IOP Conference Series: Materials
Science and Engineering

PAPER « OPEN ACCESS You may also like

Maintenance evaluation based on the EFQM " Sianificant changes and ther mpacts 5
aspiring organizations

mOdeI exce"ence Y Sari, E Wibisono, R D Wahyudi et al.

- Sosio-Technology analysis of SMEs
readiness in quality management system
implementation
Darmawan Napitupulu, Krisna Adiyarta,
Mohammad Syafrullah et al.

To cite this article: A Nagyova and H Pacaiova 2018 /OP Conf. Ser.: Mater. Sci. Eng. 393 012005

- Process performance evaluation in
. h icl line f d d enh mechanical engineering industries in
View the article online for updates and enhancements. accordance with 1SO 9001
Karri Naveen, Rohan Senanayake and
Chithirai Pon Selvan

c '. = " - DISCOVER

how sustainability

The 3 ot o, intersects with
Electrochemical ¢ |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.16.147.139 on 15/05/2024 at 00:03


https://doi.org/10.1088/1757-899X/393/1/012005
https://iopscience.iop.org/article/10.1088/1757-899X/245/1/012021
https://iopscience.iop.org/article/10.1088/1757-899X/245/1/012021
https://iopscience.iop.org/article/10.1088/1757-899X/245/1/012021
https://iopscience.iop.org/article/10.1088/1757-899X/420/1/012117
https://iopscience.iop.org/article/10.1088/1757-899X/420/1/012117
https://iopscience.iop.org/article/10.1088/1757-899X/420/1/012117
https://iopscience.iop.org/article/10.1088/1757-899X/1057/1/012067
https://iopscience.iop.org/article/10.1088/1757-899X/1057/1/012067
https://iopscience.iop.org/article/10.1088/1757-899X/1057/1/012067
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssNzpa0xv0QsAXhO6XcNJziOS-yeFw9j1zHNpVHHTUthaG5g30bdLssPPO7tXxNIvT5Z1HDI42AZhsSbT4i9PvURZHhpKDDn_xOt5M6Ys7j8UvXzGiwSh2QiJZFmIJaDAFH7yJ2ftK3SjxlWaYsxgLkwWcVb76lrXUO1i6h7RgwliaqBUm2VWtnH3OgauM4Uoj-TcA43JQr3SVcwugtScyFoYyD8kMzz4VrcAtvjJXvqfzA4YuY3m6U58vW0XbGhL-jQK0AMAz38R2VZMUoVk-60du9iEvEiVJu8GYAqQB3QaiT5G8RX5wtRGfo1FtptCPl2JpmwtApONfPMLJdg9qfAf3TwA&sig=Cg0ArKJSzJV9i_Mzs7Uy&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

KOD 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 393 (2018) 012005 doi:10.1088/1757-899X/393/1/012005

M aintenance evaluation based on the EFQM model excellence

A Nagyova! and H Pacaioval

Technical University of Kosice, Faculty of Mechadi€ngineering, Letna 9, 042 00
Kosice, Slovakia

E-mail: anna.nagyova@tuke.sk

Abstract. Maintenance and it processes became during laatldex very important part of an
organization management. It significantly helpsatmid failures, eliminate accidents, reduce
machine repairs and minimize costs and correctotmrs. Manufacturing organizations use
different types of tool and methods to manage meaiBmice processes but also for their
assessment. Especially now, when new standard (BQ:2015 with Risk-Based Thinking
approach arrived, organizations are convinced tiegiate “old types” of methods with “new
trends” of understanding. The implementation of ntexiance system is the best way how to
ensure the effective maintenance activities, wracéd controlled but they miss systematic
approach with exact requirements. The idea of mystie approach should also be added in
maintenance system in the same way, as is it ietAsanagement. According to this ideology
the Maintenance Model (PMM) was designed, whidbaised on the EFQM structure. The aim
of the paper is present the mentioned model, wiicbs not follow requirements of the
standard ISO 9001 but helps to asses, if organizas able to meet commitments, given by
management and also its ability to follow differeriteria.

