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ABSTRACT 

 

Final qualification work on the topic "Research of operating modes of a 

hydrogenerator with a fractional order PID controller". 

Relevance of the work. 

In modern engineering systems, fractional controllers are mainly used for 

control, the so-called proportional-integral-derivative (PID) controllers. Such 

regulators for the implementation of the model have a widely used mathematical 

apparatus. An adequate implementation of a mathematical model for any engineering 

and technical system is not always possible. PID controllers do not always provide 

accurate control of technical parameters. Fractional PID controllers provide high 

accuracy and speed of regulation of technical parameters. The mathematical model of 

the fractional order PID controller is developed on the basis of the fractional calculus 

method. 

This method has found wide application for controlling objects with feedback 

[1]. In the modern theory of automatic control, the fractional calculus method allows 

you to make an accurate mathematical description of a technical object or system. The 

use of integer models at one time was hampered by the lack of a more perfect 

mathematical apparatus [2]. A modern automation system allows the use of adequately 

developed algorithms for optimal control of systems. 

Purpose of work. 

The purpose of this dissertation is to create a model of a hydroelectric power 

plant and introduce a mathematical model of a fractional order PID controller into it. 

To achieve this goal, it is necessary to solve the following tasks: 

1. Collection and analysis of available data to create a simulation model; 

2. Develop various components of mathematical models of hydroelectric power 

plants in Matlab / Simulink; 

3. Develop a model of the hydroelectric power plant in Matlab / Simulink; 

4. Adding a mathematical model of a fractional order PID controller to the 

hydroelectric power plant model; 
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5. Modeling and analysis of the operation of the hydroelectric power plant in 

various modes of operation: decrease and increase in load, short circuit at the generator 

terminals. 

Object and subject of research. The object of research is a diagram with 

functional blocks that simulate the operating modes of a hydroelectric power station. 

Subject of research - Model of a PID controller of fractional order of a 

hydrogenerator. 

Research methods. The work used the methods of mathematical modeling, as 

well as modeling using visual programming of the simulation model of the device in 

Simulink. 

Scientific novelty. The simulation of the circuit with functional blocks has been 

made. Tasks solved: 

1. Developed a mathematical model with a fractional order PID controller; 

2. The model makes it possible to calculate the optimal mode of the hydroelectric 

power station when changing external influences; 

3. Implemented an intelligent control system based on FACST technologies; 

4. Created a simulation model in the Matlab / Simulink environment; 

5. Improvement of the quality and reliability of power supply with the use of 

intelligent devices is ensured. 

The practical value of the work. The mathematical model of the fractional 

order PID controller is developed on the basis of the fractional calculus method, this 

method allows you to make an accurate mathematical description of a technical object 

or system. 

Approbation of work. 

The main research results presented in the dissertation were presented: 

- at the VII extramural stage of the All-Russian Scientific and Practical 

Conference of Young Scientists, Specialists, Postgraduates and Students 

"Hydroelectric Power Plants in the XXI Century" (Cheryomushki, 2020); 
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- at the VIII All-Russian Scientific and Practical Conference of Young Scientists, 

Specialists, Postgraduates and Students "Hydroelectric Power Plants in the XXI 

Century" (Cheryomushki, 2021). 

Publications: 

The main provisions and conclusions are set out in 2 publications in scientific 

journals, which are included in the RSCI. 

Personal contribution: the results submitted for the defense were obtained by 

the applicant personally. 

Thesis structure: 41 pages, contains 31 illustrations and 19 formulas. The list of 

used literature consists of 13 titles. 

Keywords: electric power system, fractional order PID controller, integer PID 

controller, fractional calculus, integral and differential coefficients, Riemann-Liouville 

operator, Euler function, modeling, hydraulic turbine, excitation system, synchronous 

generator. 
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