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Introduction. Wind energy conversion system is getting a lot of attention since, they are provide several advantages, such as cost 
competitive, environmentally clean, and safe renewable power source as compared with the fossil fuel and nuclear power generation. A 
special type of induction generator, called a doubly fed induction generator is used extensively for high-power wind energy conversion 
system. They are used more and more in wind turbine applications due to the advantages of variable speed operation range and its four 
quadrants active and reactive power capabilities, high energy efficiency, and the improved power quality. Wind energy conversion systems 
require a good choice of power electronic converters for the improvement of the quality of the electrical energy produced at the generator 
terminals. There are several power electronics converters that are the most popular such as the two stage back-back converter. Because of 
the disadvantage of these converters to produce large harmonics distortions, we will choose using of three-phase matrix converter. Purpose. 
Work presents a direct power control using space vector modulation for a doubly fed induction generator based wind turbine. The main 
strategy control is to control the active and reactive powers and reduce the harmonic distortion of stator currents for variable wind speed. 
The novelty of the work is to use a doubly fed induction machine and a three pulses matrix converter to reduce the low cost, volume and the 
elimination of the grid side converter controller are very attractive aspects of the proposed topology compared to the conventional methods 
such as back-to-back converters. Simulation results are carried out on a 1.5 MW of wind energy conversion system connected to the grid. 
The efficiency of the proposed system has been simulated and high results performances are evaluated to show the validity of the proposed 
control strategy to decouple and control the active and reactive power for different values of wind speed. References 32, tables 2, figures 15. 
Key words: doubly fed induction generator, matrix converter, wind turbine, direct power control using space vector 
modulation strategy control, power quality. 
 

Вступ. Системам перетворення енергії вітру приділяється велика увага, оскільки вони забезпечують низку переваг, таких як 
конкурентоспроможність за вартістю, екологічно чисте та безпечне відновлюване джерело енергії порівняно з викопним 
паливом та виробництвом ядерної енергії. Спеціальний тип асинхронного генератора, що називається асинхронним генератором 
з подвійним живленням, широко використовується в системах перетворення енергії вітру великої потужності. Вони все більше і 
більше використовуються у вітряних турбінах через переваги діапазону роботи зі змінною швидкістю та його 
чотириквадрантних можливостей активної та реактивної потужності, високої енергоефективності та покращеної якості 
електроенергії. Системи перетворення енергії вітру вимагають хорошого вибору силових електронних перетворювачів для 
покращення якості електроенергії, що виробляється на клемах генератора. Існує кілька перетворювачів силової електроніки, які є 
найбільш популярними, наприклад двокаскадний зворотно-зворотний перетворювач. Через те, що ці перетворювачі не 
створюють великих гармонічних спотворень, ми виберемо використання трифазного матричного перетворювача. Мета. У 
роботі представлено пряме керування потужністю з використанням модуляції просторового вектора для вітрової турбіни на 
основі асинхронного генератора з подвійним живленням. Основною стратегією управління є управління активною та 
реактивною потужністю та зниження гармонійних спотворень струмів статора при змінній швидкості вітру. Новизна роботи 
полягає у використанні асинхронної машини з подвійним живленням і триімпульсного матричного перетворювача для зниження 
вартості, об'єму та усунення контролера перетворювача з боку мережі, що є дуже привабливими аспектами пропонованої 
топології у порівнянні зі звичайними методами, такими як зустрічно-зворотні перетворювачі. Результати моделювання 
отримані на системі перетворення енергії вітру потужністю 1,5 МВт, підключеної до мережі. Ефективність запропонованої 
системи була змодельована, а високі результати оцінені, щоб показати обґрунтованість запропонованої стратегії управління 
для поділу та управління активною та реактивною потужністю для різних значень швидкості вітру. Бібл. 32, табл. 2, рис. 15.  
Ключові слова: асинхронний генератор з подвійним живленням, матричний перетворювач, вітряна турбіна, пряме 
керування потужністю з використанням стратегії просторово-векторної модуляції, якість електроенергії.  
 

