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The paper presents a method for the coordinated tuning of automatic voltage
regulation (AVR) and automatic speed control (ASC) systems for a group of
generators operating in parallel at a power plant. The method also involves
solving the optimization problem using a genetic algorithm. The possibilities
of using lead-lag elements in AVR and ASC, which impart predictive
properties and improve damping characteristics of the controllers, are also
considered. A model of a power plant operating in parallel with an electric
power system is presented. This model demonstrates effective damping of
oscillations under large disturbances when the proposed method is used to
adjust the AVR and ASC control coefficients, along with a self-tuning lead-
lag element. In this case, voltage oscillations and frequency overshoot
disappear, and there is a significant reduction in the maximum deviations of
these parameters. In the illustrative case study, the coordinated tuning of the
controllers provides a 6% increase in the transmitted power limit and, as a
consequence, the enhancement of the stability margin of the electric power
system.
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1. INTRODUCTION

Modern electric power systems (EPSs) are characterized by a large length and a large number of
electricity consumers. The EPS loads normally change randomly, which can lead to deviations in frequency,
which is regulated by primary controllers at the power units of electric power plants using the turbine
automatic speed control (ASC) by changing the energy carrier input and, accordingly, the active power
output. This, however, causes variations in the voltage at the generator terminals. This parameter is
controlled using the automatic voltage regulation (AVR), which changes the field current and the generated
reactive power. Thus, the processes of frequency, power, and voltage control are inextricably linked.
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The development of AVR tuning methods required devising the algorithms for calculating dynamic
stability. To this end, frequency methods implementing the procedure for D-partition in the plane of two
AVR tuning coefficients were employed [1]-[6]. These algorithms, implemented in computer programs, were
used to solve the control problem at one EPS node. The research in this case involved analyzing the influence
of the EPS operating conditions and tuning parameters on the dynamic stability region. The next step
suggested designing algorithms for AVR tuning to jointly optimize the parameters of controllers for several
power plants. The degree of system stability was utilized as a criterion for the efficiency assessment.

The novelty of the proposed method for coordinated adjustment of the AVR and SAR of generators
lies in a two-stage determination of the regulator settings: First, the AVR settings of all generators are
determined comprehensively. Then, the AVR and SAR settings of these generators are determined
comprehensively, taking into account the SAR settings determined in the first stage.

2. STATE-OF-ART OF RESEARCH

The use of the D-partition method to identify AVR settings in complex multi-machine EPSs is
limited [7]. Therefore, the D-partition-based algorithms were improved through the optimization of settings.
Further development of frequency methods led to the development of adaptive tuning algorithms based on
experimental data [8]. The sequential tuning method created by A. A. Yurganov and V. A. Kozhevnikov has
gained significant popularity in practical applications. It suggests replacing the external network of the power
plant under study with an equivalent circuit "line — infinite buses” [9]. Gerasimov et al. [10] proposed a
sequential tuning method based on the integral criterion of total energy.

The multi-parameter optimization methods for searching for AVR settings are considered in [11].
The study involves comparing various optimization algorithms (simplex, genetic, and others), as well as
objective functions based on root and frequency criteria for assessing the control process. In [12], a
microcontroller utilizing an algorithm relying on the generalized predictive control strategy is proposed for
the AVR problem. In a preview study [13], the Elman artificial neural network is used to calculate the AVR
tuning parameters, which allows creating an adaptive regulator. In [13], a neural regulator is constructed for
the excitation system of a synchronous generator based on the imitating neural control method. This
significantly improved the quality of the voltage transient process in the "synchronous generator - static load"
system and enabled automation of the AVR synthesis and tuning processes using neural network
technologies. The AVR based on fuzzy logic (FL AVR) is developed within the study. Tests on physical [14]
and mathematical [15] models show better damping of oscillations in EPS using FL AVR. A method for
designing a self-organizing excitation system with fuzzy logic, which combines the functions of AVR and a
system stabilizer, is proposed in [16]. A new online learning algorithm that modifies the fuzzy rule base is
developed. A method for optimizing an EPS stabilizer based on robust control technology is proposed in
[15]. The comparison of a typical power system stabilizer and the proposed robust stabilizer is presented. The
simulation results show the efficiency of the latter due to improved performance and reliability. Adaptive
excitation regulators are proposed in [17]-[22]. The studies on their application demonstrated their high
efficiency when the EPS operating conditions change.

