
 

 

  
Abstract—In this paper present  a sensorless  maximum wind 

power extraction for variable speed constant frequency (VSCF) wind 
power generation systems with a  doubly-fed induction generators 
(DFIG), to ensure stability and to impose the ideal feedback control 
solution despite of model uncertainties , using the principles of an 
active and reactive power controller (DPC) a robust sliding mode 
power control has been proposed to guarantees fast response times 
and  precise control actions for control the active and reactive power 
independently. 

The simulation results in MATLAB/Simulink platform confirmed 
the good dynamic performance of power control approach for DFIG-
based variable speed wind turbines. 
 

Keywords—Doubly fed induction generator , sliding mode 
control, maximal wind energy capture, MRAS estimator 

I. INTRODUCTION 
IND energy conversion systems are becoming 
increasingly popular because of the demand on 

renewable energy resources ,as a consequence wind power 
generation technique is being developed rapidly, The wind 
energy systems using a doubly-fed induction generator 
(DFIG) have some advantages due to variable speed operation 
and four quadrant active and reactive power capabilities 
compared with fixed speed induction generators, variable 
speed constant frequency doubly fed wind power generator 
presents noticeable advantages such as, it can keep the 
optimum tip-speed ratio to get maximum wind-power during a 
low wind speed and improve the flexibility of the drive system 
by releasing or saving some energy during high wind speed. 

In the first method, the stator active and reactive powers are 
regulated by controlling the rotor current vector using either 
stator voltage or field oriented control, based on rotational 
transformations and linear controllers (proportional– integral 
controller), has 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.The problem in the use of PI controller 
is the tuning of the gains and the cross-coupling on DFIG 
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terms in the whole operation range, sensitive characteristics to 
the parameter variation and interference. 

DPC control strategy for a DFIG-based wind energy 
generation system was proposed in [5] [17],.The control 
method is based on the, the converter switching states were 
selected from an optimal switching table based on the 
instantaneous errors between the reference and estimated 
values of active and reactive power, DPC is robust with 
respect to the change of machine parameters and to 
perturbations. However, it has some drawbacks: it exhibits 
high active and reactive power ripples, and current  ripple [4]. 

In order to achieve the maximum power point tracking 
(MPPT) the control strategies for DFIG mainly include the 
cutting-in control, the maximal power point tracking with it 
the knowledge needed speed of the machine. 

A MRAS observer for standalone DFIG operation was  
presented by the authors in [1] [2] [3] [4],based is a well 
known method for the sensorless control of cage induction 
machines. 

Compared with these sensor-less methods, this paper 
proposes the method realize MPPT with/without wind speed 
measurements it is usually rotor speed observervation 
,therefore it can improve the control system  reliability and 
energy conversion efficiency and The due to both the 
nonlinear nature and parameters variations of DFIG, This 
paper presents a very robust  approach  control  of doubly fed 
induction generators. The control method is based on the 
variable structure control associated to the flux oriented 
control technique, the extensive simulation study in the 
beginning validated all the control algorithms. 

II. MATHEMATICAL MODEL OF  DFIG 
   The equivalent two-phase model of the symmetrical 

DFIG, represented in an arbitrary rotating (d-q) reference 
frame is: [3,6,14,15]. 
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Fig.1 Doubly Fed Induction Wind Generator 

The Stator and rotor fluxes are given as: 
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The electromagnetic torque is expressed as : 

( )drqsqrds
s
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2
3                                                (3) 

The active and reactive powers at the stator side are defined 
as: 
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III.    CONTROL MECHANISM OF THE MAXIMAL WIND ENERGY 
CAPTURING 

 
     Wind energy is captured by the blades of the wind 

turbine and is turned into mechanical torque on the hub. from 
Betz theory, the capture power got from wind energy by wind 
Turbine can be expressed as:   

3
2

ρνπ SCP p=                                                              (5) 

Where ρ  is the air density, R is the turbine radius and ν  
the wind velocity. Further the power coefficient Cp is a 

function of the tip speed ratio )/( νωλ Rt=  as well as the blade 
pitch angle β , tω  is the angular speed of the wind turbine. 
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Clearly the turbine speed has to be changed along with 
wind speed so that optimal tip speed ratio is maintained for 
maximum power capture and the Generator active power 
matches up to the output power of the turbine. This is shown 
in Fig.3 for various rotor speed and the maximal power of the 
turbine generator for each rotor speed occurs at the point  
where Cp is maximized. 

