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A ROBUST SUPER TWISTING CONTROL FOR A DOUBLY-

FED INDUCTION GENERATOR SUPPLIED BY A             

NINE-SWITCH CONVERTER 

Younes DRIS1, Mohamed Choukri BENHABIB2, Sidi Mohammed MELIANI3, 

Virgil DUMBRAVA4 

This article presents an efficient control scheme for a wind turbine based on 

a doubly fed induction generator. The nine-switch converter (NSC) is used to 

connect the rotor windings to the grid. This proposed converter is controlled by the 

super twisting control (STC) to extract the maximum power from the wind turbine, 

to keep the DC bus voltage constant and to eliminate harmonic currents. A 

comparison was made to demonstrate the high robustness of the STC. The studied 

system is simulated using MATLAB SimPowerSystem. The results show the ability of 

the NSC to remove harmonic currents where the power quality has improved 

significantly. The reliability of the STC is proven in terms of tracking and 

robustness. 
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1. Introduction 

Nowadays, the great challenge is to produce clean and safe energy at a 

lower cost. For that, researchers are developing renewable energy as an alternative 

to conventional energy. Among these recent electricity generation technologies, 

wind energy is the most promising [1]. The worldwide cumulative installed wind 

power capacity has grown exponentially to reach 651 GW by the end of 2019 [2]. 

Many wind energy conversion systems (WECS) have been developed but the 

doubly-fed induction generator (DFIG) is the most attractive because of the small 

rate of converters and the flexible power control [3]. The stator of DFIG is 

connected directly to the grid and the rotor windings are linked to the grid by a 
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converter. Several converter topologies dedicated to wind energy conversion are 

presented and discussed according to their advantages/disadvantages in [4]. The 

conventional two-level back-to-back voltage source converter used in [5] is the 

most popular wind power converter. In [6], the same topology is used with a 

parallel configuration, it designed for high current systems. In [7], the multilevel 

converter is used, which has the ability to deal with larger power capacities. 

However, this topology also has some disadvantages, such as the high number of 

semiconductor devices. For this, researchers have developed other converters such 

as the five-leg converter used in [8]. This converter uses less power electronics, 

but its control is more complicated. In [9], the nine-switch converter (NSC) is 

used as an active filter and in [10], it is employed in the DFIG for the first time. 

This last converter is very attractive because it has fewer semiconductor 

components and its control is very simple. In [11], they have used the 

conventional control based on the proportional-integral regulator (PI) but the 

robustness of this system has not been tested. In [12], the predictive control is 

used and the result shows the effectiveness of the control, but it is more 

complicated. In [13], the direct torque control (DTC) is employed and in [14], the 

sliding mode control (SMC) is carried out experimentally. The chattering 

introduced by the DTC and the SMC has made them unfavorable in many 

applications. In grid connection applications, the quality of the power produced 

can be degraded by the high chattering or by the presence of the non-linear load. 

To solve this problem, we propose in our paper to use the super twisting control 

(STC) to achieve high robustness with less chattering and introduce the filtering 

ability of the nine-switch converter to eliminate the harmonic currents. 

2. System description 

The system under study consists of three parts. The first part is the 

mechanical part which is responsible for capturing the energy of the wind and it is 

made up of blades and the gearbox. The second part is the electrical part which 

consists of the DFIG which produces power at constant voltage and constant 

frequency though the rotor speed varies. The windings of the stator are connected 

directly to the grid while the rotor windings are connected to the grid through the 

NSC. The third part is the control part which is the most important element in this 

study. The decoupled d-q vector control technique is used with the non-linear 

control STC to achieve high robustness and to ensure high quality of energy. The 

aim of this control is to extract the maximum power from the turbine, control the 

power exchanged between the grid and the DFIG and keep the DC bus voltage 

constant at the desired value. Fig. 1 shows the configuration of the DFIG system 

connected to the 690V/50Hz grid utility. A nonlinear load is used to inject 

harmonics current which consists of a rectifier (6 diodes) and an RL load.  
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Fig. 1. Doubly fed induction generator feed by the NSC topology. 

 

In this work, the power of the load is less than the power produced by the DFIG. 

The remaining power produced by the DFIG is delivered to the grid. 

2.1. Mechanical part modelling of the wind turbine  

The relation between the wind speed and the power captured is described 

by the following equation:  

( ) ,
2
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pvt CVRP =                                           (1) 

where tP  is the power captured by the wind turbine,  is the air density, vV  is the 

wind speed, R is the length of the blades (radius of the turbine rotor), and 

( ),pC  is the power coefficient which depends on both the tip speed ratio   

and the blade pitch angle  . 