Robust control methods are used to tune automatic speed control [23]. This study considers only the
channel of action on the turbine. However, the use of combined frequency and excitation control improves
the dynamic properties of the EPS. The use of the H method for optimal control aimed at boosting the
performance of synchronous turbogenerators is proposed in [24]. The approach involves using a controller in
addition to the AVR and ASC systems, which are installed as standard equipment at the majority of
turbogenerator units. Additional control of a decentralized robust governor is proposed in [25]. It is based on
the robust control theory. The simulation test results show that the stability is improved by limiting the
interference. A distributed model predictive controller for a turbogenerator is proposed in [26]. Its parameters
are determined using the models identified in real time. The findings of the research reveal that the proposed
approach facilitates damping frequency and voltage oscillations with satisfactory quality compared to a
typical control structure with PID controllers. An indirect speed control method based on a microprocessor
system is proposed in [27] for a turbogenerator connected to the electrical grid through a direct current link
(DC link) using a diode rectifier. This resulted in a non-sinusoidal shape of the three-phase voltage at the
generator terminals and led to a significant error in the speed estimate with respect to voltage. Therefore, the
study [28] proposed an indirect method for controlling this parameter, in addition to the general tuning of the
automatic speed control system. This approach relies on the digital phase-locked loop method with a state
observer to detect the positive-sequence voltage. The development of methods for tuning and implementing
the automatic speed control has paved the way to the development of neuro-fuzzy systems [29]-[32]. In [29],
an adaptive neuro-fuzzy inference system (ANFIS) is proposed to implement a neuro-fuzzy ASC. The
authors note that the dynamic model obtained using ANFIS correctly describes the behavior of the turbine to
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stabilize its operating point under any disturbances. A turbogenerator controller based on fuzzy logic is
presented in [30]. It helps the voltage and frequency quickly and accurately reach the desired values. To
improve the regulatory capability of turbogenerator units under various operating conditions, a strategy for
controlling the unit's operating conditions based on a fuzzy PID controller using a particle swarm
optimization algorithm is proposed in [31] to improve the dynamic response. The PID parameters can be
adapted in real time. The study [32] proposes a self-tuning fuzzy PI controller to regulate the frequency under
large load fluctuations of an islanded synchronous generator of a micro-hydroelectric power plant.

Thus, the examination of the AVR and ASC tuning methods and technologies has revealed that the
use of intelligent technologies and adaptive algorithms for regulating voltage and frequency in synchronous
generators holds significant promise. This approach will facilitate implementing self-adjusting AVR and
ASC. Furthermore, the need to use coordinated control of voltage and frequency becomes especially evident
under peak and emergency conditions. Therefore, the method of coordinated tuning of AVR and ASC
systems is described below, considering their mutual influence [33]. A technique for coordinated tuning of
AVR and ASC of a group of parallel-operating generators of a power plant is given, along with solving the
optimization problem using a genetic algorithm. Predictive algorithms are used to improve and regulate the
dynamic stability indicators [33].

3. METHODOLOGY FOR COORDINATED TUNING OF THE AUTOMATIC VOLTAGE
REGULATION AND AUTOMATIC SPEED CONTROL SYSTEMS OF A GROUP OF
PARALLEL-OPERATING SYNCHRONOUS GENERATORS

The interaction between the speed and voltage control subsystems of the generator is manifested in
the fact that an EPS has a composite structure and integrates several subsystems interconnected with each
other. It becomes essential to take into account the mutual influence of processes in power units to provide
the coordinated control of a group of generators at power plants. Technological processes running in
individual generators are interrelated through a common load both within a separate power plant, and within
the EPS as a whole. Separate consideration of processes in individual parts of power units can lead to a
noticeable deterioration in their operation and even instability. Therefore, it becomes necessary to consider
these processes within a single dynamic system.

We propose conducting the coordinated tuning of the AVR and ASC of a group of parallel-
operating generators of a power plant in two stages. The frequency relations between generators and various
parts of the EPS are obvious; therefore, the ASC settings of the group of generators should be determined
considering them at the first stage. When identifying frequency control channels for parallel-operating
generators, the system should be represented so as to take into account the relations among units operating
for a common load. It is important to note that if consideration is given to a group of units operating for
common buses, they are usually of the same type, i.e., identical in design and, therefore, are characterized by
close dynamic properties. This circumstance allows us utilize an equivalent system, which significantly
reduces the order of the characteristic equation.

In the event there are several bus systems at a power plant, several groups of parallel-operating units
can be identified. To identify such a system at the first stage, it must be represented as a multivariable
system, for example, as shown in Figure 1. The transfer functions of the generator W¢ and turbine W+ are
found experimentally in the form of complex transfer factors. After the characteristic polynomial of the
equivalent system is identified and obtained, the ASC of all units can be tuned. This is achieved by solving
an optimization problem to minimize the difference between the coefficients of the characteristic polynomial
and those of the corresponding Butterworth polynomial. The AVR settings for the generators are determined
by a genetic algorithm [33], where the sought-after controller coefficients are encoded as genes. Then we can
switch to the second stage and determine the optimal settings of the AVR and the ASC, given their interplay.
To this end, it is necessary to identify individual "turbine-generator" subsystems with the ASC settings
obtained at the first stage.

To search for optimal AVR stabilization coefficients given the influence of the ASC, the "turbine-
generator" system should be represented as a separate block. This system operates as a doubly-connected
system that has two input actions coming from the controllers, and, in the general case, two controlled values
- the rotor speed g and the generator voltage Ug, while the multi-connected (common) controller will have a
diagonal connection along the AVR frequency control channel, as illustrated in Figure 2.