To extract the maximum power generated, we must fix the 

advance report optλ is the maximum power coefficient 

max−pC , the measurement of wind speed is difficult, an 

estimate of its value can be obtained: 
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ν = .                                                                        (8)   

    The electromagnetic power must be set to the following 

value: 3
max2 rpref SCP ρνπ

−− =                                               (9)                   

    From the electromagnetic power reference value, it is 
easy to determine the value of the electromagnetic torque 
setting: 

       trefref PC ω/−− =                                                        (10) 
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IV. MRAS ESTIMATION OF ROTOR SPEED AND POSITION 
A MRAS estimator is used to estimate the rotational speed 

and  rotor position of  the DFIG and the structure for this 
estimator is depicted in Fig. 5. The MRAS estimator is the 
sator -flux error vector which is fed to the adaptation 
mechanism to ensure that the system will be stable and the 
estimated quantity will converge to the ideal (actual) value 
[1,2]: 

 
 

 
Fig .2 Wind turbine control 
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Fig.3 Wind Turbine Generator power- rotor speed characteristics
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Fig.5  MRAS scheme for estimation of the Speed 
 
Where 

dtiRru rr
s
r )(∫ −=ψ                                                                  (11) 

 So we can get the estimated stator flux of adjustable model in 
the stator stationary coordinate by using rotor position: 

rjs
r

r
r e θψψ =                                                                        (12) 
In the MRAS method, it is possible to reduce the flux error 

between the reference and adjustable models through 
adjusting the rotor position.  

The rotor speed can be then obtained as following: 

αββα ψψψψψψ rrrrrre
∧∧∧

−=⊗=                                            (13) 

edtkek ipr ∫+=
∧
ω                                                                (14) 

The rotor electrical angle is obtained as: 
 

dtrr ∫
∧∧

= ωθ                                                                          (15) 

V.   DESIGN OF THE SLIDING MODE POWER CONTROL 
  The basic principle of the sliding mode control consists in 

moving the state trajectory of the system toward a surface  
S(X) =0  and maintaining it around this surface with the 
switching logic function Un nV  . The basic sliding mode 
control law is expressed as. 

neqc VVV +=                                                                  (16) 

eqV : is the equivalent control  vector  

nV :is a sign function defined as ))(sgn( XSkVn = where: 
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After selecting the controlled states, the corresponding 
references are calculated according to the references of active 
and reactive power using the model of DFIG in (d-q) 
reference with the statoric flux vector aligned with d-axis  

A. stator field oriented of the DFIG  
Simplified expression of the electromagnetic torque is 

obtained by setting the following conditions: 
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   The voltage equations and the flux equations of the stator 
can be simplified in steady state as: 
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From (18), the equations linking the stator currents to the 
rotor currents are deduced below:  
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Tacking into consideration the chosen reference frame, the 

active and reactive powers at the stator can be written as 
follows: 
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     Replacing the stator currents by their expressions given 
in (11), the equations below are expressed:  
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With this relations the stator active and reactive power. 
   The rotor fluxes and voltages can be written versus rotor 

currents as:                                                             
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Fig.4 Wind Turbine Generator λ−pC  characteristics 
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B. stator  Flux Estimator 
 

Form of stator voltage equation shown (2) its derivation in 
the stationary reference frame ( βα − reference frame) is 
given as follows: 
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The stator  flux angle can be expressed as: 

s
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C. Active and reactive  power control 
The paper designs the following sliding mode, let: 

⎪⎩

⎪
⎨
⎧

−=

−=

QQS

PPS
*

*

2

1
                                                                 (23) 

where *P  and *Q  are the expected active power and 
reactive power  reference.  

The first order derivate of (23), gives:   
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     Replacing the expression of the power by their 

expressions given in (18), the equations below are expressed:  
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It takes the current expression  of 
..

