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ANALYSIS OF THE CONTROL SYSTEM OF A WIND PLANT
CONNECTED TO THE AC NETWORK

The dynamics of the development of alternative power sources over the past few decades are presented,
which gives reason to talk about the trends in the further development of wind energy. An analysis of the structures
and technical characteristics of wind generators is provided, namely, types of electric motors, power circuits of
semiconductor converters that provide the generation of electrical energy to the general industrial electrical
network. The issue of the possibility of operation of wind generators in wide wind ranges, the issue of emission of
reactive power and higher harmonics of currents to the general industrial electrical network, as well as the issue
of the efficiency of various structures of wind generators are considered. A wind turbine control system with an
asynchronous generator is proposed. A study of transient control processes and energy compatibility of a full
energy conversion wind turbine with a power supply network by simulation computer modeling in the
Matlab / Simulink software environment is given. The obtained result indicates the possibility of operation of an
asynchronous generator with a short-circuited rotor as part of a wind turbine, which makes it possible to provide
power to the alternating current network at low wind speeds.

Keywords: alternative energy source, asynchronous generator, wind turbine, wind energy, power plant,
control system.

Introduction

Wind energy is a relevant and promising type of renewable energy. Since 2014, 85 countries of the world
use wind energy on a commercial basis. Large wind farms are included in the general grid, smaller ones are used
to supply electricity to remote areas. In 2020, the total installed capacity of all wind generators was 743 GW, which
exceeded the total installed capacity of nuclear power [1, 2].

Thus, the amount of electricity generated by wind power has been growing exponentially in recent years
(Fig. 1).

The construction of wind power plants is associated with some technical and economic difficulties that
slow down the spread of wind energy. In particular, the variability of wind flows does not create problems with a
small share of wind energy in the total production of electricity, but with the growth of this share, the problems of
the reliability of electricity production also increase. Intelligent power distribution management is used to solve
such problems. The task of the wind power plant conversion system is to generate sinusoidal output voltages with
a stable amplitude and frequency. Different types of semiconductor converters, as well as different control systems,
can be used to generate a sinusoidal output voltage [3, 4].

Analysis of Recent Research and Publications

Most wind turbines use a DFIG (double-fed induction generator) system, which allows for variable speed
power generation. The papers [5, 6] with DFIG have contributed to the control of wind systems (step-back control,
sliding mode control, MPPT control, PCHD model control, D-FOC control). The main disadvantage of such
control is that it is based on a strict mathematical aspect for synthesis.

The paper [7] proposed the use of a high-voltage direct current (HVDC) transmission system, which has
technical advantages in creating an asynchronous connection and mass supply of electricity over long distances.
However, the disadvantages of such a system include the high cost of building the system. A converter station is
much more expensive to build than a conventional AC substation of similar capacity, as many more components
are required for the better performance of an HVDC system. At the same time, the number of harmonics increases,
which affect the quality of electricity and can lead to system oscillations.

Thus, the task of determining the optimal layout and control system of a wind turbine with full energy
conversion is an actual unsolved task.
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Figure 1 — Dynamics of wind energy growth

Purpose and Obijectives of the Study.

The purpose of the study is to analyze the influence of the wind turbine control system with an asynchronous
generator on the energy indicators of the wind turbine, which will make it possible to supply power to networks
with low alternating current. To achieve this purpose, the following tasks are set:

— comparison of possible topologies of wind power plants and the efficiency of using wind turbines with
different layouts;

— determine the requirements for the transmission of wind energy into the power supply network and the
quality of electricity;

—research of transient control processes and energy compatibility of a wind turbine with full energy
conversion with the power supply network.

Main Material of the Study. Wind turbine control includes both fast and slow control dynamics. In
general, the power must be controlled by an aerodynamic system and must respond to a setpoint (given either by
the control center or locally) in order to maximize energy production based on the available wind energy. The
power controller should also be able to limit the power.

When operating a wind power plant with a dual-feed generator system, the wind turbine will usually change
speed in proportion to the wind speed and maintain a fixed pitch angle. In very light winds, the turbine speed will
be locked at the maximum allowable slip to avoid overstressing. The pitch controller limits power when the turbine
reaches rated power. The generated electricity is produced by driving a doubly fed generator through a rotor-side
converter. Controlling the inverter from the mains side simply maintains a fixed DC voltage. Both converters use
internal current loops, which are usually linear PI controllers. Power converters on the network side and on the
rotor side are voltage source converters [8, 9].

