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 In order to investigate a viable approach to fully exploit the wind speed, the 

present work investigates the application of a novel wind turbine consisting 

of dual doubly-fed induction generators (DFIG). The model can be further 

used to apply in areas where the winds are high to achieve high conversion 

efficiency in order to produce large electric power and increase the wind 

turbine capacity with an economy of hardware on the one hand, and to 

reduce the installation cost on the other. Furthermore, this model is always 

guarantees the continuity of power production because if one generator fails, 

the second generator will keep working until the broken one is repaired. The 

proposed model of the wind turbine based on dual doubly-fed induction 

generators (WT-dual-DFIG) were using the indirect field-oriented control 

(IFOC) was validated by wind turbine based on single doubly-fed induction 

generator (WT-single-DFIG) in MATLAB/Simulink. The results of simulation 

show that the simulated responses of the WT-dual-DFIG increased the 

power by a factor of about 14.3% compared to a WT-single-DFIG due to the 

use of a variable speed dual-DFIG. Finally, we can say that the WT-dual-

DFIG model is strongly developed and could be applied in the coming years. 
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1. INTRODUCTION 

Due to the lack of conventional energy sources and the increasing formation of pollution emissions 

in the environment, the researchers and engineers in the design community pay more attention to the 

advanced technology systems based on sources of renewable energy, like solar and wind energies, and fuel 

cell [1]. Admittedly, concerns on environmental issues, economic issues, and the rapid growth of population 

demand for more energy supplies [2], [3]. Undoubtedly, the wind energy source is the most likable choice 

because of its performance and economic aspects. In addition, conversion systems of wind energy are among 

the fastest developing technologies and are key to cleanliness and saving power [4], [5]. 

The technology of wind turbine has developed and became the most promising renewable, clean, 

and reliable energy source. Since the early 1980s, it has moved very fast from wind energy of a few kilowatts 

to multi megawatts wind energy [6], [7]. All wind turbine concepts differ in terms of electrical design and 

control system. Regardless, the technology of wind turbine is a complicated technology that includes many 

technical disciplines including mechanics, structural dynamics, aerodynamics, meteorology, and electrical 

engineering that addresses the connection of wind turbines with the power system. As a consequence, it is 

extremely desired to introduce a novel wind energy system which produces greater power outputs even in 

areas of low speeds and complex patterns of the wind so as to optimize the effectiveness and the performance 

https://creativecommons.org/licenses/by-sa/4.0/
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of the aerogenerators and also to benefit of the utmost power that can be generated. With the emergence of 

wind energy, researchers have devoted their efforts to the development of wind turbine technology, they have 

done several developments at the level of its components and parts. Consequently, many solutions and 

control strategies have been investigated in the last decade. 

Among the unique researches that were carried out in the last decade, there is the investigation of a 

diffuser augmented wind turbine (DAWT) studied by researchers [8]-[10]. In these investigations, there was 

an investigation on a large open-angle controlled diffuser wind energy. Bet and Grassmann [11] suggested a 

shrouded wind turbine with a wing-profiled ring structure. The result indicated that the use of the DAWT 

could double the power output of the wing system, as compared with that of the bare wind turbine. A novel 

system of wind turbine was evolved by Ohya and Karasudani [12], consisting of a diffuser shroud having a 

broad-ring brim at the exit periphery and inside it a wind turbine.  The result showed that the brimmed 

diffuser shrouded wind turbine has a power increase by a factor of 2 to 5 compared than a bare wind turbine. 

Among all designs of variable-speed wind turbines, two commercial leading designs are presented on a big 

scale; synchronous generator SG and wind turbine-based doubly-fed induction generators (DFIG). Without 

doubt, the DFIG technology has won over other ones; this is due to its cost, reliability, robustness and small 

requirements of its power converters [3], [13], [14]. DFIG is a three phase asynchronous electric machine 

with open rotor windings that can be fed by external voltages [15], [16]. DFIG is extensively applied in wind 

farms power generation because of it has a high in the efficiency and energy quality [17], [18]. Several 

models of DFIG wind turbine have been suggested recently. A model of order three which is suitable for 

transient stability analysis was investigated by Lei et al. [19]. In addition, Mei and Pal [20] presented a DFIG 

dynamic model and analyzed the stability of small signal. 

