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With the ever-increasing prices of and demand for traditional fuels and the decreasing availability thereof,
renewable energy sources, such as wind energy, are gaining enormous popularity. First of all, this branch of
"green" energy is environmentally friendly. A significant increase in the use of wind power plants (WPPs) is
observed all over the world. Modern WPPs are of two types: vertical- and horizontal-axis ones. Vertical-axis
WPPs, in contrast to horizontal-axis ones, have a number of specific design advantages, such as, for example,
insensitivity to the wind direction, which significantly simplify their design and increase their reliability. The
operation of vertical-axis WPPs involves the need to stabilize their operating regimes, the main objective of which
is to stabilize electricity production in conditions of a variable wind speed using appropriate stabilization systems
(SSs). In SS development, use is made of various control algorithms, which make a basis for harnessing physical
principles of SS construction. Recently, SSs based on blade swept area variation have become widespread. Such
systems, unlike systems based on, for example, generator load variation, actually use the adaptation of WPPs to a
variable wind speed, and they dispense with the need for mechanical dissipation of excess energy by resistance
forces and, to some extent, with the need to transfer it to the support. The last point significantly reduces the load
on the rotor-to-generator transmission systems and alleviates the requirements for anchor systems in the case of
WPPs installed on floating platforms. In terms of design, the stabilization of vertical-axis WPPs by swept area
variation can be performed in three ways: by varying the blade length, varying the length of the traverses whereby
the blades are attached to the rotor shaft, and by simultaneously varying the length of the blades and the traverses,
i.e., by varying WPP rotor configuration. The elaboration of approaches to the development of algorithms for the
stabilization of vertical-axis WPPs controlled by rotor configuration variation is an important and promising task.
The goal of this paper is to develop efficient algorithms for stabilizing the variable-configuration WPP rotor speed
providing the stability and operability of the channels of blade and traverse length variation in their simultaneous
operation. The problem is solved using methods of the classical theory of automatic control and mathematical
simulation. The novelty lies in extending the concept of control by swept area variation to Darrieus vertical-axis
WPPs, synthesizing efficient algorithms for stabilizing the rotor speed of Darrieus vertical-axis WPPs controlled
by rotor configuration variation, and determining conditions for their stability and operability. The algorithms and
approach developed may be used in substantiating design solutions for Darrieus vertical-axis WPPs.

Keywords: wind power plants, Darrieus rotor, rotary speed stabilization, stability, operability,
mathematical simulation.

1. Dzenzersky V. A., Tarasov S. V., Kostyukov I. Yu. Low-Power Wind Plants. Kyiv: Naukova Dumka, 2011.
592 pp. (in Russian).

2. Pande J., Nasikkar P., Kotecha K., Varadarajan V. A review of maximum power point tracking algorithms for
wind energy conversion systems. J. Mar. Sci. Eng. 2021. V. 9. No. 11. 1187.
https://doi.org/10.3390/jmse9111187

3. Tarasov S. V., Redchyts D. O., Tarasov A. S., Dorosh O. V. Model of variable-configuration Darrieus rotor
dynamics. Proceedings of the International Conference "Information Technologies in Metallurgy and
Mechanical Engineering" (ІТММ-2023). 22 March 2023. Dnipro: Ukrainian State University of Science and
Technologies, 2023. Pp. 208-211 (in Ukrainian).

4. Tarasov S. V., Molotkov O. N. Algorithms for stabilizing the rotor speed of a Darrieus wind power plant
controlled by blade length variation. Teh. Meh. 2023. No. 4. Pp. 50 - 59. (in Ukrainian).
https://doi.org/10.15407/itm2023.04.050

5. Tarasov S. V., Molotkov O. N., Tarasov A. S., Cherniavskyi Ye. Yu. Analysis of the quality indices of a
Darrieus WPP rotor speed stabilization system. Proceedings of the 14th International Scientific and Practical
Conference "Modern Power Plants in Transport and Technologies and Equipment for their Maintenance"
(MPPTTEM-2023). 16-18 March 2023. Kherson: Kherson State Marine Academy, 2023. Pp. 284-286. (in
Ukrainian).

6. Tarasov S. V., Molotkov O. N. Simulation of transients in the rotor speed stabilization system of a Darrieus
wind turbine. Proceedings of the International Conference "Information Technologies in Metallurgy and



Mechanical Engineering" (ІТММ-2023). 22 March 2023. Dnipro: Ukrainian State University of Science and
Technologies, 2023. Pp. 208-211. (in Ukrainian).

7. Tarasov S. V., Molotkov O. N. Model of the dynamics of a Darrieus rotor controlled by traverse length
variation. Proceedings of the 15th International Scientific and Practical Conference "Modern Power Plants in
Transport and Technologies and Equipment for their Maintenance" (MPPTTEM-2024). 13-15 March 2024.
Kherson: Kherson State Marine Academy, 2024. Pp. 224-226. (in Ukrainian).

8. Besekersky V. A., Popov E. N. Theory of Automatic Control Systems. Saint Petersburg: Professiya, 2003. 752
pp. (in Russian).

Received on April 8, 2024,
in final form on May 30, 2024


