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Research of methods power control of wind turbines

Abstract. Currently, renewable energy sources play an important role in the global energy balance. Among them, wind electric installations occupy a
special place. As wind turbines develop and their power increases, their design also improves. Therefore, when improving the mechanical parts of
the design of wind electric installations, the electrical control and monitoring systems are being improved and become more complex. One of the
main tasks in wind energy is the choice of a method for controlling the power of wind turbines. To achieve this, this article discusses several methods
for controlling the power of wind turbines. The article shows a graph of the dependence of the generated power on the speed of the wind wheel at
various wind speeds. An analysis has been made of methods for controlling the power of wind turbines at constant and variable speed, controlling
power by stepwise changes in the speed of the wind wheel by switching the generator windings, controlling the power of wind turbines by changing
the gear ratio of the wind turbine multiplier, etc. The advantages and disadvantages of these methods are given, thanks to which we can find out
which of them is the most effective and profitable at present.

Streszczenie. Obecnie odnawialne zrédfa energii odgrywajg wazng role w $wiatowym bilansie energetycznym. W$réd nich szczegdlne migjsce
zajmujg elektrownie wiatrowe. W miare rozwoju turbin wiatrowych i wzrostu ich mocy, poprawia sie réwniez ich konstrukcja. Dlatego tez w miare
udoskonalania cze$ci mechanicznych konstrukcji elektrowni wiatrowych, elektryczne systemy sterowania i monitorowania sg ulepszane i stajg sie
coraz bardziej ztozone. Jednym z gtéwnych zadan energetyki wiatrowej jest wybér metody sterowania mocg turbin wiatrowych. Aby to osiggngé, w
artykule oméwiono kilka metod sterowania moca turbin wiatrowych. W artykule przedstawiono wykres zalezno$ci generowanej mocy od predkosci
kotfa wiatrowego przy réznych predkosciach wiatru. Dokonano analizy metod sterowania mocg turbin wiatrowych przy statej i zmiennej predkos$ci
obrotowej, sterowania mocg poprzez skokowe zmiany predko$ci kota wiatrowego poprzez przetgczanie uzwojeri generatora, sterowania mocg turbin
wiatrowych poprzez zmiane przefozenia przektadni mnoznik turbiny wiatrowej itp. Podano zalety i wady tych metod, dzieki czemu mozemy

dowiedzie¢ sie, ktéra z nich jest obecnie najbardziej efektywna i optacalna. (Badania metod sterowania mocg turbin wiatrowych)
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1.Introduction

At the present stage of development of science and
technology, electrical systems based on renewable energy
sources consist of a large number of elements and
subsystems interconnected. To study such systems, a fairly
powerful mathematical apparatus is needed, which is based
on the use of computing resources of electronic computers
and its implementation using special software. With the
development of this software for important scientific
calculations and the increasing power of computer
technology for scientific research, special programs for
mathematical calculations are increasingly being used on
computers. With the help of such programs, mathematical
models are quickly implemented using model-oriented
programming methods. After moving on to the study of
electrical supply systems based on renewable energy
sources, it is worth highlighting some features of the
functioning of such systems. Renewable energy sources do
not provide constant power output, therefore such systems
require the accumulation of generated energy for its
subsequent return to the consumer if necessary.

Due to the fact that there are currently a large number of
different designs of wind power plants, a number of
questions arise:

- how effective are these structures;

- how fully the potential inherent in a particular design is
used;

— is it possible to increase the efficiency of such a wind
turbine without making major changes to the design.

To answer these questions, you need to know general
information about wind turbines. It was determined that all
wind electric installations are divided into the following:

1) wind electric installations with a horizontal axis of
rotation;

2) wind electric installations with a vertical axis of
rotation.

Horizontal axis wind electric installations can be divided
into:

1) with a constant blade installation angle;
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2) with variable blade installation angle;

Wind turbines with a vertical axis of rotation can be
divided into wind turbines with a wind wheel geometry that
remains constant and wind turbines with a wind wheel
geometry that changes.

At the same time, the main methods for controlling the
power of a wind turbine are highlighted. The first of these
methods is the method in which the wind electric installation
operates at a constant speed of the wind wheel. The
second important method is the method in which the wind
electric installation operates at several fixed speeds of
rotation of the wind wheel by switching the generator
windings. The third is a method in which a wind electric
installation operates at several fixed speeds of rotation of
the wind wheel by switching the gear ratio of the multiplier.
The most important fourth method is the method in which
the wind electric installation operates at variable speed and
uses an electric converter with a power regulator. Another
important - fifth method of controlling the power of wind
electric installations is the method in which the installation
operates at a variable speed, in which the installation angle
of the wind wheel blades changes or the geometric
dimensions of the wind wheel change.
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Fig. 1. Dependence of the generated power on the speed of the
wind wheel for different wind speeds
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Power control in wind installations is very important.
This can be explained by the peculiarity of the aerodynamic
characteristics of the wind wheel. In figure 1 shows the
dependence of the generated power on the rotation speed
of the wind wheel for different wind speeds. From this graph
it can be seen that each wind speed corresponds to a
certain rotation frequency. In this case, the power of the
wind wheel is maximized [1-5].

