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Analysis of electrical generators for wind electric installations

Abstract.. In today's world, when the role of renewable energy sources is becoming increasingly important in the context of combating climate
change and reducing dependence on fossil fuels, wind energy occupies a leading position. Wind turbines are becoming an increasingly common and
sought-after source of clean energy, and the generator, as a key component of these systems, is becoming critical. Selecting the right generator for
a wind installation is a complex process that requires careful analysis and evaluation of many factors. After all, the generator not only converts the
kinetic energy of the wind into electrical energy, but also affects the efficiency of the entire system, its reliability and operating costs. This article
discusses the main electrical generators that are used in wind electric installations. Block diagrams of wind turbines based on these generators are
given. The advantages and disadvantages of these generators are given.

Streszczenie. W dzisiejszym $wiecie, gdy rola odnawialnych zrédet energii staje sie coraz wazniejsza w kontek$cie przeciwdziatania zmianom
klimatycznym i zmniejszania zalezno$ci od paliw kopalnych, energetyka wiatrowa zajmuje wiodgcg pozycje. Turbiny wiatrowe stajg sie coraz
bardziej powszechnym i poszukiwanym Zrodfem czystej energii, a generator, jako kluczowy element tych systemoéw, staje sie krytyczny. Wybor
odpowiedniego generatora do instalacji wiatrowej to ztozony proces, ktéry wymaga doktadnej analizy i oceny wielu czynnikéw. Przeciez generator
nie tylko zamienia energie kinetyczng wiatru na energie elektryczng, ale takze wptywa na wydajno$¢ catego systemu, jego niezawodno$¢ i koszty
eksploatacji. W artykule oméwiono gtéwne generatory elektryczne stosowane w elektrowniach wiatrowych. Podano schematy blokowe turbin
wiatrowych bazujgcych na tych generatorach. Podano zalety i wady tych generatoréw. (Analiza generatoréw elektrycznych dla instalacji

wiatrowych)
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Stowa kluczowe: instalacja elektryczna wiatrowa, generator, czestotliwo$¢ napiecia wyjsciowego, falownik, predkosé obrotowa.

1.Introduction

Currently, a large number of designs of wind turbines are
known. They are mainly classified by the location of the axis
of rotation of the wind wheel, by the speed of rotation of the
wind wheel, by the type of drive (direct drive or through a
gearbox), by the presence of an orientation system or its
absence. A significant number of design options for wind
turbines makes it possible to achieve the most optimal use
of wind energy in relation to each particular installation
case. However, you need to understand that the wind is
inherently unstable: its flow constantly changes direction
and speed. Thus, wind turbines have to operate in a wide
range of rotation speeds.

From the general theory of electrical machines it is well
known that the rotation speed of the generator rotor directly
affects the main characteristics of electricity. Thus, rotating
at different speeds, the generator produces voltage with
variable parameters in amplitude, frequency and phase.
The main problem of wind energy is the need to convert
electricity with variable parameters into electricity with
standard parameters when the direction and intensity of the
wind flow changes. The problem of eliminating instability of
the wind flow direction is solved by using an orientation
system for wind turbines with a horizontal axis of rotation
and using wind turbines with a vertical axis of rotation that
are insensitive to the direction of the wind.

To stabilize the frequency of the output voltage, two
technical solutions are possible. The first option is a
mechanical impact directly on the speed of rotation of the
wind wheel, which is technically possible, for example, by
changing the angle of attack of the blade. This method is
called pitch regulation. The second option is the electrical
conversion of non-standard energy into standard energy.
This is technically realized by including electronic generator
excitation control systems and electronic output energy
stabilization systems in wind turbines. But it is necessary to
understand that the composition and architecture of these
electronic systems directly depends on the type of
generating device included in the wind power plant.
Accordingly, the most important issue when creating a wind
turbine is the choice of generator type. When choosing a
generator for a wind turbine, it is necessary to take into

account the technical characteristics of the installation itself,
such as its power, installation height, wind speed in a given
region, as well as terrain features. Different types of
generators have their own characteristics and advantages,
which must be adapted to the specific conditions of the
project.