1. Introduction

In order to ensure requirements of any managenysters, it is essential to recognize what the real
needs are and what the organization wants to azhi@ae of the quotes attributed by the guru of
Quality, Dr. Deming is “if you can’'t measure it, y@an't manage it.” Even there are more critics
about the statement, the organizations alwayotfintl a way how to improve their processes through
data, reports, analysis or the results of audie aintenance, as we know it today is also the area
which tries to improve and adopt new techniques methods for its performance evaluation. The
most known way how to evaluate processes in Maamea Management System is Audit. According
to [25] there are several types of methods of gueliftormance, such as audit surveys, report arglyse
different management models or indicators. Basetherprofessionals skills, requirements of other
organisation, The Slovak Maintenance Society (SB&$) set in 2014 goal to create a product for
knowledge and skills testing in maintenance praessanagement, based on modern management
requirements, by using the P-D-C-A (Plan-Do-Check}Aas well as the EFQM model criteria. The
model has been developed (based on prof. Pacaseanch) to implemented structure named as the
Maintenance Performance Audit (MPA). MPA assessmiantenance management policy and its
compliance with organization policy, maintenancgotives setting, maintenance execution processes
and their evaluation. This monitors the set perforoe evaluation indicators with the use of
standardized indicators (e.g. EN 15341) for impngvine maintenance processes.
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2. Maintenance management audit models

Generally for performing management audit, each agament system should follow rules and
requirements given in 1ISO 19011 Guidelines for iyednd environmental management systems
audits. This guide provides a structured approamhfeamework to control any management audit
[26]. To be more specific, it is necessary to mmathat Maintenance management audit is defined as
comparison between the existing maintenance presemsd the specified maintenance requirements.
An unachieved difference between the existing neai@mce management and the standard
requirements is called a ‘gap’. A good maintenaregort shows all organization gaps and provides
the right answers to bridge them. Even common ‘tea@nce standards’ such as ISO 16646
Maintenance - Maintenance within physical asset agament to support 1ISO 55001 Asset
Management requirements are used along with otim#ias standards. It is wrong to presume that an
asset management standard or maintenance standetalsly contain any true best practices.
Maintenance audits can also be done against inehmasntenance requirements. Many maintenance
consultants and professionals have their own maémiee audit criteria and maintenance audit
checklists which they use to audit client siteq [Pifferent authors have proposed models, frames o
systems seeking to manage maintenance in the bgdqtls]. For example, Duffuaa and Raouf (1996)
conducted a study on continuous maintenance priettydmprovement using a structured audit; they
propose a structured audit approach to improve te@@mce systems [18]. They suggest, that for the
best maintenance evaluation is to monitor factasch as: organization and staffing; labor
productivity; management training; planner trainirgaft training, motivation, management and
budget control, work order planning and schedulifagilities, stores, material and tool control,
preventive maintenance and equipment history, esging and condition monitoring, work
measurement, incentives and information systemy Hi®o propose root cause analysis to develop
and improvement action program [18]. On other sidg3] a multi-criteria model for auditing for a
Predictive Maintenance was introduces, developediaer also implemented. The model has a two-
level structure, with top level auditing areas $ipet by second level auditing criteria on whicle th
performance of the Predictive Maintenance Prograoulsl be appraised. This structure resulted from
the analysis and discussion of an internal questima to the management, technical and consulting
staff of auditing organization. This also guidee tassociation of a performance scale with each
criterion, describing several reference levels ofoaplishment. Well known is a performance
measurement system based on a number of key parfioemindicators (KPIs) and the Balanced
Scorecard (BSC) created by Kaplan & Norton (1998 Very similar concept has the model,
presented in [1] which uses qualitative and alsantjtative evaluation. The model is trying to use
survey and also indicators for monitoring.

