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Abstract:

The article contains the analysis of factors influencing the efficiency of work of equipment maintenance, repair
and operation (MRO) units of industrial enterprises. We have systematized various classifications of these factors,
which were proposed in economic literature by different authors. We have divided the factors into following
groups: general and local; primary and secondary; external and internal; major and non-essential; direct and
oblique; reducing and boosting the expenses on equipment MRO and repair cost; production and non-production;
depending on management and independent; economic, operation, organization ones; structural and produc-
tion-technical ones; which are interconnected. It has been proposed to classify factors influencing the efficiency
of equipment MRO units into five groups: economic, exploitation, organization, production-technical and struc-
tural ones. Using expert evaluation method, the factors have been divided into three groups according to degree
of their influence on efficiency of work of equipment MRO units of industrial enterprises. The priority was given
to the factors of the first group, having decisive influence on formation of efficiency. The most significant factors
have been identified. In opinion of experts, these factors include: method of organization of work of equipment
MRO service; level of economic autonomy of MRO enterprise in terms of organization of equipment MRO; finan-
cial and market situation of enterprise; the degree of repair complexity of production equipment.

Key words: maintenance, repair and operation (MRO), method of organization of work of equipment MRO ser-
vice; level of economic autonomy of MRO enterprise

INTRODUCTION

Analysis of the growth of the efficiency of operations of
maintenance, repair and operation (MRO) units of indus-
trial enterprise allows finding out the factors or the
sources of this process. It is accepted to understand the
factors of efficiency of works of equipment maintenance,
repair and operation (MRO) as the processes and phe-
nomena, which determine the scale of production output
increase and possibilities of growth of optimum efficiency
of work of equipment MRO and the whole enterprise it-
self. For example, Z.B. Khmelnitskaya has noted: “De-
pending on the whole range of technical, economic and
organization factors, the system of technical maintenance

(including repair services) can be transformed in terms of
its composition, volume and nomenclature of services”
[1]. One way or another, the change in consumption of
particular types of resources inevitably causes the change
in parameters of efficient work of MRO units of industrial
enterprises.

An overview of economic literature has shown that differ-
ent authors offer various classifications of factors, influ-
encing the efficiency of work of MRO service units of en-
terprise [2,3,4,5,6,7,8,9, 10, 11, 12].

Generalization and systematization of gained experience
allows offering the classification, according to which the
factors [13, 14], influencing the efficiency of technical
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maintenance and repair of equipment on industrial ser-
vices [15], are divided into general and local, primary and
secondary [16, 17], major and non-essential, direct and
oblique [18, 19, 20, 21, 22], etc. (Table 1).

Table 1

Systematization of factors, influencing the efficiency of work
of maintenance, repair and operation service units (according
to the major criteria)

e s L. Division of factors
Classification criteria . .
according to the criterion
. External

Action source
Intra-plant

Method of action on efficiency Direct

of MRO of equipment Oblique

Influence of supervising Objective

personnel on the factor Subjective

Influence on the expenses Reducing

on MRO of equipment Boosting

Possibility of quantitative Complicated

assessment Certain

Influence on the cost Reducing

of equipment MRO works Boosting
Economic
Operation

Groups of factors Organization
Structural
Production-technical

Some of them influence the degree of use of all-type re-
sources during equipment MRO, thus increasing the per-
formance efficiency of enterprise. The others mainly af-
fect the consumption of particular types of resources, for
example, equipment technical state, operation condi-
tions, quality of used structural materials, durability of
parts and overhaul life. However, these factors also influ-
ence the efficiency of use of other resources indirectly.

EFFICIENCY OF WORK OF EQUIPMENT MAINTENANCE -
ANALYSIS

Efficiency of equipment MRO on industrial enterprises is
formed under the action of several factors. They include:
the resources, used in production (production assets, la-
bor resources), organization and economic form of their
use and the complex of industrial relations between the
state and industrial enterprises, between separate enter-
prises, between the personnel of industrial enterprise and
a particular worker. Consequently, the efficiency of equip-
ment MRO on industrial enterprises is formed under the
action of big range of factors, causes and circumstances,
including those, which are hard to predict (sudden acci-
dent failures of equipment).

Some of them can be expressed quantitatively and com-
pared with specific result of economic management. The
other group cannot be compared to such effect. Separate
processes of equipment MRO can have accidental errors.
These include repair period, set of repair operations, qual-
ity of replacement parts, availability of means for mecha-
nization of repair operations, working personnel qualifica-
tion. They all influence the production costs of equipment
MRO and, eventually, the value of gross income and profit

of the enterprise. To reflect the influence of the whole

range of factors adequately, it is necessary to use system-

atized approach and different methods of analysis.