Thus, the matrix transfer function of the "common controller,” reflecting the relationship between
the AVR and ASC systems over the frequency channel, can be represented as (1).

w, Wi
W, = ASC ,?]VR
0 Wavr

)
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Where Wasc is the complex transfer function of ASC; Wy is the complex transfer function of the AVR
frequency channel; W3 is the complex transfer function of the AVR voltage channel.

After the identification procedure, the obtained W, is used to generate the characteristic polynomial
of the turbine-generator system with the sought coefficients of the controller settings. Then the optimization
problem is solved to reduce the difference between the corresponding coefficients of the desired polynomial,
which has the required properties, and similar parameters of the system being tuned. A genetic algorithm is
proposed to solve it [33]. It is also worth noting that it is advisable to perform the identification and
coordinated tuning of the AVR and ASC of generators according to the described method for various
operating conditions of the EPS (for example, for both minimum and maximum load levels), obtaining a set
of optimal settings accordingly.

5 | Wasc: i |= Wi i 1L' —
| S
| S
|
Am: | | | | L a2
> Wasc: I > W I > >
) |_ —— 1, L) &

Figure 2. Structural representation of the controlled “turbine-generator” system

4, RESULTS OF APPLYING THE COORDINATED TUNING OF THE PREDICTIVE AVR AND
ASC FOR A GROUP OF POWER PLANT GENERATORS

A model of a hydroelectric power plant operating in parallel with the system was developed using
the SimPowerSystems and Simulink packages to investigate the proposed AVR and ASC tuning method. The
diagram of the EPS model with a hydroelectric power plant is shown in Figure 3. The power plant has two
voltage levels: 220 kV and 500 kV. Seven equivalent power units of a hydrogenator-transformer with a
capacity of 2,059 MVA and three power units with a capacity of 882 MVA are connected to the 220 kV
buses. Two equivalent power units with a capacity of 588 MVA and six power units with a capacity of 1,765
MVA are connected to the 500 kV buses. The generators are equipped with thyristor excitation systems, as
well as microprocessor-based AVR and ASC. The model of the turbine with ASC was developed in
MATLAB using the Simulink package. In this case, the ASC is modeled by an electrohydraulic controller
that employs a PID control algorithm.

Each bus system has connections in the form of an active-inductive load. The lines connecting the
500 kV buses with the system form a ring together (Figure 3). The model allows for the introduction of
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disturbances such as disconnection or connection of loads on the 220 kV buses and at the receiving end of the
500 kV line. The load powers are shown in Figure 3. The algorithm described above is used to determine the
optimal settings for the AVR and ASC. The simulation model schematic of the studied power system,
developed in the MATLAB environment, is shown in Figure 4. The models for the generators, transformers,
transmission lines, loads, and other auxiliary power system components were implemented using standard
blocks from the SimPowerSystems and Simulink libraries. The description of the models used in the
simulation model of Figure 4 namely the excitation system, AVR, and hydro-turbine with speed governor, is
provided below in the form of their transfer functions.

L [+ 284+j20 MVA

2,059 MVA

[—® 2,075+ j100 MVA
17.5 kV

|
|
|
|
| |
! |
| |
! |
! |
| | Line 71 km Line 257 km
| | [} 1 [} 1
| | ]
L 588 MVA ! ! ! # ! !— 500 kV
| ! 1,139+ 70 MVA —@
| | .
| ! Line 256 km System
3 :
|
! |
! T
3 :
| 1,765 MVA i 54 +j10 MVA
7777777777777777777777777777777777 L 962+j60 MVA

Figure 3. Diagram of EPS under study

The studies described below are aimed at analyzing the impact of the developed method for the
coordinated tuning of the AVR and ASC on the EPS stability, focusing on the intra-group movement of
generators at the power plant. For this purpose, equivalent units operating on different buses were
represented as a doubly-connected system (Figure 1), for which a complex transfer function of the frequency
control channel of the generator was obtained. Then, a characteristic polynomial D™(jo) and the
corresponding Butterworth polynomial D9V(jw) with the required degree of stability were constructed:

D™(jw) = —0.000025w® + (—j0.00005 - Wgk,, + j0.003325 — j0.005 - Wsky)w* +
+(0.08905 — 0.0046 - Wk, — 0.0005 - Wk; + 0.04 - Wskg)w® + (—j0.656 +
+j0.046 - Wgk; — j0.041 - Wgk,)w? + (—0.1 — 0.1 - Wgk, — 0.41 - Wek)w + jWgk;;
DEV(jw) = jw® + 3.2361w* — j5.2361w3 — 5.2361w? + j3.2361w + 1

