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RESEARCH OF THE ENERGY CHARACTERISTICS OF A WIND
GENERATOR WITH A HYBRID INVERTER CONTROL SYSTEM

Nerubatskyi V., Hordiienko D.”

Ukrainian State University of Railway Transport, Ukraine

Abstract

Keywords:

Blade, control system, power
electronics, semiconductor con-
verter, wind energy, wind gen-
erator.

An analysis of the technical characteristics of the main types
of wind generators is given. The question of the possibility of
adjusting the speed of rotation of the wind generator blades,
the parameters of the power semiconductor part, which en-
sures the mode of smooth start of the generator, is considered.

Power converters are given and more modern control functions
are described. A system of two-circuit self-regulation of the hy-
brid inverter is proposed. The study of transient processes of
wind generator control by simulation modeling in the Matlab

software is given.

Introduction

The world consumption of electricity is growing,
so there is a demand for increased power. The pro-
duction, distribution and use of energy must be as
technologically efficient as there are opportunities
and incentives for the end user to save energy. En-
ergy regulation has reduced investments in large
power plants, which means that the need for new
sources of electricity may be very high in the near
future [1, 2].

Two main trends will play an important role in
solving future problems. One of them is to change
the sources of electricity production from tradi-
tional, fossil and short-term sources of energy to re-
newable energy sources. Another provides for the
use of highly efficient power electronics in electric
power, transmission and distribution of electric
power to end users [3, 4].

In classical energy systems, large power plants lo-
cated in appropriate geographical points produce
the majority of the energy, which is then transmit-
ted over long distances by electric lines. Control
centers constantly monitor and regulate the energy
system to ensure the quality of electricity, namely
the frequency and voltage [5, 6].

However, the overall power system is changing,
with a large number of distributed generation
units, including both renewable and non-renewable
sources, such as wind turbines, wave generators,
photovoltaic generators, small hydro, fuel cells and
gas (steam) combined heat and power plants. There
is widespread use of renewable energy sources in
distribution networks [7, 8].
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The main advantages of using renewable energy
sources are the elimination of harmful emissions
and inexhaustible primary energy resources [9, 10].
The availability of renewable energy sources has
clear diurnal and seasonal patterns, and the de-
mand for electricity from consumers can vary in
characteristics. Therefore, it is difficult to operate a
power system in which only renewable generation
units are installed, due to differences in character-
istics and high uncertainty in the availability of re-
newable energy sources.

Relevance of research

Wind turbine technology is one of the developing
technologies for using renewable energy sources.
According to research [11, 12], the technology used
in wind turbines was initially based on a short-cir-
cuited rotor of an asynchronous generator con-
nected directly to the network. Wind energy pro-
duction initially did not affect the management of
the power system, but now, due to the develop-
ment of capacities, it must play an active role in
the power system and requires new technical solu-
tions.

According to research [13, 14], wind power pul-
sations are almost directly transmitted to the elec-
trical network. In addition, there is no control of
active and reactive power, which are usually im-
portant control parameters for frequency and volt-
age regulation. As the power range of turbines in-
creases, these control parameters become increas-
ingly important, and power electronics must be in-
troduced as an interface between the wind turbine
and the network.
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Power electronics changes the basic characteris-
tic of a wind turbine from an energy source to a
source of active power [15, 16]. The technology
used in wind turbines is not new, but it is relevant
because it contributes to the development of semi-
conductor devices and the reduction of the price of
power electronics.

The main material of the study

In recent years, the number of power electronics
components has increased, mainly due to the de-
velopment of semiconductor devices and micropro-
cessor technology. A typical power system consist-
ing of a power converter, a load (generator) and a
control unit is shown in Fig. 1.

Electrical
network

. 5,
AP pliance { Bidireciional power flow >
industry b /

communication
- ;?

Load/ 2/3
Power converter

generator

Renewable
sources ‘

|

Reference
(local / centralized)

Figure 1. Wind energy conversion power system

The power converter is the interface between the
load (generator) and the electrical network. Power
can flow in both directions depending on the topol-
ogy. The use of such a system raises concerns
about three important issues. The first is reliabil-
ity, the second is efficiency, and the third is cost.
At present, the cost of power semiconductor de-
vices decreases annually by 1...5 % with the same
initial characteristics for the power electronic sys-
tem. An example of an electronic system that is
commercially available and competitive in power
is the variable speed drive. The transformation of
power electronics is reduced in volume and weight.
A switch driver of this development is that power
electronics technology is still in its infancy [17, 18].