1. Introduction. Nowadays, the use of renewable 
energy system in modern production of electrical energy 
has exponentially increased due to the increase in 
greenhouse gas concentrations in the atmosphere, which 
are extremely destructive to our planet [1]. Wind energy 
has grown faster than any other source of renewable energy 
[2]. Wind energy can help reduce total air pollution and 
carbon dioxide emissions, this generator is one of the 
rapidly expanding renewable energy sources with a 93 GW 
capacity addition in 2020 [3], it has become a suitable 
solution for producing clean energy and is currently the 
quickest developing source when correlated with other 
sustainable power sources [4]. Nonetheless, the use of 
available energy depends on weather conditions such as 
wind speed and its integration produces volatility in the 
power system. Integrating renewable energies with network 
connection, intelligent control, and storage systems could 
result in a change in generating electricity and reducing. 
Given current trends and the best available scientific 
evidence, mankind probably needs to reduce total 
emissions by at least 80 % since 2050 [5]. Yet each day 

emissions continue to grow [6]. Wind energy conversion 
system (WECS) is getting a lot of attention since, they are 
provide several advantages, such as cost competitive, 
environmentally clean, and safe renewable power source as 
compared with the fossil fuel and nuclear power 
generation. A special type of induction generator, called a 
doubly fed induction generator (DFIG), is used extensively 
for high-power wind applications. They are used more and 
more in wind turbine applications due to the advantages of 
variable speed operation range and its four quadrants active 
and reactive power capabilities, high energy efficiency, and 
the improved power quality [7, 8]. WECSs require a good 
choice of power electronic converters for the improvement 
of the quality of the electrical energy produced at the 
generator terminals. There are several power electronics 
converters that are the most popular such as the two stage 
back-back converter and cycloconverter [9, 10]. Because of 
the disadvantage of these converters to produce large 
harmonics, we will choose using of direct matrix converter. 
The system under study is depicted in Fig. 1. 
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Fig. 1. WECS connected to the grid 

 

It is composed of DFIG-wind turbine connected to the 
grid via a direct matrix converter (DMC). Wind turbines 
using a DFIG consist of a wound rotor induction generator 
and a three phase direct matrix converter. The stator 
winding is connected directly to the 50 Hz grid while the 
rotor is fed at variable frequency through the direct matrix 
converter [11, 12]. The DFIG technology allows extracting 
maximum energy from the wind for low wind speeds by 
optimizing the turbine speed, while minimizing mechanical 
stresses on the turbine during gusts of wind. In this study 
the variable wind speed is maintained at 9 m/s, 15 m/s and 
11 m/s. Simulation results are carried out on a 1.5 MW 
DFIG WECS connected to the 575 V of voltage grid. The 
reactive power produced by the wind turbine is regulated at 
zero MVar. The paper is organized as follows: In section 2, 
the model of the wind turbine is presented. Next, the 
modeling of DFIG system is detailed in section 3. In 
section 4, mathematical modeling of a DMC is discussed. 
In section 5, the procedure of direct power control using 
space vector modulation (DPC-SVM) based direct matrix 
converter is explained. The simulation results are presented 
in section 6. Finally, section 7 concludes this study. 

2. Wind turbine model. Wind energy can only 
extract a small part of the power from the wind, which is 
limited by the Betz limit to a maximum of 59 %. This 
quantity is described by the turbine power coefficient Cp, 
which is dependent on the blade pitch angle β and the 
peak speed ratio λ. The mechanical power of the wind 
turbine extracted from the wind is given by:  

  32 ,
2

1
VCRP pW   ,               (1) 

where Cp is the power coefficient of the wind turbine; 
β is the blade pitch angle; λ is the tip speed ratio; ρ is the 
density of air; R is the rotor radius of wind, m; V is the 
wind speed, m/s. 

The tip speed ratio λ is calculated from the actual 
values of rotor speed and wind speed V according to: 
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where ΩW is the angular velocity of rotor, rad/s. 
From summaries achieved on a wind of 1.5 MW, the 

expression of the power coefficient for this type of turbine 
can be approximated by the following expression: 
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The parameter 1/λi in (3) is defined as 
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The proposed coefficients are equal to: 
C1 = 0.5176, C2 = 116, C3 = 0.4, C4 = 5, C5 = 2, C6 = 0.0068. 

