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1Abstract— In this paper,  we study the control of active and 
reactive power for a doubly fed induction generator (DFIG) using 
sliding mode control (SMC) method  feeding by inverter a three –
level structure NPC  for variable speed wind energy. We first 
present the dynamic model of DFIG connected by wind turbine and 
grid system, then we modeling and control strategy of inverter 
three-level structure NPC. Finally, we will prove that the inverter 
three-level PWM which allows the minimizing of harmonics stator 
current and wide linear modulation range and ameliorate the 
quality of energy injected into the electricity grid. 
 

 
Index Terms—turbine, DFIG, SMC, 3L-PWM 
 

I. INTRODUCTION 
Nowadays, disadvantages of different traditional central 

for electricity generation using fossil fuels (coal, oil, natural 
gas ..), through the use of energy called "renewable" (wind 
power and solar). The latter is fully in the global effort to 
reduce CO2 emissions. 

Wind power is clear prominently, not replace 
conventional sources, but as an additional extra energy to 
nuclear energy. A wind turbine has the role of converting 
kinetic energy of the wind into electrical energy. 

Currently, the wind system with variable speed based on 
Doubly Fed Induction Generator (DFIG)  is the most used 
on farms onshore wind. Its main advantage, not least, is to 
have its three-phase static converters designed for a portion 
of nominal power of the DFIG, making it an important 
economic benefit compared to other solutions Possible 
conversion of electromechanical (synchronous machine with 
permanent magnets for example). Indeed, DFIG allows 
operation over a range of ± 30% speed around synchronous 
speed, thus guaranteeing reduced dimensions of the static 
converters because they are connected between the rotor coil 
of the DFIG and the electrical network. 
The proposed control by sliding mode can be applied to the 
control of active and reactive power generated by the DFIG 
in a wind energy conversion system and the possibility of 
improving the quality of electrical energy and suppress low 
level harmonics supplied to the network by the three-level 
converter structure NPC.  
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II. KINETIC ENERGY OF WIND - CONVERSION INTO 
MECHANICAL ENERGY 

Consider the horizontal axis wind turbine system shown 

in figure (Fig. 1.) which shows wind speed 1V upstream of 

the wind turbine and the speed 2V downstream. 
Assuming that the wind speed through the rotor is equal 

to the average between the undisturbed speed of the wind 

1V before and after the speed of wind passing through the 

wind rotor 2V whether 2
21 VV +

, the mass of moving air 
density ρ through the surface S blade in one second is: 

 
( )

2
21 VVsm +

=
ρ

                                                         (1) 

Power mP then extracted is expressed by half the product 
of mass and the reduction of wind speed (Newton's second 
law): 

( )
2
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Either by replacing m  by its expression in (2): 
( )( )
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                                      (3) 
Undisturbed winds theoretically pass through the same 

surface  S without decrease speed, is the speed 1V , power 

mtP  corresponding would then be: 

2

2
1sVPmt

ρ
=

                                                                 (4)                

 
 
Figure.1.Stream tube around a wind turbine 
 
The ratio between the power extracted from the wind and 

the total power theoretically available is: 

Modeling and sliding mode control of a DFIG fueled by a three-
level PWM cascade application to wind energy 
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it can be noticed that the ratio mt

m

P
P

also called power 

coefficient pC
which has a maximum of 16/27 or 0.59. 

 
The model is based on the characteristics of steady state 

power of the turbine [1],[2],[3]. 
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Ω1: Rotation speed before multiplier. 
R: rotor radius 35.25 m. 
ρ: air density,1.225 kg.m-3. 
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C1=0.5176; C2=116; C3=0.4; C4=5; C5=21; C6=0.0068 
[1], [2], [3]. 

Characteristics of Cp in terms of λ for different values of 
the pitch angle are shown in Fig.2. The maximum value of 
Cp (Cpmax=0.4353) is reached of β=2° and λ=10.01. This 
particular value of λ is defined as the nominal value [3], [4]. 
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Figure.2. The power factor for different angles of stalls. 
 

