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Abstract – The issue of repair of power equipment is relevant, because the good technical condition of the equipment provides a reliable and uninterrupted supply of consumers. Also the cost of maintaining the technical condition is less than the cost of purchasing a new one. The article presents approaches to managing the technical condition of power equipment, features of approaches and their properties. Also the analysis of expediency of applying approaches to different groups of equipment, advantages and disadvantages of each approach is made. 
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I. INTRODUCTION
Operation of energy industry facilities is impossible without organizing the power equipment repairing processes. Most energy companies are under tight conditions. On the one hand, there is a need to ensure high-quality and uninterrupted power supply. Оn the other hand, the goal of any enterprise is a profit, the amount of which also depends on the cost of the equipment repairing [1].
Ensuring both requirements are largely interrelated. Qualitative and uninterrupted power supply can be provided only with timely and highly efficient repair of power generation, transmission and distribution facilities [2].
The objects involved in the process and directly related to production and distribution are part of the production complex of the energy sector (hereinafter referred to PCES). These include based process equipment of power facilities (e.g. high power generators, high voltage transformers, turbines, boilers, etc.).
Maintaining the technical condition of the main process equipment is quite expensive. Without creating the necessary conditions, the equipment can wear out in a short period, and require more capital costs: these are the costs of acquiring and maintaining equipment. The main necessary conditions at the facilities of operation of the main process equipment can be described as the proper condition of the buildings and structures in which the PCES is contained, the availability of personnel with the proper qualifications in the repair team for servicing the PCES.  In this regard, it is necessary to organize the process of maintaining the technical condition of the facilities that ensure the operation of the PCES. These objects are called the process complex of the energy sector (hereinafter – TCES). These include auxiliary equipment (pumps, heaters, etc.), buildings and structures (in which the PCEC facilities are located), transport necessary for servicing the PCES, etc. [3].
Fig. 1 shows the structure of the Technical Power System in terms of asset type.
The following tasks are required to ensure the operation of PCES and TCES.
· Provision of serviceable condition of PCES and TCES facilities;
· Maintenance of serviceable condition of PCES and TCES facilities; 
· Creation of an organized system to ensure the serviceability of the PCES and TCES;
· Provision of information and methodological support of the system;
· Generation of requirements for serviceability;
· Experience analysis, correcting actions to ensure the best outcome.
The study is based on the selection of the most optimal ways to ensure the serviceable state of PCES and TCES.
Managing the technical condition of the electric power complex assets is the most rational approach from the investments point of view [4]. 
This work allows you to:
· To determine the most optimal approach to the management of the technical condition of the equipment;
· In accordance with the chosen approach to determine the strategy of impact on the equipment;
· Determine the risks of equipment failure based on the value of the probability of failure.
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Fig. 1. Structure of electric power system in section of asset type
II. [bookmark: _Hlk91341292]APPROACHES TO MANAGEMENT OF ELECTRIC POWER FACILITIES TECHNICAL CONDITION
Table I shows the approaches to control the technical condition of the electric power complex facilities.
TABLE I. Approaches to management of electric power facilities technical condition
	№
	Approach name
	Description
	Key Attributes

	1
	Until-failure operation
	The impact on the equipment will be realized only after it reaches a critical (inoperable) state
	Failure of equipment

	2
	Planned maintenance by standard
	The impact is carried out on the basis of the plan, which is drawn up on the basis of repair standards
	Equipment development rate for the period
Period of equipment operation

	3
	Scheduled maintenance by condition
	Impact is  based on equipment condition parameters
	Equipment Health Index Value
Equipment failure probability value