The gearbox is installed between the turbine and the 
generator to transform slow speed wind turbine rotation to 
higher speed required by the generator [13]. Neglecting 
the gearbox losses, the mechanical torque and shaft speed 
of the wind turbine referred to the generator side of the 
gearbox are given by: 

,; G
G

T
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W
g                       (5) 

where TW, Tg are the wind turbine aerodynamic and 
generator electromagnetic torques, Nm. 

The resulting block diagram of the wind turbine 
model is presented in Fig. 2. 

 

 
Fig. 2. Block diagram of the wind turbine model 

 

Figure 3 illustrated the curves of power coefficient versus 
the tip-speed ratio for different values of the pitch angle. We 
can see in this figure that the optimal power coefficient of Cp is 
0.48 for a speed ration at 8 and β equal to 0°. 
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Fig. 3. Power coefficients for different values of β 
 

3. DFIG model. By choosing a d-q reference frame 
synchronized with the stator flux, the electrical equations 
of the DFIG are written as follows: 
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where Vsd, Vsq, isd, isq are the stator voltages and currents 
in the synchronous reference frame, respectively; Vrd, Vrq, 
ird, irq are the rotor voltages and currents in the 
synchronous reference frame, respectively; ωs is the stator 
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angular frequency; ω is the slip angular speed; Rs is the 
stator resistance; φs, φr are the stator and rotor fluxes.  

The stator and rotor flux can be expressed as 
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The expressions of real and reactive power are given by: 
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The control strategy, using the model of DFIG in (d-q) 
reference axis is the vector stator flux aligned with d-axis. 
So, by setting the quadratic component of the stator flux to 
the null value and by neglecting the stator resistance, the 
voltage equations of the stator windings can be simplified in 
steady state as: 
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Hence, the relationship between the stator and rotor 
currents can be written as follows: 
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From (8), (9), we can write: 
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The expression of the stator and rotor voltage is given by: 
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where: 
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Stator real and reactive powers are described by: 
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The electromagnetic torque is as follows: 
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4. Matrix converter (MC) is a DMC used to 
convert AC supply voltages into variable magnitude and 
frequency output voltages [14, 15] (Fig. 4). Three phases 
MC consists of array of nine IGBTs switches that are 
switched on and off in order to provide variable 
sinusoidal voltage and frequency to the load [8], in this 
type of converter there is no need to the intermediate DC 
link power circuit and this means no large energy storing 
capacitors [8-10]. This will increase the system reliability 
and reduce the weight and volume for such converters 
[16, 17]. This converter is proposed as an effective 
replacement for the WECS fed by back-to-back converter. 
The input voltages and currents can be given as: 
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where i = {A, B, C} is the name of the input phase.  
 

 
Fig. 4. Symbol of three phase matrix converter 

 

The matrix converter will be designed and controlled in 
such a manner that the fundamental of the output voltages are:  
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where j = {a, b, c} is the name of the output phase. 
Ratio q is the ratio voltage between, its value cannot 

exceed 0.866 and cannot be negative [18, 19]: 

maxmax ij VVq  .                      (20) 

The switching function of a single switch is defined 
as follows: 
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where Sij is the bi-directional power switch of matrix 
converter (see Fig. 4). 

The input/output relationships of voltages and 
currents are related to the states of the nine switches, and 
can be written in matrix form as: 
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The matrix M(t)t is the transpose of the matrix M(t); 
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The variables mij(t) are the duty-cycles of the 9 
switches and can be represented by:  
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where 0  mij(t)  1; T  is the switching period. 
5. Control of matrix converter. There are a number 

