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Abstract: Predictive maintenance is a maintenance strategly applies advanced statistical methods and aatific
intelligence to determine the appropriate mainteaaime. The article focuses on future recommeadatfor industry
and logistics to achieve a higher level of pred&tmaintenance maturity, which requires real-tinenitoring of the
state of the company's machinery and equipmentafftie’'s main objective is to propose recommeadatto increase
effectiveness by improving the predictive mainta&amaturity matrix from the current level to a teghevel in the
industrial enterprise. The current state of maturéts been indicated using the modified model efligtive maintenance
and following recommendations from the document idifior companies for the introduction of artificiatelligence.
Simultaneously within the analysis, a predictiveintenance simulation was performed on a selectedygtion line,
including essential machines and equipment. Thaysaiso identified the individual assumptions (@sses, data,
infrastructure, personnel, applications, organ@gtinecessary to implement predictive maintenanceessfully. The
presented case study results contribute to undelistz how individual assumptions can be obtainedpiedictive
maintenance improvement and how innovative solstiorthe context of Industry 4.0 and Logistics daf be achieved
in enterprises.

1 Introduction caused by applying an unsuitable production method
One of the critical tasks in industrial productiand Often also as a result of a human factor. However,

logistics is to reduce costs and eliminate waste f the Mmaintenance is to take care of machines and equipsnel

identified wastes are often downtimes, which aletee to Plan the costs associated with equipment operatiuh

not optimal set maintenance cycles. Reasons aréviba Manage the range and number of spare parts [1,2].

extreme cases might occur: either service inteivestare According to [3], it is @ matter of ensuring thaachines

too frequent, which increases maintenance costs @Rn produce products in the required quality arahtty,

maintenance is neglected, which can lead to ireivier at the lowest possible cost and in the shortestiplestime.

damage to the machine. The purpose of any machineTd¢ types and methods of maintenance by which these

equipment maintenance is to reduce or eliminatsets goals are met have undergone significant changesn F
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the first corrective maintenance, which means theeveral strategies are applied together on the imegh
maintenance performed after a machine failure, WwhicThe choice of an appropriate strategy depends werae
began to be applied in the distant past, we haadugilly factors: state of the machines, the possibilitifs o
moved on to preventive strategies as presentedhign timplementing the chosen strategy, or the economic
article in the case study. advantage of prevention [3]. Three terms are knwaitimin

As part of the predictive maintenance approachiegus the maintenance strategy - corrective, preventard]
machine condition diagnostics and prediction arpredictive maintenance (Figure 1). Corrective neiahce

dominated and desired. is the oldest maintenance strategy performed adter
machine failure and can be found in the literatage
2 Predictive maintenance reactive maintenance. The purpose of corrective

Predictive maintenance (PdM) seeks to determiee tfaintenance is to put the machine into operation
right moment for maintenance based on advancé@mediately after failures in the shortest possibie and
statistical methods and artificial intelligence7§-Unlike ~ With the lowest losses [3,11].
preventive maintenance, the maintenance of eadhedisv To reduce the inefficiency of corrective maintece
assessed and planned based on the current staite ofmanufacturing companies have switched to a prewenti
device while using various models to reveal theetand maintenance model. Preventive maintenance workheon
date of the failure. Subsequently, it is possiblextend or ~ Principle of planning regular service of machinebgther
shorten maintenance cycles according to the astatd of it is repaired, replacement of parts, oil changsyitation,
the device. A well-functioning predictive maintesan and so on. The aim is to prevent machine failuegdsrb
system is closely linked to a well-designed diaginesand ~ they occur, which eliminates the possibility of upected
prediction system that uses advanced statisticshode ~Production downtime. Preventive maintenance isanuly
and artificial intelligence. With the help of pretiie the dominant company maintenance strategy, batstill
maintenance, it is possible to optimise operatinfﬁf from optimal because machines often fail atethe of
conditions, improve the quality of products andvisers ~their service life. Companies must create mainteagien
and thus make the most of the investment [8-10]. based on actual information about the asset's tondd

Predictive maintenance is one of the maintenan@hieve optimal maintenance activity and not onty o
strategies, which may be understood as a setes hased theoretical considerations. Predictive maintenaneans
on which the maintenance schedule is prepared famd that companies can plan maintenance activitiescbase
performance of individual maintenance activitiesublly, ~accurate predictions of the device's life [12].
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Figure 1 Maintenance strategy overview [11]