The model of the drive train is given by the following equation: 
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where turJ and gJ are the inertia of the turbine and the DFIG respectively. turC  and 

emC  are the turbine torque and the electromagnetic torque respectively. g  is the 

speed of the DFIG. G is the gearbox ratio. 
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2.2. Electrical part modelling of the wind turbine 

2.2.1. Dynamic model of the DFIG 

The DFIG is an asynchronous generator. The most important feature of the 

DFIG is that it is connected on both the stator side and the rotor side, where the 

stator is directly connected to the grid, and the rotor is interfaced via the NSC. 

The stator and rotor voltages in the synchronous farm are presented as follows: 
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where sdI , sqI , rdI and rqI are the stator and rotor currents respectively. sR  and 

rR are the stator and rotor resistances respectively. s  and r are the angular 

frequency of the stator and the rotor components respectively. sd , sq , rd  and 

rq  are the magnetic flux of the stator and the rotor respectively.  

2.2.2. Dynamic model of the RL filter and the DC bus voltage: 

The mathematical model of the filter and the continuous bus can be 

expressed as follows: 
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where fdV , fqV  and dcV are the voltages of the filter and the DC bus respectively. 

fdI , fqI  are the currents of the RL filter. cI  is the current of the capacitor C. 

fR and fL  are the resistances and the inductance of the RL filter.  

2.2.3. Nine switch converter topology: 

The nine-switch converter (NSC) has only three legs on which three 

switches are installed. This converter is like two inverters had common switches. 

The top three switches and the middle three switches are equivalent to the grid 
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side converter (GSC) and the bottom three switches and the middle three switches 

represent the rotor side converter (RSC). The DC bus voltage is connected to the 

upper and lower rail of the NSC. Fig. 2 shows the diagram of the NSC.  
 

 
Fig. 2. Diagram of the nine-switch converter NSC. 

 

The NSC has two modes of operation: the constant frequency mode and the 

variable frequency mode. In this paper, the variable frequency mode was chosen 

because the DFIG system requires that the magnitude and frequency of the RSC 

must be adjustable. Due to the reduced number of switches in the NSC, there are 

only three switching states per phase. Table 1 shows the switching pattern design 

of the NSC [15]. 
Table 1 

Switching states and converter leg voltages 

Switching 

state 
1S  2S  3S  ANV  RNV  

1 ON ON OFF 
dcV  

dcV  

2 OFF ON ON 0 0 

3 ON OFF ON 
dcV  0 

 

It is obvious that the voltage RNV  must not exceed the voltage ANV . Thus, the 

modulation function is designed as follows: 
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As mentioned above, the variable frequency mode is used. For this, the sum of the 

two modulation indices 1m  and 2m  of INV 1 and INV 2 must not exceed 1. To 

comply with the switching constraint, a DC offset of 0.5 and -0.5 is added to the 

input modulating signals 1m  and 2m  respectively. The modified modulation index 

is given as follows: 
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where 
abcfV  and 

abcrV are the voltage reference of the GSC and the RSC respectively. 

Both modulating waves 1m  and 2m  are compared with a common triangle wave, 

and each is adjusted to half of the carriers magnitude. Therefore, the DC bus 

voltage dcV  of the NSC is twice as high as the rated DC bus voltage of the 

conventional back-to-back converter with the same AC ratings. Fig. 3 shows the 

diagram of the gate signal generation using logic gates. 
 

 
 

Fig. 3. Diagram of the gate signal generation using logic gates. 

2.3. Control of the DFIG 

The control of the DFIG consists of two parts. The first one is the RSC 

control, which is responsible for extracting the maximum power and controlling 

the power exchanged between the stator of the DFIG and the grid. The second 

part is the GSC control, which is responsible for keeping the DC bus voltage 

constant and eliminating harmonic currents. In this study, the STC is used to 

achieve high robustness with low chattering. The global control law of the STC is 

composed of two terms, the equivalent term equV  and the STC term stU [16]. 

stequ UVU +=                                                  (7) 

The first term can be obtained by solving the equation below: 

0=S                                                          (8) 

where S is the sliding surface. The second term is the super twisting control which 

is given as follows: 
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where 1K , 2K  are chosen through a random tuning to achieve the convergence of 

the control laws and r is defined as 0 < r < 1 [17]. The choice of r = 0.5 assures 

that the sliding order 2 is well achieved [18]. 

2.3.1. RSC control 

By applying vector control, the stator flux is oriented along the d-axis 

)0( =sq . The active power, reactive power and the electromagnetic torque are 

expressed as follows: 
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where p is the  is the number of pole pairs. sL  is the stator inductance. M is the 

mutual inductance. The cascade control is used in this article, where the outer 

loop is responsible for extracting the maximum power and the inner loop is used 

to control the power exchanged between the grid and the stator. 