A. Оperation until failure
Operation until failure is the first strategy in the history of equipment repair. This approach does not require the organization of repair programs. It is the easiest approach to repairing equipment. Within the framework of the approach, repair actions are carried out when the equipment reaches a critical state, which is characterized by the inability of the equipment to perform the specified functions (loss of operability) [5].
The key advantages of this approach are:
· no labor costs for planning equipment repair;
· the duration of the overhaul period is the longest, and it can correspond to the life of the equipment;
· the costs of medium and maintenance repairs are completely excluded;
· the need for maintenance teams is minimized.
However, this approach has several disadvantages:
· significant costs for the aftermath of accidents resulting from sudden equipment failure,
· significant costs for technical re-equipment and reconstruction of failed equipment.
As a result, the operation of the electric power plant requires a large number of operating costs at small values of operating costs (equipment maintenance and maintenance costs).
Fig.2 shows the diagram of equipment technical condition changes during operation before failure.
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Fig. 2. Diagram of changes in equipment technical condition during operation before failure 
B. Maintenance according Standard
Standards can be defined for the equipment. According to these standards, an impact should be carried out to improve the technical condition of the equipment. On the basis of these standards the frequency of maintenance, maintenance, average repair and capital repairs is defined [6].
Planned preventive maintenance according to the standard allows carrying out preventive actions in order to prevent the occurrence of inoperable condition of the equipment. The advantage of routine maintenance according to the standard is the extension of the operable condition of the equipment due to preventive effects.
The main disadvantages in this case are the following:
· increased cost of maintenance and repair;
· defects.
The increase in costs is related to the costs of preparing and carrying out technical impacts on the equipment due to the date of repair set according to the standard, and not according to the actual technical condition. In addition, it is difficult to take into account the occurrence of unpredictable defects occurring on the equipment in the conditions of carrying out impacts according to the standard [7].
Fig. 3 shows changes in equipment technical condition during planned preventive maintenance according to the standard.
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Fig. 3. Diagram of change of equipment technical condition during planned preventive maintenance according to the standard 
C. Scheduled maintenance by condition
Scheduled preventive maintenance as per condition is carried out on the basis of the actual technical condition of the equipment. The actual technical condition of the equipment is determined based on the values of the technical condition index and the probability of equipment failure [8].
Scheduled maintenance as per condition is performed according to the following stages:
· Determination of the current technical condition of the equipment (calculation of values of the technical condition index and probability of equipment failure at the moment);
· Comparison of calculated results value with standard values of technical condition index and probability of equipment failure, determination of deviations criticality;
· Analysis of changes in values of technical condition index and failure probability with calculated values of previous calculation periods;
· Formation of repair program based on criticality of deviation from the standard value; selection of impact type;
· Repair costs calculation;
· Repair;
· Analysis of carried out impacts results (calculation of technical condition index and a failure probability after repair) [9], [10].
Currently, the calculation of the technical condition index and failure probability for the main process equipment is methodologically implemented.
Calculation is performed for the equipment and its functional units [11], [12].
	EСIу=100×∑iKi×EPGi/4	
where EСIу (Equipment Сondition Index) is an equipment functional unit technical condition index;
Ki is the weight of the group of parameters reflecting the technical condition of the equipment;
EPGi (evaluation of parameter group) is the score of a group of parameters (the deviation of the actual values of the group of parameters from the normative values is determined).
In order to create the program of scheduled preventive repair by condition, it is necessary to calculate the forecast of the change in the technical condition index [13] – [15].
	у(t)=(1–|tanαfу|×t)×EСIу/100	(2)
where t – prediction time, years;
tanαfу – tangent of tilt angle of change of technical condition index over the past period.
Based on the forecast data of the change in the technical condition index, it becomes possible to calculate the probability of equipment failure.
	pf (t)=(1–у(t))×k 	(3)
where у(t) is the function of predicting a change in the technical condition index;
pf (t) is a probability of equipment failure;
k is a coefficient calculated based on the value of the technical condition index for the previous and current period.
This maintenance approach eliminates the extra cost of repairing the equipment, since the impact is carried out only on equipment requiring technical impact.
Fig. 4 shows the diagram of change of equipment technical condition during scheduled preventive maintenance as per condition.
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Fig. 4. Schedule of change of equipment technical condition during scheduled preventive maintenance by condition
III. ANALYSIS OF TECHNICAL MANAGEMENT APPROACHES
Each given approach of equipment technical state control is an evolutionary stage of technical state control system development. But at present, none of the approaches has lost their relevance.
Based on the above data, it is necessary to analyze the feasibility of applying each approach to technical condition management for different types of equipment. The analysis data are shown in Table II. The strategies for managing the state of the equipment are shown in the Fig.5.

