
INTERNATIONAL JOURNAL of SMART GRID  
Habib Benbouhenni, Vol.5, No.1, March, 2021 

Application of STA Methods and Modified SVM 

Strategy in Direct Vector Control System of ASG 

Integrated to Dual-Rotor Wind Power: 

Simulation Studies 
 

Habib Benbouhenni  

 

Nisantasi University, Istanbul, Turkey. 

(habib0264@gmail.com) 

 

‡Corresponding Author; Habib Benbouhenni,BP:50B Ouled Fares, Chlef, Algeria, Tel:+213663956329,  

habib0264@gmail.com 

 

Received: 06.03.2021 Accepted:30.03.2021 

 

Abstract-This work presents the direct vector control (DVC) strategy of the asynchronous generator (ASG) with the 

application of super-twisting algorithms (STAs) and modified space vector modulation (MSVM). Two different strategies are 

designed to regulate the active and reactive powers of the asynchronous generator (ASG) driven by a variable speed dual-rotor 

wind power (DRWP). The main goal of the designed DVC method is to improve the quality of energy of the DRWP system by 

minimizing torque undulations, reactive and active power undulations in the ASG-DRWP systems. The mathematical model of 

the ASG has been described. The descriptions of the two-level MSVM technique and the STA method have been presented. 

The DVC-MSVM strategy with STA algorithms has been described. The simulation studies of the DVC-MSVM strategy with 

STA strategy have been performed, and the results of this study are presented and discussed. 

KeywordsDirect vector control, Asynchronous generator, Super-twisting algorithm, Modified space vector modulation, 

Variable speed dual-rotor wind power. 

 

1. Introduction 

Field-oriented control (FOC) has been widely used to 

control the ASG-based wind turbine. The FOC method is 

designed to regulate the active and reactive power and 

minimized the harmonic distortion of the stator current. The 

FOC is simple control and easy to implement [1]. Precise 

steady-state performance and lower converter switching 

frequency are the advantages of this technique. But, it has 

some disadvantages, such as its dependence on the machine 

parameters variation due to the decoupling terms. On the 

other hand, this technique gives more power ripple and 

harmonic distortion of stator current compared to direct 

power control (DPC) and direct torque control (DTC) [2]. In 

[3-9], the authors suggest the use of  direct vector control 

(DVC) with the neural modified space vector modulation 

(NMSVM) employed to the ASG-based wind turbine. In 

[13], a modified DVC method was designed based on the 

fuzzy pulse width modulation (FPWM), where the 

hysteresis controllers of  the traditional PWM technique 

were replaced based on the fuzzy logic controllers. In [14], 

the DVC technique based on a fuzzy MSVM strategy has 

been proposed. The fuzzy MSVM technique is proposed to 

improve the performance of the indirect vector control 

(IVC) of wind turbine-driven ASGs [15-17]. In [18], the 

IVC control was proposed based on a hybrid artificial 

intelligent technique with a traditional SVM strategy. In 

[19], a new IVC method has been proposed, which is based 

on the NMSVM strategy. In [20], the authors suggest the 

use of the IVC method with the hysteresis current controller 

employed in ASG-based wind turbines.The experimental 

results have shown the superiority of the proposed FOC 

technique. In [21], the authors have presented the model of 

maximum power point tracking (MPPT) based on sliding 

mode controller (SMC) for variable speed sensorless IVC 

control scheme of the ASG-based wind power. The IVC 
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strategy minimized the torque ripple, active power ripple, 

and harmonic distortion of rotor voltages compared to the 

DVC strategy [22, 23]. 

The STSM technique was proposed by Levant in 1993. 

This technique is developed for variable structure command 

(VSC). Since robustness is the best advantage of an STA 

technique. This technique reduces the phenomena of 

chattering compared to classical sliding mode control 

(SMC). In the STA technique, the output signal from a 

regulator of the STA is compared with the command signal 

obtained from linear PI regulators. In [24], the authors were 

designed the variable gain STA technique. STA technique 

and adaptive-network-based fuzzy inference system 

(ANFIS) are combined to reduce the torque and rotor flux of 

the ASG [25]. In [26], the direct flux and torque command 

(DTC) of the ASG by using the neural STA technique was 

presented. A fuzzy STA technique is designed to regulate 

the torque and flux of the ASG [27]. In [28], the fuzzy STA 

technique minimized the torque ripple of the ASG compared 

to the neural STA technique. In [29], the direct FOC 

technique of the six-phase induction motor by using the 

traditional STA technique was presented. In [30], the direct 

active and reactive command (DPC) of the ASG by using 

the classical STA technique was presented.Second-order 

continuous SMC (SOCSMC) and traditional SVM technique 

are combined to command the ASG [31]. In [32], the SMC 

technique improves the performance of the ASG compared 

to DVC control. 