The genetic algorithm determined the following ASC settings: k, = 932.66, ki = 30.52, kg = 31.24.
On this basis, the 500 kV busbar turbine-generator system was identified, and a characteristic polynomial for
the system presented in Figure 2 was designed:
D(jw) = Wiy - Wysc - Wy - Wipg - Wop - Wy + Wiy - Wyse - Wr + Way - Wie X
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X WE + sz ' WAL{/R : WE - W12 : WASC ' WAL{/R : WE : WT : W21- (2)

where W, 1, W,,, W;,, W,, are the complex transfer functions of the main channels and cross-connections of
the generator; W5, is the complex transfer function of the voltage control channel of AVR:

v _ 050w [ _ k1y0.02(jw)
WAVR_(O.S(ja))+1) kou 0.06(w)+1 I’ (3)

where W is the complex transfer function of the frequency control channel of AVR:

we  — 1+0.5(jw) [ kow2(jw) k16,0.05(jw) 4)
AVR 05(w) L2(w)+1)(0.02(jw)+1) = 0.05(w)+1 ]’
where W = M is the complex transfer function of a hydroturbine; Wy = L . , is the
0.5(jw)+1 0.001(jw)+1 0.025(jw)+1
complex transfer function of the thyristor excitation system; Wysc = (kp + 01}2@) + 0;‘1"’((]_];311) .
0.5(jw)+1

———————— s the complex transfer function of the ASC, given the PI controller and servomotor. Using
0.5(jw)2+6.5(jw)+1

the obtained polynomial, the optimal settings of the AVR were determined: koy = 50, ki, = 0.16, koo = 5.67,
and ki = 1.58.
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Figure 4. The scheme of the simulation model in MATLAB
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The results of the simulation are presented in Figures 5—7. The stability analysis of the power plant
at issue, with a focus on intra-group movement, was carried out by monitoring the change in the mutual
angles of the generator rotors (Figure 5) with introduced disturbances in the form of connection and
disconnection of the 284+j20 MVA load on 220 kV buses. The oscillogram shows that the internal
oscillations quickly attenuate, which indicates the effectiveness of the proposed method for tuning the AVR
and ASC.

As seen in the oscillograms of the voltage (Figure 6(a)) and speed of the generator rotor
(Figure 6(b)), the AVR and ASC tuned in this way provide acceptable damping of electromechanical
oscillations. At the same time, the use of the self-tuning lead-lag element in the ASC [33] significantly
improved the quality indicators of voltage and frequency control: there is no voltage oscillation and
frequency overshoot; the maximum deviation of these parameters is significantly reduced.

The effect of the developed method of coordinated tuning of the AVR and ASC on the transfer
capability of the 71 km line was determined (Figure 3). For this purpose, the load was increased by
successively increasing the power flow. In this case, the load grew in a power-balanced manner with the
frequency remaining practically unchanged, which made it possible to reach the boundary of the stability
region. The results of multiple simulations, which involved changes in the power flow and frequency for
various AVR and ASC tuning methods (Figure 7), were used to determine the stability margin factor for
active power. When tuning the AVR without considering the influence of ASC, the factor was Kmarg = 26%,
while with the coordinated tuning, the transmitted power limit increased and, as a result, the stability margin
reached Kmarg= 32 %.

Figure 8 shows the simulation results for a temporary short-circuit fault on the 256 km line (see
Figure 3), which was cleared by disconnecting it from both ends after 0.5 seconds. The results are presented
in terms of generator terminal voltage and rotor speed. Based on the results, it can be concluded that the
application of the self-tuning lead-lag compensator in the AVR ensures stable operation of the power plant
generators under this contingency.

delta, deg.
1 -
05+t
0 A e
-05¢ .
! Time, s

145 150 155 160 165 170 175 180 185 190

Figure 5. Oscillogram of changes in mutual angles of generator rotors
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Figure 6. Oscillograms of changes in voltage: (a) rotor speed and (b) of the generator: 1 — AVR and
ASC without a predictive element; 2 — AVR and ASC with a predictive element
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Thus, the simulation model of the power plant built in MATLAB allows us to study the intra-group
movements of generators and the capabilities of the proposed methods and algorithms for tuning the AVR
and ASC systems. The developed method for the coordinated tuning of the AVR and ASC systems improves
the damping properties of electromechanical oscillations in the EPS and increases its stability margin. The
use of the self-tuning lead-lag compensator in the AVR significantly improves the regulation quality of both
generator terminal voltage and rotor speed, while also ensuring the dynamic stability of the generators.
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Figure 7. Determining the transmitted power limit for a 71 km line: (a) for non-coordinated tuning of AVR
and ASC and (b) for coordinated tuning of AVR and ASC
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Figure 8. Change in (a) voltage and (b) generator rotor speed during a temporary short-circuit and the
disconnection of the 256 km line: 1 - Generator AVR without the self-tuning lead-lag compensator;
2 - Generator AVR with the self-tuning lead-lag compensator
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5. CONCLUSION

The research and modeling findings indicate that: The model of a power plant operating in parallel
with an EPS, proposed within the study, demonstrates effective damping of oscillations under large
disturbances when the AVR and ASC coefficients are tuned using the proposed method and the self-tuning
lead-lag element. An analysis of the stability of the power plant, focused on intra-group movement of
generators to adjust the mutual angles of the generator rotors in response to the disturbances introduced in the
form of connection and disconnection of loads on the 220 kV buses has revealed that internal oscillations in
the system rapidly decay. This indicates the effectiveness of the proposed method for tuning the AVR and
ASC of a group of parallel generators. The use of the self-tuning lead-lag element in the ASC significantly
improved the quality indicators of voltage and frequency control: there is no voltage oscillation and
frequency overshoot; the maximum deviation of these parameters is markedly reduced. In the illustrative case
study, the coordinated tuning of the AVR and ASC provided a 6% increase in the transmitted power limit
and, as a consequence, an enhancement of the EPS stability margin.