In the nonlinear control technologies, an attempt has been suggested to enhance the efficiency and 

the performance of the DFIG technology. Loucif et al. [21] carried out an investigation of a control which is 

based on sliding mode for the control of real and reactive powers for the rotor and power grid side converters. 

Besides, Bektache and Boukhezzar et al. [22] used a nonlinear predictive controller for a WT-single-DFIG 

with variable velocity, which improves wind power extraction and reduces temporary loads. The 

investigators have used nonlinear backstepping control model to realise different purposes of control for wind 

power systems which are based on DFIG having variable velocity. 

The turbine's wind generator is responsible to create electric energy from the mechanical energy. 

Thus the generator is the most important component in the turbine and can easily fail before reaching the 

intended life. There are several reasons that can lead the generator to fail. Among these are, weather 

extremes, wind loading, voltage irregularities, excessive vibration and cooling system failures. Unfortunately, 

reduced power, inappropriate installation, overspeed, overload, noise, contamination of lubricating substance, 

vibration, and improper isolation of electricity can lead the generator to break down [23], [24]. The analysis 

technique of the failure mode and effects analysis (FMECA) is relied upon because it facilitates the 

identification of potential problems in the design of the processor through by testing the effects of lower-level 

failures [25]. There are diverse works in the literature that have used FMECA to wind turbine systems. 

Ozturk et al. [24] compared different wind turbine systems and eliminate the underestimation of impacts of 

different weather conditions by applying the failure modes. Furthermore, Perez et al. [26] compared the 

failure rates and failure values, the results concluded that geared-drive wind turbines have smaller failure 

rates than direct-drive wind turbines in electrical and electronic components where gearbox failures cause the 

most failures. Therefore it was necessary to determine the criticality of these different models of wind 

turbines. The impacts of weather conditions on wind failure systems were examined by Reder et al. [27]. The 

conclusion was that the winter season is the one with high failure frequencies and where wind speed did not 

give any impact on failure occurrences.  

The importance of this research originates with filling the gaps mentioned above by applying the 

WT-dual-DFIG under the wind speed variation for purposes to extract the maximum of the electrical energy 

generated and validate the dynamic performances of the wind turbine by simulation using 

Simulink/MATLAB environment and this proposed model is always guaranteed power production because if 

one generator fails, the second generator will keep working until the failure is repaired. In order to control the 

dual generators, a proportional-integrator (PI) controller is used due to its ease of maintenance and simplicity 

of implementation as compared to other controllers [28], [29]. 
 
 

2. NUMERICAL MODELING 

2.1.  Model description 

In this work, we propose the model represented in Figure 1, which consists of one turbine, one 

gearbox and two generators. This typical WT-dual-DFIG where the dual generators were joined to the cycle 

to produce and extract more electrical energy. We suggested this system in order to produce large electric 

power and increase the wind turbine capacity with an economy of hardware on the one hand, and to reduce 
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the installation cost on the other. Furthermore, the advantage of this model is that it always guarantees the 

continuity of power production because if one generator fails, the second generator will keep working until 

the broken one is repaired. 
 

 

 
 

Figure 1. Schematic of conventional dual-DFIG wind model 
 

 

2.2.  Modelling of the wind 

The wind characteristics give the energy amount which can be extracted from the farm of the  

wind  [30], [31]. The wind speed is defined as a sum of various harmonics [32]: 

 

𝑉(𝑡) = 8 + 0.2 ∗ 𝑠𝑖𝑛(0.1047. 𝑡) + 2 ∗ 𝑠𝑖𝑛(0.2665. 𝑡) + 𝑠𝑖𝑛(1.2930𝑡) + 0.2 ∗ 𝑠𝑖𝑛(3.6645𝑡) (1) 

 

The model under MATLAB/Simulink illustrated in Figure 2 shows the wind which was given by the 

modeling of the mathematical formula. 
 