Also an important factor is the economic component of

choosing a generator. Installation and maintenance costs,
as well as potential energy efficiency, must be carefully
analyzed in order to make an informed choice that fits the
project budget and provides the optimal cost-benefit ratio.
In this study, we will look at various types of wind turbine
generators, their features, advantages and disadvantages,
and also analyze their applicability in various operating
conditions. Our goal is to provide engineers, designers and
developers with useful information to help them make the
right generator selection and ensure efficient operation of
wind power plants [1-5].
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Fig. 1. Wind turbine with a squirrel cage induction generator

2.Materials and methods

Of all types of electrical machines, traditionally there are
several main types of generators that are used in wind
turbines:
1) asynchronous generators
2) synchronous generators
3) two-speed asynchronous generator
4) asynchronized synchronous generator
Each type of generator has its own advantages and
disadvantages. Therefore, we will consider each of them
separately.
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Asynchronous generator. These systems use squirrel-

cage asynchronous generators or induction generators that
are directly connected to the network. The block diagram of
a wind turbine based on an asynchronous generator is
shown in Figure 1.
One of the disadvantages of this system is that the
asynchronous generator does not have its own excitation
source. Therefore, to operate, it needs to consume reactive
power from the external network. Thus, when working
directly with the network, this generator consumes reactive
power from the network itself, which negatively affects such
an important parameter as the network power factor (cos
¢). To compensate for reactive power, as well as when
operating in autonomous mode, wind turbines are equipped
with capacitor banks, but they are quite expensive and
unreliable. The second disadvantage is that the
asynchronous generator operates only in certain winds,
which ensure that the rotor speed exceeds the speed of
rotation of the machine’s magnetic field. Asynchronous
generators or induction generators with a wound rotor are
also used (fig. 2), since the influence on the rotor circuit
allows you to change the amount of slip [6-10].

Variable resistance
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Fig. 2. Wind turbine with a wound rotor induction generator

In this case, it is possible to operate in wider speed
ranges. In Europe, this system was adopted as the basis for
wind generators of low and medium power, but these
disadvantages relate to the nature of the electric machine
itself, which does not allow intensive development of this
direction.

Synchronous generator. From the very beginning of the
development of wind energy, the three-phase synchronous
generator has been considered as one of the main types of
generators. Its designs are available with electromagnetic
excitation or permanent magnets. This allows you to
achieve good weight and size characteristics. The main
problem with this type of electric generators is that in order
to generate alternating current of certain parameters it is
necessary to maintain a constant rotor speed. In the case of
electromagnetic excitation, it is possible to maintain the
amplitude of the generated excitation in a certain interval by
changing the excitation, which is regulated by the current of
the excitation winding. However, to maintain a certain
voltage frequency when the rotation speed changes, it is
necessary to use additional devices. The block diagram of a
wind turbine based on a synchronous generator is shown in
Figure 3.

As can be seen from the diagram, this wind turbine, in
addition to the turbine and the generator itself, includes an
electronic frequency converter. This converter initially
rectifies the generated voltage, and then inverts it into
alternating voltage with the specified parameters. This type
of wind generators is currently quite widely used in wind
turbines of various capacities. However, in high-power wind
turbines, synchronous generators are rarely used due to the
limited capabilities of power electronics. In addition, a large
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number of conversion stages leads to a decrease in the
overall efficiency of the generating system.
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Fig.3. The block diagram of a wind turbine based on a synchronous
generator

Two-speed asynchronous generator. A two-speed
asynchronous generator is a generator that can operate at
two different rotor speeds. This type of generator is
especially useful in wind turbines, where the rotation speed
of the wind wheel can vary significantly depending on the
intensity of the wind. To ensure efficient operation of the
generator at different rotor speeds, a system of two
independent windings is used.

Advantages of using a two-speed asynchronous generator
in wind energy:

1.Increased energy efficiency: The two-speed
asynchronous generator allows you to increase the energy
efficiency of a wind turbine by more efficiently using wind
energy at different speeds.

2.Reduce control system costs: Since the two-speed
asynchronous generator can independently adjust the rotor
speed depending on the wind speed, it can reduce the need
for expensive control systems.

3.Increased reliability: The wuse of a two-speed
asynchronous generator can increase the reliability of a
wind turbine by reducing the load on the equipment under
variable wind speeds.

Technical aspects of the use of two-speed asynchronous
generator (TSAG) in wind turbines:

1.Design and integration: The use of TSAG requires
specialized design and integration into the wind turbine
design. This includes developing the optimal control
system, adapting the transmission and selecting the optimal
generator configuration.

