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Abstrac 
In this paper a robust control using a sliding mode control of the active and the 
reactive power generated by a doubly-fed induction generator (DFIG) is 
presented. It provides a robust regulation of the stator side active and reactive 
power by currents and it is suitable for both electric energy generation and 
drive applications. The mathematical model of the machine written in an 
appropriate d-q reference frame fixed with a stator flux in order to obtain the 
decoupled system of control. In this case the control of the active and reactive 
power flowing between the stator of the DFIG and the power network is 
synthesized using sliding mode controllers. A good performance tracking is 
guaranteed in terms of stator currents references.  

 
1 For the paper in Arabic see pages (45 - 46). 
2 Department of electrical engineering, University of Biskra, Algeria.  
3 Department of electrical engineering, University of Biskra, Algeria.  
4 Department of electrical engineering, University of Biskra, Algeria.  
5 Department of electrical engineering, University of Biskra, Algeria.  



Sliding Mode Control of Active and Reactive Powers Generated by a Doubly-Fed 
Induction Generator (DFIG) 
 

 12 

I. INTRODUCTION 
THE field oriented controlled techniques of a doubly-fed induction machine 
(DFIG) is an attractive solution for high performance restricted speed-range 
electric drives and energy generations applications [1], [2]. Figure (1) reports 
the typical connection scheme of this generator. This solution is suitable for 
all applications where a limited speed variation around the synchronous 
speed is present. Since the power handled by the rotor side (slip power) is 
proportional to slip, an energy conversion is possible using a rotor-side 
power converter, which handles only a small fraction of the overall system 
power. Variable-speed energy generation systems have several advantages 
when compared with fixed-speed synchronous and induction generators [3]. 

 

 
Moreover, if suitable controlled AC/AC converter is used to supply the rotor 
side, the power components of the overall system can be controlled with low 
current harmonic distortion in the stator and rotor sides [4], [5]. 
In order to obtain high performance and better control of the active and 
reactive powers generated by the DFIG, a sliding mode controller was 
proposed,  

Fig. 1.  Typical connection scheme of a DFIG. 
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Sliding mode control concept consists of moving state trajectory of the 
system towards and maintains it around the sliding surface with an 
appropriate logic commutation, the latter gives birth to a specific behaviour 
of the state trajectory in a neighbourhood of the sliding surfaces known as 
sliding regimes [6], [7].  
This paper discusses a simulation study of sliding mode controller for active 
and reactive powers generate by the DFIG 
II. MATHEMATICAL MODEL OF A DFIG 
Under the assumption of linear magnetic circuits and balanced operating 
conditions, the equivalent two-phase model of the symmetrical DFIG, 
represented in an arbitrary rotating (d-q) reference frame is as follows: 
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where: isd, isq, rdψ , rqψ are the components of the stator current and rotor 
flux vectors; vrd, vrq are the components of the rotor voltage vector, while vsd, 
vsq represent the line voltage components (stator windings are directly 
connected to the line grid), and Rr, Rs, Ls, Lr are stator/rotor resistances and 
inductances respectively, Lm- mutual inductance; ω - the rotor speed; Te- the 
external torque applied to the mechanical system of the DFIG; Te- the torque 
produced by the electrical machine; J the total rotor inertia and sω the speed 
of the (d-q) reference frame with respect to the a-axis of the fixed stator 
reference frame (a-b). 
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where: xyz stands for two dimensional vectors represents the vector of flux, 
of current and of tension in the generic (y-z) reference frame; subscript ‘s’ 
stands for stator variables while ‘r’ for rotor variables; (u-v) indicates rotor 
reference frame and θ is the rotor angle. 
The main control objective considered is the regulation of DFIM stator-side 
active and reactive powers, given by [1]: 
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In order to reduce the effect of the above inaccuracies in the reference frame 
generation and in vector transformation, a line stator voltage vector reference 
frame (d-q) has been adopted (the d-axis is aligned with the line voltage 
vector). This reference frame is independent of machine parameters and 
position sensor resolution; only information from two voltages sensors and 
rotor position sensor are needed, instead of four currents sensors. 
Using the line voltage vector reference frame, a simple and smooth 
connection of the stator winding to the line grid can be performed during 
start-up procedure of the DFIG-based system. 
The synchronous stator voltage oriented reference frame is defined setting in 
(1) and (3). 
Under such transformation vsd=U and vsq=0 in DFIM mathematical model 
(1). In addition, currents isd and isq, in line-voltage oriented reference frame, 
represent the active and reactive components of the stator current vector. The 
expression of active and reactive powers (5) can be presented as: 
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From (6), it follows that active-reactive power control objective is equivalent 

to active-reactive stator currents control. Let us suppose
*
sP  and 

*
sQ are the 

references for the power components at stator side for the DFIM. Using (6), 
references for the components of the stator current, are given by 
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The control problem of DFIG is formulated in terms of stator active-
reactive current regulation as to consider the DFIG model (1) under 
coordinate transformation (3). Let assume that: 
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• The stator voltage amplitude and frequency are constants (stator windings 
are directly connected to infinite electrical network). 

• References for active and reactive stator currents are constant and bounded, 
or represent ramp signals with bounded first derivate and bounded 
amplitude. 

• Under the assumption of a properly controlled primary mover the rotor 
speed is time varying, measurable and bounded together with its first order 
time-derivate. 
• Stator currents and voltages as well as rotor position and speed are obtained 
by estimation. 
 