FUNDING INFORMATION
This study is financed by the European Union-NextGenerationEU, through the National Recovery
and Resilience Plan of the Republic of Bulgaria, project No. BG-RRP-2.013-0001-CO01.

AUTHOR CONTRIBUTIONS STATEMENT
This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author
contributions, reduce authorship disputes, and facilitate collaboration.

Name of Author C M So Va Fo | R D O E Vi Su P Fu
Hristo Beloev v v v vV v v v v

Yuri Bulatov v v v v v v v v v v

Andrey Kryukov v v v v v v v v v v v
Konstantin Suslov v v v v v v v v
Yuliya Valeeva v v v v v v v
Magdalena Dudek v 4 v v v

lliya lliev v 4 v v v v v v
C : Conceptualization I : Investigation Vi : Visualization

M : Methodology R : Resources Su : Supervision

So : Software D : Data Curation P : Project administration

Va : Validation O : writing - Original Draft Fu : Funding acquisition

Fo : Formal analysis E : Writing - Review & Editing

CONFLICT OF INTEREST STATEMENT
Authors state no conflict of interest.

DATA AVAILABILITY
The data that support the findings of this study are available from the corresponding author, [KS],
upon reasonable request.

REFERENCES

[1] 1. V. Litkens, S. I. Gamazin, and N. D. Janardan, “Analysis of static stability of complex electrical systems on a medium-
power digital computer,” Izvestiya AN SSSR. Power Engineering and Transport, No. 6, pp. 701-712, 1964.

[2] E. Boyko, F. Byk, P. Ilyushin, L. Myshkina, and K. Suslov, “Methods to improve reliability and operational flexibility by
integrating hybrid community mini-grids into power systems,” Energy Reports, vol. 9, pp. 481-494, Sep. 2023, doi:
10.1016/j.egyr.2023.06.038.

[3] S. Solodusha, K. Suslov, and D. Gerasimov, “Applicability of Volterra integral polynomials in the control systems of electric
power facilities,” in 2016 International Conference Stability and Oscillations of Nonlinear Control Systems (Pyatnitskiy’s
Conference), Jun. 2016, pp. 1-4. doi: 10.1109/STAB.2016.7541227.

[4] M. Micev and M. Calasan, “Multi-input single-output neural network modeling of the system for regulation of synchronous
generator’s excitation,” in 2024 23rd International Symposium INFOTEH-JAHORINA (INFOTEH), Mar. 2024, pp. 1-6. doi:
10.1109/INFOTEH60418.2024.10496006.

Enhancing the dynamic stability of electric power systems through the coordinated ... (Hristo Beloev)



220

a ISSN: 2088-8694

[5]

[6]

[71

(8]

[9]
[10]

[11]
[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

G. Saravanan, K. P. Suresh, C. Pazhanimuthu, and R. Senthil Kumar, “Artificial rabbits optimization algorithm based tuning
of PID controller parameters for improving voltage profile in AVR system using IoT,” e-Prime - Advances in Electrical
Engineering, Electronics and Energy, vol. 8, 2024, doi: 10.1016/j.prime.2024.100523.

M. Das Mahapatra, K. Konar, S. Mahato, V. Kumar, and P. Dey, “Fuzzy PID controller design for enhanced voltage
regulation in automatic voltage regulator system,” in 2024 IEEE International Conference on Information Technology,
Electronics and Intelligent Communication Systems, ICITEICS 2024, 2024. doi: 10.1109/ICITEICS61368.2024.10625215.

G. N. Zhenenko, V. F. Zaugolnikov, B. G. Ladvishchenko, L. A. Tereshko, and R. A. Temirbulatov, “Algorithm for numerical
optimization of the parameters of automatic control generators of a complex electric power system,” in Proc.Leningrad
Polytechnic Institute, No. 385, pp. 16-21, 1982.

L. A. Gruzdev, M. M. Ekimova, A. N. Doynikov, and 1. V. Ignatiev “Methodology for coordinating ARV -SD settings in power
systems based on experimental data,” Proceedings of LPI., No. 427, pp. 55-61, 1988.

