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Abstract

Maintenance is a key operation function that is required to improve business performance by
avoiding equipment breakdown. In 1971, Total Productive Maintenance (TPM), a lean
manufacturing approach, has been develagpel widely useds a maintenance strategy to

gain a competitive advantage in industry. However, with the advent of new technology and
the internet of things, manufacturing process are subject to evolve from the old traditional
ways of manufacturing toigitalized manufaturing. In this stage, the utilization of data for
understanding current operating conditions and detecting faults and failures is an important
topic to researchdowever, that alone is natnoughto ensurdong termsuvival andsuaess

in the maket. Today, with the aplicationsand echnol@iesof Industry 4.0 components and
systems g able to gain seliwareness and sgifedictiveness which will provide

management with more insight on the status of the fackystems are able toakeuse of
bothhistoiical and live datavhich was not psdble before. In this contextthis thesisaimson
developinga framework for productive andféicient mainenacewith the use ofndusty 4.0
technol@ies.Thethesisdiscusses theewberefits thd predctive mairterance has the

potential of proiding and itdiscuissesseveral machineelrning agorithmsthatarepromising

in thefield of maintenaca. Throughout the thesiseverbmodds aredeveloped andiscussed

to provide a frenework that wouldeasethe transitiorof mainentace fom theold traditional

ways tothe newly emeging concept ofa smarfactory inindustry4.0.

Keywords: Predigive Maintenance, Big Data Analytics, Machine Leaning, Progngtics,

Industry 4.0 Total ProductiveMaintenance.



1 Introduction

Maintenanceplans and policies are strategic decisions for all production and manufacturing
processes. Companies have been implementingdifferent maintenance activities and strategies
to improvetheir overal processin terms of productions costs, wastes, flexibility, time,
reliability, and customer satisfaction. Nevertheless, these strategies are strongly correlated
with the maturitylevel of companiesin asensethat in order for acompany to reach a new

level of maturity, a good maintenance strategy isavital decisionto make and define.

The traditional ways of maintenancéave evolved over time with the constant introduction of
new technologies. The earliest maintenance activities are known as reactive maintenance
activities where management or workers dealt with problems only after they have taken place.
With devel oping a higher maturity level, companies switched to what is known as preventive
maintenancevhere frequent visualizationby team members are scheduled and routine
inspections for the system are essential to help prevent failure in equipment or process.

With the introduction of electronicsand the widespread of sensors and processors, many
companies have adopted to even a higher level of maturity by usingwhat is describes as rule-
based predictive maintenance strategies. In this rule-basedmaintenance, sensors areinstalled
in some areas to measure specific parameters and a condition or arule is coded to the sensor
such that if the monitored parameterseach a preddined point, the system sends an dert to

notify management of the process present status.

However, witht o d aney echnologies and the advent of industry 4.0 smart factory,
maintenances expected to reach much higher dimensionsin terms of maturity and efficiency
than ever was possible. The main concept behind maintenancein industry 4.0 isthe ability to
make use of historical and live data and the ability to make predictions for future states of our
process. Neverthelessdata visualization digital twins, and augmented reality are also new
technol ogies and concepts that provide companies with highly advanced efficient systemsin

maintenance and other activitiesin a production process.

The main goal behind thisthesisis not to abolish the traditional methodol ogies of
maintenance but rather to provide aframework of how the concepts of these devel oped
methodologiegsan be implemented and driven by industry 4.0 technologies in order to reach

new limits and provide better results for the production perfamarce

The scope includes:
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1) Revising the old traditional ways of maintenance using TPM methodol ogy and
conductinga literature review on how these methods are used and implemented

2) Conducting aliterature review on industry 4.0 enablersand key concepts defining a
smart factory.

3) Discussing predictive maintenance and making the connectiorbetweertraditional
mai ntenance concepts and smart factory concept

4) Creating aframework for TPM in industry 4.0

5) Devolvingmodels and case studies for applying machine learning in maintenance
related tasks

6) Cresating two projects of maintenancen industry 4.0 and discussing some
opportunitiegossible to achieve in them.
With the wide scope and applications of industry 4.0 thisthesisis confined to predictive
maintenance in industry 4.0 and its applications by exploiting historicaland live datain order
to predict behavior, send alters, and enable self-awarenesand autonomous decision making
throughout the system. Little emphasisis done on Augmented reality and Digital twinswhich

can be another separateesearchopic for future work.