Predictive maintenance can solve the followindife of the device, warn of incorrect setting ofeoating
problems: predict device failure in the future,rity parameters [4]. Predictive maintenance thus brings
unusual behaviour of the device, estimate the meim@i innovations to the company, which improve the aurre
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maintenance system. For several years now, a &06D techniques, such as regression analysis. It is tabou
manuals has been used as a guide in science,aleseat predicting future machine failures and the immediat
innovation. The "Oslo Manual" [13] focuses on defin application of the most effective preventive measur

the concepts of innovation and innovation activityd its
definitions are currently used by 80 countries atbthe

world. The Oslo manual defines an innovation a:[¥8  "®%"
new or improved product or process (or combinatiol statistics
thereof) that differs significantly from the unipsevious
products or processes and that has been made alaia

potential users (product) or brought into use bg tmit e HLEVEL
(process)” This definition uses the generic term “unit” to R ANTENARCILD
describe the actor responsible for innovations (wamies, JiEveL2  conomon (M4
households or associations). msTRUMENT

The latest edition of the Oslo manual reduces tf JleveELs e
previous list-based definition of four types of avations visuaL
(product, process, organisational and marketinm)wo TRCTions
main types: product innovations and business psoce Reliability
innovations. Predictive maintenance is key torojating Figure 2 Predictive Maintenance Maturity Matfix6]
internal processes, boosting service levels anchatiely
increasing customer satisfaction. The benefits Bl When implementing predictive maintenance in the

brings can be classified as business process itinova company, it is essential to know which individugés of
which are defined as [13}a new or improved business fajjyres can be identified from the available data which
process for one or more business functions thderdif parameters need to be collected. In the case afge |
significantly from the firm’s previous business g#sses number of machines and devices in the company, riot
and that has been brought into use by the firBxisiness necessary to install sensors on all of them. Fitsts
process innovation include: production, distribatiand required to focus on critical machines, the failofevhich
logistics, information and communication systen®.[1  \ould directly affect production or stop it. Preifie
Although PdM is a fundamental pillar of the Fourthyaintenance research has a lot of attention insingland
Industrial Revolution - PdM 4.0 [5,14,15], very fewacademia due to its potential benefits in religikafety,

companies can still predict the future failure cdahines gnd maintenance costs, among many other benefits.
with sufficient accuracy and immediately apply thest  pregictive maintenance might [11]:

effective preventive measures to the detected tienidn  ,  o4,ce maintenance costs by 25%—35%,
most companies, predictions are made without smagt ,iminate breakdowns by 70%—75%
sensors and artificial intelligence. They use disgic reduce breakdown time by 35%_45(%
tools for measurement (vibration, temperature, or o di duction f 25(y_3é0/
quality) to create short-term predictions. Preuti and increase production from £5v=35%.
maintenance is at different levels in different pamies
and this influence significantly logistics and méaaturing
processes. The authors Mulders and Haarma dedotibe
levels of the company's Predictive Maintenance kigtu
Matrix (Figure 2). The individual levels are defihas
follows [16,17]:

Level 1 — Visual inspectiongeriodic physical inspections.
The conclusions are based solely on inspectorisrise.
Level 2 — Instrument inspectiongnclude expanding
technical expertise and instrument inspectionseabgic [4]:
intervals, which provide more specific and objeetiv' ™
information about machines. The conclusions aredas °
a combination of the 'inspector's expertise anttumsent
read-outs.

Level 3 — Real-time condition monitorimgpntinuous real-
time monitoring of assets, with alerts based on- pre
established rules or critical levels. The machizes

Predictive maintenance also requires less staffing
the maintenance department. Machine learning excels
precisely in the tasks that consist of analysintarge
amount of data. In practice, it is not realistiatzept a top
expert for each machine, who will analyse hundrefls
measurements a day. However, this is not a prolidem
artificial intelligence [4]. Despite the many beitefof
PdM introduction, companies also have to deal i
risks during its implementation. The risks of PdMlude

Early termination of the PdM projeeta longer time

is needed to find hidden failures in the machine
learning model.

It is impossible to predict the collected datat first,

it is essential to analyse the types of failurddER
analysis) and then implement the Proof-of-Concept

constantly monitored by sensors that provide ugette- phase. _ _ _
data representing the state of the machine. » Overconfidence in the power of machine learning
Level 4 — Predictive maintenance Ac@ntinuous real-time PdM  cannot completely replace preventive

monitoring of assets, alerts sent based on predicti
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maintenance and diagnostics. However, it can redusethe company: identification of critical equipntemd its

its need and extend inspection intervals.