In this work, the DVC technique with the application of 

the STA methods has been considered. The original 

contribution of this article is the application of the STA 

methods in the DVC technique with a three-phase ASG-

based DRWT system using an MSVM technique and 

simulation investigation of this new strategy.The designed 

technique is a robust method, easy to implement, a simple 

algorithm, and gives minimum THD value of stator current 

compared to classical DVC with PI regulators. 

 

2. Dual Rotor Wind Power 

The DRWP design is composed of two wind turbines, 

the Auxiliary turbine (AT) and the Main turbine (MT). The 

DRWT gives more aerodynamic torque and power 

coefficient (Cp) compared to the classical wind turbine.The 

DRWT has been proposed as a new wind turbine, as shown 

in Figure 1 [33]. The aerodynamic model of DRWT is 

different from a classical wind turbine. The total 

aerodynamic torque of DRWT is the AT torque add to the 

MT torque as shown by the following equation : 

AMTDRWT
TTTT +==                                                  (1) 

Where : TM : MT torque. 

TA : AT torque. 

TT : Total torque. 

The aerodynamic torque of the AT is given [34]: 
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The aerodynamic torque of the MT is given : 
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With RA, RM : Blade radius of the Main and Auxiliary 

turbines, λA, λM : the tip speed ration of the main and 

auxiliary turbines, ρ : the air density and wM, wA the 

mechanical speed of the main and auxiliary turbines. 

The tip speed ratios of the AT is given : 

V
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The tip speed ratios of the MT is given : 
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Where V1 is the wind speed on an AWT and VM is the 

speed of the unified wind on main turbine. On the other 

hand, the essential element for calculating the tip speed ratio 

is wind speed on the main and auxiliary turbines. Obtaining 

the wind speed on the auxiliary turbine is straight forward. 

However, calculation of wind speed on the main turbine 

requires further investigation. Based on the (6), it is possible 

to estimate the amount of the wind speed at any point 

between the auxiliary and main blades. 
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With x: the non-dimensional distance from the auxiliary 

rotor disk, Vx the velocity of the disturbed wind between 

rotors at point x and CT the trust coefficient, which is taken 

to be 0.9. So, with respect to x=15, the value of the Vx close 

to the main rotor is computable (rotors are located 15 meters 

apart from each other) [35]. 

The Cp is given : 
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With β is pitch angle. 

3. ASG Model   

In the rotating field reference frame of Park, the 

mathematical model of the ASG is given by the following 

equations [36]: 

Equation (8) and (9) represents the rotor voltage and 

rotor flux  of the ASG, respectively. 
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Figure 1. Block diagram of DRWT with a DFIG. 

Where : Ѱdr and Ѱqr are the rotor fluxes 

Lr is the inductance of the rotor 

M is the mutual inductance 

Idr and Iqr are the rotor currents. 

Vdr and Vqr are the rotor voltages. 

Rr is the rotor resistance. 

The stator voltage and the stator flux of the generator is 

shown in Equations (10) and (11), respectively.  
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Where : Ѱqs and Ѱds are the stator fluxes. 

Ls is the inductance of the stator. 

Vds and Vqs are the stator Voltages 

Rs is the stator resistance 

ωs : is the electrical pulsation of the stator. 

Equation (12) represents the mechanical form of the 

ASG. 

+


=− f
dt

d
JTT re                                              (12) 

Where : Ω is the mechanical rotor speed. 

J is the inertia 

f is the viscous friction coefficient 

Tr is the load torque. 

The torque of the generator is given as follows: 
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Where :p is the number of pole pairs, Te is the 

electromagnetic torque 

The expression both reactive and active powers is as 

follows: 
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Where: Ps  is the active power; 

Qs is the reactive power. 