2.Rotation speed control: To ensure optimal operation of a
wind turbine, it is necessary to develop a control system
that can effectively adjust the rotor speed in accordance
with changes in wind speed.

3.Grid integration: TSAG must be integrated into the
existing electrical network with minimal losses and surge
currents. This requires matching the generator parameters
with the network parameters and using specialized devices
for synchronization and protection [11-15].

Asynchronized synchronous generator or doubly-fed
machine. Recently, a doubly-fed induction generator or an
asynchronized synchronous generator has gained particular
popularity in wind turbines. By design, it is an asynchronous
machine with a wound rotor. However, the method of
connecting an asynchronized synchronous generator to the
network is completely different. The stator winding is
connected to the network directly, and the rotor winding is
usually connected to the network through a frequency
converter. The block diagram of a wind turbine based on
this generator is shown in Figure 4.
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Fig. 4. The block diagram of a wind turbine based on doubly-fed
induction generator
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This type of generator can operate in three operating
modes:

1) pre-synchronous rotor rotation speed: electrical power
with the required frequency is supplied from the network to
the rotor, which accordingly creates an energy flow coming
from the stator winding to the network;

2) synchronous rotor speed: a constant voltage is applied to
the rotor winding, and it operates in synchronous generator
mode;

3) supersynchronous rotor speed: similar to the operating
mode at a rotation speed less than synchronous, but the
direction of rotation of the rotor field is opposite [16-20].

This electric machine has the ability to generate electrical
energy with constant parameters over a wide range of rotor
speeds and the ability to control reactive power flows
through the excitation circuit, through which less power
passes, which accordingly affects the dimensions and cost
of the electronic converter. These distinctive features make
the doubly-fed machine the most attractive and efficient for
use in wind turbines; as a result, by 2015, asynchronized
synchronous generators already occupied about 85% of the
installed capacity of wind generators. The disadvantage of
this type of generator is the presence of a brush contact
that requires time-consuming maintenance for supplying
current to the rotor circuit.

Advantages of asynchronized synchronous generators
(ASG) in wind turbines:

1. Smooth connection to the grid: These generators provide
smooth connection to the grid, which reduces surge
currents and increases the reliability of the wind turbine.

2. Resistance to Variable Wind Conditions: asynchronized
synchronous generators allow for efficient operation in
variable wind speeds, providing stable power output.

3. Hybrid Systems: ASG can be integrated into hybrid
systems with other energy sources such as solar power or
diesel generators, increasing system reliability and
flexibility.

4. Enhanced Control: ASG enable different control
strategies to be implemented to optimize wind turbine
performance and reliability [20-25].

5. Efficiency: Asynchronized synchronous generators can
be configured to provide high efficiency in converting wind
energy to electrical energy.

Technical aspects of asynchronized synchronous

generators application. Application of ASG in wind turbines
requires specialized design and integration. This includes
designing electrical circuits, selecting control systems, and
testing and maintaining equipment. The key aspects are:
1) Design and Construction: ASG must be adapted to cope
with varying wind speeds and changing loads. This requires
optimization of design parameters such as stator and rotor
windings, as well as material selection.

2) Control and Control: Developing control systems that can
ensure optimal operation of the ASG under various
operating conditions is an important aspect. This includes
frequency and voltage control, as well as load monitoring
and overload and short circuit protection.

3) Grid integration: ASG must be integrated into existing
electrical networks with minimal losses and surge currents.
This requires matching asynchronized synchronous
generator parameters with network parameters and using
specialized devices for synchronization and protection [25-
30].

3.Conclusion.

Of the many possible types of generators for wind power
plants, the best are the two-speed asynchronous generator
and the asynchronized synchronous generator (double-fed
machine). The first ensures the operation of the wind
turbine at low wind speeds. This will increase the production
of electrical energy. Therefore, the use of this generator
increases the energy efficiency and reliability of wind
turbines. The second allows, without additional conversion
stages, to directly generate standard energy when the rotor
speed changes in a wide range from 0 to supersynchronous
speed. As a result, high conversion efficiency is ensured.
Moreover, this generator does not consume reactive energy
from the network and can itself be a source of reactive
power. The conversion occurs through the excitation circuit,
which reduces the size and cost of electronic equipment.
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