Risk of later return on investmendlata scientists can
wait weeks or even months for the data they need
analyse and make suitable predictive models.
Reprogram of machine learning modelsometimes

parts; identification of degradable mechanisms key
parameters; implementation of equipment monitoring,
moontage of detectors, data analysis and trend
identification, evaluation of results/project. Iddition to
implementing these six measures, companies mugt als

machine learning models need to be reprogrammegfjsure that they comply with the following six potide

which is more time consuming.
Missing professional employees not enough
specialists and data scientists.

3 Methodology

Following the goal of the presented paper, we fedus
on increasing the PdM maturity matrix to a higlesrel in

a selected industrial enterprise. The modified gntive
maintenance model was used to identify the custaie
of the level of maturity and perform the analysikowing
the recommendations of the strategic document Mdoua
companies for the introduction of artificial inigiknce [4].
The conducted model of preventive maintenance amita

six steps for the implementation of predictive neirance

maintenance  assumptions:  People, Applications,
Infrastructure, Process, Data, and Organisationvwigd

like to emphasise that the implementation procats if

the company plans predictive maintenance but do¢s n
have enough specialists with specific comprehensive
knowledge about the equipment and the technoldgy. |
also necessary for success of project to create an
infrastructure for collecting the specific data foediction
analysis. This innovation might include a transfation of

the whole organisation, its corporate culture dridking
towards change from “traditional" to “digital"
maintenance. The described model of preventive
maintenance is presented in Figure 3 below.

STEPS FOR THE IMPLEMENTATION OF PREDICTIVE MAINTENANCE

Identification of critical equipment’s and their parts
Identification of degradable mechanisms and key parameters
NS
Implementation of equipment monitoring
NS
Montage of detectors
S
Applications Analysis of data and identification of trends m
NS
Assumptions of predictive Evaluation of results/project Assumptions of predictive
maintenance maintenance

Figure 3 Modified model for implementation of palie maintenance

The FMEA (Failure Mode and Effect Analysis) was

used to identify the main causes of the failuredER
analysis was used to identify and assess the frjgitential

mistakes, as well as their consequences [18-21¢h Ea .

threat was assessed according to its probability
occurrence (P), severity (S) and detection (D). Tikk
priority number (RPN) was calculated according le t
formula

RPN = PxSxD @
Where [18]:
P - probability coefficient, specifying the frequsn

a given risk, on a scale from one to ten, where one
means no occurrence, and ten is for occurrence in
each production cycle.

S - severity coefficient, which determines how seve
the given risk of the machine failure is, on a scal
from one to ten, where one means negligible
importance, and ten very high.

D - detection coefficient, which determines the
degree of difficulty in counteracting a given type
structural failure (early detection of the causeyery
difficult on a scale from one to ten, where onaris
easy possibility to counteract, and ten is verfyatift.

of

of occurrence of the machine failure associatet wit
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The risk priority number (RPN) may vary from oneto  The analysed enterprise is indicated on the second
1000. The higher the RPN value is, the greaterrigle level PAM maturity matriXFigure 2). Monitoring of the

associated with the threat is. technical condition of machinery is performed atcfied
intervals, which are shortened and archived if ssasgy.
4 Resultsand discussion Exceeded limit values are monitored. In the casknot

This part of the paper focuses on app]ymg th@galues, the evaluation is subjective, performed by
introduced modified model to implement predictiveechnologists without sufficient theoretical knouge
maintenance in the selected enterprise as a QHBE Jthe about -predictive maintenance and statistical data
analysed industrial enterprise focuses on produtibiger- Processing.
metal and plastic parts for the automotive indystayi
vehicles, ships, and aircraft. According to analyseveral 4.1 The procedure of introducing predictive
types of maintenance are performed in the enterpris maintenance on a production line
(autonomous, operative, preventive). in an industrial enterprise
The technical diagnostics helps to avoid costly The transition of an industrial enterprise to thd
maintenance interventions, especially for criticalevel of Predictive Maintenance Maturity Matrix téops
machines. The enterprise has 354 machines andneepip real-time monitoring of machine condition, wheresars
while technical diagnostics focuses on the follajhree  continuously collect data on the state of individua
areas:  tribodiagnostics,  thermodiagnostics  anglachines and equipment. Sensors send alerts based o
vibrodiagnostics. predetermined rules or when critical levels areceded.