• Maximum power point tracking (MPPT) control: 

To extract the maximum power from the wind turbine, the MPPT control is 

needed to track the optimal speed. The sliding surface is chosen as follows: 

ggg
S −=

*                                                     (11) 

The equivalent control is given by the following equation: 

turgem C
GJ

C
equ

11 * +−=                                            (12) 

Fig. 4 shows the diagram of the MPPT control. 
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Fig. 4. Diagram of the MPPT control. 
 

• Control of the rotor currents: 
 

The sliding surfaces are chosen as follows: 
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Applying the vector control and neglecting the stator resistance, the equivalent 

control is given by the following equation: 
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where   is the machine leakage coefficient. rL is the rotor inductance.  

Fig. 5 shows the diagram of the rotor current control. 

2.3.2. GSC control 

This control is performed through two loops, the outer loop is designed to 

control the DC bus voltage and the inner loop is used to control both active and 

reactive power. By applying the voltage vector control, the expression of the 

power will be expressed as follows: 
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• Control of the DC bus voltage: 
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This loop is used to keep the DC bus voltage constant. The sliding surface is 

chosen as follows: 

dcdcV VVS
dc

−= *                                                   (16) 

The equivalent control is given by the following equation: 
*

dcc VCI
equ

=                                                       (17) 

Applying the vector control and neglecting the losses in the converter, the filter 

current will be described as follows [19]: 
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where rP  is the power of the rotor. Fig. 6 shows the diagram of the DC bus 

voltage. 

• Control of the filter currents: 

The presence of the non-linear load produces harmonic currents, so the filter 

current in the frame d - q can be expressed as follows [20]: 
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where – and ∼ denote both continuous and harmonic components. For 

compensating the reactive power, the d component of the current is reversed and 

used as a reference.  

While eliminating the harmonic currents, they must first be extracted from the 

fundamental current. For that, we have used a high pass filter. The filter transfer 

function is given as follows: 
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where:  is the damping ratio and n is the natural frequency. Fig. 7 shows the 

block diagram of the high pass filter. In this paper, we consider that the output of 

the DC bus voltage control is the continuous component and we add the harmonic 

component extracted from the filter to construct the reference current of the 

internal loop. 
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Fig. 5. Diagram of the rotor current control. 
 

 
 

Fig. 6. Diagram of the DC bus voltage. 
 

 
 

Fig. 7. Diagram of the high pass filter. 
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The sliding surfaces are chosen as follows: 
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The equivalent control is given by the following equation: 
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Fig. 8 shows the diagram of the filter current control. 
 

 
 

Fig. 8. Diagram of the filter current control. 

3. Simulation results 

To test the performance of the system, the simulation is performed using 

MATLAB SimPower System. The system parameters are listed in the appendix 

(tables 3, 4). Unlike other generators, the DFIG stator cannot be connected to the 

grid until the synchronization process is verified [21]. In this paper, the DFIG 

enter to the normal operation after time t = 0.6 s. Fig. 9 shows the profile of the 

wind speed.  
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Fig. 9. Profile of the wind speed. 
 

To extract the maximum power from the wind turbine, we have to use the MPPT 

control to track the optimal speed. Fig. 10 illustrates both the optimal speed and 

the generator speed. 

 
Fig. 10. Optimal and measured generator speed. 

 

In this study, the initial speed is set int = 135 rad/s. It is obvious that the 

generator speed track very well the desired value. Fig. 11 shows the credibility of 

MPPT control, where the pC  is around the maximum ( pC = 0.44), although the 

wind speed is variable. 

 

Fig. 11. Power coefficient under variable wind speed. 
 

The reference of the DC bus voltage of the NSC is fixed at 2400 V. In practical 

work, a charging circuit is used to rise up the DC voltage to a certain value [22]. 

The aim of this circuit is to protect the system from the inrush current. In this 

study, this charging circuit was not used but an initial DC bus voltage value is 

considered when starting the simulation (
intdcV = 2200 V in our case). Fig. 12 
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shows the DC bus voltage. It is obvious the absence of the overshoot and the 

chattering is very small, which is an advantage for the STC. Fig. 13 presents the 

active and the reactive power produced by the stator of the DFIG. The reactive 

power sQ is set to zero.  

 

Fig. 12. DC bus voltage. 

 

 

Fig. 13. Active and reactive power of the DFIG stator. 
 