A. A. Yurganov, V. A. Kozhevnikov Regulation of excitation of synchronous generators, St. Petersburg, Nauka, 138 p.,1996.
A. Gerasimov, A. Esipovich, and A. Zekkel, “Adjustment of power system stabilizing channels structure of generator’s
automatic excitation regulators,” in 2005 IEEE Russia Power Tech, Jun. 2005, pp. 1-4. doi: 10.1109/PTC.2005.4524570.

N. Nahas, M. Abouheaf, M. N. Darghouth, and A. Sharaf, “A multi-objective AVR-LFC optimization scheme for multi-area
power systems,” Electric Power Systems Research, vol. 200, 2021, doi: 10.1016/j.epsr.2021.107467.

J. W. Finch, K. J. Zachariah, and M. Farsi, “Generalised predictive control applied to a turbo-generator voltage regulator,” in
IEE Conference Publication, 1989, no. 310, pp. 130-134.

G. Chadar, S. K. Mohaney, and P. Lakra, “improvement in voltage profile of synchronous generator using PID controller and
artificial neural network in automatic voltage regulator,” in 2022 IEEE 11th International Conference on Communication
Systems and Network Technologies (CSNT), Apr. 2022, pp. 89-94. doi: 10.1109/CSNT54456.2022.9787625.

D. Acharya and D. K. Das, “An optimal membership function based Fuzzy-PI\ stabilizer design to suppress low frequency
oscillation in synchronous generator,” Results in Control and Optimization, vol. 14, p. 100374, Mar. 2024, doi:
10.1016/j.rico.2024.100374.

P. Etingov, A. Oudalov, N. Voropai, A. Germond, and R. Cherkaoui, “Coordinated emergency control of load shedding and
FACTS devices,” in 2005 IEEE Russia Power Tech, Jun. 2005, pp. 1-8. doi: 10.1109/PTC.2005.4524503.

M. Lown, E. Swidenbank, and B. W. Hogg, “Adaptive fuzzy control of a pilot turbo-generator plant,” in IEE Colloquium on
Industrial Applications of Intelligent Control (Digest No: 1997/144), 1997, no. 144. doi: 10.1049/ic:19970787.

A. Horch, A. Naceri, and A. Ayad, “Power system stabilizer design using Hoo robust technique to enhance robustnesse of
power system,” in 2014 International Renewable and Sustainable Energy Conference (IRSEC), Oct. 2014, pp. 884-889. doi:
10.1109/IRSEC.2014.7059908.

R. K. Behara and A. K. Saha, “Artificial intelligence techniques framework in the design and optimisation phase of the doubly
fed induction generator’s power electronic converters: A review of current status and future trends,” Renewable and
Sustainable Energy Reviews, vol. 215, p. 115573, Jun. 2025, doi: 10.1016/j.rser.2025.115573.

V. Jerkovié¢ Stil and M. Mehmedovi¢, “Interconnection and damping assignment automatic voltage regulator for synchronous
generators,” International Journal of Electrical Power & Energy Systems, vol. 101, pp. 204-212, Oct. 2018, doi:
10.1016/j.ijepes.2018.03.022.

L.-R. Chang-Chien and J.-S. Cheng, “The online estimate of system parameters for adaptive tuning on automatic generation
control,” in 2007 International Conference on Intelligent Systems Applications to Power Systems, Nov. 2007, pp. 1-6. doi:
10.1109/ISAP.2007.4441674.

G. Fusco and M. Russo, “Adaptive voltage regulator design for synchronous generator,” IEEE Transactions on Energy
Conversion, vol. 23, no. 3, pp. 946-956, Sep. 2008, doi: 10.1109/TEC.2008.921463.

P. llyushin, S. Filippov, A. Kulikov, K. Suslov, and D. Karamov, “Specific features of operation of distributed generation
facilities based on gas reciprocating units in internal power systems of industrial entities,” Machines, vol. 10, no. 8, p. 693,
Aug. 2022, doi: 10.3390/machines10080693.

V. N. Kozlov, and V. N. Shashikhin “Synthesis of coordinating robust control of interconnected synchronous generators,”
Electricity, vol. 9, pp. 20-26, 2000.

D. N. Limebeer and E. Kasenally, “Hoo optimal control of a synchronous turbo-generator,” in 1986 25th IEEE Conference on
Decision and Control, Dec. 1986, pp. 62—65. doi: 10.1109/CDC.1986.267154.

Dong Qing, Gao Shu, and Bao Hai, “Decentralized robust governor additional control for improving stability of
turbogenerator,” in 2001 Power Engineering Society Summer Meeting. Conference Proceedings (Cat. No.01CH37262), 2001,
pp. 968-972 vol.2. doi: 10.1109/PESS.2001.970187.

P. Sokolski, T. A. Rutkowski, and K. Duzinkiewicz, “The distributed model predictive controller for the nuclear power plant
turbo-generator set,” in 2017 22nd International Conference on Methods and Models in Automation and Robotics (MMAR),
Aug. 2017, pp. 682-687. doi: 10.1109/MMAR.2017.8046910.