+ Tribodiagnostics is a method of diagnostics toaete According to the Manual for companies for introdhggi
evaluate, and report foreign substances in thatificial intelligence [4], the introduction of kel 3 of the
lubricant and its change from a quantitative anBredictive Maintenance Maturity Matrix was implertesh
qualitative point of view. The oil level monitoring online L in the following six steps.
performed on 130 machines in the analysed
enterprise. 1. Identification of the critical equipment and itsrfsa

e Thermodiagnostics as a non-contact temperature Simultaneously with the analysis, a simulation of
measurement can be used wherever the diagnogeddictive maintenance on a selected producticewas
parameter is heat radiation. The aim otarried out to identify problems and shortcominbatt
thermodiagnostics is to locate a possiiieblem on would not be revealed themselves. The selectiora of
the machine caused by excessive overheating of #pecific production line was based on the ABC
parts and to eliminate it in time. For measuringategorisation of machines as follows: Group A are
surface temperatures, such motors, heating cails astrategic machines considered critical becauséuadan
pumps are used by a handheld thermal imagehe machines of this group causes partial or cample
Thermodiagnostics determines whether the measursgldutdown of production. Malfunctions on these maegi
temperature exceeds the limit value (temperatumes eesult in high financial losses and the possibleuaence
the hydraulic circuit must not exceed 60 °C whean thof a dangerous accident. Group B includes machinéh
hydraulic oil loses its properties and degradeilhgp high priority, but in the case of failure, therellwiot be
or whether the measuredemperature of the such severe consequences for the enterprise'sqbi@du
equipment during tempering does not deviate fromctivity as for machines from the group A. The grdti
reality. Another type of technical diagnostics tlsat consists of other auxiliary devices that are noluded in
performed in the enterprise on 120 machines groups A and B. Based on the above classificatibn o
thermodiagnostics machines, machines from the group A have the highes

«  The vibrodiagnostics aims at the smooth and rediabPriority, and it is essential to make predictiofipossible
operation of the device. The service life of begsin failures. The mentioned group in the enterpriskies the
can be affected by several factors, such as SUB’Ed, production line with the Working name Line L as the
working temperature, lubrication efficiency, bearin subject of the analysis. The L-line includes vulsad
stress. Vibrodiagnostics locates the fault anBarts for damping vibrations and vibrations in céire so-
determines the current state of the machine usingcalled silent blocks.
vibration sensor. It is non-disassembly diagnostics As already mentioned, the Line L belongs within the
without the need to stop production. In the presint ABC categorisation among the equipment of the grisup
case study in the mentioned enterprise, there4g8e 1the failure of which can cause a partial or congplet
rotary machines on which Vibrodiagnostics i§hutd0Wﬂ of production. Based on the failure arialys
performed_ Competent emp|oyees who perform th@MEA), two rivet heads in series were identified a

type of technical diagnostics try to determine wheffitical for operating a given production line. The
the bearing is coming the end of its life production and service of rivet heads are carriel o

exclusively in the country of the manufacturerthe area
outside the European Union. The logistical actbgiti
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associated with the service take two weeks, ardhta, but sensing at long intervals is not recontedrso
complications due to the customs procedure areraleveas not to detect abnormalities in the operatiothefrivet
weeks longer. For this reason, it is essentialdwectly head.
predict the wear of the rivet heads, as their uaetqu
damage would cause undesirable production downtime.5. Data and trend analysis
Data analysis is a necessary assumption for theator

