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Abstract. Currently, research and developments in the field of monitoring and diagnostics of equipment of
energy enterprises, as well as new approaches in the management of repair activities, have gained high
importance. This is due to the increasing mechanism of aging of energy equipment. In the coming years, it
is expected to increase the decommissioning of the main production fund, which is used at the limit of
capabilities. There is a need for a comprehensive study and systematization of repair performance
indicators, the development and improvement of existing methods for assessing the repair activity of
equipment. New opportunities are emerging for digital-based research and development. The article
considers issues related to the introduction of modern methods for optimizing the management of repair
activities of energy enterprises. Theoretical and methodological provisions of existing systems for
maintenance and repair of power plant equipment are described. Analysis was carried out, on the basis of
which the advantages and disadvantages of these systems and methods of equipment diagnostics were
revealed, the model for calculating the repair production factor "unit costs" was presented and considered.

1 Introduction
At the moment, the relevance of the issue considered in
the article is due to the high development requirements
outlined in the approved Energy Strategy of Russia State Energy Policy for the Period until 2030 [1], which
describes the tasks that will improve the state of the
energy sector and its management efficiency. According
to the analysis carried out in the field of development of
existing methods for optimizing the repair process, the
best solution for enterprises, in particular energy
enterprises, in terms of automation and digitalization of
the process, can be considered complex modular
automated systems.
Having reviewed foreign repair management
systems, it can be seen that they do not set themselves
the task of extending the service life of electrical
equipment, since their practice involves only replacing
equipment after the end of its service life. There are also
serious differences in regulatory documentation for the
repair and maintenance, diagnosis, testing, composition
of equipment and its operation, which do not allow the
use of foreign systems for assessing the technical
condition of equipment for Russian power systems.
Meanwhile any innovations in any system inevitably
encounter a certain internal resistance. As a result the
expediency of practical introduction even of the most
"effective" technologies becomes very doubtful, and
they, in the majority, are the unclaimed world
companies. But, if to consider strong influence financial,
temporary, organizational, factors, then it is possible to
draw a conclusion that at introduction of similar systems
*

which allow to solve problems of management at least of
repair activity not less than 3 years will be required.
Considering the experience of foreign countries in terms
of management technologies based on Russian
enterprises, we faced a number of reasonable difficulties.
If you look at the very principles and methods of repair
management, which are considered effective in the
leading countries of the world, repair management
systems, you can see that they do not set themselves the
task of extending the life of electrical equipment, since
their practice involves only replacing equipment after the
end of its service life. Currently, research and
development in the field of monitoring and diagnostics
of power plant equipment have gained great importance.
This is due to the growing mechanism of aging of energy
equipment. As a result, an increase in the
decommissioning of the main production fund, which is
used at the limit of capabilities, is expected in the
coming years. A comprehensive study and
systematization of repair performance indicators, the
development and improvement of existing methods for
assessing the repair activity of equipment are necessary.
The experience of foreign countries in the field of
management technologies is quite high, but using it on
the basis of Russian enterprises makes us face a number
of reasonable difficulties. During the analysis, serious
differences were noted in the regulatory documentation
for repair and maintenance, diagnostics, tests, equipment
composition and its operation. If you look at the very
principles and methods of managing repair activities that
are considered effective in leading countries of the
world, you can see that for the most part the
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management system needs to be fundamentally changed
with the help of strengths, the will and power influence
of the leadership. Meanwhile, any innovations in any
system inevitably encounter some internal resistance. As
a result, the feasibility of practical implementation of
even the most "efficient" management technologies is in
question, and they are unclaimed by Russian companies.
Existing systems for assessing the technical condition
of equipment are automated expert systems. These
systems are mainly designed to solve the following
problems - analyzing the state of the equipment in order
to detect defects and faults, as well as optimizing control
actions on control objects in order to increase the
reliability of the equipment and extend the life of the
objects. In modern conditions, depending on the volume
and completeness of data collected, as well as the area of
using these data for analysis and technical diagnostics,
the following are used:
- mathematical methods;
- logical methods of curve recognition;
- separation methods in the attribute space;
- methods based on probability theory;
- Methods based on information theory;
- statistical methods of recognition;
-methods based on determining the value of
characteristics, etc.
For correct operation of the repair management
system, we note the importance of the influence of
energy characteristics not only on the optimization of the
mode of operation of energy equipment, but also on
various violations of the normal mode of operation of
energy equipment and on its characteristics. Therefore,
optimizing the determination of energy characteristics of
power equipment is a timely and important task.
Consider the current methods used to determine energy
characteristics and the global trends towards
development. Energy characteristics can be determined
by specially organized tests and during normal operation.
Depending on the task, the tests are divided into [2]:
- commissioning modes carried out in order to build
mode optimal maps of power equipment operation (for
example, dependencies of the optimal value of the
excess air coefficient on the power unit load);
- mode-information, carried out to determine static
characteristics (for example, consumption characteristics
and characteristics of specific increments) or to
determine the degree of violation of normal operation
mode of power equipment (for example, when switching
off the air heater, smoke pump or blast fan, etc.);
- operation, carried out after overhaul or
reconstruction, when switching to another type of fuel,
when systematic deviations of parameters from normal
values, etc.;
- special ones carried out to identify the
characteristics of individual elements of power units
(boiler superheater, water economizer, air heater,
circulation system, etc.) or to determine their condition;
- acceptance and delivery, carried out in order to
check the technical and economic indicators of power
equipment guaranteed by the manufacturer.