 

4. Description of the STA Technique 

STA or super twisting sliding mode (STSM) has 

recently received much attention as one of the preferred 

methods for nonlinear systems. The use of the STA 

technique in AC machines offers many advantages, such as 

reduction of torque undulations, current undulations, and 

minimize response time. On the other hand, this technique is 

a simple algorithm, superior command characteristics, and 

easy to implement compared to other methods. The output 

signal from the regulator of this type is comparable with the 

command signal obtained from linear PI regulators. The 

command law of the STA regulator can be defined as 

follows [37]: 
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Where s is the switching function determined for the STA 

regulator; r is the exponent defined for the STA regulator; 

Kiand Kp are the coefficients of the integral and 

proportional parts of the STA regulator, respectively. 

The structure of the STA method is presented in   Figure 

2. 

 



INTERNATIONAL JOURNAL of SMART GRID  
Habib Benbouhenni, Vol.5, No.1, March, 2021 

 66 

X*- X 
Sign (U) 

U(1)^U(2) 

1/s 

 ׀U׀

r 

x 

+ 

+ 

K

i 

K

p 

Y 

 

 

 

 

 

 

Figure 2. Block diagram of the STA method. 

5. Modified SVM Technique 

Traditionally, the SVM technique is one of the most 

important techniques used in controlling the inverter.This 

technique is based on the calculation of both angle and 

sector. One of its advantages is that it reduces current 

fluctuations and thus increases the efficiency of motors and 

extends their life compared to other methods (PWM). 

However, this method is difficult to accomplish and apply, 

especially in multi-level rectifiers. In [3], the author has 

proposed an easy and simple method for achieving the SVM 

technique. The proposed SVM technique is more and more 

simple and easy to apply. This method is based on the 

calculation of both maximum (Max) and minimum (Min) of 

the three-phase network. In our work, we have used this 

proposed SVM method to control the inverter of the ASG-

based DRWP system. Figure 3 represents the two-level 

MSVM technique. 

 

 

 

Figure 3. Modified SVM technique. 

6. DVC Method 

DVC or direct vector control using traditional PI 

controllers is the most used strategy for ASG-based wind 

turbines. In this method, two PI regulators are used to 

controlling the reactive and active powers. However, this 

strategy is easy to implement and a simple algorithm 

compared to the IVC method. The principal is to orient the 

stator flux along the axis of the rotating frame [4, 1]. 
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The stator voltage can be expressed by: 
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The expressions of stator current are defined by: 
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The equation of the active and reactive powers: 
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The equation of the rotor voltages: 
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The equation of the rotor current: 
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The block diagram of the DVC method is shown in 

Figure 4.  

 

 

 

 

 

 

 

 

 

 

Figure 4. Structure of the DVC strategy. 

7. STA-DVC Method 

DVC method has limitations that its performance is 

mainly influenced by the tuning of parameters, the PI 

controller could not compensate system variations very 

efficiently. To overcome the drawbacks of the PI controller 

the STA technique is used. This work presents the STA-

based control scheme for the dual rotor wind turbine 

generator by using ASG. The DVC strategy of the ASG-

DRWT with the application of STA algorithms is shown in 

Figure 5. In this method, the reactive power and active power 

are controlled by the STA techniques. Based on this model 

the STA techniques are designed and implemented to 

improve the performance and efficiency of the system. This 

control scheme not only enhances the dynamic performance 

but also maintains almost unity power factor to the grid. The 

proposed DVC-STA, which is designed to regulate the 

reactive and active powers of the ASG-based DRWT, is 

shown in Figure 5. The DVC-STA method goal is to 

command the reactive and active powers of the ASG-based 

DRWT system. In the DVC-STA method, reactive power is 

controlled using the direct axis voltage Vdr, while the active 

power is controlled using the quadrature axis voltage Vqr. 

This method minimized the reactive power ripple, torque 

ripple, current ripple, and active power ripple compared to 

the DVC strategy. The block diagram of the DVC method 

using STA controllers is shown in Figure 6. 

The STA controllers of reactive and active powers are 

used to act successively on the two rotor voltage components 

as in (24) and (25). 
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Where the sliding mode variables are the reactive power 

magnitude error SQs = Qsref - Qs and the active power error SPs 

= Psref - Ps, and the control gains Kp1, Ki1, Kp2 and Ki2 should 

verify the terms of stability. 

      A schematic diagram of the STA technique for reactive 

and active powers of the ASG-DRWT is shown in Figure 7. 