2. Identification of degradation mechanisms and key implementation of predictive maintenance. A cloud

parameters application already provides the basic visualisatid

First, the main parts of the rivet head were idimtti  data (temperatures over time). However, this daa w
The rivet head consists of the following functionakxported to a spreadsheet processor Microsoft Eacel
elements: hydraulic, mechanical, pneumatic, ametrgtal. work with the measured data. The production was
Based on FMEA analysis, critical parameters anihterrupted when it was necessary to wait for thesp
degradation mechanisms were identified for indigidu to cool down after vulcanisation or a failure ocedr
components of the rivet head: the type of fail{@eor) and due to production interruption during the ceron
that can occur on the component (equipment), theecaf crisis (Figure 4a). Temperature values were excdude
the fault and the consequences of the fault. Th&AM from the data set for further data analysis wherritret
analysis showed that all failures with the moshifigant heads were not in operation (Figure 4b). The resua
impact on the functionality of the rivet head ardicated was the identification of the presumed temperature
by an increased operating temperature, which id weftends from the measured values. The values of the
measurable, distinguishable from the usual opeyatinemperatures of the rivet heads during the prodocti
temperature. If the fault persists, the temperatisally process are considerably fluctuating, and it iseasty
rises. Early detection of disorders helps to prevkem to identify trends. The function of linear trendim the
easily because most disorders begin as an abntymali  Microsoft Excel program was used to indicate the

possible trend of temperature values, ordering one-

3. Implementation of machine monitoring dimensional data in a straight line towards therkit

The implementation of condition monitoring for the
critical equipment includes installing the necegsar6. Assuming the case study
sensors, a system for collecting and storing thts énd The assumed trend of the temperatures of both rivet
subsequent monitoring [16]. Based on the previodseads indicates an increasing character of tempesmt
analysis and experience, it was found that the fiadates from the beginning of the measurement (Figure B T
on the rivet head are indicated before by an iréa more reliable long-term prediction will require far-term
operating temperature. For this reason, a temperatimeasurement and a more extensive data set. Howheer,

sensor was placed for condition monitoring. presented procedure and scope of the conductegsanal
when diagnostic sensors were mounted on the read,h
4. Installation of sensors was sufficient for base recommendations to imprihee

In order to monitor the temperature of the machiine, level of Predictive Maintenance Maturity Matrix &
was necessary to map the surface temperatureseof émterprise. A primary trend visualisation has been
device during production. Surface temperatures wenetroduced into the enterprise, which is also weshble in
measured using a thermal camera applied in thepeise processing scanned data in vibrodiagnostics aadsg to
for the thermodiagnostics. The highest temperatwere understand by workers responsible for technical
measured at the tip of the tool that forms the danshed diagnostics without special training. In this sauot the
product. A temperature sensor with a set alarmégatpre  knowledge of employees trained at Six Sigma wasl,use
of 60 °C, which is the upper limit of the operatingrepresenting a good base of statistical knowledg&ifure
temperature of the hydraulic oil, was then insthié¢ the prediction needs. Implementing th&lanufacturing
identified location. After several experiments, f#emsing Execution System{MES) system is planned to start in the
temperature period was set at ten minutes. Thenapti enterprise.
time for measurement might be set so that the teatyre
is not sensed too often, causing an amount of wasecy
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rivet head U205 rivethead U215

rivet head U205

Temperature of rivethead °C

rivet head U205 rivethead U215 Measurement number

Figure 5 Temperature profile of rivet heads wittelar trend curve

4.2 Prerequisitesfor improving the level of introduce predictive maintenance on Line L was
Predictive Maintenance Maturity Matrix implemented (Figure 3).
in an industrial enterprise Process: The first prerequisite for the correct operation

The next part of the paper describes the ke?/f predictive maintenance is familiari_ty with thehale
assumptions (Process, Infrastructure, Applicatideta, Process. The company should map its technology, well
People and Organisation) that an industrial eriepr identify diagnostic methods on its equipment, kritwe
should analyse to improve the Predictive MaintepandYP€s Of failures and, above all, the causes, anditions
Maturity Matrix [4]. The individual assumptions areunqer which the failure occurs.Athorough_analy:sﬁlme
closely related to the steps based on which thegsal to Maintenance department was performed in the arhlyse
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enterprise. Machines were divided according toABE For the analysis of the L-line, a freely availatviebile
categorisation, and individual types of technicaapplication (EasyLog Cloud) for smartphones witle th
diagnostics were identified. Realised technicafjdastics Android operating system was used. The applicatfars
were performed on the machines using specialisedbasic overview table of the device, which ich edm
diagnostic devices. "Motel". The application provides graphical protegof

It is necessary to perform a comprehensive anabfsis measured data. The visual output of the measurta da
machinery and equipment throughout the enterpoisthé  (Figure 6) shows the course of temperatures orritiee
analysed industrial enterprise to move to the tlivél of heads over time. The blue curve represents theurezhs
Predictive Maintenance Maturity Matrix. Considesati temperature on the rivet head U205 and the redecoinv
should be given to the use of Predictive Mainterah©® the rivet head U215. The measured data were exptote
tools in terms of return on investment and safetd a Microsoft Excel spreadsheet.
health, property, environment, or legislation undlee
supervision of an entity with experience in implertiry < Mote1 (54
such projects. The analysis must include identifyin
critical and less critical parts of the equipment , :
understanding their function, and identifying safdi kAl Graph Eveuts Setungs
operating conditions. The FMEA method [21] is soiga
for determining degradation mechanisms and thel s 10 Feb 17:07 - 28 Feb 17:57
detection, which has also proved successful imttadysis : 18days49mins
of Line L.