 

 
 

Figure 2. Wind profile model under MATLAB/Simulink 
 

 

2.3.  Modelling of the turbine 

The technology of wind turbine is utilized to convert part of kinetic into mechanical energy through 

a wind turbine. The proposed model in the present investigation consists of a wind turbine with a nominal 

power of 7.9 MW, having a radius= 78m of the blades and driving a dual generator through the gearbox. The 

production of the wind turbine depends on the interaction between the blade, the wind speed and mass. The 

performance of the wind turbine quantities such as the power, torque, and speed are determined by the 

aerodynamic forces generated by the wind. The mechanical and aerodynamic performances of wind turbines are 

characterised by two main dimensionless parameters: the tip speed ratio   and the power coefficient 𝐶𝑝 [29]: 

 

𝜆 =
𝛺𝑡𝑢𝑟𝑅

𝑉
 (2) 
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The “power coefficient” presents how efficiently a wind turbine converts the wind power into 

electrical power. This is given by [30], [33]: 
 

𝐶𝑝(𝜆, 𝛽) = 0.5176(((
116

𝜆𝑖
) − 0.4𝛽 − 5)𝑒

(
21

𝜆𝑖
)
+ 0.0068𝜆) (3) 

 

Where 
i is given by [19]: 

 
1

𝜆𝑖
=

1

(𝜆+0,08∗𝛽)
−

0.035

(𝛽3+1)
 (4) 

 

𝜆  : The tip speed ratio;  

𝛺𝑡𝑢𝑟 : The turbine mechanic angular velocity (rad/s); 

𝑅  : The turbine radius (m); 

𝑉  : The wind speed (m/s); 

𝛽  : The pitch angle 

The kinetic to mechanical energy conversion is performed by the wind turbine which produces 

torque. The aerodynamic power is given by [32] : 

 

𝑃𝑚 =
1

2
𝜌𝐴𝑉3 (5) 

 

Where:   is the air density 1.225kg/m3 at atmospheric pressure at 15°C and A  is the circular area. Using 

wind aerodynamic energy, aerodynamic power can be produced by the turbine. It given by [32], [34], [35]: 

 

𝑃𝑣 =
1

2
𝐶𝑝(𝜆, 𝛽)𝜌𝜋𝑅

2𝑉3 (6) 

 

The aerodynamic torque is given by [30], [36]: 

 

𝐶𝑎𝑒𝑟 =
𝑃𝑎𝑒𝑟

𝛺𝑡𝑢𝑟
=

1

2𝛺𝑡𝑢𝑟
𝐶𝑝(𝜆, 𝛽)𝜌𝜋𝑅

2𝑉3 (7) 

 

2.4.  Modelling of the gearbox 

The gearbox role is the transformation of the wind turbine speed of speed of the generator, and of 

the aerodynamic torque to the gearbox torque. It given by the mathematical forms [30]: 
 

𝛺𝑚𝑒𝑐 = 𝐺𝛺𝑡𝑢𝑟 (8) 
 

Where  

G  : is the multiplication ration; 

tur and 
mec : are the mechanical and generator speeds. 

The multiplication ration connected the torque on the slow axis and on the fast axis (generator1 and 

generator2 sides) by: 
 

𝐶𝑚𝑒𝑐 =
𝐶𝑎𝑒𝑟

𝐺
 (9) 

 

𝐶𝑚𝑒𝑐   : Torque applied on the shaft of the generator1 and generator2 (N.m); 

aerC  : Torque applied on the shaft of turbine. 

Below is the fundamental equation of dynamics of the shaft model giving the evolution of the 

mechanical velocity in terms of the total mechanical torque applied to generators 1 and 2 [29], [36]: 
 

𝐽𝑇
𝑑𝛺𝑚𝑒𝑐

𝑑𝑡
= ∑𝐶 = 𝐶𝑇 − 𝐶𝑣𝑖𝑠 (10) 

 

TJ  : Total inertia on the shaft, the generator1, the generator2 and containing inertia of the wind turbine:         

 

𝐽𝑇 =
𝐽𝑡𝑢𝑟

𝐺2
+ 𝐽𝑔é𝑛é𝑟𝑎𝑡𝑒𝑢𝑟1 + 𝐽𝑔é𝑛é𝑟𝑎𝑡𝑒𝑢𝑟2  

 

The viscous friction torque is: 𝐶𝑣𝑖𝑠1 = 𝑓𝑇𝛺𝑚𝑒𝑐  
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Tf  : is the total friction coefficient of the mechanical coupling. 

The total torque, which is equal to the superposition of the generator1 and electromagnetic torques, is given 

by: 𝐶𝑇 = 𝐶𝑚𝑒𝑐 + 𝐶𝑒𝑚1 + 𝐶𝑒𝑚2 

1emC , 
2emC : The electromagnetic torques of the DFIG1 and DFIG2 respectively. 