8. Results and Analysis  

The simulation results of the DVC-STSM technique of 

the ASG-based DRWT are compared with the traditional 

DVC strategy. The proposed strategies were tested under 

different tests.  

The ASG used in our work has the following 

parameters: p=2, Psn=1.5 MW, 380/696V, 50Hz, Rs = 0.012 

Ω, Ls = 0.0137H, Rr = 0.021 Ω, Lr = 0.0136H, J = 1000 

kg.m2, Lm = 0.0135H and fr = 0.0024 Nm/s [38, 39]. 

 

A. Reference tracking test (RTT) 

Figures 8-9 show the harmonic distortion of stator 

current of ASG-based DRWT for traditional DVC method 

and proposed methodrespectively. It can be observed that 

the THD is minimized forDVC-STA control  ( THD  =  

0.25% )   when compared to classical DVC (THD =2.18%). 

Table 4 shows the comparative analysis of the THD value. 
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Figure 5. DVC method of three-phase ASG with the 

application of STA techniques. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Structure of DVC-STA method. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Structure of STA reactive and active power 

controllers. 

 

 

 

 

 

 

 

 

 

 

 

The simulation waveforms of the reference and 

measured active power of the ASG-based DRWT are shown 

in Figure 10 to compare the performance of the DVC-STA 

method with the performance of the traditional DVC.The 

active power tracks almost perfectly their reference value 

(Ps-ref ). On the other hand, the amplitudes of the oscillations 

of the active power are smaller and occur in a shorter period 

time in comparison with the oscillations obtained for the 

DVC-STA control (see Figure 14). 

For the traditional DVC and proposed method, the 

reactive power track almost perfectly their reference value 

(see Figure 11). Moreover, the DVC-STA strategy 

minimized the reactive power ripple compared to the 

classical DVC technique (See Figure 15). 

The waveforms of the electromagnetic torque of both 

strategies are shown in Figure 12.The amplitudes of the 

electromagnetic torque depend on the state of the drive 

system and the value of the load active power. The proposed 

strategy reduced the electromagnetic torque compared to the 

traditional DVC strategy (see Figure 16). 

The trajectory of the measured magnitude of the stator 

current is shown in Figure 13. It can be stated that the 

amplitudes of the stator currents depend on the state of the 

drive system and the value of the load active/reactive power 

of the DFIG-based DRWTS. Besides, the traditional DVC 

method gives more ripple in current compared to the 

proposed method (See Figure 17). On the other hand, the 

conventional DVC strategy gives more response time of  the 

electromagnetic torque, active and reactive powers 

compared to the DVC-STA method (see Table 2). 

 

Table 1. Comparative analysis of THD value 

 THD (%) 

DVC DVC-STA 

Stator current 2.18 0.25 

 

Table 2. Comparative analysis of response time 

 Response time 

Torque Active power Reactive power 

DVC 0.6s 0.6s 0.03s 
DVC-STA 1.18ms 1.18ms 1.16ms 
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Figure 8. THD value of stator current (DVC). 

 

0 0.5 1 1.5

-1000

0

1000

Selected signal: 75 cycles. FFT window (in red): 7 cycles

Time (s)

0 500 1000 1500 2000
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Frequency (Hz)

Fundamental (50Hz) = 613.7 , THD= 0.25%

M
a
g
 (

%
 o

f 
F

u
n
d
a
m

e
n
ta

l)

 

Figure 9. THD value of stator current (DVC-STA). 
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Figure 10. Active power (RTT). 
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Figure 11. Reactive power (RTT). 
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Figure 12. Torque (RTT). 
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Figure 13. Stator currant (RTT). 
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Figure 14. Zoom in the active power (RTT). 
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Figure 15. Zoom in the reactive power (RTT). 
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Figure 16. Zoom in the torque (RTT). 
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Figure 17. Zoom in the stator current (RTT). 

B.Robustness test (RT) 

 

In this part, the nominal values of Rr and Rs are 

multiplied by 2, and Lr and Ls are multiplied by 0.5. 

Simulation results are presented in Figures. 18-23. As it’s 

shown by these figures, these variations present an apparent 

effect on stator current, electromagnetic torque, reactive and 

active powers such as the effect appears more significant for 

the traditional DVC strategy compared to the proposed 

control scheme (See Figures 24-27). On the other hand, the 

proposed strategy minimized more the THD value compared 

to the traditional DVC strategy (See Figures 18-19). Table 3 

shows the comparative analysis of harmonic distortion of 

stator current. It can be concluded that the proposed strategy 

is more robust than the traditional DVC strategy. 