2. Materials and methods

Power control of a wind electric installation at a constant
frequency. The simplest method to implement is the
constant speed power control method. As an example of
the use of this method, we can cite the design of a wind
power plant, in which the wind wheel rotor is directly or
through a multiplier connected to the rotor of a synchronous
generator with permanent magnets. The generator windings
are connected to the input of a diode rectifier bridge, the
output of which is connected to the battery.

During the operation of such a wind electric installation,
when the wind speed changes, the voltage at the output of
the generator and rectifier, respectively, changes. Thus, at
low wind speeds, the rotational speed and output voltage
become lower than the voltage on the battery, the current in
the battery stops flowing, which leads to a decrease in the
electromagnetic torque of the generator on the wind wheel
shaft. With an increase in wind speed, the generator speed
tends to increase, which leads to an increase in the
generator output voltage and an increase in the current in
the battery. An increase in current leads to an increase in
the electromagnetic torque of the generator on the wind
wheel shaft, which does not allow it to accelerate above a
certain speed, which is how voltage stabilization is
achieved.

The advantages of the constant speed power control
method are:

1. This method does not require such units as a gearbox
or a mechanism for changing the installation angle of the
blades, which makes it possible to simplify the design of the
wind turbine, while increasing its reliability;

2. This method makes it possible to use a generator with
excitation from permanent magnets, which makes it
possible to increase the efficiency of the generator and the
entire wind turbine as a whole, because such a generator
does not require electrical energy to excite the magnetic
field;

3. The possibility of using a simple scheme for
converting alternating electric current of the generator into a
direct current of the battery charge using a diode rectifier
bridge makes it possible to simplify the electrical equipment
of a wind turbine and reduce the cost of the final product.

The disadvantages of wind electric installation power
control at a constant speed are:

— effective operation of the wind turbine is ensured only
in a narrow range of wind speeds;

— it is necessary to apply special measures to protect
against excess power at wind speeds exceeding the
nominal one [6-9].

Wind turbine power control by changing the gear ratio of
the wind turbine reducer-multiplier. Another way to control
the frequency of rotation of the wind wheel rotor under the
changing wind speed is the use of a mechanical
transmission between the wind wheel shaft and the shaft of
an electric generator with a variable or stepwise changeable
gear ratio. An example of such devices is a gearbox /
multiplier with several gears (fig. 2), or a V-belt variator (fig.
3).

This method, similar to the previous method, allows one
to significantly expand the range of wind speeds, while
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allowing the use of fairly simple synchronous generators
designed for a fixed speed.

The advantages of the wind turbine power control
method by changing the gear ratio of the wind turbine
multiplier gearbox are:

1. The use of a mechanical transmission with a variable
gear ratio allows you to significantly expand the range of
wind speeds at which the effective operation of the wind
turbine is possible;

2. The use of this method makes it possible to preserve
the simplicity of the electric converter of the wind power
plant by shifting the functions of the actuating device of the
wind turbine control system to a controlled gearbox.

The disadvantages of this method:

1. To ensure the functioning of this method in the control
system of a wind power plant, the use of an anemometer or
other device for determining the current wind speed is
required;

2. The use of a gear change device leads to a decrease
in the reliability of the mechanical transmission from the
wind wheel to the wind turbine generator;

3. The use of a gear change device leads to an increase
in mechanical losses in the "wind wheel - generator" path,
reducing the overall efficiency of the wind turbine.

Fig. 3. V-belt variator device

Controlling the power of a wind electric installation by
stepwise change in the speed of the wind wheel by
switching the generator windings. The next most difficult
implementation method is the method of controlling the
power of a wind electric installation by stepping the rotor
speed by switching the generator windings. This method is
similar to the method of power control at a constant speed
of the wind wheel, differing in that, depending on the wind
speed, the design of the wind power plant allows you to
change the output voltage of the generator, which allows
you to ensure the operation of the wind wheel with a speed
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that changes depending on the wind speed, which allows
you to ensure efficient operation at several wind speeds.

The advantages of the method of controlling the power
of a wind electric installation by stepping the speed of the
wind wheel by switching the generator windings are:

1. This method allows you to significantly expand the
range of wind speeds at which the effective operation of the
wind turbine is possible;

2. The use of this method makes it possible to maintain
the simplicity of the electrical converter of the wind power
plant by shifting the functions of the executive device of the
wind turbine control system to the electromechanical switch
of the generator windings.