The model under MATLAB/Simulink illustrated in Figure 3 shows the entire chain of the wind turbine, and 

was given by modelling the mathematical formulas obtained: 
 
 

 
 

Figure 3. MATLAB/Simulink model for wind turbine 
 

 

2.5.  DFIG modeling 

Most of the generators used in wind power generation systems are asynchronous generators. They are 

robust and their cost is relatively low. In this research, we will be interested in the DFIG, most used in wind 

turbines rotating at a variable speed. The electrical equations of DFIG in the stationary abc reference frame 

can be given by [32]: 
 

{
[𝑉𝑠𝑎𝑏𝑐] = [𝑅𝑠]. [𝐼𝑠𝑎𝑏𝑐] +

𝑑

𝑑𝑡
[𝜑𝑠𝑎𝑏𝑐]

[𝑉𝑟𝑎𝑏𝑐] = [𝑅𝑟]. [𝐼𝑟𝑎𝑏𝑐] +
𝑑

𝑑𝑡
[𝜑𝑟𝑎𝑏𝑐]

 (11) 

 

Where: 
 

[𝑉𝑠𝑎𝑏𝑐] = [

𝑉𝑠𝑎
𝑉𝑠𝑏
𝑉𝑠𝑐

]and  [𝑉𝑟𝑎𝑏𝑐] = [

𝑉𝑟𝑎
𝑉𝑟𝑏
𝑉𝑟𝑐

]: The stator_rotor voltages. 

 

[𝐼𝑠𝑎𝑏𝑐] and  [𝐼𝑟𝑎𝑏𝑐]: are the stator_rotor currents; 
[𝜑𝑠𝑎𝑏𝑐] and [𝜑𝑟𝑎𝑏𝑐]: are the stator_rotor flux linkages; 

[𝑅𝑠] and [𝑅𝑟] : are stator_rotor resistance matrices. 

The magnetic equations of DFIG are written by [32]: 

 

{
[𝜑𝑠𝑎𝑏𝑐] = [𝐿𝑠𝑠]. [𝐼𝑠𝑎𝑏𝑐] + [𝑀𝑠𝑟]. [𝐼𝑟𝑎𝑏𝑐]

[𝜑𝑟𝑎𝑏𝑐] = [𝐿𝑟𝑟]. [𝐼𝑟𝑎𝑏𝑐] + [𝑀𝑟𝑠]. [𝐼𝑠𝑎𝑏𝑐]
 (12) 

 

By replacing (12) in (11), we obtain the system of (13): 
 

{
[𝑉𝑠𝑎𝑏𝑐] = [𝑅𝑠]. [𝐼𝑠𝑎𝑏𝑐] +

𝑑

𝑑𝑡
[[𝐿𝑠𝑠]. [𝐼𝑠𝑎𝑏𝑐] + [𝑀𝑠𝑟]. [𝐼𝑟𝑎𝑏𝑐]]

[𝑉𝑟𝑎𝑏𝑐] = [𝑅𝑟]. [𝐼𝑟𝑎𝑏𝑐] +
𝑑

𝑑𝑡
[[𝐿𝑟𝑟]. [𝐼𝑟𝑎𝑏𝑐] + [𝑀𝑟𝑠]. [𝐼𝑠𝑎𝑏𝑐]]

 (13) 

 

The fundamental equation of the dynamics of DFIG is written by: 
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𝐶𝑒𝑚 = 𝐶𝑟 + 𝑓𝑟𝛺 + 𝐽
𝑑𝛺

𝑑𝜃
 (14) 

 

emC and 
rC : The electromagnetic_resistant torque of the DFIG; 

rf  : Friction coefficient of the DFIG; 

  : The generator angular rotation velocity (r/min or rad/sec); 
J  : The total inertia. 

The electromagnetic equations of the torque can be given by: 

 

𝐶𝑒𝑚 = 𝑝[𝐼𝑠𝑎𝑏𝑐]
𝑡 𝑑

𝑑𝜃
[[𝑀𝑠𝑟][𝐼𝑟𝑎𝑏𝑐]] (15) 

 

𝑝 : is the number of DFIG pole pairs. 