Proper mapping of the whole process is a key fart
the individual assumptions. If the company corsectl
identifies individual processes, it can determinkiciv
need to be optimised or transformed.

Data: If a company plans to predict, a collected dat
database is needed - measured values from sensbrs
before the fault and under different operating dtboms.
However, it is not necessary to focus only on thgative
data that arises in the case of a failure. It edee to have
a sufficient database from a standard operationnglu
which the failure did not occur. Data collection shibe
preceded by a correct definition of the individua
processes, so the data is collected only from devan
which predictive maintenance makes sense [4].
The analysed enterprise collects data unsysterigtithe
amount of collected data is not suitable for pdssib 3
prediction, and at the same time, the data cotiecis Feb-13-12 AM

realised in long time intervals. In this cas_esltmportant Figure 6 Display of measured operating temperatariesvet

to analyse current data [22] and select just thiaga on heads over time

which the actual state of the equipment can bemated

as accurately as possible. The selection of suitable applications for data

_ Applications: For each plant, it is possible to assumeglection, processing and display always depends 0
different equipment for machines, and informatigstems  gpecific enterprise, unique in its capabilities augrent
may also be different for predictive maintenanc€eM peeds. However, the EasyLog Cloud application exlus
(Manufacturing  Execution System), PLM  (Produckng it is insufficient to implement enterprise-wide
Lifecycle Management), ERP (Enterprise Resourggredictive maintenance. Currently, the analysedrerise
Planning) will most qfter_1 be used_. An industrialezprise g working on introducing the MES approach [23],iath
can have all applications available or only sekbcteis ysed to monitor production in real time. In thigse, the
applications, even from different manufacturers.taba system is focused on production data from machines,
collection systems such as MES., SCADA (SupervisoRyjhich are then processed, evaluated, and visualised
Control and Data Acquisition) are often enrichedhwi according to the available information, the infrasture
additional data from ERP, CMMS (Computerizeds ready for data transmission for predictive meance.
Maintenance Management System), EAM (Enterprise |npfragructure; At present, traditional informational
Asset Management) systems. Many EAM, CMMS systemgchnologies (IT) in enterprises is replaced byudlo
today provide predictive maintenance as a packigen ( solutions, where the customer buys the service of a
data collection to maintenance scheduling) [4]. software solution and does not deal with the temdini

infrastructure on which this solution runs. As pafrdata
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transmission, basic processing, visualisation, and Experts for data visualisation and interpretation.
availability, the analysed enterprise was propdsedse
the 10T sensor infrastructure (Figure 7), in whégmsors Organisation: As in the presented case study,
mounted in machines send data directly to the cléad managers in the companies are often not fully aveére
wireless Internet connection [24]. The main besefihen predictive maintenance benefits. The transition aof
changing from traditional systems are the raise @&nterprise to predictive maintenance in the contafxt
flexibility, robustness, efficiency and also theanhe for Industry 4.0 is more than just IT issue. It regsithe
mastering the actual complexity [25]. transformation of the whole organisation, its cogpe
The acquired data as part of logistics informafiow  culture, which will change from "traditional" to igital".
can be monitored using a mobile application, arid, it is a culture that prioritises employee engagemen
necessary, it can be exported to a corporate sgreat stimulates experimentation with new technologies] a
new ways of working. The culture will need to stiate

MmE= =g =] crpss-functi_o_nal cooperation and_ is comfortablmwma-
B driven decision-making, even if decision-making goe
ey * ’ = against managerial and employee experiences and
. introduces a new way of thinking [10,27].
ME=l=g = A prerequisite for successfully implementing