In this paper, a non-linear load is connected to the system which introduces 

undesirable harmonic currents (see Fig. 1). Two tests have performed to prove the 

quality of the current produced. Fig. 14 shows the grid current without and with 

filtering ability in the sub-synchronous mode. The same test is done but in the 

super-synchronous mode as is illustrated in Fig. 15. It is clear that the NSC has 

the ability to eliminate harmonics current and to compensate for the reactive 

power. The current curve is more sinusoidal and the total harmonic distortion 

(THD) has reduced in both tests. The robustness of the STC was tested and 

compared with other controllers (SMC and PI). We added ±30% to the initial 

value of the system parameters ( sR3.1 ; sL7.0 ; rR3.1 ; rL7.0 ; fR3.1 ; fL7.0 ; 1.3C 

and 1.3J). In this paper, we have used a random method to choose the regulator 

parameters respecting the convergence laws. There are other methods to calculate 

these parameters by using artificial intelligence to get the optimal choice and it 

can give us a better result, but they are more complicated. 
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Fig. 14. Grid current analysis in sub-synchronous mode without and with filtering. 
 

 

Fig. 15. Grid current analysis in super-synchronous mode without and with filtering. 
 

In Fig. 16, the generator speed is illustrated, and we see that the STC and 

SMC have high robustness in tracking term unlike the PI controller, which track 

the reference with a considerable error. The influence of the tracking error can be 

clearly shown in Fig. 17, where the pC  of the PI controller has decreased, which 

means the goal of the MPPT is not achieved. Fig. 18 and 19 shows the active and 

the reactive power produced by the stator. Obviously, the chattering resulting 

from the SMC is more important than that from the other controllers. Fig. 20 

shows the electromagnetic torque of the different regulators. Obviously, the SMC 

has a high ripple which has a bad influence on the mechanical part. Fig. 21 

illustrates the comparison of the DC bus voltage. At the beginning, the PI 

controller has an overshoot, but it is less than 10% which is a satisfactory result. 

At time t = 15 s, the zoom shows the high chattering of the SMC compared with 

the STC and the PI regulators. At time t = 34 s, it is evident that the response of 
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the PI controller has deviated from the reference value. From the results, it is 

noticed that the STC has a robust response as the SMC and less chattering as the 

PI. 

 
Fig. 16. Comparison of the generator speed of different regulators. 

 

 

Fig. 17. Comparison of the power coefficient of different regulators. 
 

 

Fig. 18. Comparison of the active power of different regulators. 
 

 

Fig. 19. Comparison of the reactive power of different regulators. 
 

The THD analysis of three regulators is illustrated in table 2. In sub-synchronous 

mode the THD of the PI is the best where in super-synchronous mode both STC 
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and PI have a good THD. It is clear that The STC has a satisfactory result 

compared with SMC. 

 

Fig. 20. Comparison of electromagnetic torque of different regulators. 
 

 

Fig. 21. Comparison of the DC bus voltage of different regulators. 

Table 2 

Comparison of the THD analysis between the different regulators. 
   STC PI SMC 

THD 

% 

Sub-synchronous 7.16 4.33 23.73 

super-synchronous 2.46 2.28 3.27 
 

4. Conclusions 

In this paper, the doubly fed induction generator-based wind turbine is 

studied, and the simulation is performed using MATLAB SimPower system. The 

NSC is used to feed the DFIG, and it is controlled with the STC. The system has 

the ability to eliminate the harmonic currents and to compensate for the reactive 

power. The robustness of the system is tested by adding ±30% to the nominal 

system parameters. A comparison between the STC, the SMC and the PI is done 

to show the effectiveness of the STC. The results show that the STC has the fast 

convergence and ensure the stability of the system. The chattering is reduced and 

that ameliorates the quality of the energy and reduces power loss of the NSC. The 

ripple of the electromechanical torque is reduced which increases the lifetime of 

the mechanical part. The results of the THD analysis are very satisfactory and 

they prove the efficiency of the NSC in eliminating harmonic currents. The STC 
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is a non-linear controller which combine between high robustness and good power 

quality. 

5. Appendix 
Table 3 

Wind turbine parameters. 

Parameter Value Unit 

sP  2.0 MW 

sR  2.6 mΩ 

rR  2.9 mΩ 

sL  2.587 mH 

rL  2.587 mH 

M 2.5 mH 

fL  1 mH 

fR  0.1 Ω 

C 0.38 mF 

J 729 Kg.
2m  

 

Table 4 

Parameters of the STC 

1cemK  
2cemK  

1r
K  

2r
K  

1dcK  
2dcK  

1f
K  

2f
K  

5000 7000 50 10 300 50 400 400 
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