The disadvantages of this method:

1. To ensure the functioning of this method in the control
system of a wind electric installation, it is required to
measure the wind speed using an anemometer, or to
determine this value by indirect signs, for example, by the
magnitude of the angular acceleration of the wind speed;

2. The use of a device for switching the windings of the
generator leads to a decrease in the reliability of the
electrical equipment of the wind electric installation;

3. In comparison with the method of controlling the
power of a wind turbine at a constant speed of the wind
wheel, it remains necessary to use special protective
equipment to limit the power of the generator at wind
speeds exceeding the nominal one [10-15].

Wind turbine power control by changing the installation
angle of the blades or the geometric dimensions of the wind
turbine. One of the ways to adapt the properties of a wind
wheel to changing wind conditions is the method of
controlling the power of a wind turbine by changing the
installation angle of the blades or the geometric dimensions
of the wind wheel. The application of this method involves
the use of such a design of the wind wheel, in which it is
possible to automatically change the aerodynamic surfaces,
leading to a change in the aerodynamic characteristics of
the wind wheel in accordance with the changing wind
speed. Such a design usually requires equipping the wind
wheel with various units to carry out the control function.

The advantages of this method:

1. The use of a mechanized design of the wind wheel
allows the most complete use of wind energy in a wide
range of operating speeds;

2. The use of this method allows for aerodynamic
control of the wind turbine power, providing the most
favorable operating conditions, including ensuring the
protection of the wind turbine generator from excess power
in strong winds.

The disadvantages of the method:

1. To ensure the functioning of this method in the wind
turbine control system, it is necessary to use a complex
control system for mechanical devices and units to change
the geometry of the aerodynamic surfaces of the wind
wheel;

2. The use of mechanical devices or units to change the
geometry of the aerodynamic surfaces of the wind wheel
leads to a decrease in the reliability of the design of the
wind turbine, leads to the need to provide maintenance
during the operation of the wind turbine;

3. The complication of the wind turbine design leads to
an increase in the cost of both wind turbines and operating
costs, which adversely affects economic efficiency.

Wind electric installation power control at a variable
frequency of rotation of the wind wheel. Under the
conditions of constantly changing wind speed and constant
geometrical dimensions of the aerodynamic surfaces of the
wind wheel, it can be found that the highest efficiency of the
wind wheel is achieved by changing the speed of the wind
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wheel rotor according to a certain pattern. Typically, such a
pattern is specified using the term speed - the ratio of the
linear speed of the end of the blade to the wind speed. For
each design of the wind wheel with its geometric
dimensions, there is a certain value of speed at which the
wind wheel provides the greatest efficiency. To ensure the
efficient operation of a wind turbine, it is necessary to
constantly maintain this speed at the required level by
changing the frequency of rotation of the wind wheel rotor
following the changing wind speed.

It should be noted that with a changing frequency of
rotation of the wind wheel shaft and the generator,
respectively (with a direct connection of the wind wheel
shaft and the electric generator shaft), a synchronous
generator with excitation from permanent magnets will
produce an electric current that varies in frequency and
amplitude. Accordingly, to ensure the correct functioning of
the wind turbine, the use of an electrical energy converter is
required. Such a converter must ensure the conversion of
the alternating current of the generator into a direct current
of a given value to ensure such a mode of operation of the
wind turbine so that the load power of the generator
provides the required frequency of rotation of the wind
wheel at a given wind speed.

The advantages of this method:

1. The use of electric control of the speed of rotation of
the wind wheel makes it possible to ensure the efficient
operation of the wind power plant in a wide range of wind
speeds;

2. The use of this method makes it possible to maintain
the simplicity of the wind turbine design by shifting the
functions of the actuating device of the wind turbine control
system to an electric converter;

3. The use of a controlled electrical converter makes it
possible to protect the electrical generator from overload in
conditions of excessively high wind speeds, for example, in
the event of storm winds or storms.

The disadvantages of the method:

1. To ensure the functioning of this method in the wind
turbine control system, the use of an anemometer or other
device for determining the current wind speed is required;

2. The use of an adjustable electrical converter leads to
the complication of the electrical part of the wind turbine
design, placing high demands on the reliability of electrical
equipment, however, due to the fact that the electronic
industry is constantly developing, offering more and more
efficient and highly reliable solutions, it can be predicted
that in the near future, effective designs that successfully
solve the problem may appear [16-20].

3. Conclusion

Having analyzed all these methods of controlling the
power of wind turbines, we can conclude that the simplest,
most common control method is the method of controlling
the power of wind turbines at a constant speed of the wind
wheel. At the same time, one of the disadvantages of wind
turbines that operate under such control is the inability to
ensure efficient operation in a wide range of wind speeds
and the importance of additional mechanisms to protect the
wind turbine design in case of excess wind power.
The most effective way to ensure wind turbine operation in
a wide range of wind speeds is to operate at variable wind
wheel speed according to a given algorithm. In this case,
when the wind speed changes, the rotation speed of the
wind wheel changes, which ensures the operation of the
wind wheel with the highest efficiency.
All of these control methods considered are applicable to
various designs of wind turbines, which makes it possible to
apply the accumulated experience to the entire variety of
wind turbines.
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