Very high technical requirements are imposed on generating units, such as frequency and voltage control,
regulation of active and reactive power, quick response to transient and dynamic situations of the power system,
for example, reduction of power from nominal to 20 % of power within 2 seconds.

Power electronics technology is an important part of the control system configuration. A wind farm
equipped with power electronic converters can control both active and reactive power, as well as control variable-
speed wind turbines to maximize useful energy and reduce mechanical stress and acoustic noise [10, 11]. A DFIG-
based wind power plant connected to an AC network (type A wind turbine) is shown in Fig. 2.

In an HVDC transmission system, the low or medium AC voltage at the wind farm is converted to high DC
voltage on the transmission side, and the DC power is transferred to the system where the DC voltage is converted
to AC voltage. Such a topology can make it possible to change the speed of the wind turbines of the entire wind
farm.

A DC drive system configuration is possible where each wind turbine has its own power electronic
converter, allowing each wind turbine to be operated at an individual optimum speed.

Wind energy requirements cover a wide range of voltage levels from medium to very high voltage. Grid
codes for wind energy address the issues that make wind farms behave like conventional power plants on the
electricity grid. These requirements focus on controllability, power quality, fault remediability, and network
support during failures [12, 13].

According to the requirements, the wind turbines must be able to drive the active point of the common
connection in a given power range. The active power is usually regulated with respect to the system frequency so
that the power supplied to the grid is reduced when the grid frequency exceeds 50 Hz.
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Figure 2 — A DFIG-based wind power plant connected to an AC network

Wind farms connected at the transmission level must act like conventional power plants, providing a wide
range of output power control based on the requirements of the transmission system operator, as well as
participating in primary and secondary control. Seven control functions are required to control a wind farm. Among
such priority active power control functions implemented in the wind farm controller in accordance with the
requirements of grid regulations should be the following: delta control, balance control, absolute performance and
system protection [14, 15].

Power quality issues are resolved primarily for wind turbines connected to medium voltage networks. Two
standards are mainly used to define power quality parameters, hamely IEC 61000-x-x and EN 50160. Specific
values are given for rapid voltage changes, short-term flicker strength, long-term flicker strength and total
harmonic distortion.

Software Modeling of the Simulation Model

In order to evaluate the effectiveness of the application of wind turbines of a particular layout, it is necessary
to conduct studies of transient control processes and energy compatibility with the network. In the
Matlab / Simulink software environment, a simulation model of a wind turbine with a full energy conversion of
120 kW was developed (Fig. 3). According to the review, this wind turbine belongs to the medium power class
and is most often used with an asynchronous generator.

The simulation model of the wind turbine consists of a turbine with a capacity of 130 kW, an asynchronous

generator with a capacity of 110 kW, two inverters — excitation and mains, a control unit and a mains. Such an
arrangement allows power to be supplied to the alternating current network at a non-constant frequency of rotation
of the wind motor shaft, which provides an increase in the control range and use of the wind turbine at low wind
speeds. The use of an asynchronous generator is associated with its low cost and high reliability, which are
important parameters for small and medium power installations.
In the framework of the simulation model, the operation of the wind turbine consists in the transformation of the
mechanical energy of the wind engine, implemented with the help of the "Wind Turbine" unit. It should be noted
that this block does not take into account the moment of inertia of the wind engine, so it should be taken into
account in the simulation model of the asynchronous generator. The excitation inverter of the asynchronous
generator is implemented by the "Motor inverter” unit, is controlled using space-vector modulation and provides
control of the asynchronous generator.

The connection to the alternating current network is provided by the "Grid inverter" block. The network
inverter converts the energy of the direct current circuit into alternating current energy for transmission to the
network with parameters regulated by the requirements for the quality of electrical networks.

The asynchronous generator control system is built according to the frequency-current principle, which is
sufficient, since the generator rotation frequency sensor is used in the scheme. The switching frequency of
semiconductor gates is set at 2 kHz.

In case of loss of connection to the network (line break or emergency shutdown), the circuit provides a
braking resistor "Rt".

The result of simulation of the operation of the wind turbine when the speed changes from 4 m/s to 6 m/s
is shown in Fig. 4.

The obtained result indicates the possibility of operation of an asynchronous generator with a short-circuited
rotor as part of a wind turbine operating in conditions of variable wind speed. This can be used to develop a wind
turbine control algorithm that will maximize the power output.

