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CONSTRUCTION OF CURRENT PROTECTION OF NETWORKS WITH VOLTAGE UP TO 1000 V ON MAGNETIC CURRENT CONVERTER
The proposed dissertation work is devoted to the construction of current protection networks with voltages up to 1000 V and corresponds to the priority direction of the development of science «Power Engineering and mechanical engineering».

The relevance of the problem. In accordance with clause 3.1.5 of the Electrical Installation Code, to protect networks with voltages up to 1000 V from short circuits (SC), protection devices, which are fuses or circuit breakers, should be used. Moreover, to ensure selectivity and sensitivity, it is allowed to use protection devices with remote relays in the form of an indirect relay. In this case, a circuit breaker, as well as a magnetic starter or contactor, can act as a switching device. And the main criteria for the implementation of such protections are simplicity, low cost and reliability of operation.
As shown in the book on relay protection by V.A. Andreev (1991) when implementing protection against short circuits on remote relays of indirect action, a current transformer (CT) and a current relay are used. However, such current protection has a number of significant drawbacks. Firstly, its implementation requires a rather laborious installation of a CT and a current relay. Secondly, the CT is characterized by a saturation mode that can cause false operation of the protection. Thus, the use of CT in current protection not only increases its cost, but also reduces the reliability of its operation.
Some of these shortcomings can be eliminated if an electromagnetic primary relay of indirect action of the REV-200 series is used as a remote relay in the current protection. The implementation of such protection is simpler and much cheaper due to the fact that the cost of this relay is less than the total cost of the CT and current relay, and the reliability of such protection is higher. What is achieved due to the absence of CT.

An even greater reduction in the cost of implementing current protection can be achieved by using a cheap hermetic contact (reed switch) as a remote relay of indirect action. In this case, a CT is also not required to implement the current protection. In recent years, many works have appeared on the theoretical justification of the possibility of constructing current protection of electrical installations on reed switches. Bogdan A.V., Gurevich V.I., Kletsel M.Ya., Novozhilov A.N. and a number of other scientists made a significant contribution to the field of relay protection related to the development of current protections without CTs. However, information about the experience of operating in the production of such protections in networks with voltages up to 1000 V could not be found.
In this regard, work on the construction of current protection networks with voltage up to 1000 V without CT cannot be considered completed. Therefore, their development is relevant.

The aim of the work is to build current protections performed using a magnetic current converter (MCС), manufactured on the basis of elements of the current relay RT-40.
To achieve this aim, the following tasks were set and solved:

1. To develop the design of the MCC with one magnetic core.

2. To develop an experimental setup and to carry out experimental studies of the parameters of the MCC with one magnetic core.

3. To explore the possibility of using the ELCUT software package for modeling the parameters of the MCC with one magnetic core.
4. To develop OP device on the MCC with one magnetic core.

5. To develop a design and to carry out an experimental study of the parameters of the MCC with two magnetic cores.

6. To explore the possibility of using the ELCUT software package for modeling the parameters of the MCC with two magnetic cores.

7. To develop a scheme for correcting the results of experimental studies of the parameters of the MCC with two magnetic cores.

8. To develop a method for calculating operating threshold of the MCC with two magnetic cores when using tires of arbitrary sizes.

9. To develop OP device on the MCC with two magnetic cores.

The object of the research is the current protection of electrical networks with voltage up to 1000 V.

The subject of the research is overcurrent protection performed using the MCC, manufactured on the basis of the magnetic system of the current relay RT-40.

The tools for obtaining research materials are:

· fundamental provisions of mathematics and theoretical foundations of electrical engineering, separate sections of the theory of power supply of industrial enterprises, electrical machines and relay protection;
· mathematical modeling of operating current of overcurrent protection  at specified bus sizes and determining the position of the threshold indicator using the Turbo BASIC editor, as well as the magnetic fields of the conductors using the ELCUT software package;

· experimental studies.

The scientific novelty of the work is determined by the fact that
1. Designs of MCC with one and two magnetic cores, made on the basis of elements of the current relay RT-40, have been developed.

2. Experimental installations have been developed and an experimental study of the parameters of the MPT with one and two magnetic cores has been carried out.

3. A study was made of the possibility of using the student version of the ELCUT software package for modeling the parameters of the MCC with one and two magnetic cores.

4. A method for graphical correction of the results of experimental studies of the parameters of the MCC with two magnetic cores has been developed.

5. A method has been developed for determining the threshold of operation of an MCC with two magnetic cores using buses of arbitrary size.

6. Maximum current protections (MCP) have been developed, the measuring transducer and the reacting element of which are made in the form of an MCC with one and two magnetic cores.
The practical value of the work lies in the fact that
1. The developed designs of MCCs with one and two magnetic cores, made on the basis of elements of the current relay RT-40, are capable of performing the functions of a measuring transducer and a reacting element when implementing the MCP.