A qualitative method proposed by Tavares (2001jomused on maintenance radars assessed
through surveys [1]. Quantitative evaluation isalsed in Balanced Score card methodology, which
allows the alignment of performance indicatorsh® proposed strategy for Planned Maintenance pillar
(vision, mission and objectives) in four perspessiviinancial, clients, internal process and lesyr&
growth. Also, it provides a strategic map showing tependency relationship (cause-effect) between
the performance indicators to support actions tesgia initiatives) that the maintenance functionsinu
carry out in a continuous improvement cycle. BSGho@ology is closely linked with the major Total
Productive Maintenance (TPM) concept, which hasmbd®veloped from the original preventive or
productive maintenance. TPM uses 8 different @iltarreduce losses. Another similar concept, which
can be used as a model for maintenance audlitodd Class Maintenance (WCM) [27]. Concept is
considered as an integrated approach to perforat asEntenance comprehensible for all participants
in an industrial organization. WCM creates oppadties to make the work processes more efficient and
effective in a way that these are universally agtilie to increase the safety, economy and overall
efficiency of the assets. A well-defined WCM workopess can offer a unique business opportunity
with minimum costing to the assets' owner whilstréasing significant return on investments [27].
Maintenance Capability Plot (MCP) as a template dod objective maintenance audit. M@Rs
completed by using a targeted questionnaire coyehe key factors for world class maintenance.
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Questions were grouped into the key areas of mantee management as Organisation Culture and
Employee Empowerment Performance Measurement Muainte Tactical Delivery: Work and
Contractor Management Processes Maintenance Priogsevement Asset Management Strategy
Budgeting and Cost Control Reliability Improvem@&ténning and Scheduling Materials Management
Information Technology [26].

3. Common structur e for maintenance management system

The implementation of any type of standards is mtaty, although in some sectors it has become an
obligatory measure, given the coercive influenceustomers [14], [15]. Also, research has been done
on how far these types of standards have a signifionpact on business performance, with some
studies finding a positive link [4], [10]. Howevehere is a consensus with a large number of fudie
which have analyzed the benefits that may be obthirom MS implementation and certification [5],
[11], [12]. Management system in today's termaidanstood not only as a management methodology,
but also as a necessary step to successfully dchidhie vision and goals of the organization.
Optimally adjusted system allows not only transpdyemanage processes but helps to reduce the
amount of disagreements, minimize costs and eresticeent production and service provision. It is a
common practice that the organization does notrobits activities only on one, but often on two or
on more systems. ISO organization provides a fifi@international management systems, which are
implemented worldwide. In 2012, ISO issued a dominmarked as Annex SL (Proposals for
Management System Standards). Annex SL - Propémalsanagement systems standards according
to which all international newly adopted or revisgdndards shall have a uniform HLS (High Level
Structure) framework based on the Plan - Do - Cmeethodology. The reason for issuing the Annex
SL was to seek formal unification of all managemsystems standards by providing a uniform
structure. According to Annex SL, all internatiorsthndards of management systems shall have a
uniform structure in form of ten chapters:

Scope

Normative References

Terms and Definitions

Context of the Organization

Leadership

Planning

Support

Operation

. Performance Evaluation

10.Continual Improvement
The benefit of HLS structure will be to facilitatee integration of management systems in the
organization. As already mentioned, the Annex Shdsed on the PDCA cycle. Chapters 4 - 7 are
included in the Plan phase, Chapter 8 in the Da@h@hapter 9 in the Check phase, and the Chapter
10 in the Act phase (Figure 1), [21]. Through theucture is very important to accept the new
philosophy in Management Systems, which is RiskeBabhinking (R-bT). R-bT must be applied in
all processes of the organization, regardless thigasubject of the business is!

Many of the management systems (e.g. Quality managesystem, Environmental management
System, Information Security Management System. v ladready adopted the new structure. Some of
them, e.g. Health and Safety Management Systerstidiren ,waiting list”. Unfortunately, there is no
announcement to publish the international stantfekdiaintenance Management system yet. Generally,
organizations already use supporting standards asdisO 55001 Asset Management requirements;
ISO 16646 Maintenance - Maintenance within physisalet management, BS EN 15341 Maintenance.
Maintenance key performance indicators to keepeuaduate their maintenance processes, but those
cannot replace the added value of the regular nesnewgt system. If the maintenance management
system with the 10 Chapters structures exists, aulev help not only implement maintenance
requirements to the organization processes, botalgerform maintenance audit.

CoNokhwWNE
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Figure 1. Model of QMS on the basis of PDCA cycle with HLiBusture incorporated, [21].