The three-phase quantities (abc) are transformed to the two-phase rotating quantities (dq) via the 

Park transformation which reduces the number of equations and simplifies them. We obtain the following 

electrical equations [33], [37], [38]:  

 

{
  
 

  
 𝑉𝑑−𝑠 = 𝑅𝑠𝐼𝑑−𝑠 +

𝑑𝜑𝑑−𝑠

𝑑𝑡
− 𝜔𝑠𝜑𝑞−𝑠

𝑉𝑞−𝑠 = 𝑅𝑠𝐼𝑞−𝑠 +
𝑑𝜑𝑞−𝑠

𝑑𝑡
−𝜔𝑠𝜑𝑑−𝑠

𝑉𝑑−𝑟 = 𝑅𝑟𝐼𝑑−𝑟 +
𝑑𝜑𝑑−𝑟

𝑑𝑡
− 𝜔𝑟𝜑𝑞−𝑟

𝑉𝑞−𝑟 = 𝑅𝑟𝐼𝑞−𝑟 +
𝑑𝜑𝑞−𝑟

𝑑𝑡
− 𝜔𝑟𝜑𝑑−𝑟

 (16) 

 

The magnetic equations in the two-phase reference (dq) are [35], [38], [39]:  

 

{
 

 
𝜑𝑑−𝑠 = 𝐿𝑠𝐼𝑑−𝑠 +𝑀𝐼𝑑−𝑟
𝜑𝑞−𝑠 = 𝐿𝑠𝐼𝑞−𝑠 +𝑀𝐼𝑞−𝑟
𝜑𝑑−𝑟 = 𝐿𝑟𝐼𝑑−𝑟 +𝑀𝐼𝑑−𝑠
𝜑𝑞−𝑟 = 𝐿𝑟𝐼𝑞−𝑟 +𝑀𝐼𝑞−𝑠

 (17) 

 

Where:  =−= psr  ,  

𝑉𝑑−𝑠, 𝑉𝑞−𝑠, 𝑉𝑑−𝑟 and 𝑉𝑞−𝑟 : are the direct stator_rotor voltages in a dq reference; 

𝐼𝑑−𝑠, 𝐼𝑞−𝑠, 𝐼𝑑−𝑟 and 𝐼𝑞−𝑟 rqI −  : are the direct stator_rotor currents in a dq reference; 

𝜑𝑑−𝑠, 𝜑𝑞−𝑠, 𝜑𝑑−𝑟 and 𝜑𝑞−𝑟 : are the direct stator_rotor fluxes in a dq reference; 

𝜔𝑠, 𝜔𝑟 rs  ,  : are the statar_rotor angular speed.  

The expression of the electromagnetic torque is represented in (18) [40]: 

 

{
𝐶𝑒𝑚 = −𝑃

𝑀

𝐿𝑟
(𝜑𝑑−𝑟𝐼𝑞−𝑠 − 𝜑𝑞−𝑟𝐼𝑑−𝑠)

𝐶𝑒𝑚 = 𝑃
𝑀

𝐿𝑠
(𝜑𝑑−𝑠𝐼𝑞−𝑟 − 𝜑𝑞−𝑠𝐼𝑑−𝑟)

 (18) 

 

The active and reactive stator power equations of DFIG under d-q rotating reference are [35]: 

 

{
𝑃𝑠 = −(𝐼𝑑−𝑠𝑉𝑑−𝑠 + 𝐼𝑞−𝑠𝑉𝑞−𝑠)

𝑄𝑠 = −(𝐼𝑑−𝑠𝑉𝑞−𝑠 − 𝐼𝑞−𝑠𝑉𝑑−𝑠)
 (19) 

 

sP  and 
sQ :  are the active_reactive stator powers. With the mathematical equations for computing the active 

and reactive powers of rotor side [35]: 

 

{
𝑃𝑟 = (𝐼𝑞−𝑟𝑉𝑞−𝑟 + 𝐼𝑑−𝑟𝑉𝑑−𝑟)

𝑄𝑟 = −(𝐼𝑑−𝑟𝑉𝑞−𝑟 − 𝐼𝑞−𝑟𝑉𝑑−𝑟)
 (20) 

 

𝑃𝑟  and 𝑄𝑟: The active_reactive rotor powers. 
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2.6.    Field oriented power control 

2.6.1. Principle of power control 

The Park reference dq permits us the creation a natural decoupling of the quantities (d,q) [41]. We 

are interested in this study to use the vector control method by the stator flux orientation. Two phases dq 

linked to the rotating reference frame were used on the one hand, and the stator flux is oriented along the d on 

the other. The equation of the flux was written by [42]: 
 

{
𝜑𝑑−𝑠 = 𝜑𝑠
𝜑𝑞−𝑠 = 0

 (21) 

 

In this case the equations of flux are expressed as (22). 
 