2. The developed experimental setups make it possible to carry out an experimental study of the parameters of the MCC with one and two magnetic cores with sufficient accuracy.

3. The conducted experimental studies have shown that the use of the student version of the ELCUT software package makes it possible to model the parameters of the MCC with one and two magnetic cores with an accuracy that meets the requirements of relay protection.

4. Graphical correction of the results of experimental studies of the parameters of the MCC with two magnetic cores according to the proposed method made it possible to clarify the results of these experimental studies, and also to expand the area of ​​their use with sufficient accuracy for relay protection.

5. The developed method for determining the operating threshold of an MCC with two magnetic cores makes it possible to determine it with sufficient accuracy for relay protection when it is mounted on buses of arbitrary size.

6. The developed maximum current protections on a magnetic current converter with one and two magnetic cores make it possible to install and mount them on current-carrying buses both with and without a connector of these buses, as well as to ensure the availability and ease of setting the threshold for these protections.
Approbation of the results of the research.

The main provisions and scientific results of the dissertation were reported and discussed at the following scientific conferences: collection of scientific articles based on the results of the work of the International Scientific Forum Science and Innovations - Modern Concepts (Moscow, 2021); International Scientific Conference «Science and Innovations 2021: Development Directions and Priorities» (Australia, Melbourne, 2021). 
Publications. 7 publications have been published on the work, including four in journals recommended by the Higher Attestation Commission of the Republic of Kazakhstan. One article was also published and indexed in the SCOPUS database: «Russian Engineering Research» (No. 6, 2022). The personal contribution of the doctoral student in each publication is at least 65%.
The structure and scope of the dissertation. The dissertation consists of introduction, three chapters, conclusion. The work is presented on 83 pages, includes 60 figures. The list of sources includes 50 items.

The first chapter shows that the power supply of electrical installations with a supply voltage of up to 1000 V is carried out using three-phase networks with an isolated or solidly grounded neutral. At the same time, for the power supply of industrial enterprises, as well as urban and agricultural consumers, voltage of 380 V and networks with dead-earthed neutral are most often used for various reasons. In such networks, the main consumers are asynchronous motors (AM), as well as three-phase and single-phase loads in the form of lighting and heating devices. And the main types of damage are three-phase, two-phase and single-phase short circuits, which, as a rule, are accompanied by a significant increase in current in the power circuit of the damaged electrical installation.

To protect electrical installations with a supply voltage of 380 V from short circuits, fuses are used, as well as circuit breakers with built-in electromagnetic releases, which also have remote electromagnetic releases. The latter, if necessary, can be used to implement current protection on external measuring transducers and reacting organs.

The most promising in the implementation of such protections are devices that combine the functions of a measuring transducer and a reacting element. One of such devices is the hermetic contact. However, the implementation of protections on the hermetic contact requires rather complex and expensive equipment designed to fix it, adjust its response threshold, and also to extend the duration of the output signal. In this regard, another technical solution is required, devoid of these shortcomings.

The second chapter is devoted to the development of the design of a magnetic current converter (MCC) with one magnetic core. This converter is made on the basis of the magnetic system of the current relay RT-40 and is capable of performing the functions of a measuring transducer and a reacting element, as well as ensuring the simplicity of its mounting on a current-carrying bus. 

To study the parameters of this device, an experimental setup was developed and an experimental test of its performance was carried out. To simulate the parameters of this magnetic current converter with one magnetic core, the ELCUT software package was used. Comparison of the simulation results and experimental studies showed that the use of this complex makes it possible to simulate all these parameters with accuracy that satisfies the requirements of relay protection.

On the basis of the obtained results and on the basis of the MCC with one magnetic core, an overcurrent protection has been developed, which is easy to implement and makes it possible to set its operating threshold.

The third chapter is devoted to the developed design of the MCC with two magnetic cores. This converter is also manufactured on the basis of magnetic system of the RT-40 current relay and is capable of performing the functions of a measuring transducer and a reacting body. The use of two magnetic cores provides the possibility of mounting on a current-carrying bus without disassembling these busbars.

Determination of the parameters of the MCC with two magnetic cores was carried out experimentally and using the ELCUT software package. Based on the data obtained, they were corrected. By using the corrected data, a method is proposed for determining the current protection threshold in the case of an arbitrary location of a busbar of arbitrary size. Due to the complexity of this method, a program in Turbo BASIC has been developed for service personnel, which is implemented according to the flowchart presented in the dissertation work. This program allows you to quite simply determine the position of the indicator of the operating threshold of the implemented protection by the size of the busbar and its location relative to the magnetic system of the MCC.

