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Abstract: This article is devoted to the study of the 
performances of nonlinear sliding mode control (SMC) of a 
variable speed wind energy conversion system (WECS) 
based on a doubly Fed Induction Generator (DFIG). The 
SMC strategy is applied to both Rotor Side Converter (RSC) 
and Grid Side Converter (GSC). The RSC controls the 
active and reactive powers produced by the DFIG. The GSC 
controls the DC-bus voltage and the power factor. 
Simulations results show interesting performances of the 
system in terms of the robustness against parameters 
variations. 
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1. Introduction 
 

The evolution of technology related to wind 
systems industry leaded to the development of a 
generation of variable speed wind turbines. These 
wind energy conversion systems are connected to the 
grid through voltage source converters (VSC) to make 
variable speed operation possible. The WECS using a 
doubly-fed induction generator (DFIG) have some 
advantages due to variable speed operation and four 
quadrants active and reactive power capabilities 
compared with fixed speed induction generators.  
There are many different control schemes of DFIG, 
generally based on vector control concept considering 
stator flux or voltage orientation principle associated 
with PI, back-to-back controllers [1]. The aim of this 
paper is to apply a sliding mode control (SMC). The 
use of this control mode can  be  justified  by  the  high  
performances  required by DFIG  and  the  robustness  
of  the  controller. 
The stator active and reactive powers are regulated by 
controlling the rotor current vector using field oriented 
control (FOC), based on linear PI controllers, have so    

far proved to be the most popular control technique, 
although it is clear that its drawbacks are its linear 
nature and lack of robustness when faced with changes 
in operational conditions [2].  
The SMC is nowadays frequently used because of its 
simplicity and efficiency, it is not sensible to 
parameters variations and external disturbances [3]. 
This paper proposes to apply the SMC to a DFIG used 
in wind-energy conversion systems. The DFIG 
consists of a wound rotor induction generator directly 
connected to the grid through two power converters: 
Rotor Side Converter (RSC) and Grid Side Converter 
(GSC). 
The RSC controls the active and reactive powers 
produced by the machine. The  grid-side  converter  is  
usually  used  to regulate the DC-bus voltage between 
the two converters  regardless of the magnitude and 
direction of the rotor  power, while  keeping  
sinusoidal  grid  currents. The basic configuration of 
the whole system is presented in Figure 1. 
This paper is organized as follows: In second section, 
we have presented a mathematical model of DFIG. 
The third section is devoted to study the design of 
sliding mode control algorithm. We have presented in 
the first step the RSC control under SMC and the GSC 
control in the second step. In the last section, some 
simulation results are shown interesting obtained 
control performances of the DFIG in terms of the 
reference tracking ability and the robustness against 
parameters variations.   
 

2. Mathematical model of a DFIG 
 

Under the assumption of linear magnetic circuits 
and balanced operating conditions, the equivalent two- 
 



 
 

 
Fig .1. WECS-based DFIG topology. 

 
phase model of the symmetrical DFIG, represented in 
dq reference frame is as follows [4]:  
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The stator and rotor flux can be expressed as [4]: 
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By  choosing  a  reference  frame  linked  to  the stator 
flux and the stator resistance is  neglected,  which  is  a  
realist  approximation for medium  and  high  power 
machines  used  in wind  energy  conversion,  the  
stator  voltage vector is consequently in quadrature 
advance against stator flux [5] and are given by: 
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The stator active and reactive power can be expressed 
as follows: 
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According to Eq.(2) and (4), the stator currents are 
given by: 
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The rotor fluxs are expressed by: 
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Based on Eq. (7), the rotor current can be expressed 
as: 
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The stator currents are written as follows: 
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By replacing of fluxs, the stators current are given by: 
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Accounting for equations (7), (8) and (10), the stator 
and rotor voltages are given by Eq. (11). 
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The state model can then be written as [6]: 
 

ሶܺ ൌ ݂ሺܺ, ሻݐ ൅ ݃ሺܺ,  ሻܷௗ௤                                       (12)ݐ
 
 
 
With 

ሶܺ ൌ

ۏ
ێ
ێ
ێ
ێ
ێ
ۍ

ௗఃೞ೏
ௗ௧

ௗఃೞ೜

ௗ௧
ௗ௜ೝ೏

ௗ௧
ௗ௜ೝ೜

ௗ௧ ے
ۑ
ۑ
ۑ
ۑ
ۑ
ې

 ;ܷௗ௤ ൌ

ۏ
ێ
ێ
ۍ ௦ܸௗ

௦ܸ௤

௥ܸௗ
௥ܸ௤ ے

ۑ
ۑ
ې
  ; ݃ሺܺ, ሻݐ ൌ

ۏ
ێ
ێ
ێ
ۍ

1 0 0 0
0 1 0 0

0 0 ଵ
ఙ௅ೝ

0 

0 0 0 ଵ
ఙ௅ೝ ے

ۑ
ۑ
ۑ
ې

  (13) 

