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Abstract. This research paper addresses the pressing need for a universally accepted classifi-
cation of maintenance types, as current classifications vary significantly across institutions,
organizations, and countries. Despite extensive research in the field of maintenance, a stand-
ardized framework remains elusive, leading to confusion and inefficiencies in maintenance
practices. The primary objective of this study is to develop a comprehensive classification of
maintenance types that can be widely adopted. Through a thorough literature review, various
maintenance approaches have been identified and analyzed, laying the groundwork for a new
classification system. This paper presents a proposal for a general classification of mainte-
nance approaches.
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Introduction. The continuous evolution of the industrial manufacturing domain has
significantly influenced the practices and strategies employed in manufacturing processes.
Manufacturing has undergone significant automation, with many industries striving for fully
automated processes. Automation is accompanied by the introduction of an increasing amount
of equipment, which, in turn, is becoming more complex in both design and control.

Manufacturing equipment are in general subject to degradation because of usage and
exposure to environmental factors. This degradation along with other factors such as aging,
poor equipment design, operational errors, usage intensity etc., ultimately leads to equipment
failure which could result in safety issues, equipment damage, produced goods quality issues,
and unexpected machine unavailability [1].

Since the physical condition of equipment significantly impacts product quality and
production efficiency it is essential to establish proper maintenance in order to minimize the
possibility of its failure.

International Organization for Standardization defines maintenance as combination of
all technical and administrative actions, including supervisory actions, intended to retain an
item in, or restore it to, a state in which it can perform a required function [2].

Traditionally, maintenance has been seen as an inevitable source of cost. In 2020,
46.91% of surveyed companies in North America reported that they spent from 21% to 40%
of their operating budget on maintenance of their equipment and supplies. Meanwhile,
35.67% spent 1% to 20% of their budget. On the other hand, 2.25% of companies spent more
than 80% of their operating budget on equipment maintenance alone [3].
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Considering maintenance direct and indirect influence on production objectives and
company's profitability it is increasingly seen as a strategic function. When implemented ef-
fectively, maintenance could result in great savings and increased profit [4], [5].

In spite of being an important constituent of any production system and a subject of
many researches, maintenance still has been classified in many different ways.

Analysis of the latest research and publications. Before continuing with a literature
review it is important to introduce the definition for maintenance approach (type). This re-
search defines maintenance approach as a methodology employed to achieve maintenance ob-
jectives. While most sources use a term «strategy» to describe the same notion, we think of

«strategy» as something wider and more complex, involving a combination of different ap-
proaches to form an optimal maintenance action program. Maintenance strategy is unique to
each facility and industry, while maintenance approach is a general perspective on how
maintenance is done. An example of maintenance strategy can be a Reliability-Centered
Maintenance (RCM), but this is out of scope of this research.

At first, different standards and other official documents covering the question of
maintenance classification have been researched. A short overview of classifications found in
those resources is provided bellow.

The classification proposed by I1SO [2] defines two main categories of maintenance:
corrective and preventive (Fig. 1).

Maintenance

J v
Preventive Corrective
|
+
Condition-Based Immediate Deferred
Testing and Condition
inspetcion monitoring 3
Predetermined
|
v v v
— Scheduled Scheduled
Periodic test ;
replacement service

Figure 1 — Maintenance categories according to [2]

As can be seeing from the figure 1, ISO basically classifies maintenance into two gen-
eral categories with some sub-categories. The preventive type is subdivided into condition-
based and predetermined maintenance types, and corrective maintenance is further catego-
rized into immediate and deferred sub-types.

The United States Department of Energy classifies four approaches to maintenance [6]:

— reactive;

— preventive;

— predictive;

— reliability centered (RCM).
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The version of classification of maintenance proposed by the European Standard
EN 13306:2017 [7] specifies maintenance as shown in figure 2.
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Figure 2 — Maintenance classification according to [7]

Then, papers, books and other sources like conference proceedings have been scruti-
nized. A brief review of the material is provided in the following paragraphs.

Figure 3 depicts the hierarchical structure of different maintenance types proposed by
the authors of [8].
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Figure 3 — Maintenance hierarchy according to [8]

According to [9] there are three basic maintenance approaches: reactive, proactive and
aggressive. A more exhaustive and consequent classification of different maintenance types
devised in [9] is in figure 4.
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Figure 4 — Maintenance classification according to [9]

48 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«Cucremni texnounorii» 4 (159) 2025 «System technologies»

Reactive strategies are described here as a fire-fighting approach, where maintenance
activities are provoked by actual failures. Proactive strategies, on the other hand, are meant to
prevent breakdowns using a range of methods to predict equipment deterioration and under-
take preventive tasks to restore equipment to a proper condition. Aggressive approach is de-
fined as one that aims to enhance a system by modifications or redesign [9].