2 Analysis of modern existing methods
for assessing and optimizing the
management of repair activities of
energy enterprises
At the moment, sufficient experience has already been
gained in finding various approaches to solving the
problem of optimizing repair management, which finds
itself in a variety of methods for analyzing equipment
failures. Such methods include the following: qualitative
method, causative analysis, spatial analysis, Pareto
analysis [2], Schuhart control maps, quantitative method,
temporal analysis, methods for calculating reliability
indicators [3]. Let's look at modern methods of analysis
of technical condition of equipment. Let's look at the
most well-known methods of assessing the state of
equipment, the methods of analysis in more detail.
A qualitative method based on a joint analysis of
aggregate data on equipment failures allows you to
identify logical patterns of their occurrence. This method
is relatively low in data collection, preparation and initial
processing, but requires significant intellectual costs, a
good knowledge of the equipment and an understanding
of its processes for successful application. The
conclusion, based on the available data samples, should
be made by the specialist himself, and not by the system,
which largely depends on his level of expertise.
Causal-factor analysis is the identification of typical
problems characteristic of a particular equipment, site,
workshop, enterprise as a whole. In order to achieve the
result, during the investigated period the number of
implementation of accidents due to their causes, repair
effects on pitches, replacement of spare parts by types or
other similar indicators is determined. The impact of the
category with the largest or most sample
implementations becomes the basis for making
appropriate recommendations.
Spatial analysis is aimed at determining the
"weaknesses" of the equipment, process line, plant as a
whole. For this purpose, for the period under
investigation, the number of incidents implementation at
the place of their occurrence is determined for objects of
process items that are lower in the hierarchy (for the
enterprise - by workshops, for the workshop - by sites,
for equipment - by units). Objects that generate the
largest or most problems require additional research to
form appropriate recommendations.
Temporal analysis is aimed at identifying cyclical
patterns of incidents [4-6]. For this purpose, for the study
period, which, at the discretion of the researcher, is
supposed to include several (if possible, more, but not
less than three) cycles, the number of implementations of
incidents at given intervals (hours, days of the week,
months) is determined. Consideration of extremes allows
us to form a hypothesis about the causes of cyclicity
(seasonal factors, personnel qualifications of various
shifts and the like), which can be the basis for the
development of appropriate recommendations in order to
minimize the influence of negative factors.
Monitoring, which includes a whole complex that
records the maximum amount of information about