H.-S. Park, H.-J. Heo, B.-S. Choi, K. C. Kim, and J.-M. Kim, “Speed control for turbine-generator of ORC power generation
system and experimental implementation,” Energies, vol. 12, no. 2, p. 200, Jan. 2019, doi: 10.3390/en12020200.

I. Iliev, A. Kryukov, Y. Bulatov, K. Suslov, I. Beloev, and Y. Valeeva, “Methods for ensuring stability of operating
conditions of an electric power system with distributed generation plants,” International Journal of Power Electronics and
Drive Systems (IJPEDS), vol. 16, no. 1, p. 138, Mar. 2025, doi: 10.11591/ijpeds.v16.i1.pp138-150.

B. KEBE, L. Thiaw, and O. Ba, “Theory and simulation of a neuro-fuzzy controller for 20MW turbo generator control,” in
2018 7th International Conference on Renewable Energy Research and Applications (ICRERA), Oct. 2018, pp. 94-99. doi:
10.1109/ICRERA.2018.8566897.

M. Maherani, B. Karimi, and M. Farshad, “Fuzzy control of nonlinear MIMO synchronous turbo generator,” in International
Conference on Control, Automation and Systems, 2011, pp. 806-810.

W. Lao, L. Shi, X. Huang, T. Zhu, and W. Wu, “Control strategy of grid-connected and islanding operation for turbo-
generator units based on improved fuzzy PID control,” in 2022 IEEE/IAS Industrial and Commercial Power System Asia
(I&CPS Asia), Jul. 2022, pp. 147-153. doi: 10.1109/ICPSAsia55496.2022.9949799.

D. A. Pham, F. Nollet, N. Essounbouli, and A. Hamzaoui, “Voltage and frequency regulation for wound rotor synchronous
generator in micro hydro power plants with real-time implementation,” in 2017 International Renewable and Sustainable
Energy Conference (IRSEC), Dec. 2017, pp. 1-6. doi: 10.1109/IRSEC.2017.8477386.

N. Y. Bulatov and A. V. Kryukov, “Optimization of automatic regulator settings of the distributed generation plants on the
basis of genetic algorithm,” in 2016 2nd International Conference on Industrial Engineering, Applications and Manufacturing
(ICIEAM), 2016, pp. 1-6. doi: 10.1109/ICIEAM.2016.7911456.

Int J Pow Elec & Dri Syst, Vol. 17, No. 1, March 2026: 211-222



Int J Pow Elec & Dri Syst ISSN: 2088-8694 a 221

BIOGRAPHIES OF AUTHORS

Hristo Beloev @ B B3 12 is an Academician of the Bulgarian Academy of Sciences (2021)
and professor (2009) in the Agricultural Machinery Department at the Angel Kanchev
University of Ruse, Bulgaria. He received his Ph.D., M.Eng., and D.Sc. degrees in
Agricultural Machinery from the University of Ruse in 1997 and 2008, respectively. He
served as rector of the University of Ruse for several terms, and since 2024, he has been
honorary rector. He is currently Chairman of the General Assembly of the University of Ruse
and Chairman of the Municipal Council in Ruse. Participates in the editorial boards of 16
journals, 10 of them foreign /Slovakia, the Czech Republic, Romania, Russia, Ukraine,
Turkey, Kazakhstan and one specialized newspaper. He is the editor-in-chief of three
journals, deputy editor-in-chief of two journals, and one specialized newspaper. His research
interests include the field of agricultural machinery and advanced energy technologies. He
can be contacted at email: ibeloev@uni-ruse.bg.

Yuri Bulatov © B4 B8 2 is an associate professor and head of the Department of Energy at
Bratsk State University. In 2007, he graduated from Bratsk State University with a
qualification as an engineer with a degree in Electrical Power Systems and Networks. In
2012, he defended his Ph.D. dissertation on the topic “Methodology for optimizing the
settings of automatic regulators of excitation and rotation speed of power plant generators”.
He can be contacted at email: bulatovyura@yandex.ru.

Andrey Kryukov F:4 B8 1 is a doctor of Technical Sciences, professor of the Department
of Electric Power Engineering of Transport, Irkutsk State University of Transport and
Communications, and professor of the Department of Electrical Supply and Electrical
Engineering, Irkutsk National Research Technical University. He graduated from the East
Siberian Technological Institute in 1974 with a degree in “Power supply of industrial
enterprises, cities, and agriculture.” In 1997, he defended his doctoral dissertation on the
topic “Methods for determining limiting modes and assessing stability reserves of complex
power systems for operational management purposes” at the Institute of Energy Systems SB
RAS. Area of scientific interests: modeling the regimes of complex electrical power systems
and railway power supply systems. He can be contacted at email: and_kryukov@mail.ru.

Konstantin Suslov & B4 B 2 s a professor of hydropower and renewable energy sources
at the Department of the National Research University “Moscow Power Engineering
Institute”. He graduated from the Irkutsk State Technical University with a specialty in
Electric Drive and Industrial Automation. He is a D.Sc. in technics. He is included in the top
2% of research scientists on the Elsevier and Stanford University lists. His research interests
related to information-measuring equipment in automated accounting systems of power
consumption, power quality, power systems, cyber-physical systems, and integrated multi-
energy systems. He can be contacted at email: dr.souslov@yandex.ru.