 

Table 3. Comparative analysis of THD value (RT) 

 THD (%) 

DVC DVC-STA 

Stator current 5.12 0.51 
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Figure 18. Spectrum harmonic of stator current (DVC). 
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Figure 19. Spectrum harmonic of stator current (DVC-

STA). 
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Figure 20. Active power (RT). 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
-5

0

5

10
x 10

5

Time (s)

A
c
ti
v
e
 p

o
w

e
r 

P
s
(W

)

 

 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
-5

0

5

10
x 10

5

Time (s)

R
e
a
c
ti
v
e
 p

o
w

e
r 

Q
s
 (

V
A

R
)

 

 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
-5000

0

5000

10000

Time (s)

T
o
rq

u
e
 T

e
 (

N
.m

)

 

 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
-2000

-1000

0

1000

2000

Time (s)

S
ta

to
r 

c
u
rr

e
n
t 

Ia
s
 (

A
)

 

 

Te (DVC)

Te (DVC-STSM)

Ps (DVC)

Ps (DVC-STSM)

Psref

Qs (DVC)

Qs (DVC-STSM)

Qsref

Ias (DVC)

Ias (DVC-STSM)

 

Figure 21.Reactive power (RT). 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
-5

0

5

10
x 10

5

Time (s)

A
c
ti
v
e
 p

o
w

e
r 

P
s
(W

)

 

 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
-5

0

5

10
x 10

5

Time (s)
R

e
a
c
ti
v
e
 p

o
w

e
r 

Q
s
 (

V
A

R
)

 

 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
-5000

0

5000

10000

Time (s)

T
o
rq

u
e
 T

e
 (

N
.m

)

 

 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
-2000

-1000

0

1000

2000

Time (s)

S
ta

to
r 

c
u
rr

e
n
t 

Ia
s
 (

A
)

 

 

Te (DVC)

Te (DVC-STSM)

Ps (DVC)

Ps (DVC-STSM)

Psref

Qs (DVC)

Qs (DVC-STSM)

Qsref

Ias (DVC)

Ias (DVC-STSM)

 

Figure 22. Torque (RT). 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
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Figure 23. Stator current (RT). 
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Figure 24. Zoom in the active power (RT) 
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Figure 26. Zoom in the torque (RT) 
0.66 0.67 0.68 0.69 0.7 0.71 0.72 0.73 0.74 0.75

-2

0

2

4

x 10
4

Time (s)

A
c
ti
v
e
 p

o
w

e
r 

P
s
(W

)

 

 

0.64 0.65 0.66 0.67 0.68 0.69 0.7 0.71 0.72 0.73

-3.4

-3.2

-3

-2.8

-2.6
x 10

5

Time (s)

R
e
a
c
ti
v
e
 p

o
w

e
r 

Q
s
 (

V
A

R
)

 

 

0.26 0.27 0.28 0.29 0.3 0.31 0.32 0.33 0.34 0.35

-2200

-2000

-1800

-1600

-1400

Time (s)

T
o
rq

u
e
 T

e
 (

N
.m

)

 

 

0.6495 0.65 0.6505 0.651 0.6515 0.652

500

600

700

Time (s)

S
ta

to
r 

c
u
rr

e
n
t 

Ia
s
 (

A
)

 

 

Te (DVC)

Te (DVC-STSM)

Ps (DVC)

Ps (DVC-STSM)

Psref

Qs (DVC)

Qs (DVC-STSM)

Qsref

Ias (DVC)

Ias (DVC-STSM)

 

Figure 27. Zoom in the stator current (RT) 

9. Conclusions 

This work has presented an investigation of two DVC 

methods: traditional DVC and DVC method using STA 

technique. To evaluate the performances of each technique, 

we have put the two methods under various tests such as 

parameters and powers steps references changes.  

The proposed DVC-STA method constitutes a viable 

alternative to the traditional method and it has many features 

and advantages such as:  

• No PI controllers 

• It has good dynamics 

• Fixed and low switching frequency 

• Low THD 

• Low sampling frequency needed for digital 

implementation 

• Is more robust against parameters variations of 

the ASG 

• Low ripples in torque, reactive power, stator 

current, and active power. 
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