{
 
 

 
 
0 = 𝐿𝑠𝐼𝑞−𝑠 +𝑀𝐼𝑞−𝑟
𝜑𝑠 = 𝐿𝑠𝐼𝑑−𝑠 +𝑀𝐼𝑑−𝑟

𝜑𝑑−𝑟 = 𝜎𝐿𝑟𝐼𝑑−𝑟 +
𝑀

𝐿𝑠
𝜑𝑑−𝑠 = (𝐿𝑟 −

𝑀2

𝐿𝑠
) 𝐼𝑑−𝑟 +

𝑀

𝐿𝑠
𝜑𝑠

𝜑𝑞−𝑟 = 𝜎𝐿𝑟𝐼𝑞−𝑟 = (𝐿𝑟 −
𝑀2

𝐿𝑠
) 𝐼𝑞−𝑟

 (22) 

 

The coefficient of the dispersion is: 
 

𝜎 = 1 −
𝑀2

𝐿𝑠𝐿𝑟
  

 

The Rs is negligible and the regime is permanent, then becomes (23). 
 

{
𝑉𝑑−𝑠 = 𝑅𝑠𝐼𝑑−𝑠 +

𝑑𝜑𝑑−𝑠

𝑑𝑡
≈ 0

𝑉𝑞−𝑠 = 𝑅𝑠𝐼𝑞−𝑠 + 𝜔𝑠𝜑𝑑−𝑠 = 𝑉𝑠 ≈ 𝜔𝑠𝜑𝑠
 (23) 

 

The rotor voltages are expressed as (24). 
 

{
𝑉𝑑−𝑟 = 𝑅𝑟𝐼𝑑−𝑟 + (𝐿𝑟 −

𝑀2

𝐿𝑠
)
𝑑𝐼𝑑−𝑟

𝑑𝑡
+ (𝐿𝑟 −

𝑀2

𝐿𝑠
)𝜔𝑟𝐼𝑞−𝑟

𝑉𝑞−𝑟 = 𝑅𝑟𝐼𝑞−𝑟 + (𝐿𝑟 −
𝑀2

𝐿𝑠
)
𝑑𝐼𝑞−𝑟

𝑑𝑡
− (𝐿𝑟 −

𝑀2

𝐿𝑠
)𝜔𝑟𝐼𝑑−𝑟 + 𝜔𝑟

𝑀

𝐿𝑠
𝜑𝑠

 (24) 

 

The equations of active and reactive powers are expressed as (25) [41]. 
 

{
𝑃𝑠 = −𝑉𝑠

𝑀

𝐿𝑠
𝐼𝑞−𝑟

𝑄𝑠 = 𝑉𝑠
𝜑𝑠

𝐿𝑠
− 𝑉𝑠

𝑀

𝐿𝑠
𝐼𝑑−𝑟

 (25) 

 

The expression of electromagnetic torque is written by: 
 

𝐶𝑒𝑚 = 𝑃(𝜑𝑑−𝑠𝐼𝑞−𝑠 − 𝜑𝑞−𝑠𝐼𝑑−𝑠) = −𝑃𝜑𝑑−𝑠
𝑀

𝐿𝑠
𝐼𝑞−𝑟 (26) 

 

The DFIG model equations are illustrated in the block diagram of Figure 4 using MATLAB/Simulink. First 

order transfer functions for voltages are used. 
 

2.6.2. Indirect power control of DFIG 

This method of control takes the cross-coupling terms and compensates them, through carrying out 

decoupled control which includes two rotor currents loops. We are interested in this paper to add a PI 

regulator in each loop (Figure 5), where the references are directly deduced from imposed machine  

powers [41]. This model used the PI controller composed of two control loops [42]. The diagram block of 

rotor current control is given in Figure 6. 
 

2.7.  The combined system model 

This paper presents develop two models of the wind turbine, the first one with a single DFIG 

generator and the second WT-dual-DFIG, followed by a comparison between them. We implement in detail 

these systems using the MATLAB/Simulink (see Figures 7 and 8). The whole system was simulated and then 
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the indirect field-oriented control (IFOC) was adopted to control the active and reactive stator powers and the 

electromagnetic torque. 
 