Yuliya Valeeva F:J B4« defended her dissertation for the degree of candidate of economic
sciences on the topic “Analysis and assessment of the oil production complex of the region (on
the example of the Republic of Tatarstan)” in 2004. She defended her doctoral dissertation on the
topic “Development of retail chain services: theory, methodology and practice” in 2023 at the
Siberian Federal University. She works as vice-rector for project activities at the Russian
University of Cooperation. Her area of scientific interests is: energy security and sustainability,
tariff regulation in the energy sector, service sector, retail chain services, digitalization in the
energy and service sectors, circular economy, agricultural and consumer cooperation. She is a
reviewer for MDPl.com magazines. She participated in the development of republican programs
for the scientific and technological development of Tatarstan, the development of scientific and
technological progress in the energy industry of the region, and the development of small
businesses in rural areas. She has published more than 200 articles in journals and conference
proceedings. She has published 4 monographs on energy security and digitalization of the energy
industry. She can be contacted at email: uvaleeva@ruc.su or valeevaylia2023@gmail.com.

Enhancing the dynamic stability of electric power systems through the coordinated ... (Hristo Beloev)


https://orcid.org/0000-0002-8644-2947
https://scholar.google.bg/citations?user=s3ts6IUAAAAJ&hl=bg
https://www.scopus.com/authid/detail.uri?authorId=57194135129
https://www.webofscience.com/wos/author/record/2793623
https://orcid.org/0000-0002-3716-5357
https://www.scopus.com/authid/detail.uri?authorId=57194217945
https://www.webofscience.com/wos/author/record/1653130
https://orcid.org/0000-0001-6543-1790
https://www.scopus.com/authid/detail.uri?partnerID=HzOxMe3b&authorId=57206290349&origin=inward
https://www.webofscience.com/wos/author/record/1319715
https://orcid.org/0000-0003-0484-2857
https://scholar.google.bg/citations?hl=bg&user=eRm5vOUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=36926392500
https://www.webofscience.com/wos/author/record/1462647
http://orcid.org/0000-0002-1356-0360
https://www.scopus.com/authid/detail.uri?authorId=56177859800
https://www.webofscience.com/wos/author/record/3376913

ISSN: 2088-8694

Magdalena Dudek By 2isa professor at the Faculty of Energy and Fuels, AGH
University of Science and Technology, Krakow, Poland. In 2002, she conducted Ph.D.
studies in the field of physiochemistry and technology of ceramic materials at AGH
University of Science and Technology in Krakéw, Faculty of Materials Engineering and
Ceramics. Prof. Dudek is the author or co-author of over 100 scientific and technical papers.
She is included in the top 2% of research scientists on the Elsevier and Stanford University
lists. She also holds ten patents in the area of hydrogen and fuel cells. With more than 20
years of experience in the energy and fuels market, particularly in the hydrogen economy and
fuel cell technology, Prof. Dudek’s contributions to industrial cooperation have been
recognized with special awards at international and Polish exhibitions. Additionally, she has
been involved in research programs funded by the European Union, the European Institute of
Technology, UNESCO, and national research frameworks in Poland. She is active in
international scientific and educational collaborations in the field of fuel and energy
transformation. She can be contacted at email: potoczek@agh.edu.pl.

lliya lliev BIE 2 s afull professor since 2014 in Industrial Heat Engineering at the
University of Ruse, Bulgaria. He graduated from Moscow Power Engineering University,
majoring in Thermal Power Plants. He defended his Ph.D. thesis at Riga Polytechnic
University, Latvia. He is a member of the International Geothermal Energy Association, the
Bulgarian Union of Scientists; The Bulgarian Solar Energy Association, and the Bulgarian
National Committee on Industrial Engineering. Prof. lliev is a member of the editorial board
of a number of scientific journals. Prof. Iliev has conducted scientific specializations in the
USA, England, Sweden, Norway, Germany, and Austria. He is a doctor honoris causa and
emeritus professor of Almaty University of Energetic and Telecommunications, Kazakhstan
(2018). He can be contacted at email: iki@uni-ruse.bg.

Int J Pow Elec & Dri Syst, Vol. 17, No. 1, March 2026: 211-222


https://orcid.org/0000-0002-6142-7791
https://scholar.google.pl/citations?user=_qmU0fUAAAAJ&hl=pl
https://www.scopus.com/authid/detail.uri?authorId=57202908953
https://www.webofscience.com/wos/author/record/704065
https://orcid.org/0000-0003-4443-5113
https://scholar.google.bg/citations?user=SZ6kEQgAAAAJ&hl=bg
https://www.scopus.com/authid/detail.uri?authorId=56410563800
https://www.webofscience.com/wos/author/record/AAD-6114-2019