of possible modulation techniques that can be used for 
matrix converter control. The optimal modulation strategy 
should minimize the input current and output voltage 
harmonic distortion and device power losses. The most 
relevant control and modulation methods developed for the 
MCs are the Venturini method, the scalar method 
developed by Roy and the space-vector modulation (SVM) 
[20-24]. In this work the SVM method is preferred because 
it deals with scalar quantities rather than vectors, and this is 
important when controlling WECS. The SVM had 
previously been used for inverter control [25] proposed the 
use of SVM for matrix converters, this strategy control is 
based on the space vector representation of the input 
currents and output voltages at any time [26].  
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2
j

ea  . 
For the three-phase matrix converter, there are 27 

possible switching configurations. The first 18 switching 
configurations determine an output voltage vector and an 
input current vector and will be named «active 
configurations». The last 3 switching configurations 
determine zero input current and output voltage vectors 
and will be named «zero configurations». The required 
modulation duty cycles for the switching configurations 
are giving by the following equation [21-23, 25]. These 
switching states and the output voltages and input current 
vectors are presented in Table 1. The sum of the absolute 
values of the four duty-cycles must be lower than unity. 

In the control strategy of the WECS, the DPC-SVM 
uses 2 control loops with PI controllers, these inner 
control loops regulate the active and reactive power of 
AC grid. The estimated values of active and reactive AC 
grid power are compared with the real and reactive 
powers references [27-29]. To ensure a pure active power 
exchange from the wind generator and maintain the 
reactive power exchange to the grid. 

The dynamic model of grid side electrical circuits is 
presented as [29-32]:  
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The active and reactive power estimator as: 
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Table 1 
Switching configurations 

N° Combination )(0 tV


 )(tii


 

1 SAa, SBb, SCb (2/3)Vabe
j0 (2/√3)iAe

–jπ/6 

2 SAb, SBa, SCa – (2/3)Vabe
j0 –(2/√3)iAe

–jπ/6 

3 SAb, SBc, SCc (2/3)Vbce
j0 (2/√3)iAe

jπ/2 

4 SAc, SBb, SCb –(2/3)Vbce
j0 –(2/√3)iAe

jπ/2 

5 SAc, SBa, SCa (2/3)Vcae
j0 (2/√3)iAe

j7π/6 

6 SAa, SBc, SCc –(2/3)Vcae
j0 –(2/√3)iAe

j7π/6 

7 SAb, SBa, SCb (2/3)Vabe
j2/3 (2/√3)iBe

–jπ/6 

8 SAa, SBb, SCa –(2/3)Vabe
j2π/3 –(2/√3)iBe

–jπ/6 

9 SAc, SBb, SCc (2/3)Vbce
j2π/3 (2/√3)iBe

jπ/2 

10 SAb, SBc, SCb –(2/3)Vbce
j2π/3 –(2/√3)iBe

jπ/2 

11 SAa, SBc, SCa (2/3)Vcae
j2π/3 (2/√3)iBe

j7π/6 

12 SAc, SBa, SCc –(2/3)Vcae
j2π/3 –(2/√3)iBe

j7π/6 

13 SAb, SBb, SCa (2/3)Vabe
j4π/3 (2/√3)iCe

–jπ/6 

14 SAa, SBa, SCb –(2/3)Vabe
j4π/3 –(2/√3)iCe

–jπ/6 

15 SAc, SBc, SCb (2/3)Vbce
j4π/3 (2/√3)iCe

jπ/2 

16 SAb, SBb, SCc –(2/3)Vbce
j4π/3 –(2/√3)iCe

jπ/2 

17 SAa, SBa, SCc (2/3)Vcae
j4π/3 (2/√3)iCe

j7π/6 

18 SAc, SBc, SCa –(2/3)Vcae
j4π/3 –(2/√3)iCe

j7π/6 

19 SAa, SAb, SAc 0 – 

20 SBa, SBb, SBc 0 – 

21 SCa, SCb, SCc 0 – 
 

6. Simulation results. The simulation of wind system 
based on DFIG with the considered control systems 1 has 
been implemented using Simulink/MATLAB (Fig. 5). 

The parameters of proposed conversion system are 
shown in Table 2. 