 

 
 

Figure 4. Diagram block of vector control of the DFIG1 
 

 

 
 

Figure 5. Scheme of indirect power control without power loop using the PI controller 
 

 

 
 

Figure 6. Diagram block of rotor current control 
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Figure 7. Model of the WT-single-DFIG 
 
 

 
 

Figure 8. Model of the WT-dual-DFIG 
 
 

3. RESULTS AND DISCUSSION 

The MATLAB/Simulink software is utilized to simulation model has been developed to resolve a 

mathematical model to determine the evolution of various parameters such as active and reactive energy, 

electromagnetic torque and rotor currents. The reference reactive power is zero. The parameters used in this 

work are given in Tables 1 and 2. 
 

 

Table 1. Parameters of DFIG 
Parameters Values 

PN 7.9 MW 

P 2 
M 0.0135 H 

Vs 260/690 V 

Rr 0.012 Ω 
Lr 0.0136 H 

J 1000 Kg.m2 

Rs 0.021 Ω 
Ls  0.0137 

F 50 Hz 

fv 0.0024 Nm/s 

 
 

Table 2. Parameters of the turbine 
Parameters Values 
Diameter 78 m 
Gearbox 110 

Number of blade 2 
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3.1.  The results of WT-dual-DFIG 

This part presents an interpretation of the results produced from a wind turbine simulation based on 

twin DFIG generators, as well as we present a comparison study of our results with other work from the 

literature based on a different model of wind control [43]. In order to control the electric machines, Bekakra 

and Attous [43] presented a linear control system based on the sliding mode technique. But this control 

approach is inconvenient since generator modeling is only done in linear mode, which has no reality, and the 

results achieved are far from realistic. This research focuses on the IFOC of induction motor to increase the 

performance of WT-dual-DFIG systems, while keeping in mind that the command is processed with a 

variation of the machine’s parameters. IFOC motor drives are employed in high-performance systems in a 

variety of industrial applications because of their comparatively easy set up. The performance simulation 

results were studied and presented from Figures 9 to 22. As indicated in Figure 9, a random wind profile was 

applied, ranging from 5 to 11 m/s. 
 
 

  
  

Figure 9. Profile of the wind speed Figure 10. The specific speed 
 

 

 
 

  

Figure 11. The coefficient Cp Figure 12. Wind turbine mechanical torque Ct 
 

 

 
 

Figure 13. Wind turbine power Pt 
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For variable wind velocity, Figure 10 presents the evolution of the λ coefficient. The curve always 

increases during the start-up time and thereafter oscillates around the value (λ = 8), indicating that the wind 

profile has an impact on the turbine coefficient. For a variable wind velocity, Figures 11, 12 and 13 show the 

evolution of the power coefficient Cp, of the mechanical torque and of the mechanical power of the wind 

turbine as a function of time respectively. As can be observed, these parameters always increase in the first, 

then decline and begin to oscillate after that. This clearly demonstrates the impact of the wind profile on the 

turbine’s performance. λ and Cp vary in response to the wind speed, demonstrating the system’s reliability. 

Figures 14, 15 and 16 present the electromagnetic torque by the DFIG1, DFIG2 and the proposed 

model. For the paces of electromagnetic torque, curves reach their maximum values and then they begin to 

oscillate around their nominal values. The electromagnetic torques of two generators are changed according 

to the wind turbine is a function of the wind speed. 
 

 

  
  

Figure 14. The electromagnetic torque of DFIG1 Figure 15. The electromagnetic torque of DFIG2 
 

 

 
 

Figure 16. The electromagnetic torque of the proposed model, DFIG1 and DFIG2 
 
 

Figures 17, 18 and 19 illustrated that the shape of the active power provided by the DFIG1, DFIG2 

and the model. It can be seen that the active powers provided by DFIG1 and DFIG2 follow their reference 

values. The explanation for this is due to the indirect control of the rotor current. For the active power, it 

decreases and reaches its nominal power. Furthermore, it was noted that the total active power of the 

proposed model (Pmes) is two times greater than the active power of each of the two DFIG (Pmes1 and 

Pmes2). The reference values of the active powers allow us to keep the power coefficient of the wind turbine 

at its optimum regardless of the wind speed, as shown in Figures 18 and 19. These results are obtained thanks 

to the IFOC. 