In addition, depending on the action on efficiency of MRO,

the factors are divided into direct ones, which actually de-

termine the possibility of MRO service units to improve

economic parameters of their production management,

and oblique factors, which can influence this possibility.

The analysis of literature sources allows classification of

factors of efficiency of MRO units work the next way:

Economic factors:

— equipment cost;

— moral depreciation of equipment;

— price level for MRO works;

— prices for replacement parts and repair & mainte-
nance materials;

— material reserves for repair & maintenance needs;

— scientifically substantiated planning of repair works
and expenses;

— quality of replacement parts and materials for repair
& maintenance needs; depreciation deductions.

Exploitation factors:

— equipment exploitation period;

— equipment technical condition;

— availability of replacement parts and material reserves
for repair & maintenance needs;

— operation conditions (vibration level, temperature,
humidity level, etc.);

— qualification level of production staff;

— qualification level of maintenance staff.

Organization factors:

— organization form of MRO on the plant;

— equipment MRO management on the plant;

— in-process concentration and specialization of equip-
ment MRO;

— interplant and interdepartmental concentration and
specialization of equipment MRO;

— organization of material and moral incentive for
maintenance staff;

— degree of labor mechanization for equipment MRO on
the enterprise;

— system of quality assessment of equipment MRO
works in the enterprise;

— assessment system of repair expenses efficiency.

Production-technical factors:

— equipment composition structure;

— physical wear of equipment;

— manufacturing technology of the produced goods;

— automatization degree of production;

— equipment maintenance and repair technologies.

Construction factors:

— selection of design solutions;

— selection of construction elements and materials.

However, studied factors can have both positive and neg-

ative impact on efficiency of work of MRO units [23].

As V.M. Semenov noted, “all the variety of methods to

raise the efficiency of work of technical maintenance units
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can be divided into two groups: the change in output vol-
umes and the decrease in cost price” [24].

Among the economic factors, the role of depreciation de-
ductions, the cost of production assets and the price level
should be noted. What is more, efficiency of equipment
MRO considerably depends on availability of replacement
parts, their quality and cost. Creation of stocks, that are
not economically substantiated, negatively impacts eco-
nomic indicators of enterprise. Such stocks are usually
formed because of poor quality of planning and mistakes
in calculation of demand. On the other hand, underesti-
mated material stock for repair and maintenance needs
can cause a decrease in incomes of the enterprise due to
anincrease in equipment idle time during MRO and even-
tually it may result into drop of production output.
Exploitation factors greatly influence the volume of works
on equipment MRO. The highest influence is exerted by
operation life and technical state of equipment. Opera-
tion conditions, which include mechanical action (impact
loads, vibrations, acceleration and work forces), tempera-
ture environment, humidity and particles in the air, are
also of great importance. They usually affect the opera-
tion life and physical wear of equipment, leading to an in-
crease in expenses on repair and maintenance of equip-
ment. For example, metal machining equipment, operat-
ing in manufacturing shops of optical mechanics enter-
prises, gets worn two times faster than the same equip-
ment on mechanical engineering factories. The reliability
of equipment operation significantly depends on the qual-
ification of repair and maintenance staff.

The efficiency of work of MRO service units depends on
organization and management factors, such as organiza-
tion form of MRO on the plant, organization of process
management and control over MRO units and system of
quality assessment of equipment MRO works in the enter-
prise.

Production-technical factors also play an important role in
the system of equipment MRO efficiency. They include
quality of the used production assets, equipment mainte-
nance and repair technologies, and their compliance to
new scientific and technical achievements. The changes in
equipment composition structure and physical wear of
equipment considerably affect the volume of works on
equipment MRO [25].

The efficiency of equipment MRO is determined by con-
struction factors in many ways. Selection of design solu-
tions and materials should be noted, as they greatly affect
the expenses on equipment operation. For example, the
resistance of the rod of a large hammer of domestic heavy
engineering plants lasts for about a week, and then it is
required to manufacture the rod for replacement in a me-
chanical repair shop and carry out assembly and disas-
sembly work on the hammer. The rod made from the re-
jected one is idle for more than a year. Resistance and
costs are incomparable. But constructive factors are ex-
ternal factors that often cannot be controlled by the en-
terprise.