 

݂ሺܺ, ሻݐ ൌ

ۏ
ێ
ێ
ێ
ێ
ێ
ۍ െܴ௦ܽߔ௦ௗ ൅ ܴ௦ܿ ቀܮߪ௥݅௥ௗ ൅ ெ

௅ೞ

௏ೞ೜

ఠೞ
ቁ ൅ ௦௤߱௦ߔ

െܴ௦ܽߔ௦௤ ൅ ܴ௦ܿ ቀܮߪ௥݅௥௤ ൅ ெ
௅ೞ

௏ೞ೏
ఠೞ

ቁ െ ௦ௗ߱௦ߔ

ଵ
ఙ௅ೝ

ሺെܴ௥ܾ ቀܮߪ௥݅௥ௗ ൅ ெ
௅ೞ

௏ೞ೜

ఠೞ
ቁ ൅ ܴ௥ܿߔ௦ௗ ൅ ߱௥ ቀܮߪ௥݅௥௤ ൅ ெ

௅ೞ

௏ೞ೏
ఠೞ

ቁ
ଵ

ఙ௅ೝ
ሺെܴ௥ܾ ቀܮߪ௥݅௥௤ ൅ ெ

௅ೞ

௏ೞ೏
ఠೞ

ቁ ൅ ܴ௥ܿߔ௦௤ െ ߱௥ ቀܮߪ௥݅௥ௗ ൅ ெ
௅ೞ

௏ೞ೜

ఠೞ
ቁے

ۑ
ۑ
ۑ
ۑ
ۑ
ې

  (14) 

 
 

3. Design of sliding mode control algorithm 
 
The method consists to calculate the equivalent and 
discontinuous components [7] of control variable from 
an adequate surface of sliding mode chosen [8]. 
 

3.1. Rotor side converter control 
The rotor currents (which are linked to active and 
reactive powers by Eq. (5)) have to track appropriate   

current  references,  so,  a sliding mode  control  based  
on  the  above  Park reference  frame  is  used [9].   
Sliding  surfaces represent  the  error  between  the  
actual and  references  rotor  currents and  are  
expressed as follows: 
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௥ܸௗ and ௥ܸ௤ will be the two components of the control  

vector  used  to  constraint  the  system  to converge  
to ܵௗ௤ ൌ 0. The equivalent vector control ܷ௘௤೏೜  is 

computed by imposing ሶܵௗ௤ ൌ 0 so the equivalent 
control components are given by the equation (16). 

 
Fig. 2.  Smoothed sign function. 
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However, the equivalent vector control produces a 
drawback in the performances of a control system, 
which is known as chattering phenomenon [8]. To  
reduce the phenomenon, a smooth function is 
defined in some neighborhood of the sliding 
surface with a threshold as seen in Figure 2, [10].  
 
 

 
To obtain some good performance dynamic the control 
vector is imposed as follows: 
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In order to guarantee the attractiveness of the sliding 
surface, the nonlinear component is added to the 
global function of   the controller [4]. 
 

 

 
Fig. 3. SMC structure applied to the RSC of WECS based on the DFIG. 
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3.2. Grid side converter control 
 

The GSC is connected to the electrical grid by 
an intermediary line characterized by a resistance RL 
and a reactance XL [11]. In a reference Park frame 
related to the network angular speed ωR equal to the 
synchronous speed, the electrical voltage equation is 
given by: 

 

ቐ
ௗ௜೚೏

ௗ௧
ൌ  ௏೚೏

௅
െ ோ

௅
݅௢ௗ ൅ ߱ோ݅௢௤

ௗ௜೚೜

ௗ௧
ൌ ௏೚೜

௅
െ ோ

௅
݅௢௤ െ ߱ோ݅௢ௗ െ ௚ܸௗ 

                        (18) 

 
The active and the reactive power are given by 
follows [12]: 
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We present in this part a study on the regulation 
power. This study is based on network voltage vector 
oriented control. This method is based on the 
orientation of grid voltage along Park d-axis. This 
implies that ௚ܸௗ ൌ ห ௚ܸഥ  ห and ௚ܸ௤ ൌ 0 [13]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In these conditions, one can write [1]:   
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As shown in relations (20) the dynamics of the active 
and reactive power are directly linked to the control of 
grid currents  ݅௢ௗ and ݅௢௤. voltage is constant and equal 
to the nominal AC voltage. For the DFIG sliding mode 
controllers design, two switching surfaces are chosen 
as: 
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In order to converge ܵ to zero in finite time, the 
control law is designed such as: 
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By the development of Equation (18) we write: 
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Fig. 4. SMC structure applied to the GSC of WECS based on the DFIG. 
 