Wind turbines capture wind energy using blades
of a rotating aerodynamic structure and convert it
into mechanical energy. The number of blades is
usually three. Since the tip speed of the blade must
be less than half the speed of sound, the rotational
speed will decrease as the blade radius increases.
For wind turbines with a capacity 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, as
shown in Fig. 2.

Due to the operation at a fixed speed, wind speed
fluctuations are transformed into mechanical
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torque fluctuations. The advantage of fixed speed
wind turbine is that it is simple, strong, reliable,
has low power consumption and low cost of electri-
cal part. Disadvantages of such a system are un-
controlled consumption of reactive power, mechan-
ical loads and limited power quality control.

Mechanical power Electrical power

" I Power  Supply |
\ Rotor Gearbox Generator  converter network |
\ |
| A A = |
| > @e o 8 e LU FT |
| 1T |

|
} Power Power Power Power Power |
‘ control control  transmission |

transmission  conversion
Figure 2. Conversion of mechanical wind energy

Wind turbines with adjustable speed are de-
signed to achieve maximum aerodynamic effi-
ciency in a wide range of frequencies. Variable
speed operation can be continuously adapted
(speeding up or slowing down the speed of the
wind turbine) to the wind speed so that the blade
speed ratio remains constant at a set value corre-
sponding to the maximum power factor. Unlike a
fixed-speed system, a variable-speed system keeps
the generator torque nearly constant. From a wind
turbine's perspective, the most important ad-
vantages of variable speed operation compared to
conventional fixed speed operation are: reduced
mechanical stress on mechanical components such
as the shaft and gearbox, increased power output
and reduced noise.

In addition, the presence of energy converters in
wind turbines also provides high potential control
capabilities for both large modern wind turbines
and wind farms to meet the high technical require-
ments of grid operators, such as:

—adjustable active and reactive power (fre-
quency and voltage control);

— quick response to transient and dynamic situ-
ations of the power system;

—1impact on network stability and improvement
of electricity quality.

The configuration of a variable-speed wind gen-
erator with full power conversion corresponds to a
fully variable-speed wind turbine, with the gener-
ator connected to the grid through a full-scale fre-
quency converter, as shown in Fig. 3.

The frequency converter performs reactive
power compensation and smooth connection to the
network for the entire speed range.

The generator can be electrically excited (syn-
chronous generator with phase rotor WRSG) or
with excitation from permanent magnets (syn-
chronous generator with permanent magnets
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PMSG). The stator windings are connected to the
network through a full-fledged power converter.

Utility

Wind turbine X
arid

PMSG/

Measured

Reference
variables

values

Control system

Figure 8. Type D wind turbine

To determine the energy characteristics of
fourth-generation (type D) wind generators, a sim-
ulation was carried out in the Matlab software.
The simulation model of the system "asynchronous
wind generator — rectifier — hybrid inverter — elec-
tric three-phase network" is shown in Fig. 4.

!
e e

™
=

Figure 4. Simulation model of a wind turbine

The power characteristics of the wind turbine of
the wind generator are shown in Fig. 5.

Turbine output power (pu of nominal mechanical power)

0 0.2 0.4 0.6 0.8 1 1.2 1.4
Turbine speed (pu of nominal generator speed)

Figure 5. The family of energy characteristics of
the wind generator (relative maximum power de-
pending on the wind speed)

The control system of the hybrid inverter is im-
plemented on the basis of pulse width modulation
with a frequency of 1 kHz.
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Thus, a two-loop system of autoregulation of the
hybrid inverter was implemented, which was per-
formed under the following conditions:

— maintaining the voltage in the direct current
circuit higher than the line voltage of the network;

— maintenance of the power factor close to unity;

— the balance of the power of the wind generator
and the power generated to the electric network
from the hybrid inverter.

Conclusion

An analysis of the technical characteristics of the
main types of wind generators was carried out,
which showed that wind generators with adjusta-
ble blade rotation speed provide a smooth start-up
mode.

A wind generator configuration with adjustable
speed and full power conversion is presented. The
frequency converter performs reactive power com-
pensation and smooth connection to the network
for the entire speed range.

A hybrid inverter control system is proposed,
which provides electricity generation to a three-
phase electric network in current source mode
with a power factor close to unity and a fairly low
content of higher current harmonics.
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