III. DYNAMIC MODEL OF THE DOUBLY FED INDUCTION 
GENERATOR 

A model always used for the doubly fed induction 
generator (DFIG) is the model of Park. The electrical 
equations of the DFIG by reference in the Park are given as 
follows[5],[6],[7]. 
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The electromagnetic torque is expressed as: 

( )sdsqsqsdem iipC ⋅−⋅= ϕϕ                                            (11) 

Stator and rotor variables are both referred to the stator 
reference Park frame. With the following orientation, the d 
component of the stator flux is equal to the total flux 
whereas the q component of the stator flux is null Fig. 3. 

 
Figure.3.   Determination of the electrical angles in Park reference frame. 
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the electromagnetic torque can be given as follows: 

sdrq
s

m
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Assuming that the resistance of the stator winding Rs is 
neglected, and referring to the chosen reference frame, the 
voltage equations and the flux equations of the stator 
winding can be simplified in steady state as follows[8],[9]: 
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From (15), the equations linking the stator currents to the 
rotor currents are deduced below: 
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The active and reactive powers at the stator side are 
defined as: 
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Taking into consideration the chosen reference frame, the 
above power equations can be written as follows: 
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Replacing the stator currents by their expressions given in 
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(10), the equations below are obtained: 
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The block diagram of the DFIG model in Park reference 
frame is depicted in Fig 4, assuming a constant stator 
voltage (vs). 

 
Figure 4. Block diagram of the DFIG model. 

 

IV. MATH SLIDING MODE CONTROL (SMC) 
 

A sliding mode controller (SMC) is a Variable Structure 
Controller (VSC). Basically, a VSC includes several 
different continuous functions that can map plant state to a 
control surface, whereas switching among different 
functions is determined by plant state represented by a 
switching function. The design of control system will be 
demonstrated for a following nonlinear system [10], [11], 
[12]: 

),(),(),( txutxBtxfX ⋅+=
•

              (20)      
Where X∈Rn is the state vector,(X,t)∈R n, B(X,t)∈Rn.m, 

U∈Rn, is the control vector. 
From the system (20), it possible to define a set S of the 

state trajectories x such as: 

{ }0),()( == tXStXS                            (21)                         

Where: 

[ ]TtXStXStXStXStXS ),(,),,(),,(),,(),( 321 ⋅⋅⋅⋅⋅⋅⋅⋅⋅=  (22)    
And []T denotes the transposed vector, S is called the 

sliding surface. 
To bring the state variable to the sliding surfaces, the 

following two conditions have to be satisfied:  

0),(,0),( ==
•

tXStXS                                             (23) 
The control law satisfies the precedent conditions is 

presented in the following form: 
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Where Udq is the control vector, Ueq is the equivalent 
control vector, Un is the switching part of the control (the 
correction factor), Kf is the controller gain. Ueq can be 
obtained by considering the condition for the sliding regime, 

S(X,t) The equivalent control keeps the state variable on 
sliding surface, once they reach it. For the defined function 
[13], [14]: 
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The controller described by (24) presents high robustness, 
insensitive to parameter fluctuations and disturbances, but it 
will have high-frequency switching (chattering phenomena) 
near the sliding surface due to sign function involved by 
introducing a boundary layer with width [15].  

In (24) we have: 
)),(( tXSsignKUU feqdq ⋅−=                   (26) 

Consider a Lyapunov function:   
2),(

2
1 tXSV =                                                 (27) 

If the Lyapunov theory of stability is used to ensure that 
SMC is attractive and invariant, In this document, we are 
using the sliding surface proposed by J.J. Slotine [16] [17]: 

the following condition has to be satisfied: 
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In this paper, we use the sliding surface proposed by J.J. 
Slotine [16] [17]: 
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Where e(x) is the error vector (e(x)=X*-X), λx is a 
positive coefficient, n is the system order. 

V. APPLICATION OF SMC TO DFIG  
The rotor currents (which are linked to active and reactive 

powers by equation (19), quadrature rotor current  iqr linked 
to stator active power Ps and direct rotor current  idr linked 
to stator reactive power Qs) have to track appropriate current 
references, so, a sliding mode control based on the above 
Park reference frame is used. 

we can obtain the sliding surfaces representing the error 
between the measured and references rotor currents as 
follow: 
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Vdr and Vqr will be the two components of the control 
vector used to constraint the system to converge to Ssq=0. 
The control vector Ueq is obtain by imposing Ṡdq so the 
equivalent control components are given by the following 
relation: 
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VI. MODELISATION OF PWM THREE-LEVEL INVERTER 
NPC 

Figure 5 shows the structure of a PWM inverter three-level 
NPC structure. We begin by defining the connection 
function Fki of the switch. It is 1 if the switch is closed and 0 
otherwise[18],[19].   
In controllable mode, the inverter connection functions are 
linked by relation (32). 