Figures 20, 21 and 22 present the reactive power provided by the DFIG1, DFIG2 and the model. It 

can be regarded that the reactive powers provided by DFIG1 and DFIG2 follow their reference values, and 

this is due to the indirect control of the rotor current. The reference of the reactive powers (Figures 20, 21  

and 22) is fixed at zero so that a unity power factor on the stator side is obtained and the quality of the 

produced electrical energy is optimised. Both the active and reactive powers follow their references values as 

desired which increases the robustness of the system. 
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Figure 17. The active stator power of DFIG1 Figure 18. The active stator power of DFIG2 

 

 

 
 

Figure 19. Active stator powers of the proposed model, DFIG1 and DFIG2 

 

 

  
  

Figure 20. The reactive stator power of DFIG1 Figure 21. The reactive stator power of DFIG2 

 

 

 
 

Figure 22. Reactive stator powers of the proposed model, DFIG1 and DFIG2 
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Figures 23, 24 and 25 show that the three phases of the rotor currents generated by the wind turbine 

system are sinusoidal with fs=50Hz. It was noted that the total rotor currents of the proposed model are two 

times greater than the rotor current of each of the two DFIG. This achieved a supply of energy to the grid 

with good quality. It is believed to behave satisfactorily which confirms the effective performance of IFOC 

controllers. These figures display the stator currents and we can see that the variations of the magnitudes are 

as predicted. As presented in the research paper of [43], the speed of the turbine and the power performances 

are inconsistent and the wind speed reference is not respected. The obtained figures show the different 

performances of the wind turbine system. They indicate a good robustness, a good reference tracking, and 

show that the proposed control is reliable and provide better control energy injection into the grid. 
 

 

  
  

Figure 23. Rotor currents of the DFIG1 Figure 24. Rotor currents of the DFIG2 
 

 

 
 

Figure 25. Rotor currents of the proposed model 
 

 

3.2.  The comparison between the two models 

The validation of the proposed control model was established by performing a simulation of a WT-

single-DFIG. The obtained results ensure the robustness and  performance of the proposed control model. 

Figure 26 shows that the wind turbine power of the dual DFIG generators is less than that of the single DFIG 

generator, and this is due to the electromagnetic torque produced by dual-DFIG generators. But despite this 

we note in Figure 27 that the active stator power of wind turbine dual DFIG is greater than the active stator 

power of WT-single DFIG, the difference being more than 1MW. For the time=30s the active stator powers 

of WT-dual-DFIG=7.86e+6Watt but for WT-single-DFIG=6.85e+6Watt, and from the Figure 27 the 

comparative between these two models, indicated that the model of the WT-dual-DFIG model offers several 

advantages such as more productive in power can be reached at 14.3% from the second oscillation than WT-

single-DFIG model. 
 
 

 
 

Figure 26. Wind turbine powers of WT-single-DFIG and WT-dual-DFIG 
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Figure 27. Active stator powers of WT-single-DFIG and WT-dual-DFIG 

 

 

4. CONCLUSION 

This research presented the modeling and simulation of a WT-dual-DFIG operating at a variable 

speed. The proposed system was implemented in detail using Matlab/Simulink. Whereas, indirect field 

directed control (IFOC) has been adopted to control the active and reactive stator powers, and the 

electromagnetic torques. To validate this novel model, a simulation was performed using the WT-single-

DFIG model. 

The WT-dual-DFIG generators model is more productive in power can be reached at 14.3% 

compared to WT-single-DFIG generator model especially for large turbine systems. The IFOC  offers various 

advantages like the linearization and the robustness and of the model. The results obtained were satisfactory 

to ensure the performances of the proposed model. This model guarantees  the continuity of power production 

because if one generator fails, the second generator will keep working until the breakdown is repaired. The 

maximum energy produced by WT-dual-DFIG model is twice as high as that produced by the WT-single-

DFIG generator model. 

Results have shown that the dual DFIG model is one of the best alternative solutions in order to 

generate more energy from economically, energy and environmental protection. In the context of protecting 

generators and avoiding the low voltage switching problem (LVRT), it is necessary to develop protection 

systems and artificial intelligence control systems to detect generator failures. 
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