4. Maintenance audit based perfor mance maintenance model
As mentioned before, there are many possibilittepedrform the maintenance audit. According to
the few demands from organization, gained skilld awailable sources, the Slovak Society for
Maintenance (SSU) in cooperation with maintenane@agers in Slovakia and Technical University
of Kosice proposed Performance Maintenance ModdlMPas a tool for the Audit Maintenance. The
idea and the structure were adopted from EFQM magleich is closely linked with process self-
assessment, [28]. PMM inserted into EFQM model Hhsingle criteria (instead 9), divided into 2
areas (Figure 2):
= Enablers criteria(with maximum 500 pt) forming areas, such as Lestdpr Policy
and Strategy, People, Budget, Processes — SpdseaRdrServices, Planning and Scheduling.
= Results criteria (with maximum 500 pt) consist oos®mers and Employees Results —
Corrective Activities, Key Activities Results — Huation of Effectiveness, Measuring and
Improvement, CMMS, Availability, Society ResultsSafety and Environment.

Enablers (500pt) > Results (500 pt)

e S = ST o Py
' .
! Policy & 1 ] Realisation & i
1 Strategy 70 pt : : Corrective i
I E 1
fommmmmmmmeees : - ‘;fs | Availability
,,,,,,,,,,,,, | § ! 90 pt
Pl [ '
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'.E‘ s : motivation TOpt ; S | E\'alug Honek i
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- s Eg | | Mewwie& |
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SR St S I Fmmm e =
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Figure 2. Performance Maintenance Model - PMM
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4.1.Enablers of Performance Maintenance model
Enablers in the model can be described following:

Leadership - represents the conceptual role of maintenanaeagsment, which consists of two
principles:

= development goals clearly formulated by maintenamemagement (mission, vision, policy,

conduct code, etc.);

= activation, initiation, motivation of all maintenea staff by maintenance management in line

with the specified goals.

The Policy and Strategy - assesses the way maintenance management irgdsianission and
vision through a clearly focused stakeholder sgaterganization policy and objectives) supportgd b
relevant maintenance management policy, plansctbgs, tasks and processes.

Policy and strategy must fully reflect company ardt structure and activity, taking into accourd th
orientation, priorities and needs of different staddders. Policy and strategy must reflect the
approach to implementation of the modernizatiorcpss and the change management process.

Human resources (employees) - need to be activated by participaitionreation of values and
company culture. Communication is an important .tobhis criterion describes the way the
organization manages, develops and makes knowladaiable, as well as the way it applies the
potential of its staff at the individual, team, asrganization level, and how it plans these adéisito
support its own policy, strategy, and the effectiperation of its own processes.

The Budget and Spare Parts and Services assesses the way a company plans and manages its
partnerships and internal resources to suppodwts policy and strategy and the effective operation
of its own processes. The intent of this critefi®ho assess to what extent a company can efféctive
and efficiently manage its resources.

The Planning and Scheduling - represents the maintenance processes managéxeetequisite
of good maintenance are activities to be systemgtimanaged from the beginning to the end of their
course in the organization. Maintenance processed have their owners, they are understandable,
and their upgrading and improvement is based oly dative participation of all employees for the
sake of full satisfaction and value for their cuséss and other interested parties. Measurement and
feedback are essential for effective work of maiateee management.

In order to achieve a unified rating ranging frontd 10 points, each gquestion has the own
coefficient to assure maximum achievement in theeh@rable 1).

The total score for each criterion is given as:

Ts = Number of questions xdiaum rating x Coefficient 1)

Table 1. The enablers’ criteria of the PMM model.

Enables Criteria

o Number  Maximum - Total
Criteria ; . Coefficient
of questions  rating Score
Leadership 10 100 1 100
Policy and strategy 14 140 0,5 70
Human resources 20 200 0,35 70
Budget (costs planning) 20 200 0,3 60
Spare parts and services 20 200 0,25 50
Planning and scheduling 50 500 0,3 150
Ts - Total score 132 1340 - 500

4.2.Results of Performance Maintenance model
Results in the model can be described following:
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Realization & Corrective Actions - evaluates achievement of results in relatiooustomers and
employees. Performed post-disruption operationsnaaidtenance must be based on risk analysis and
cost effectiveness assessment. Corrective maintenactivities must be subject to regular
reassessment through measurement and customéctadisanalysis.

