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Abstract. The Industry 4.0 industrial revolution is moving at high speed and covers more and more segments.
Technologies are constantly improving and help to do work faster, safer, cheaper and simpler. Advanced technologies
require more intensive and better maintenance, with requirements to minimize service costs, reduce downtime, and protect
the environment by reducing unnecessary waste of materials. Therefore, Maintenance 4.0 is being developed - "Predictive
maintenance" and “Prescriptive maintenance” are being applied and developed, where unnecessary maintenance is not
performed, but data is analyzed and diagnostic and prognostic models are created based on it. This paper reviews the
interaction of the Industrial Revolution with Maintenance models, identifies their main advantages and disadvantages,
and delve into their creation methods.
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INTRODUCTION

The use of computers and other digital devices in manufacturing began in the second half of the 20th century,
thus signalling the emergence and development of Industry 3.0. In contrast to Industry 3.0, today's industry has reached
a level where all nearby equipment is connected, data is transmitted from one mechanism to another, from one controller
to another, systematized and often analyzed by artificial intelligence, which makes decisions without intervention.

Sensor technologies, data analytics, cloud technologies, mobile end devices, and real-time location systems are
being deployed to improve the production process (Firoz Khan Fasuludeen at al., 2021). All of this brings us to the
Industry 4.0 revolution, it focuses on connecting data, operations and resources through digital connectivity. This requires
continuous improvement and implementation of new technologies that would increase production productivity. To
implement all advanced manufacturing technologies, it is necessary to combine all the latest achievements: Internet of
Things (IoT), big data, artificial intelligence, machine learning and cyber-physical systems (Achouch et al., 2022).

All companies aim to maximize equipment performance and minimize downtime as much as possible. At the
peak of the Industry 4.0 revolution, simple maintenance methods such as “Reactive maintenance” or “Proactive
maintenance” are not so effective, therefore "Predictive maintenance" and “Prescriptive maintenance” are being applied
and developed, where unnecessary maintenance is not performed, but data is analyzed and diagnostic and prognostic
models are created based on it.

The objective of the research is to review the current situation and assess and assess the data needed to
implement Industry 4.0 maintenance in factories, to conduct an analysis of various maintenance methods and strategies,
and to present conclusions.

Research methods: analysis of scientific literature and data analysis.

REVIEW OF MAINTENANCE STRATEGIES

Industry 4.0 is a major breakthrough in the industrial field, which requires simultaneous processing of huge
amounts of data, management of different systems, provision of analyses and support of predictive actions. The main
components are connected by the Internet: computing, Automation, IoT, Cybersecurity, Smart factory, Big data,
digitalization and manufacturing. Considering all the advantages of this industrial leap, it is necessary not to forget
about the emerging problems that require active solutions. Various sources indicate that the maintenance strategies can
be divided into five branches:

e Reactive maintenance — the strategy where maintenance is only performed when a device or mechanical
machine breaks down.

e Preventive maintenance — proactive actions are taken to prevent problems, and maintenance is performed
according to the established schedule and identified faults.

e Condition-based maintenance - the condition of the equipment is monitored by sensors and maintenance is
performed only when a fault is registered.

e Predictive maintenance — is based on long-term equipment monitoring to optimize equipment performance and
service life, data is constantly updated and condition status is known in real time.

e Prescriptive maintenance — analyses data in real time and provides data on how to delay or completely
eliminate equipment failure.

A graphical interpretation of maintenance strategies has been created based on the works of M.
Jasiulewicz-Kaczmarek (2020) (see Figure 1).
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Figure 1 Development of industrial maintenance

According M. Jasiulewicz-Kaczmarek (2020) smart and sustainable maintenance must ensure benefits for
this three dimensions:

Social dimension: implements new educational model, improves working safety, improves working condition
and improves workers satisfaction.

Environmental dimension: decreases spare parts and lubricant utilization, improves environmental safety,
minimizes end of life waste and optimize energy consumption.

Economic dimension: improves economic efficiency, reduces maintenance time, improves machine
performance and decreases spare parts inventories. ).

USAGE AND PERSPECTIVE OF MAINTENANCE 4.0

All benefits can be achieved by applying Maintenance 4.0, which is the interaction of artificial intelligence
(AI) and machine learning (ML), which ensures smooth failure prediction and effectively reduces factory downtime. This
technology has gained great importance and the global market is growing every year (see Figure 2). These technologies
are expensive, but given the benefits they provide, more and more companies are implementing them. This is well
reflected in the exponential growing market.

More and more companies are moving to Industry 4.0 solutions, which require a changing maintenance need
that must keep up with the capabilities of the installed equipment. According B. W. Shaheen (2022) Maintenance 4.0 uses
advanced analysis methods not only to predict failures, but also to prevent such failures and optimize maintenance
schedules and resources. Currently, it can be found in many modern industries, such as the automotive, aerospace,
chemical and machining industries.
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Figure 2 Global market for predictive maintenance components 2023-2033
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The failure prediction curve (see Figure 3) is well depicted in the work of M. Achouch (2022). This graph
clearly reflects the point at which the installation is working perfectly (Point P) and the point at which a failure sequence
of part or all of the installation begins (Point P to Point F). If the development of the failure is detected before a complete
functional stop (Point F), then it is possible to eliminate the failure in time, avoid downtime and save repair costs for
company.

In the Maintenance 4.0 predictive process the most important work is done by the Big Data sources. It is defined
as a large collection of diverse data that is used for machine learning, predictive modelling, and other advanced analytical
functions. Industrial Big Data is accumulates from the following sources (Y. Yan et al., 2017):

e Design data

e Machine operation data

»  Staff behaviour data

e Cost information

*  Logistics information

¢ Environmental conditions

e Fault detection and system status monitoring data
e Product quality data

e Product usage data

e Customer information

By correctly managing, structuring and processing this collected data, it is possible to accurately predict the
onset of failures and inform the operator or other responsible element in the factory about this. Data processing can detect
and determine: equipment manufacturing defects, the current condition of the equipment, personnel work habits, product
defects, manufacturing defects, and other information important to the company (Y. Yan et al., 2017). And this way,
equipment is protected, costs are saved, and the sustainability is preserved.
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Figure 3 Potential failure diagram (Achouch et al., 2022)

Looking to the future a new industrial revolution, new human-centric era of Industry 5.0, is currently taking
shape, in which employees will work with advanced technologies and robots and mechanisms controlled by artificial
intelligence, aiming to improve workplace processes and further optimize production. It will create higher-value jobs,
giving customers more freedom to meet their needs, and employers more freedom to empower their ideas. But it will also
be an industrial revolution that will eliminate the need for unskilled labour, and companies will face human challenges.
Along with Industry 5.0 comes Maintenance 5.0, which will be a type of advanced predictive maintenance. It is the
interaction of software, robots, and humans.

CONCLUSIONS

Summarizing all the collected and analyzed information, it can be seen that maintenance solutions are
constantly evolving and advancing in parallel with the industrial revolution, his requires more and more data and
investment for it.

These include:
1. The financial results of a manufacturing company directly depend on the maintenance method used, because
service affects downtime, product quality, and sustainability.
2. Properly collected and analyzed data can predict failures and help prevent them. This type of prediction is called
“Prescriptive maintenance”.
3. The most important role in “Prescriptive maintenance” is played by data collection and analysis, which is what
Big Data describes.
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4. The Maintenance 4.0 market is growing exponentially. However, regardless of this, the Maintenance 5.0 system,
which will be even more advanced, is being implemented in parallel.
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