that everyone has his/her share in theesscof the

company and all roles are important. Furthermaditesraployees should obtain a common view, by undexding

targets and goals of the company. When this gaathiseved, following steps should be taken:

(1) Defining the principles of organization

(2) Public announcement of principles and trairfiogmore clarification: This action leads to a coommanguage.

(3) Forming a thinking organization: This meand tilhemployees should feel free to suggest impmoets, make
decisions and be productive but only to an extesit poses no threat to the values and reputatidmeof
organization.
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Figure 5: The elements of Lean Bridge

(4) Employees will discover work shortcomings asHl for techniques for improvements. In additiore, dompany
management may decide to push some new techniquiesgdrovement therefore, the employees should gain
enough flexibility to welcome, understand and appy techniques.
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(5) Lean tools like 5S, JIT, Kanban, TPM, etc.|w#& deployed with employee participation
(6) The results will be periodically evaluated
(7) Reviews, modifications or further implementatiaf methods.

The success of Lean and TPM implementation is ®iigapendent on training. Mistake-proofing and peatol
solving are two competences that are under focueém and TPM and must be highlighted during thming

program.
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