Table 2 
System parameters 

Parameters, units Values 
Grid frequency fS, Hz 50  
Grid voltage Vsrms, V 575 
Voltage Vrrms, V 575 
IGBTs switch frequency (SVM), kHz 6  
Power Pn, MW 1.5 
Voltage (line-line) Vnrms, V 575 
Stator resistance Rs, Ω 0.01965
Stator Inductance Ls, H 0.0397 
Rotor resistance Rs, Ω 0.01909 
Rotor Inductance Ls, H 0.0397 
Mutual inductance Lm, H 1.354 
Inertia J, kgm2 0.09526
Flux linkage Φf, Wb 0.05479 

 

The obtained simulation results of considered 
WECS are presented in Fig. 6–8. The considered control 
of whole system has been tested for the wind speed during 
the period of the 3 s, while, the average wind speed has 
been adopted for different average values at 9 m/s, 11 m/s 
and 15 m/s (Fig. 6). 

Figures 7, 8 present the responses of speed rotor and 
electromagnetic torque compared to the mechanical 
torque. It can be seen, that the electromagnetic torque Tem 
is accurately adjusted to the mechanical torque. 
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Fig. 5. Simulink model of WECS 

 

 

t, s

Wind speed, m/s 

 
Fig. 6. Wind speed 

t, s

Rotor speed, min–1 

 
Fig. 7. Rotor speed of DFIG 

t, s

T, Nm 

 
Fig. 8. Electromagnetic torque and its reference 

 
So, the considered control system allows fast 

responses of the electromagnetic torque Tem of DFIG 
during temporary time variations of the wind speed. 

The waveform of output currents (rotor currents of 
DFIG) and input currents of matrix converter are practically 
changing according to variations of wind speed (see Fig. 9, 
10). We can see that these currents are sinusoidal. Figures 
11, 12 display the three-phase voltages and current injected 
to the grid by the conversion system controlled by DPC-
SVM strategy. It can be seen, that this current has a 

sinusoidal form and changing according to the variations of 
wind speed.  

t, s

I, A 

 
Fig. 9. Rotor currents (output currents of MC) 

t, s

I, A

 
Fig. 10. Input currents of MC 

t, s

V, V

 
Fig. 11. Stator voltages connected to the grid 

 

Figure 13 shows the grid voltage and current delivered 
by the generating system. It can be seen that the voltage is in 
phase opposition with the current, which proves that the 
proposed system drives with unitary factor power. Finally, 
Fig. 14, 15 present the active and reactive powers injected to 
the grid, controlled via the proposed DPC-SVM.  
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t, s

I, A 

 
Fig. 12. Stator currents connected to the grid 

t, s

I, A V, V 

 
Fig. 13. Waveforms of grid phase voltage and current 

 

t, s

P, W 

 
Fig. 14. Active power and its reference connected to the grid 

 

t, s

Q, VAr 

 
Fig. 15. Reactive power and its reference connected to the grid 

 

We can conclude that, under the proposed control 
algorithm, the grid power amounts track their references 
values with smooth profiles. Also, from these figures, it can 
be noticed, that only the active power generated by the 
proposed system is fully delivered to the AC grid, while the 
reactive power is controlled to be zero. 

7. Conclusions. In this paper, a new proposed 
doubly fed induction generator of wind energy conversion 
system based direct matrix converter connected to the grid 
has been presented. In this study, the conventional back-to 
back converters has been replaced by a direct matrix 
converter using direct power control using space vector 
modulation strategy control. The advantage in the 
proposed scheme is that the DC-link capacitors voltage 
and the grid side converter have been eliminated. In order 
to control the active and reactive power injected to the 
grid a direct power control using space vector modulation 

strategy control have been explored. This technique 
eliminates the lookup table and reduces the grid powers 
and currents harmonics as well. In addition, the direct 
power control using space vector modulation strategy 
control guarantees good dynamic response and provides 
sinusoidal line currents. We can confirm that the direct 
matrix converter presents an interesting alternative for the 
variable wind speed. The simulation results are 
satisfactory, have a good performance and good control 
proprieties between measured and reference quantities. 
The results encourage a further development of this study 
to obtain clean energy. 
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