As the full list of factors influencing the efficiency feature

is unknown, and the same can be said about the correla-
tion ratio of particular factors to resulting efficiency, it is
necessary to select the factors influencing the efficiency
of equipment MRO very carefully. This is also reasonable
due to the fact that one group of factors for a given level
of management is objective, and the other is subjective. If
availability of resources can be accepted as objective fac-
tor, the organization of its use has mainly subjective na-
ture. The division of factors into subjective and objective
is rather conditional, as objective factors are greatly influ-
enced by the subjective ones. For example, labor re-
sources should be reviewed as objective factor, but at the
same time they depend on living environment (labor com-
pensation, working conditions, and job prestige). Labor
output growth is one of the main factors of increasing the
efficiency of equipment MRO on the enterprise. However,
this is a secondary factor, which is determined by availa-
bility of assets and energy, qualification of workers, de-
gree of repair works specialization and quality character-
istics of used equipment, organization of labor and a
range of other primary factors.

One should consider diverse character and different
speed of change of factors, affecting the efficiency. For ex-
ample, growth of expenses on MRO service units can
cause considerable decrease in labor input of repair
works, increasing their quality, however, nobody knows
for sure whether it results in downsizing the total ex-
penses on equipment repair or not.

The task of factor analysis consists in studying the degree
of influence of each factor on the efficiency of equipment
MRO. Factor analysis applications are based on two
schemes. The first scheme assumes the presence of al-
ready known factors, identified with specific indicators -
the factor of the type of production, the factor of the age
of equipment, etc. It is only necessary to decide which of
these factors affect the objects under study and in what
combination. In the second scheme, the factors are un-
known, it is necessary to identify them and determine the
degree of their influence. It should be mentioned that al-
most all of the published theoretical and practical re-
searches on factor analysis deal with solution of direct
task. That is why we have decided that the first scheme is
more appropriate for selection of factors, influencing the
efficiency of equipment MRO. Besides, it is necessary to
figure out the influence of in-process factors with availa-
ble resources. Selection of the factors and indicators, ex-
pressing them, is the most important and responsible task
and it is usually fulfilled in several stages. The first stage
includes all factors, which can possibly affect the feature,
characterizing the result. This stage should not have any
limits during a priori analysis. It is necessary to study all
factors, which influence the efficiency feature, by using
different methods. Logical analysis does not ensure relia-
ble determination of factors with close connection with
the efficiency feature. Along with insignificant factors,
one should also exclude from the system those factors
that cannot be assessed quantitatively due to the lack of
information necessary for this. Therefore, the selection of
factors and features that characterize them should be
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continued using the methods of mathematical statistics
(calculation of paired correlation coefficients and criteria
for their reliability, partial correlation coefficients, and
analysis of variance).

On the second stage comparative assessment is fulfilled
and part of the factors is excluded by means of qualitative
analysis combined with analysis of paired coefficients and
correlation indices and an assessment of their signifi-
cance. The matrix of paired correlation coefficients simpli-
fies this work; it allows assessment of correlation ratio of
each factor both to the efficiency feature and the other
factors. If there is extreme correlation between the fac-
tors, a part of them should be excluded, until there are no
correlation coefficients exceeding 0,8. The matrix of
paired coefficients simplifies selection of indicator for ex-
pression of one or another factor in case of introduction
of several indicators in the model. The factor, which has
closer correlation to the efficiency feature, rather than
other factors, should be preferred. If the correlation ratios
of a number of factors to the efficiency feature turn out
to be high, the decision on the preference of the factor
can be postponed to the next stage of selection. On this
stage various versions of the multivariate model are built.
It should be considered that low coefficients for linear cor-
relation may not reflect the real value of nonlinear corre-
lation.

The final stage of factors selection is fulfilled with applica-
tion of different variants of multifactor models, in which
the form of the relationship of factors with an efficiency
feature is identified. At this stage, the significance of the
regression coefficients is checked. This completes the se-
lection of factors in the process of multistep regression
analysis. After solving the model and evaluating the signif-
icance of all regression coefficients, those factors for
which the coefficients are insignificant are excluded from
the equation. The process of excluding factors should be
continued until all the regression coefficients in the re-
gression equation are significant.

Efficiency feature of equipment MRO should be a logical
consequence of influence of factors and have correlation
with the factors.

During regression and correlation analysis it is necessary
to study the relationships both in multifactor model and
paired correlation relationships. In the equation of multi-
linear regression the coefficients at Xi show how the effi-
ciency feature averagely changes with an increase in the
corresponding factor by one, while the other factors in-
cluded in the regression equation remain unchanged. The
coefficients of paired regressions show how efficiency
feature changes with increase of the given factor by one
with simultaneous corresponding change in other factors
correlated with it.