, qrdr ii ,  with the voltage 

equation (20) and tacking into consideration the sliding mode 

in the steady state ( 0,0
.

== SS  ).  the equivalent control  
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the control vector is shown below:   neq VVV += nV is the 
Sign function defined by: )(SsignKV n −= where  K 
determine the ability of overcoming the chattering.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.6.  
 
 
 
 
 
 
 

 
Fig. 6 Sketch of the saturation function 

 
the global system  can be obtained by add the  mechanical 
device turbine as depicted in Fig.7. 

VI. SIMULATION RESULTS 
 The structure of the wind power generation system shown 

as Figure 7 , when the control system connecting to an infinite 
grid. The electrical parameter of a 7.5-kW DFM are : P=2 
,Rr=0.7614Ω,Rs=0.474Ω, Ls =0.12H,M=0.107H,Lr =0.122H. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   The control system is implemented by Matlab/Simulink. 
And the  results of  simulation are shown inFig.8-16  . 

 
 
 
 
 
 
 
 
 
 
 
 

ξ  ξ−  
-1 

1 

S(x) 

Time(s)

ν m/s

Fig .8  Wind speed 

5 6 7 8 9 10 11 12
3

5

7

9

11

Fig.7 Sensorless sliding mode control scheme for a the DFIG.

rP

rQ
 

 

  DFIM 

 

SMC 
  

2/3 
PWM 

 Ger  
box

dV

 2/3 
dqsi

dqsV

qV

mechanical 
device  
turbine 

PQ

+-

sθ
Angle Stator  

flux estimator 

Réactive and   
Active power 

estimation 

  

MRAS 
Observer 

dqsdqs Vi ,

dqrdqr Vi ,rω

rθ

rθ

rω

 2/3 
dqri

dqrV
rω

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering

 Vol:5, No:8, 2011 

1019International Scholarly and Scientific Research & Innovation 5(8) 2011 scholar.waset.org/1307-6892/10425

In
te

rn
at

io
na

l S
ci

en
ce

 I
nd

ex
, E

le
ct

ri
ca

l a
nd

 C
om

pu
te

r 
E

ng
in

ee
ri

ng
 V

ol
:5

, N
o:

8,
 2

01
1 

w
as

et
.o

rg
/P

ub
lic

at
io

n/
10

42
5

http://waset.org/publication/Sensorless-Sliding-Power-Control-of-Doubly-Fed-Induction-Wind-Generator-Based-on-MRAS-Observer/10425
http://scholar.waset.org/1307-6892/10425


 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
For verify the  robust of The dynamic performance of  

maximum power point tracking of  the system proposed  a 
step change in wind speed is simulated in Fig.(8) .The wind 
speed is start  at 5m per second , at 8 second, the wind speed 
suddenly become 7m per second , as 10 second, the wind 
speed is 9 m per second. 

Fig.9, Fig.10 respectively shows the performance  of the 
MRAS observer tracking the rotational speed and the rotor  
speed error consequently it is indicated the tracking 
performance is excellent. 

Fig 11 the stator power  of DFIM accorder with the Wind 
turbine maximum power trajectory in Fig (16), these  results 
realize the maximum wind energy tracking control . 

For verify the decoupling between the active and reactive 
power a step change reactive power is simulated in Fig.(12), 
these figures represent a good pursuit  its refinance  and a very 
good decoupling . 

Fig5 shows the DFIG stator current Its  shows that, with the 
when the wind speed increases  the amplitude of stator current 
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increased, but this phenomenon does not clear in the rotor 
current  because of the discontinuous nature of the sliding  
control as seen in Fig.14. 

VII. CONCLUSION 
    This paper has presented sensorless optimal control strategy 
of maximal wind energy tracking of doubly-fed induction 
generator in variable speed wind turbines application based 
MRAS observer , the decoupling between active and reactive 
is based on the robust sliding mode power control, the 
regulation of the active and reactive powers is directly without 
current controller used in the FOC drive and can provide fasts 
dynamic response under transient conditions, simple structure 
and robust response .  
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