2

E3S Web of Conferences 288, 01079 (2021)
SUSE-2021

https://doi.org/10.1051/e3sconf/202128801079

equipment parameters. In the course of data collection
and processing, the reliability criterion of power
equipment is evaluated, it can be said that it depends not
only on the quality of production, but also on
theoretically and scientifically justified operation,
identification of the type and degree of danger of a
defect at an early stage of its development, forecasting
the service life or residual life of the equipment, correct
maintenance, as well as timely repair. Data from the
system analysis of information on the state of modern
power equipment show that fairly high design reliability
indicators have been achieved. This does not exclude the
fact that during operation under the influence of various
factors, conditions and modes of operation, the initial
condition of the equipment is constantly deteriorating,
operational reliability is reduced and the risk of failures
increases. The process of equipment operation is based
on sequential changes in the time of operation, reserve,
repair, maintenance, etc.
By comparing the monitoring system and the
various data analysis systems applied worldwide, some
advantages of the monitoring system can be identified:
- monitoring, carried out in process mode;
- data reliability - high;
- storage of output data allows to identify
dependencies and relationships between occurring events
during operation;
- possibility to diagnose electrical equipment under
voltage.
If we consider the monitoring system for assessing
the state of electrical equipment and determining the
assessment of the state of substation equipment, we note
the disadvantages:
- output information, requires the mandatory
availability of a mathematical apparatus with a program
description, for its further processing and analysis;
- the monitoring system practically does not include a
final set of data on the entire equipment of the existing
facility, it is used to monitor the main nodes, very rarely
for auxiliary equipment.
Existing information collection and processing
systems allow to take into account some shortcomings in
existing methods of equipment repair and maintenance.
[6] Today, technical diagnostics and testing methods
are also actively used to assess the state of equipment at
power plants and substations. Periodicity and scope of
diagnostics are regulated. The number, type, value, and
methods of data collection vary depending on how the
equipment is diagnosed and assigned. Any type and type
of equipment implies the existence of a method of nondestructive testing (testing), by which it is possible to
obtain data on the state of equipment with a frequency of
inspection at least once a year. This method allows you
to have retrospective information about equipment state
parameters, which allows you to not only monitor the
dynamics of these parameters, but also on the basis of its
analysis to predict possible failures and defects.
The main factors affecting the reliability of the
equipment, except for the time factor (on-work), include
parameters that determine the operation of the resource.
At the same time, even for the same type of equipment
(for example, electrical equipment: electric motors,

switches and transformers), an uneven operation of the
resource is characteristic. This indicates that the impact
of operational factors on the technical condition must be
taken into account when determining the equipment
repair needs. Therefore, the generalized model of
resource consumption should be specified depending on
the peculiarities of operation, repair and operation modes
of specific types of equipment.
In the power industry, to carry out production
operation and maintain the correct technical condition of
the equipment in accordance with the requirements of
the regulatory and technical documentation [7], a
planned preventive repair system is also used
(hereinafter - PPR). In many ways, the existing PPM
system has effectiveness, but it does not always ensure
effective decision-making.

3 Search for optimization opportunities,
taking into account the analysis of the
identified
advantages
and
disadvantages, their application on the
example of an automated system for
monitoring the technical condition of a
dispersed energy facility
After considering in more detail the process of creating
and developing equipment diagnostics systems, we can
note the progress of several stages, we will consider the
main ones. At the first stage, standard sensors, devices
and devices are used. Further, they are supplemented by
missing sensors, specialized means. At the next stage, as
information systems develop, an automated system for
monitoring the technical condition (ASKTS) of
equipment is created on the basis of these tools. It, in
turn, successively develops into the subsystem of the
APCS of the energy facility as a whole and then into a
regional and industrial system [8]. Structural diagram of
configuration of such a complex of ASKTS hardware is
given in Figure 1.
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Z
ud
sum
Z
=
sum ERS
where – Z

(1)

ud
– total costs associated with the
sum

maintenance and operation of equipment, p/pcs.;

Z

sum

– total costs associated with the maintenance

and operation of this equipment, p.; ERS – unit of
equipment repair complexity [13].
All equipment used at the enterprise is reduced to a
general type (to the simplest form), and a conventional
unit of equipment repair complexity is considered as an
indicator to achieve real comparison conditions.
According to the proposed methodology, to bring all
equipment to the simplest form, it is necessary to use
coefficients that take into account different ratios of
repair costs depending on the type of complexity, age
and equipment load.