−=
−=

32

41

1
1

Kk

kk

FF
FF

                                               (32) 

With, k = 1 , 2 or 3 , represents the number of arms. 

 
Figure 5. Three-level inverter with NPC structure 

We define the connection function Fkm
b the half-arms as 

follows: 
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We denote by: m = 1: the half upper arm and m = 0 : the 
half-arm down. 
The potentials of the nodes A, B and C of inverter PWM 
three levels, by relation to point M is expressed as 
follows[18],[19]: 
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The simple voltages of output are written: 
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VII. REGULATION WITH BUCKLE OF POWER 

 
To improve the control system the DFIG, we will introduce 
an additional  loop control of active and reactive power in 
the block diagram of the control loop without power so that 
each  axis controller contains two PI-SMC control, one to 
control the power and the other rotor current (Fig. 6) .

 

Figure 6. Schema block indirect regulation with SMC.
 

VIII. SIMULATION RESULTS: 
The simulation is done by imposing active and reactive 

powers references (Pref, Qref), While the DFIG is driven at 
variable speed Pref varies between -300000 and -1000000 
watts  and Qref=0  var and Isabc varies between 1000A and 
2500A 

with: 
 
The simulation results are given by the following figures. 
Figure 7 present two bipolar saw tooth caries the inverter 

3L-PWM and the figures 8 and 9 present the simple voltage 
Va and this  specter of a three-phase inverter 3L-pwm. 
Figure 10 present the stator active power and its  

reference profiles injected into the grid using 3L-PWM. 
The stator reactive power and its reference profiles using 

3L-PWM is presented in Fig.11.  
Fig.12 show the stator current using 3L-PWM. 
Fig. 13 show the harmonic spectrum of output phase 

stator current obtained using Fast Fourier Transform (FFT) 
technique for 3L-PWM inverter. It can be clear observed 
that all the lower order harmonics are reduced for 3L-PWM 
inverter (THD = 0.2074 %). 
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Figure 7. Two bipolar Saw tooth caries the inverter 3L-PWM 
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Figure 8.The simple voltage Va of a three-phase inverter 
3L-pwm. 
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Figure 9.THD of the voltage Va with 3L-pwm 
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Figure 10. Electrical active power produced with SMC control using 3L-

pwm. 
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Figure 11.  Electrical reactive power produced with SMC control  using 3L-

pwm. 
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Figure 12. Stator phase currents with SMC control using 3L-pwm. 

 

0 10 20 30 40 50 60
0

200

400

600

800

1000

1200

1400

Order of Harmonic

A
m

pl
.H

ar
m

on
ic

THD (isa)%=0.2074
t=0.1s

 
 

Figure 13. THD of current Isa with SMC control using 3L-pwm. 
 

IX. CONCLUSION 
In our work, we have established the model of the 

generator using its power equations in the dq axis system 
related to synchronization. We have also presents simulation 
results of sliding mode control for active and reactive 
indirect power control of a DFIG, using the modulation 
strategy of 3L-PWM technique. The DFIG active and 
reactive power control with SMC using 3L-PWM technique 
had good performance it is clear in the spectrum of phase 
stator current harmonics which the use of the 3L-PWM, it is 
minimized of harmonics. 
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APPENDIX A 
• Nominal Power =1.5(Mw) 
• Stator Per Phase Resistance =0.012 (Ω) 
• Rotor Per Phase Resistance=0.021 (Ω) 
• Stator Leakage Inductance= 2.0372.10-004 (H) 
• Rotor Leakage Inductance= 1.7507.10-004 (H) 
• Magnetizing Inductance= 0.0135 (H) 
• Number Of Poles Pairs=2 
• Moment Of Inertia= 1000 (Kg.M2) 
• Friction Coefficient =0.0024 
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