Keith Mobley in his book «Maintenance Fundamentals» states that there are three main
types of maintenance: corrective, preventive and improvement. Structure of maintenance pre-
sented in [10] illustrated in figure 5.
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Figure 5 — Maintenance classification according to [10]

In [11] maintenance is classified in terms of the time when a repair is performed relative
to the occurrence of a failure. According to this paper, there are three basic approaches to
maintenance:

— corrective;
—  preventive;
— predictive.

A classification given in the [12] (Fig. 6) as well as those in [9] and [10] includes a type
of maintenance that is based on improvement and modification of an assets. Design-Out
Maintenance (DOM) focuses on the design correction in order to eliminate the cause to
maintenance [12].
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Figure 6 — Types of Maintenance according to [12]

The analysis done by authors of [13] showed that maintenance may be classified as
shown in figure 7.
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Figure 7 — Maintenance classification according to [13]

In [14] authors also distinguish two major maintenance types: corrective and preventive

(Fig. 7).
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Figure 8 — Maintenance classification according to [14]

Authors of [15] conducted an extensive research of maintenance classifications and dif-
ferent viewpoints on this issue developed over the years and based on their findings proposed
their view on maintenance taxonomy (Fig. 9).
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Figure 9 — Maintenance taxonomy proposed by [15]

Here, they like others classify maintenance into two major types. In this case they are
reactive and preventive. Unlike others, the reactive approach has been further classified into
two sub-classes: corrective and prospective. The prospective maintenance is defined as pre-
ventive work that is due and overdue is done when failure force the system to stop [15] They
also call this type of maintenance — opportunistic maintenance. The defined maintenance
types are further classified into different tactics, but this is not in the scope of our research.
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The literature review showed that a variety of classifications for maintenance have been
developed over the years and each differs to some extent from the others. A summary of a re-
viewed literature is provided in table 1.

Table 1
Summary of reviewed material
Maintenance type
S < = o
'4%) %: .S o é > '% §U é S g
Source | & S §§ i 5 |2 Eg = g 2
s |8 |§°|8 (& |2 |E°|5 |&8
O a O < o 5 £ “ &
o o
[2] + + + +
[6] + + + +
[7] + + + +
[8] + + +
[9] + + + +
[10] + +
[11] + +
[12] + + +
[13] + + + + +
[14] |+ + +
[15] + + + + + + +

Problem Statement and Research Objective. As a literature survey showed, despite
of many researches done in the field of maintenance, there is still no generally accepted clas-
sification of maintenance. Different institutions, organizations and researchers in different
countries classify and standardize maintenance in their own way. So, there is a need to estab-
lish a universal classification for maintenance types that would be comprehensive and could
be accepted worldwide.

The main objective of this research paper is to devise a classification for maintenance
types that would be comprehensive and could be widely accepted.

Presentation of the main material of the research. This section researches mainte-
nance approaches identified in the literature review to develop a more comprehensive under-
standing and further establish a new classification.

Despite all of the of the reviewed classifications differs, virtually all of them encom-
passes two main types of maintenance: corrective and preventive. So, it's safe to say, that
there is a consensus about these two approaches being key maintenance types.

Corrective maintenance is also referred reactive, breakdown, run-to-failure, failure-
based, or emergency maintenance [16], [17], [18], [19], [20]. This is a type of maintenance
approach where the corrective intervention, like repair or part replacement, takes place only
after failure event has occurred [20], [21].
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Unlike the corrective (reactive) approach, which addresses failures only after they oc-
cur, preventive approach focuses on proactive measures to reduce the likelihood of equipment
failure. Instead of intervening only when a failure happens, this type of maintenance empha-
sizes preventive actions aimed at maintaining equipment reliability [22].

Some of the sources, like [8] or [9] classify one of the root types of maintenance being
proactive. It may look like it has the same meaning as preventive, but it is a broader term for a
a higher maintenance type in the hierarchy. It's said that proactive maintenance utilizes pre-
ventive and predictive maintenance activities to prevent equipment failures from
occurring [20].

Predetermined maintenance is formally defined as a type of maintenance carried out in
accordance with established intervals of time or number of units in use [7], hence it is some-
times referred as scheduled maintenance. The scheduling is usually based either on hours of
operation (then it's called a Time-based maintenance) or other quantitative usage indicators
(then it's called Usage-based maintenance), like the number of times an item has been used,
the number of kilometers the items has been used, etc. regardless of the current item
state [14]. In the reviewed materials such approach is categorized as a type of preventive ap-
proach.