Figure 7 Diagram of loT sensor infrastructure [24] maintenance using Industry 4.0 and Logistics 4dlstis
support from the enterprise's top management, whitth
People: Although the gradual transition to predictiveprovide resources (finance, people, infrastructure,
maintenance in the context of Industry 4.0 and $8t8  software, time, training) for its implementation,
4.0 presupposes more maintenance staff, experts &f@intenance, and further development. ~When
required to analyse the moments in which artificigimplementing the solution, it is appropriate toatesexpert
intelligence fails. According to Bronislav Balga6]2 a  working groups, within which there will be coopéoat
specialist in  business performance improvemengetween maintenance technicians and data analysis w
maintenance has been struggling for several yeithdhve  know the predictive model and its possibilities. eTh
scarcity and quality of maintenance workers, whith process of implementation requires a considerahtuat
recent years has shown very little or no progres&itds  of documented information [28,29]. In this stepist
Industry 4.0. important to raise awareness of the various benefit

The analyzed enterprise has 41 employees in thgediction across the enterprise [30,31].
maintenance department (from total of 850 employees

The main factor for implementing the proposed messuU 5 Conclusions
is the targeted training of maintenance departraft in

prediction. Even under the influence of new moder
technologies beyond the current understanding

predlctlve maintenance, the enterprise must coatiou and money. Predictive maintenance can manage

educate its employegs. Pr.edl.ctlve maintenance w_;)dte maintenance more efficiently. Industry 4.0 and lstigs
Level 2 are experts in their field with extensivagiical s

experience, but training in predictive maintenarcstill
necessary. Top employees should also understand
creation of predictions of failures and residutd bf the
equipment or its critical part. They should not gpesly
rely on ready-made solutions provided by the tetdgy
supplier but also actively engage in improving preons.
The enterprise must focus on improving th
qualifications of employees in this area and, gessary,
cover some positions with representatives of thadies -
external consultants. These are mainly profession@{e

functions, namely [4]: of the Predictive Maintenance Maturity Matrix in an
* Data engineers who manage the data and the relevgfystrial enterprise. Based on the analysis resthte

data platform to make it fully functional for analy,  enterprise can move to the third Level of PdM migtur
» Data scientists who prepare, study, visualiseyaodel  matrix. Then following benefits will be achievedduced

Maintenance is necessary for the proper functioning
gistics in any industrial enterprise. Choosing tight
Q rategy of maintenance can be saved a lot of wiornie,

ost modern intelligent technologies streamlining
mﬁintenance in their company. Predictive mainteaamnea
key activator and impetus for Industry 4.0 and kstigs
4.0, while still facing several challenges in pieait
implementation from a technical and commercial poin
view. Managers need to be aware of the main clgdieto
eprepare for the digital transformation of produntand the
transition to the Industry 4.0 revolution.

The aim of this paper was to present and deschibe t
ps and assumptions needed to improve the ctegat

data on a data science platform; failure rates, reduced unplanned downtime and eign
* IT architects manage the basic infrastructure nétéule maintenance cycles, increased production, redupates
support data science; parts, extended equipment life, increasing safetd a
* Application developers deploy models to applicationreducing maintenance costs. Quality improvement in
to create data-based products; predictive maintenance will influence positive metwon
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investment in approximately 3-5 years. Several istud
confirm that predictive maintenance managementfitene

overall operations in both manufacturing and preces

plants [32]. However, with all the benefits of pisive
maintenance, the risks and obstacles to its impieatien
should not be forgotten [33]. The real challengadsin
sensor technology, data processing, condition roong
or correct diagnostics. These solutions are higbiyanced

predictive maintenance in Industry 4.0: Currentusta
and challenge§omputers in Industry/ol. 123, pp. 1-
17, 2020.
https://doi.org/10.1016/j.compind.2020.103298

[7] PECH, M., VRCHOTA, J., BEDNR, J.: Predictive

Maintenance and Intelligent Sensors in Smart Fgctor
Review, Sensors,Vol. 21, No. 4, pp. 1-40, 2020.
https://doi.org/10.3390/s21041470

and their implementation requires extensive knogded [8] CUONG, S. V., SHCHERBAKOV, M.: 'PdM:

and understanding. Thus, the
contemporary solutions in the field of Industry 40d
Logistics 4.0 requires that the organization firsprove
the absorption of knowledge[34]. This concept,
introducing revolutionary changes in manufacturargd
logistics, will fundamentally change society ancbreomy

[35]. Businesses now need to focus on the predictivis ski[9] SAKIB, N.,

of their employees and support processes and ayites
that will support the creation of a new predictoagented
business model.
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