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In classical power systems, large power plants located at appropriate
geographical points produce most of the energy, which is then transmitted over long
distances by power lines. Control centers constantly monitor and regulate the power
system to ensure power quality, namely frequency and voltage [1].

Wind turbine technology is one of the developing technologies for using
renewable energy sources [2, 3]. The technology used in wind turbines was originally
based on the short-circuited rotor of an asynchronous generator connected directly to
the grid. Wind energy production initially did not affect the management of the
power system, but now, due to the development of capacities, it must play an active
role in the power system and requires new technical solutions.

Power electronics changes the basic characteristic of a wind turbine from an
energy source to a source of active power [4, 5]. Wind turbines capture the wind's
energy using the blades of a rotating aerodynamic structure and convert it into
mechanical energy. The number of blades is usually three. Since the speed of the tip
of the blade must be less than half the speed of sound, the speed of rotation will
decrease as the radius of the blade increases. For wind turbines with a power of
several MW, the rotation frequency will be 10...15 rpm.

The most economical way to convert low-speed, high-torque power into
electrical energy is to use a gearbox and a standard fixed-speed generator. A power
converter can also be installed between the network and the generator.

According to wind turbine designs, four concepts are presented:

— with constant speed (type A);

— with frequency-adjustable speed and variable rotor resistance (type B);

— with adjustable speed and partially applied frequency converter (type C);

— with adjustable speed and full conversion of electrical energy (type D).

A wind turbine with a fixed speed and an asynchronous generator with a short-
circuited rotor (SCIG) connected directly to the network is shown in Fig. 1. This
concept requires a reactive power compensator to reduce the transfer of reactive
power from the turbine generators to the grid. A smoother connection to the network
is achieved by enabling the soft start device. Regardless of the power control
principle of a wind turbine with a fixed speed, wind fluctuations are converted into
mechanical fluctuations and further fluctuations in electrical power. Because of these
voltage fluctuations, a fixed-speed wind turbine consumes varying amounts of
reactive power (in the absence of a capacitor battery), which increases both voltage
fluctuations and network losses.
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Figure 1 — Type A wind turbine

A wind turbine with adjustable speed and variable rotor resistance is shown in
Fig. 2. The configuration uses an asynchronous generator with a phase rotor (WRIG).
The generator is connected directly to the network. The generator rotor winding is
connected in series with an adjustable resistance, the value of which determines the
variable speed range. A capacitor battery compensates for reactive power, and
smooth connection to the mains occurs with the help of a soft starter. Additional
resistance is added to the rotor circuit, which can be controlled by the power
electronics. Thus, it is possible to control the total resistance of the rotor, slip and
output power in the system. The range of dynamic speed regulation depends on the
size of the variable resistance of the rotor. Usually, the speed range is 0...10 % higher
than the synchronous speed. The energy coming from the external energy conversion
unit is discharged as heat loss.

Wind turbine By-pass Urtility
network
Soft start Coupling
Wind device transformer
° \
AC
Gearbox
, X 1A A
i Control s
gue Capacitor
Variable system battery

resisrance

Figure 2 — Type B wind turbine

A wind turbine with an adjustable frequency of rotation with an asynchronous
generator with a phase rotor and a frequency converter (DFIG) (with a frequency of

approximately 30 % of the nominal power) according to the rotor scheme is shown in
Fig. 3.
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Figure 3 — Type C wind turbine

The stator is directly connected to the grid, and the partial scale power converter
controls the rotor frequency and rotor speed. The power rating of this partial scale
frequency converter defines the speed range (typically £30 % of synchronous speed).
In addition, this converter performs reactive power compensation and smooth grid
connection. The use of smaller frequency converters makes this concept
economically attractive. Moreover, power electronics enable the wind turbine to act
as a more dynamic energy source in the network.

A wind turbine with a fully adjustable speed is shown in Fig. 4. At the same
time, the generator is connected to the network through a full-scale frequency
converter, which performs reactive power compensation and smooth connection to
the network for the entire speed range. The generator can be electrically excited
(synchronous generator with phase rotor WRSG) or with excitation from permanent
magnets (synchronous generator with permanent magnets PMSG). The stator
windings are connected to the network through a full-scale power converter.

Wind turbine U;Zityk
networ,
PMSG/
WRSG/ ¢ - m oo e ] ,
SCIG ' Full-scale power converter ' lrgg;’fpal}f”;i ;
Wind ; ,
e DC | |DC —
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AC AC i
Filter
Measured Reference
variables — | Control system ~ " values

Figure 4 — Type D wind turbine
54



A technical comparison of the main types of wind turbines with control systems

is given in Table 1.

Table 1

Comparative analysis of technical characteristics of wind turbines

Parameter Type of wind turbine
type A type B type C type D

Speed control no no yes yes
Regulation of generated active part part yes yes
power
Regulation of generated reactive no no yes yes
power
System speed 1...10s 100 ms I ms 0.5...1 ms
Standby mode no no yes yes
The presence of a dose of flicker yes yes no no
in the generated electrical energy
The need for a generator soft yes yes no no
start mode
The presence of an intermediate no no yes yes
link of direct current

The main differences between the wind turbine concepts relate to the generation
system and the way to limit the aerodynamic efficiency of the rotor above the
nominal value to prevent loading.
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