Condition-based maintenance (CBM) is a type of preventive maintenance which include
assessment of physical conditions, analysis and the possible ensuing maintenance actions [7].
It is clearly seen that CBM is a type of preventive maintenance approach and so should be
categorized accordingly.

The next approach to be looked at is predictive. Predictive maintenance is an approach
that makes maintenance decisions based on the real machine health conditions [23]. The defi-
nition given in [7] states that predictive maintenance is a condition-based maintenance carried
out following a forecast derived from an analysis of item's parameters. Here we can conclude
that predictive maintenance is a derivative of a condition-based maintenance.

Improvement or modification is not always considered as a maintenance activity. [2]
states that modification is not a maintenance category, but at the same time it is noted that this
kind of task is often performed by maintenance organization. Since modification or improve-
ment is done in order to prevent failures it may be considered as a preventive maintenance
action, and therefor may be placed under a preventive maintenance category.

Opportunistic maintenance is a type that is not often find it the related literature. As was
mentioned before, this type of maintenance that is done when an opportunity appears (hence
the name), and it usually involves preventive activities.

Based on the reviewed classifications and the approaches identified within them, along
with descriptions of those defined approaches, a new classification for maintenance has been
developed (Fig. 10).
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Figure 10 — Proposed maintenance classification

Conclusion. The research highlights the need for a universally accepted classification
of maintenance types due to the diverse and often inconsistent categorizations currently in use
across various institutions and industries. A comprehensive literature review has been done to
determine what classifications exist and what types of maintenance they encompass. This
study aims to bridge the gap in maintenance classification by proposing a comprehensive
framework that include these approaches while allowing for the integration of emerging
methodologies. By establishing a universal classification, organizations can enhance their
maintenance strategies, ultimately leading to improved operational efficiency, reduced down-
time, and increased profitability. The findings of this research serve as a foundational step to-
wards achieving a more cohesive understanding of maintenance practices, which is crucial for
the advancement of the manufacturing sector in an increasingly automated and complex in-
dustrial landscape.

Further work should include more detailed research into defined maintenance approach-
es, with particular emphasis on the predictive approach as it as it represents a cutting-edge
approach that can significantly reduce unexpected downtime and optimize equipment
lifespan. Future studies should focus on the implementation challenges of predictive mainte-
nance, such as data collection, sensor integration, and algorithm accuracy.
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3azanvha knacugpikayis memooie mexHiuHo20 00C/1y208y6aHHA

Poboma npucesuena docniosxcennio icuyrouux xnacugixayii 0as memooié mexHiuHo2o
obcnyzoeyeanns. Hessaowcaiouu na snauny KinbKicmes npogeoenux 00CIIOHNCeHHs 8 2ay3i mex-
HIYHO020 00CTY208Y8AHHS, 3A2AbHONPUIHAMA Kiacugikayisi doci He po3pobnena. OCHOBHO
Memor Yyb020 00CNIONCEHHS € PO3POOKA VHIBEPCANbHOI Klacugikayii 6udie mexHiuHo2o 00-
CNY208Y8aAHHS, KA Mo2na 6 cmamu 3az2anvHonputinamoro. Ilposiswiu pemenvHuii 0210 aime-
pamypu, 8 sKill NOpYuLy8aiocy NUMAaHHA Kiacugikayii memooie mexHiyHo2o 00Cy208)8aHH s,
0Y10 8UABIEHO MA NPOAHANI308aHO PIi3HI Klacugikayiuni cucmemu. Ha ocrosi susenenux cu-
cmem knacugikayii ma mux memooie TO, AKi 6 HUX 3A3HAYATUCH 0)]I0 3aNPONOHOBAHO HOBY
VHI8epcanbHy cucmemy Kiacugixayii.

Knouosi cnosa: mexuiune obcny2o8ysants, Memoou mexHiuHo20 00C1y208y8anHs, Kld-
cugirayis

Kynin Anpapiii IBaHoBMY — JOKTOp TEXHIYHHMX HayK, Ipodecop, 3aBinyBau Kadeapu
KOMIT FOTEPHUX CHUCTEM Ta Mepex KpuBopi3bKoro HalioHaJIbHOTO YHIBEPCUTETY.

Pomanenko Ouaexcanap OuieroBud4 — acmipanT Kadeapu aBTOMaTH3allii, KOMII IOTEPHUX
HayK 1 TexHoJorii KpuBopi3bkoro HallioHaJIbHOTO YHIBEPCUTETY.
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