Thethesisis dividedinto ten chaptes fitting the scope. In chapterone, a brief feedback on
what is TPM and what is the concept of Lean Six Sigmain terms of reducing process
variations. In chaptertwo, Industry 4.0 is discussed and its effects on traditional production
process is discussed from the point of view of experts and other researches made. InChapter
Three, | discuss what is prognostic analysis and what are the steps for conducting it. In
chapterfour, | discuss the use of data mining and the steps for it. In chapterfive, an example
of feature extraction is presented to show how signals can be analyzed in different domains
and how vital it can be to be ableto analyze datain real time. In chaptersix, | discussed
predictive maintenance, emphasized on its benefits, and constructedh structure that shows
how does it work. In chapterseven, Machine learning methods are discussed and models are
devel oped to approach industrial cases. In chapternine, Project one showing lean six sigma
methodology application live data. Project two discusses project | created with asmart
algorithmthat learns from historical data, reads live data and based on that sends an aert
email with attachment to the optimal person to call for checkupor system review. In chapter

nine conclusions and future work suggested are discussed.
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2 Chapter 1. Methodology behind traditional

maintenance techniques.

For at least the recent decade, maompanies have beanfluenced to adpt Lean Six Sigma
methodology to increasedin proft and eficiency. Although some companies have failed
due to lack of knowledge drexperience in Lean SBigma techniques, many companies
applying Lean Six Sigma pjects have succeedlén reducing lose and securing a high share

of the market.

Lean SixSigma stategies are customer driven strategies that are mainly concerned about
waste elimination and prose improvementlthough this methodologyis a comprehensive
methodologyencomgssingthe culture of the company as awhole, i.e. in maintenace team
performance, production methods, etc., Maintenance and search for root cause analysis to

ensure productionefficiency, stability and capability isthe main core of it since the ultimate

goal of the methodology is to reduce process variation and waste and to ensure continuous
improvement by the DMAIC cycle.[1]

One fundamental approach in lean manufacturing is known as Total Prodvdatntenance
(TPM) which is aused for optimizing maimenance to achieve an efficiggrbduction system
The main aim of TPM is to prevent defects, stoppages, downtime, and accidents in a

production system.

TPM is a strategic tool used in lean manufacturirag €nables manufacturing industries to
achieve efttient maintenance activitiesid decisions. Byuccessfully implementing TPM,
industry can significantly increase their competitiveness and effectsvendse field of
maintenance and thus increase psdsy satisfying customer demand, just in timewdgles,
production capacity,ral by cutting on dwntime and disruption costs or equipment failure

incurred costs.

The different aspects of maintenarare all incorporated in the 8 pillars of TPM knovitees
elements of TPM.2]

1) Autonomous Maintenanceaequires routineénaintenance actities such as cleaning,
lubricating and inspection.
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2) Focused improvementocused oreliminating wastes and quality loses by
incremental improvements in tio@eration of the equipment therefore improving
overall equipmentféectiveness OE.

3) Planned maintgance’ concerns areas of preventimaintenance. This area requires
scheduled maintenance tasks based on failure rate or prediogyg cs from
observations.

4) Quality maintenanceé aims to have zero quality defectsidgntifying rod causes and
monitoring causes of variation. As part of the Jidoka pillar in Lean systems, errors are
deteted and stopped from entering into the production system.

5) Educaton and training focused on providing knowledge required to impdatTPM
succesklly. This requies training and educationaogramgo staff and maintenance
personnel in an industry.

6) Early equipment Management. Focused on providing better desigwaquipment.
This is based on previous experiences to help ehstier that lec times and otire
performance targets in manufacturing are reached faster.

7) Safety, Health and Environmiginconcerned about sustaining a healthy and safe
working environment

8) TPM in Administration required to ensure support and servieéh effective
communication athincreased transparency across departments.

TPM Pillars

World Class Manufacturing

Focused Improvement
Planned Maintenance
Early Equipment
Management
Training & Education
Manufacturing Support
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Figure 1 TPM Pillars [2]
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