III. DESIGN OF SLIDING MODE CONTROL ALGORITHM 
The method consists to calculate the equivalent and discontinuous 
components of control variable from an adequate surface of sliding mode 
chosen [6]. In this case we chose the error as being the sliding surface 

.rq
*
rq)rq(S

;rd
*
rd)rd(S

ψ−ψ=ψ

ψ−ψ=ψ
         (8)                                                                                                                              

 
The first order derivate of (8), gives:  
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where flux references, 
*
rdψ and

*
rqψ

, will be defined later according to stator 
current control objectives. 
In the sliding mode regime the dynamic of the system in sliding mode is 
subjected to the following conditions 0)(S =ψ  thus for the ideal sliding 

mode we have also 0)(S =ψ&  . 
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Substituting rotor flux by their expressions obtained after arrangement of the 
model (1) into equations (9), and with the conditions of the sliding mode, the 
components of the reference stator voltage are given by:  
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Where rdeqv and rqeqv are the equivalent components of the rotor voltage 
respectively.   
Similarly to (8), the sliding surface of the stator currents is defined by:   
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After the derivation of (11), the rotor flux of reference is given in sliding 
mode regime by:   
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where                             is the total leaking constant. 
 
The rotor voltages of references are defined by:   
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Where ‘eq’ and ‘n’ indicate the equivalent and discontinuous components of 
the rotor voltage reference respectively.   
The nonlinear component is added to the global function of the controller in 
order to guarantee the attractiveness of the chosen sliding surface [7]. This 
latter is achieved by the condition 0)x(S)x(S <&  [6,7]. 
A simple form of the control action using sliding mode theory is a relay 
function, which is given by equation (14). 
 

))x(Ssgn(KUn =        (14)                                                                                                                                  
However, this latter produces a drawback in the performances of a control system, 
which is known as chattering phenomenon. 
In order to reduce the chattering phenomenon due to the discontinuous nature of the 
controller, a smooth function is defined in some neighbourhood of the sliding surface 
with a threshold as seen in Fig.2, [6] 
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Fig. 2. Smoothed sign function.  
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IV. DIAGRAM OF THE CONTROL STRATEGY 

 
Fig. 3. Configuration of the power control of the DFIG  

 
In this section the diagram of the control strategy using the sliding mode 
control of the active and reactive powers by the stator current such as the 
active power is controlled by the direct current and the reactive power by the 
quadratic current is presented in the figure (3). The nominal parameters of the 
DFIG are reported in table 1. 
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Parameters values 
Power 5 kW 
Voltage 380V (Y) 
Frequency 50 Hz 
Pole pairs 3 
Speed 100 rad/s 
Torque 50 N.m 
Stator resistance 0.95 Ω  
Rotor resistance 1.8 Ω  
Stator inductance 0.094 H 
Rotor inductance 0.088 H 
Mutual inductance 0.082 H 

TABLE  I: DFIG PARAMETERS 
 

In order to provide independent control using sliding mode controllers of the 
stator active power Ps and reactive power Qs of the DFIG by means of the 
stator current regulation, a model of the DFIG is defined in the stator-flux 
oriented reference frame. The aim is to represent Ps and Qs as functions of the 
individual stator current components. Subsequently, the desired 

*
sP and *

sQ can determine the reference stator currents, which allow the 
calculation of the rotor voltage reference components in which they are used 
for PWM generation command signal of inverter, which is used to feed the 
rotor circuit. 
To guarantee a drive of the DFIG around its speed of synchronism, is used a 
speed regulator.  
 
 
 
 
 
 

V. SIMULATION RESULTANTS 
The sliding mode controllers based on the stator-flux orientation reference is 
realized in Matlab/Simulink in order to control the active and reactive powers 
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by the direct and quadratic components of the stator currents via a desired 
powers flow between the network and the generator.   
The active-reactive stator current and its reference are provided in figures 4 
and 5. These figures represent a good pursuit, except that the presence of the 
oscillations during the transient mode according a star up of mechanical 
mover. A very good decoupling between the direct and quadratic components 
of the stator currents is obtained, ensuring a decoupling between the active 
and reactive powers (Fig.6); this leads to a good control of the power flow 
between the grid and the machine at all time.   
The speed and torque of the DFIG are depicted in figure 7. According to the 
latter, it is seen that motoring speed stays constant due a regulator speed in 
addition the torque depends directly on the direct component of the stator 
current.  
The rotor phase voltage obtained on the output side of PWM inverter is 
represented by figure 8. The use of an inverter with PWM with a high 
switching frequency (5 kHz) makes it possible to improve the sinusoidal 
waveform of the stator current, as illustrated by the zoom of the figure 9 in 
the figure 10. 
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VI. CONCLUSION 

The sliding mode control based of the stator-flux orientation of the power 
flow of the DFIG by the stator current provides global asymptotic regulation 
( 0)()( p& xSxS ) in presence of the stator current reference variation. The 
simulation tests confirm high dynamic performance and robustness of the 
proposed controller. The proposed controller is suitable for energy generation 
applications, where restricted variations of the speed around the synchronous 
velocity are present. The use of the PWM technique inverter-driven the rotor 
of DFIG enables, to obtain perfectly sinusoidal currents on the stator side, 
therefore the energy provided by the machine to the network is a clean 
energy without harmonics. 
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