UE =  K  K1  K 2  
where

Fig. 1. Block diagram of an automated system for monitoring
the technical condition of equipment of a dispersed power
facility.

UE

(2)

– the total number of conventional units

of the repair complexity of a specific type of equipment

К

-the
at the enterprise, adopted in the PPR system;
total number of units of repair complexity for this type of
equipment; K1 is a coefficient that determines the
different level of material costs for models of one type of
equipment, depending on the repair complexity; K2 is a
coefficient that takes into account different levels of
material costs depending on the age of the equipment; load factor of a certain type of equipment.
Using these coefficients allows you to calculate the
total number of conventional units of repair complexity
of all equipment at the enterprise:

Within each type, methods are still classified
according to different additional characteristics. For
example, sensors are installed at the diagnostic facility
(OD), the composition and number of which are
determined by the tasks of ASKTS and the number of
monitored electrical equipment.
In order to take into account the large volume of data
of different origin, in a complex information
environment, it is necessary to consider in aggregate,
simultaneously considered criteria. This structure can be
represented in the form of interaction of individual
subsystems: data generation, collection, generation of
knowledge, decision making, conclusion. The database
generates and stores almost all information about the
object, various data on previously carried out diagnostics
and monitoring.
From the technical and economic point of view, the
indicator "unit costs," where repair and maintenance per
unit, is most accurately reflected in the efficiency of
repair work [9]. Based on the initial analysis of
information on repair activities based on diagnostics and
monitoring in the current conditions of development and
digitalization, it was considered, as an assessment of the
efficiency of repair production, in the first phase of
research, Consider, by means of a generalized analysis,
the calculation of an indicator that will be able to
compare productivity growth and the cost of achieving
it, in the future, other indicators and some optimization
and efficiency methods can be considered.
Recommendations for calculation and system analysis of
the "unit costs" indicator are presented below:

n

UE = 1 (UE )  К 3

(3)

where K3 – coefficient that determines the level of costs
for materials, depending on the type of equipment.
According to the above methodology, the
quantitative values of the coefficients used in (2) and (3)
are calculated on the basis of an analysis of the economic
indicators of the activities of the repair services at the
enterprise. Substituting the indicators into the general
formul (1), we get:

Z

ud Z sum
=
sum UE

(4)

where UE - the number of conventional units of repair
complexity of all types of equipment at the enterprise,
pcs.
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Thus, it is advisable to develop an automated system
for monitoring parameters and processing information to
assess the state and predict the reliability of equipment,
as well as the need to develop new methods of
operational control over operating modes and the main
influencing factors on equipment and special technical
means of control [10]. In this case, statistical data will be
formed based on the results of observations of equipment
carried out during operation during testing, maintenance
and repair.

3.

4 Conclusion

5.

4.

As a result of the studies carried out, the analysis of
existing methods for assessing and optimizing the
management of repair activities of energy enterprises
was carried out, a recommendation was proposed on a
generalized model of the method for assessing the
indicator of the effectiveness of repair activities from a
technical and economic point of view at the enterprise
and a conventional unit of equipment repair complexity,
which allows to analyze the operation of an enterprise; it
also allows taking into account the type, load,
complexity and age of the equipment. The possibility of
applying the results obtained in the context of the
development and implementation of digital technologies
in the energy industry is analyzed [11-13]. An analysis
was carried out in the field of ensuring the reliability of
the operation of the main and auxiliary equipment of
power plants, which showed that this problem from the
point of view of the optimal organization and effective
functioning of the system of technical and repair service
according to the technical condition is not fully reflected
in them. At the next stage of research, it is planned to
determine the relationship between the indicators of the
technical condition of power equipment and its
operational reliability, to analyze the identified applied
and most promising developed methods of diagnostics
and monitoring, existing regulatory and technological
documents necessary for the transition from the PPR
system to the most promising system of technological
maintenance and repair according to the actual condition
of equipment. It is also proposed to carry out studies to
assess the influence of the uncertainty of information on
the technical condition of electrical equipment on the
accuracy of determining the indicators of operational
reliability and the frequency of repairs.
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