TABLE II. Assessment of technical state management approaches
	№
	Approach name
	Method of  technical condition change
	Advantages
	Disadvantages
	Method of works organization  
	The approach is appropriate for the following equipment groups
	Rationale for the approach

	1
	Until -failure operation
	Equipment replacement  with new ones (technical re-equipment and reconstruction) [16]
	Low training and maintenance costs
	Equipment outages during repair, low reliability, unforeseen costs
	Station employees

	Small-sized equipment of stations not involved in the main process (TCES facilities - gate valves, small-sized pumps of non-essential consumers, some separate spare parts of equipment, etc.)
	Lower operational maintenance costs (replacement costs significantly lower than maintenance monitoring costs)

	2
	Planned maintenance by standard
	Impact on equipment within the timeframe specified in the regulatory documentation (industry standards of equipment production, manufacturer's recommendations, etc.)
	Ensure reliability, reduce downtime
	Excessive or insufficient maintenance of equipment, maintenance, training, provision of repair personnel
	Station employees
Employees of contracting organizations
	Overall equipment that ensures the functioning of the main production process, but does not participate in the generation of a useful product - electricity (TCES - circulation, feed, booster pumps, deaerators, blast fans, smoke pumps, etc.)
	Ensuring reliability of equipment operation

	3
	Scheduled maintenance by condition
	Impact on equipment by values of design data of technical condition index, probability of equipment failure [17]
	Ensure high reliability, minimize equipment downtime, eliminate unnecessary or inadequate maintenance
	Costs of status monitoring and calculation of technical status index values and failure probability
	Employees of contracting organizations 
Maintenance of equipment manufacturers
	The main equipment involved in the process of obtaining a useful product - electrical energy (PCES - generators, transformers, boilers, turbines, etc.). This group is the most critical because if its elements fail, the main process can stop and cause an emergency.
	Ensure equipment reliability with cost minimization and selection of optimal impacts
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Fig. 5. Hardware health management strategies
IV. RESULTS
The paper describes and analyzes approaches to managing the technical condition of power equipment. In view of the complexity of calculations and analysis of the need to perform repairs when implementing the planned preventive maintenance approach, its application for the facilities of the PCES is the most appropriate. The PCES ensures the functioning of the energy sector as a whole, is responsible for the creation and transfer of a useful product – energy. In this regard, there is a need to ensure a high level of reliability of this equipment, insofar as the supply of consumers, such as industrial enterprises, hospitals, transport, etc., depends on the functions performed by the PCES [14].
At the same time, the approach of planned preventive maintenance is labor-intensive, and requires a specialized software package, which can be expensive. But with regard to the risks of equipment failure and the consequences of equipment failure, the approach of preventive maintenance according to the condition, with the use of which it is possible to determine the time of equipment failure, is a relatively insignificant capital investment.
The approach of scheduled preventive maintenance according to the standard can also be applied for the PCSE. But this approach reflects statistical data and does not make it possible to predict the risk of failure of specific equipment, therefore it provides less reliability. 
For TCES, the use of a planned preventive maintenance approach is not advisable, since TCES facilities are providing the activities of the PCES, and are not responsible for the transfer of a useful product. The most appropriate approach is to use the planned preventive maintenance approach according to the standard, since this approach is able to provide the required level of reliability with minor labor costs and investments. If the TCES object is the least important from the point of view of the impact on the PCES, the approach of operation to failure is allowed (in this case, the replacement of the object may be cheaper than its repair) [15].
V. CONCLUSION 
The study shows that the approaches for most profitable and efficient management of the technical condition of different asset types (PCES and TCES) differ significantly. The purpose of technical state management determining approaches is to ensure the reliability of the operation of electric power facilities, ensuring the production process continuity. Technical state control methods for each group of equipment allow to select the most optimal effects, which make it possible to ensure the reliability of the electric power system with the minimum required number of resources.
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