Maintenance Effectiveness Assessment - serves to review the key maintenance activitles.
represents all maintenance achievements relatéldetplanned performance. The key performance
indicators are specified in the maintenance stahBa&F 15341, which does not exclude the creation of
company’s own key indicators. Measurements may tefparameters such as, malfunction/readiness,
productivity, accessibility and processing of imf@tion, response time to demand (e.g. repair
requirement), maintenance cost effectiveness, etc.

The Safety and Environment - examines the results achieved in relation to soeiety
requirements. The criterion is aimed at measufiregrésults that the enterprise generally achiaves i
meeting needs and expectations of the local, rdtiand international community. This includes
company’s attitude to the quality of life, the exviment, the protection of global resources, aed th
use of its own internal indicators of businesscegficy.

CMMS - covers safety support and information system usé¢de company.

Availability — describes how the organization prepared to nagjoidents prevention is. The same
methodology is used for the Results Criteria (T&)leThe total score for each criterion is givea th
same as:

Ts = Number of questions xxdviaum rating x Coefficient (2)

Table 2. The results criteria of the PMM model.

Results Criteria

Number Maximum Coefficient Total
of questions rating Score

10 100 0,7 70

Criteria
Realisation & Corrective
Activities
Evaluation of effectiveness,

. : 26 260 0,5 130
Measuring & improvements
Availability 20 200 0,45 90
CMMS 10 100 0,6 60
Safety & Environment 60 600 0,25 150
Ts - Total score 126 1260 - 500

5. Methodsfor overall rating

For allocating the condition of each criterion,ulés and enablers were divided into several sestion
according to the score, which they achieved (T&)leTo get the most objective results, the each
range was described by the particular score acmere(Table 4).

Table 3. The results criteria of the PMM model.

PMM Criteria
Results 100 101 - 180181 - 280281 - 360361 - 440441 - 500
Enablers
0-100 | | I I I I
101 - 180 | I I Il Il I
181 - 280 I I I I IV IV
281 - 360 I I I v IV v
361 - 440 Il 1l IV IV Vv Vi

441 - 500 1] v \4 Vv Vi Vi
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Table 4. The Assessment of the PMM level.

Maximum Maximum

Criterion Description score score
in Enablers  in Results
Critical Insufficient leadership & planning level, possible
Without a management lack of policy and setting maintenance objectives.
. ; 0-180 0-180
concept — corrective No methodology support of the maintenance
strategy prevails. planning.
Insufficient Despite significant results, there are major

deficiencies in management and maintenance
planning. Missing own methodology for
maintenance planning. Maintenance does not 181 - 360 0-360
have its own management concept; it applies the
concept of other management systems (e.g. ISO
9001).

Planning carried out based
I on original manufacturer
' documentation — the age
of the devices not taken
into account

Initial
Planning is based on the
methodology, concept is
partially embedded, and
objectives are set. Missing

Planning is based on the methodology, the
concept of maintenance management is partially
established, and objectives are set. The company61 - 500 0-500
has an established management system
andapplies some maintenance management tc

measurement.
Average Maintenance management is systemic, the
Objectives are clearly  concept is established, policy is followed and the
V. speqﬂed, the concept, g(_)als are set. Measurement of KPI |.n 181 - 500 101-500
improvement maintenance has some shortcomings; the
and measurement improvement process is not systematically
established. controlled.
Significant

The maintenance
management concept is
implemented, objectives

are set, planning is
dynamic, performance in

V. line with the plan, planned
maintenance prevalils,
(corrective less than
30%), regular
measurement (KPI)is
introduced. Efficiency of
equipment above 85%.

Maintenance management is on good level, the
concept is set, and maintenance policy is based on

the policy and objectives of the organization.

I_:’reventlve maintenance prevails resulting from_ 281 - 500 281-500
history and failure cause & consequence analysis.

