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ABSTRACT 

 

Final qualification work on the subject «Hardware and Algorithmic Solutions 

for Improved Methods Measuring the Frequency of Rotation of the Hydrounit» 

Relevance of the subject: 

Maintaining the frequency of alternating current in the power system is one of 

the main functions of hydroelectric power plants. To perform this function, it is 

necessary to accurately determine and continuously monitor the frequency of the 

hydrounit. 

Frequency data is involved in the algorithms: 

 start and stop units; 

 unit synchronization before switching on; 

 general primary frequency control; 

 normalized primary frequency control; 

 protection against overclocking; 

 frequency control mode when the unit operates on an isolated load; 

 idle speed regulation mode. 

Today, in practice, the operation of hydroelectric power plants is known 

problems associated with the accuracy of determining the frequency of rotation of the 

unit. These problems arise because of the use of a gear and a tachogenerator as a 

source of speed signal, when their accuracy does not comply with the regulations. 

Accuracy problems are also associated with imperfect rotational speed algorithms. In 

addition, there are cases of emergency shutdown units, which are caused by incorrect 

algorithms for determining the failure of the channels measuring the frequency of 

rotation. 

In this connection, the tasks of analyzing and selecting hardware, upgrading the 

algorithms for determining the rotational speed and determining the failure of the 

frequency measurement channels are relevant. 
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Work purpose: 

The study of methods for measuring the frequency of rotation of the unit and 

the development of hardware and algorithmic solutions for their improvement. 

Main objectives: 

 To study the literature on the determination of the rotational speed of 

synchronous machines, which reflects the problem of the study. 

 Investigate modern methods for determining the frequency of rotation of 

a unit and single out the most widely used today in hydroelectric power plants. 

 Analyze the operation of these methods for determining the rotational 

speed, conduct a comparative analysis of them in terms of hardware, accuracy and 

implementation features. 

 Propose an optimal implementation scheme and hardware composition 

for determining the frequency of rotation of the unit. 

 Investigate modern standard algorithms for determining the rotational 

speed and determining the malfunction of the frequency measurement channels used 

at hydroelectric power plants, and conduct a gap analysis. 

 Offer an optimized algorithm for determining the rotational speed and 

determining the failure of the frequency measurement channels, eliminating the found 

flaws. 

Research Method: 

In the process of scientific research, research methods of both theoretical and 

empirical nature were applied. The analysis of available literature on the topic, the 

analysis of the characteristics used in the measurement of rotational speed of 

technical means. A comparative analysis was performed on the basis of error 

calculations for various methods for measuring the rotational speed. The advantages 

and disadvantages of hardware implementation are considered. The typical solutions 

in the algorithms for determining the rotational speed and determining the failure of 

the frequency measurement channels are considered. An optimized algorithm that 
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eliminates the found flaws is proposed. An employee survey was conducted to 

confirm or refute the facts. 

Scientific novelty: 

This paper proposes the optimal choice of hardware for determining the 

frequency of rotation of the unit with maximum accuracy. 

The work also proposed a modernized algorithm for determining the rotational 

speed and determining the failure of the frequency measurement channels. In the 

proposed algorithm, the shortcomings of modern standard algorithms used at 

hydroelectric power stations are excluded. 

The practical use of this work is to achieve high accuracy in determining the 

rotational speed. With the help of the improvements proposed in the work, the 

accuracy of the general primary regulation, the normalized primary regulation, the 

stability of the power system, the safety and reliability of the plant will increase. In 

addition, by improving the accuracy of determining the rotational speed, the accuracy 

of regulation will increase and, as a result, the angle between the vector of 

electromotive force of the hydrogenerator and the vector of electromotive force of the 

power system will decrease during synchronization, and hence the shock current 

through the generator stator will decrease. 

Approbation of work results: 

The main results of researches stated in the thesis have been presented: 

 at the V all -Russian scientific and practical conference of young 

scientists, graduate students and students «HYDROELETRIC POWER STATIONS 

IN THE XXI CENTURY» (Cheryomushki, 2018) 

 at the VI all -Russian scientific and practical conference of young 

scientists, graduate students and students «HYDROELETRIC POWER STATIONS 

IN THE XXI CENTURY» (Cheryomushki, 2019). 
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Publications: 

Basic provisions and conclusions are stated in 2 publications in scientific 

magazines and editions, which are included in the list of the realized scientific 

publications determined by RINTs, ISBN. 

Thesis volume: makes 80 pages, contains 33 illustrations, 12 tables and 23 

formulas. The list of the used literature consists of 21 names. 

Main content of the work: 

The master's work includes: introduction, three chapters and conclusion. 

In the introduction reveals the relevance of the research in the chosen direction, 

indicates its importance. 

The first chapter is devoted to a review of theoretical information in the field of 

determining the speed of synchronous machines and other rotating devices. The 

chapter discusses the basic methods of obtaining a signal and the values of speed, as 

well as the basic methods of calculating the frequency. 

The second chapter is devoted to a review of the regulatory framework in the 

field of primary frequency control and requirements for the accuracy of rotational 

speed measurements. Also in the second chapter, a review of typical solutions for the 

hardware implementation of frequency measurement at existing hydropower plants 

was made, based on data from the technical documentation for the devices, the total 

measurement error was calculated. In addition, this chapter analyzes the accuracy of 

rotation frequency measurement channels based on real data from an automated 

process control system, draws conclusions and makes suggestions for maintaining 

and achieving the required accuracy. 

The third chapter deals with the existing problems in algorithmic software; a 

review of existing algorithms for determining the rotational speed and determining 

the failure of the frequency measurement channels was made. The chapter presents a 

modernized algorithm that eliminates found flaws. 

In conclusion, the main conclusions and proposals on the algorithmic and 

hardware improvements in determining the frequency of rotation of a unit are 

presented.  
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