 

 
 

 

The direct GSC output current set value is deduced as: 
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The quadrature GSC output current set value is 
deduced as: 
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By considering equations (23) on (25) the expression 
of voltage as follows: 
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4. Simulations results 
 

Simulations results are made by using the real 
parameters of a wind turbine AE43 and a DFIG rated 
at 660KW and 690V. The characteristics of this 
system are given in appendix.  In our simulation, the 
wind profile is governed by the following equation: 
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To studied the comportment of the WECS based on 
the DFIG against the parameters variations. We have 
illustrated some simulations scenarios attached to: 
Stator active power, stator reactive power, rotor 
resistance and mutual inductance. In all figures we 
illustrate in (b),(c),(d) and (e) the variation of real 
stator active power, stator reactive power, the balanced 
three phase stator currents and the balanced three 
phase rotor currents. In all figures (a) we illustrate the 
reference parameters variations. 
 
1. Figure 5 illustrates the response of the WECS 

based on the DFIG operated under SMC without 
parameter variations. 
 

2. Figure 6 illustrates the response of the WECS 
based on the DFIG operated under SMC with 
reference-stator active power variations. 

 
3. Figure 7 illustrates the response of the WECS 

based on the DFIG operated under SMC with 
reference-stator reactive power variations. 

 
4. Figure 8 illustrates the response of the WECS 

based on the DFIG operated under SMC with 
reference-rotor resistance variations. 
 

5. Figure 9 illustrates the response of the WECS 
based on the DFIG operated under SMC with 
reference-mutual inductance variations. 
 

 



 
 

 
Fig. 5. DFIG operated under SMC strategy without parameter variation:  

Legend: (a) Psref,  (b) Ps, (c) Qs, (d) isabc (e) irabc 

 
 

 

 
Fig. 6. DFIG operated under SMC strategy with reference active stator power variation:  

Legend: (a) Psref,  (b) Ps, (c) Qs, (d) isabc (e) irabc 
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Fig. 7. DFIG operated under SMC strategy with reference reactive stator power variation:  

Legend: (a) Qsref,  (b) Ps, (c) Qs, (d) isabc (e) irabc 

 
Fig. 8. DFIG operated under SMC strategy with rotor resistance variation:  

Legend: (a) Rrref,  (b) Ps, (c) Qs, (d) isabc (e) irabc 
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Fig. 9. DFIG operated under SMC strategy with mutual inductance variation:  

Legend: (a) Mref,  (b) Ps, (c) Qs, (d) isabc (e) irabc 
 

According the illustrations we can remark: 
 
• The step change of one control variable, i.e., 

stator active or reactive power, does not affect the 
other.  

• We can see that the actual stator active power and 
stator reactive power follows well the variations 
of its reference.  

• The variation of the reference of stator active 
power at t=1.3s undergoes an increase of 23% of 
the stator current and a diminution of same 
percentage at t=1.5s. Also, it undergoes a 
variation of ±15% of the rotor current. 

•  The variation of the reference of stator reactive 
power at t=1.3s undergoes a decrease of 13% of 
the stator current and an increase of 35% at 
t=1.5s. Also, it undergoes a decrease of 4.8% of 
the rotor current and an increase of 7.5% at 
t=1.5s. 

• Looking at figure 5, we see that the system is 
efficient when it operates without parameters 
variations.  

• Figures 6 and 7 showed the satisfactory 
performances of the WECS against, respectively, 
the variation of reference of the stator active and 
reactive power.   

• Figures 8 and 9 showed the satisfactory 
performances respectively of the rotor resistance 
and the magnetizing inductance.  

 

5. Conclusion 

This work describes a control approach applied 
to the WECS based on the DFIG used to extract and 
transit the maximum power from the wind will to the 
electrical grid. The system uses two rotor power 
converters linked by a DC voltage which allow the 
power energy transient between the grid and the 
WECS. We have applied the SMC of the DFIG in the 
both RSC and GSC. This structure has been used for 
reference tracking of stator active  and  reactive  
powers  exchanged  between the  stator  and  the  grid  
by  controlling  the  rotor converter. The simulations 
results show that the robustness of the proposed SMC 
against parameters variations. 
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Appendix 
 

Induction generator data 
 

 
Wind turbine data 

 

 
 

 

Rated power 660Kw 
Rated stator voltage   400/690V 
Nominal frequency 
Number of pole pairs                           

50 Hz 
np=2 

Rotor resistance    ܴ௥ ൌ 0.0238Ω  
Stator resistance ܴ௦ ൌ 0.0146Ω
Stator inductance  ܮ௦ ൌ  ܪ0.0306
Rotor inductance  ܮ௥ ൌ 0.0303
Mutual  inductance M=0.0299ܪ 

Rated power 660Kw 
Blade Radius  
Power coefficient 
Optimal relative wind speed 
Mechanical speed multiplier 
Moment of inertia 
Damping coefficient 

 R = 21.165 m 
 ௣௠௔௫ = 0.42ܥ
 ௢௣௧= 9ߣ
G=39 
J=28 Kg.݉ଶ 
f= 0.01 