KPIs are set and measured. Shortcomings are a

rather formal nature, some improvements needed

here.

Maintenance management can be defined as
excellent. Maintenance management has long
been a major partner in production and
management of the organization. Mutual
communication based on a friendly base prevails.
Seeking common solutions with other
departments of the organization is highly 361 - 500 361-500
professional and team-based. Responsibility is
clearly defined with a high level of motivation.
Improvement is a constituent of all departments
(including maintenance), it is understood as
support for competitiveness and long-term
development.

Excellent
Maintenance management
concept is implemented,
goals are set, planning is
dynamic, performance in
line with the plan, planned
maintenance prevails,
(corrective less than
10%), regular KPI
measurement is
introduced. Efficiency of
equipment above 88%.

VI.
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6. PMM results

The proposed PMM model was implemented in 5 differeompanies where the performance

measurement audit was provided. The total scoréchmMbompanies achieved, was dependable on
many reasons. The main factor which influencedsttwe was the level of maintenance controlling,

especially if the company has or has not implentemteM (Table 5).

Table5. PMM verification.

Enablers (max. 500) Results (max. 500)
)
> & =

S 5 S 2 Eé z

© © ~ T FO 50 =

L~ e 53 2 S§oc8288 §5 . 0 3 =

@ < e @© o .E 8 > O ® % 3 e = n O

> 2 B o s o588 85825, o o>

o 2 3 8 H9LeET 2 SEE 2L 8 2 <K < 9

5 s 5 3385558585852 8 36 ag
9 2 T anda@cxo LED ow I O K <a

Producer 1 (Head ¢ 13 65 g0 21 62 36 62 79 21 38 S1Automotive
lights production)
Producer2 (Rear g5 4y 55 56 30 70 40 56 100 30 32 57Automotive
lights production)
Producer 3 (Gear gy g5 g3 g0 48 126 64 100 148 88 40 88Automotive
box production)
Producer 4 Food and
(Cheese 52 9 36 21 28 45 15 2 68 5 22 303 :

. Drinks
production)
ProducerS (Beer o 5 35 69 9 48 5 40 40 5 0 30270°cdand
production) Drinks
According to the results, the rate of score wasydesl (Table 6), where:

R=— x100 [%] 3)

1000

Table 6. Score chart.

ORGANIZATION Ts-TOTAL R-RATE
SCORE
Producer 3 (Gear box production) 884 88.4%
Producer 2 (Rear lights production) 574 57.4 %
Producer 1 (Head lights production) 517 51.7 %
Producer 4 (Cheese production) 303 30.3 %
Producer 5 (Beer production) 302 30.2%

According to results, it is obvious that the higeeore was achieved in Producer 3 — 88.4% (Gear
box production). This company implemented TPM 18rgeago and they provide maintenance audit
every year on regular base. The next higher scaseaghieved in the Producer 2 — 57.4% (Rear lights
production) a Producer 1 — 51.7% (Head lights petida). Both of these companies are from
automotive area, so it is obvious that they hawvkaso use TPM as one of the tool for improvement.
Producers 4 — 30.3% and Producer 5 — 30.2% doawat hiPM and that’s the factor which influenced
results as well as their level of maintenance.
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7. Conclusion

The Excellence EFQM model is a practical, voluntamework (tool) that allows organizations to
assess where they are on their way to excellehigthe instrument helping to understand their key
strengths and potential shortcomings in relationht specified vision and mission. Therefore, it is
understandable that this tool is used to evaluaiegsses at all levels of management and individual
areas. The Performance Maintenance Audit designedthb Slovak Maintenance Society in
cooperation with Technical University of Kosice ttaor: Pacaiova, H.) verifies the management
processes and maintenance organization in reldorthe requirements of production, safety,
production quality, environmental protection, armatcefficiency. It aims to verify the usefulness of
effective planning, management, implementation amdluation of maintenance tasks to ensure
efficiency and improvement of production process: Faintenance level evaluation was proposed
and also verified performance maintenance audie fodel is very similar to EFQM model and
according to the results, it is clear that for lkigtscore achievement it is very helpful if the
organization has implemented tools or methods fmntenance improvement.
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