The difference between the values of parameters in the
equations of multiple and paired regressions is explained
by the existence of dependence between the factors. The
coefficient in the equation of paired regression character-
izes not the effect from the changes in given factor itself,
but its relative effect. It expresses not only pure influence
of given factor on efficiency factor, but influence of other

factors, correlated with it and affecting the efficiency fea-
ture through that factor. The coefficients at Xi in multiple
regression equation should be eliminated, i.e. freed from
the influence of other factors in the equation. Elimination
is made by different methods — chain substitutions, meth-
ods of differences and equity participation, balance and
economic-mathematical methods (sampling method, cal-
culation of variation, correlation, regression and variance
analysis, linear programming, using methods of queuing
theory, etc.). The more fully the factors are represented
in the multiple regression equation, the more accurately
the regression coefficients express the net efficiency of
the factors. At the same time, the effect of each factor in-
cluded in the multiple regression equation is cleared from
the influence of factors included in the equation, though
it is not cleared from the influence of factors not pre-
sented in the equation

Taking into account the mentioned above, there is a ques-
tion: as all the factors, influencing the efficiency of equip-
ment MRO are interrelated and interdependent, can
there really be a phenomenon in which proportionality
between the factors remains, if one of them changes by
one unit, while the others remain unchanged? That is why
multiple regression coefficients should be compared with
paired correlation coefficients. The forms of relations
should be checked on the stage of analysis of paired cor-
relation by comparing the data from several models with
different relation form.

RESULTS

Selection of factors and features, expressing them is made
on the final stage by means of multistep regression analy-
sis and analysis of the results of consequent interpreta-
tions with the use of expert evaluation method, which al-
lows reliable identification of amount and value of factors
and their classification. As classification of factors can be
made by experts with subjective approach, some of the
researchers make the conclusion that “in current condi-
tions the application of method of factor analysis of state
and development tendencies of production economics
does not fully satisfy the task of increasing the production
efficiency” [4, p.51]. In our opinion, such categorical con-
clusion is not perfect. Indeed, expert evaluation method
has certain disadvantages because of possibility of subjec-
tive approach of particular experts. However, the ad-
vantages of factor analysis prevail this possible disad-
vantage and the use of this method for determination of
major factors, influencing the efficiency of equipment
MRO on industrial enterprises in current conditions is cor-
rect and reasonable.

Studying the mentioned factors, it should be assumed
that there is as minimum one more important factor,
which forms the efficiency of activities in equipment
MRO. Such factor, as we think, is the level of economic
autonomy of service units, carrying repair functions [24].
The existence of this factor is considered fundamental by
a range of authors [4, 8, 26, 27]. Thus, on the base of re-
search, carried out on materials of repair, instrumental,
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energetic and transport services of several mechanical en-
gineering plants, Z.B. Khmelnitskaya has made the follow-
ing conclusion. “The choice of organization forms is fun-
damental in the decision-making technique during organ-
ization of system of production and technical service, as
they bring the certain changes in volumes, nomenclature
of operations and services, organization structure of man-
ufacturing and composition of management structure of

service units” [27].

In our opinion, the presence of such factor as level of eco-

nomic autonomy of a subject, fulfilling repair works is also

conditioned by other reasons:

1. Currently there are many different ways of equipment
MRO organization, they can be fully or partly autono-
mous subjects (MRO companies in holding and out-
sourcing independent companies). Organization
method results in differences in management systems
and other different aspects, which form subject be-
havior on market.

2. Anincrease in economic autonomy of a subject results
in growth of personal interest of workers, which in
turn leads to a decrease in expenses and an increase
in labor output including optimization of all types of
resources [28].

To assess the influence of all identified factors on the effi-
ciency of work of MRO service units expert opinion poll
has been carried out. The expert group included employ-
ees of several mechanical engineering enterprises and
one specialized inter-holding company producing MRO
equipment:

— deputy director for production — 1 person,

— chief engineers — 2 people,

— chief mechanics — 4 people,

— chief power engineers — 3 people,

— chief metrologists — 3 people,

— heads of power engineering shops — 2 people,

— shop foremen — 6 people.

During the first stage of the poll the experts, using paired

comparison method, have divided all factors into three

groups by degree of influence on efficiency.