ISSN 2308-7382 (Online) 89



ISSN 1813-5420 (Print). Enepeemuxa: ekonomixa, mexmnonozii, exonozis. 2023. No 1

— ]
i I —

—»

| __,

: 4 3
»—’E P Cene Qﬁedwu) ot cmn
’—PP(changle( g Tm {pu) H :I Ude Uabe

Is)

YWY

|
“Um A Grid

Tm Rt labe s ap—ap
i ) g — :{ T ka@_“
<Rotor speed (wm)> !‘ i “_L\_.A ¥ it A ' ] N ! e
) il e . -
G c 3 c
Discrete T Motor inverter Grid inverter Lr
1e-05s.
Figure 3 — Simulation model of a wind turbine with full energy conversion
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Figure 4 — Transitional process of wind turbine operation
Conclusions

On the basis of the conducted research, the following conclusions can be drawn:

—a comparison of the structures and technical characteristics of wind generators of well-known power
stations was carried out. The most effective is the installation of a wind turbine with an asynchronous generator;

—wind power stations connected to level transmissions should operate like ordinary power stations,
providing a wide range of output power control;

— the proposed layout of the wind turbine with full energy conversion allows to give power to the alternating
current network at a non-constant frequency of rotation of the wind motor shaft, which ensures an increase in the
control range and use of the wind turbine at low wind speeds.
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1Y kpaincbKknii Jep:kaBHAM yHIBEPCHTET 3a/1i3HHYHOIO TPAHCIOPTY
AHAJII3 CUCTEMHU KEPYBAHHS BITPOBOIO YCTAHOBKOIO,
NIJIKJIOYEHOI 10 MEPEKI 3SMIHHOT'O CTPYMY

IIpedcmasneno OuHAMIKY PO3BUMKY AIbMEPHAMUBHUX OXCepen MHCUBNEHHS 3d OCMAHHI OeKilbKa
decamunime, wo 0Ae NiOCMABU 2080pUMU NPO MEHOeHYii NoOAnbU020 PO3BUMKY GiMPOBOI eHepeemuKu.
IIpusedero ananiz cmpykmyp ma mexHiuHux XapaKxmepucmux 8imposux 2eHepamopis, a came munu eleKmpuyHux
0BU2YHIB, CUNOBI CXeMU HANIBNPOGIOHUKOBUX NEPemeoplosayis, wo 3abe3neyyioms 2eHepayiio ereKmpuyHoi
enepeii 00 3a2aIbHONPOMUCTIOBOT eleKMPUUHOT Mepedici. Po32nsiHymo numanms MOACIUBOCE poOOMU GiMpP 08UX
2eHepamopie 8 WUPOKUX Oiana3oHax Gimpy, NUMAHHS eMICii peakmugHoi NOMYNICHOCMI MaA GUWUX 2APMOHIK
cmpymie 00 3a2aNbHORPOMUCIO80I enekmpuyHoi mepedici, a maxoxc numanus KKJ/[ pisnux cmpyxmyp
simpozeHepamopie. 3anponoHo8ano cucmemy KepyeauHs 6iMpoGor MYpOIHOI 3 ACUHXPOHHUM 2eHepamopoM.
Hasedeno Oocnioscennss nepexionux npoyecie KepyeaHHs mMa eHepeemuyHol CYMICHOCMI GIMpoyCmaHOo8KU
NOBHO20 NEPEeMBOPEHH S eHeP2ii 3 MEPEICEI0 HCUBTICHHST ULTAXOM IMIMAYIIHO20 KOMN TOMEPHO20 MOOENOBAHHS 8
npozpammomy cepedosuwi Matlab | Simulink. Ompumanuii pesyremam exazye ma modxcaugicms podomu
ACUHXPOHHO20 2eHepamopa 3 KOPOMKO3AMKHEHUM POMOPOM Y CKAAOi 8iMpPOyCmMAHOBKU, WO 0A€ 3MO2Y 8i00asamu

NOMYHCHICMb 00 Mepexci SMIHHO20 CIMPYMY NPU HU3bKUX WEUOKOCTNAX 8imp).
Knwuosi cnoea: anvmepnamusni Odxcepena eHepeii, ACUHXPOHHUL 2eHepamop, 6imposa mypoina,

gimpoenepeemuxa, e1eKmpocmanyis, cucmema Kepysamns.
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