First group of factors, defined as factors, having decisive

influence on formation of efficiency, includes the follow-

ing:

— system of management over MRO activities;

— economic state of the enterprise;

— operation life and wear of the equipment to be re-
paired;

— improvement in organization of service production;

— level of economic autonomy of MRO company;

— prices for replacement parts and repair materials;

— operation conditions of equipment (temperature en-
vironment, particles in the air, vibrations and etc.);

— qualification level of production workers;

— qualification level of repair workers;

— interplant and interdepartmental concentration and
specialization of equipment MRO;

— in-process concentration and specialization of equip-
ment MRO;

— cooperation of repair works;

— equipment MRO technologies.

The influence of the given group of factors on the effi-

ciency value is estimated as 30-50% by different experts.

Explanation of such factor as degree of economic auton-

omy, based on studying literature sources and analysis of

expert opinions looks the next way:

— possibility to allocate the profit independently. Such
profit allocation will lead to an increase in staff wages
and improvement of structure of equipment stock,
used in MRO;

— possibility to form quotation for MRO services inde-
pendently. The experts have noted that due to high in-
direct costs large and medium mechanical engineering
enterprises are not able to quote competitive prices,
which causes losses of orders with simultaneous un-
derload of maintenance staff;

— possibility to design and adapt organization structure
independently. The experts proved this statement by
examples of equipment downtimes due to inefficient
transfer of material values, information, distribution
of repair works among personnel.

The second group of factors, named as factors, having me-

dium influence on formation of efficiency, includes the

next factors:

— complexity and labor input of repair works;

— the use of operational time;

— stimulation of repair personnel;

— provision of MRO service units with equipment;

— availability of material reserves for repair & mainte-
nance needs;

— improvement of technology of ancillary processes;

— mechanization and automatization of labor of mainte-
nance workers;

— improvement of servicing technologies, compliance
with technological discipline and exploitation rules for
repaired equipment.

The influence of this group of factors has been estimated

by the experts in the range of 5-29%.

The third group of factors, defined as the least important

for MRO efficiency, includes:

— the state and planning of accounting;

— structure and volume of products manufactured by
the enterprise, production program;

— decrease in cost price of main production;

— production assets loading;

— equipment cost;

— depreciation deductions.

The influence of this group of factors is evaluated as up to

5%.

CONCLUSION

The results collected in this work have shown that with

the purpose of additional specification of the priority fac-

tors it is reasonable to analyze only complex factors from

the first group:

1. Organization factors:

— method of organization of work of equipment MRO
service (improvement of service production organiza-
tion);
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— qualification level of production workers;

— qualification level of repair workers;

— interplant and interdepartmental concentration and
specialization of equipment MRO;

— in-process concentration and specialization of equip-
ment MRO;

— cooperation of repair works;

— level of economic autonomy of MRO enterprise.

. Economic factors:

economic state of the enterprise;

— prices of replacement parts and repair and mainte-
nance materials.

3. Production-technical factors:

— operational life and wear of equipment to be repaired;
— operation conditions of equipment (temperature en-
vironment, particles in the air, vibrations and etc.);

— equipment MRO technologies.

The content of factor “economic state of the enterprise”
is indicative of financial component, that determines its
profitability and solvency. Such statement allows addition
of financial component to the formulation of this factor
and define it as “financial and economic state of the en-
terprise”

During the second stage of expert opinion poll, they de-
termined the importance of each factor, obtained in the
first stage, in the efficiency of work of equipment MRO
service units.

Identification of the most meaningful factors will ensure
formation of high-efficiency MRO service in short time.
The narrowing of range of factors will lead to removing of
specific restrictions, practical fulfillment of which is con-
nected with growth of labor input and increase in ex-
penses.

The results of the first stage of the poll are shown in Table
2.

N

Table 2
Importance of factors, influencing the efficiency
of work of MRO services
Factor . Factor
importance
1. Method of organization of work of 18.3
equipment MRO service
2. Level of economic autonomy of MRO 20,5
enterprise
3. Market situation of enterprise en- 19.6
gaged in equipment repair )
4. Prices of replacement parts and re- 101
pair and maintenance materials '
5. Operational life and wear of equip- 9.4
ment to be repaired '
6. Operation conditions of equipment 10.9
7. Equipment MRO technologies 11.2
In total 100

According to the results of expert opinion poll, it can be

noted that the main factors, forming the efficiency of

work of MRO service units are:

— method of organization of work of equipment MRO
service;

— level of economic autonomy of MRO enterprise;

— financial and economic state of MRO enterprise;

— the degree of repair complexity of production equip-
ment.
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