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Abstract—In this paper, a novel adaptive sliding mode con-

troller (ASMC) is used to control active and reactive power 

of a Wind Energy Conversion System(WECS) equipped with 

Doubly Fed Induction Generator (DFIG). The control is 

based on a P-Q decoupled strategy that allows easy adapta-

tion to the new grid codes. The performances of this control-

ler are compared with Conventional Sliding Mode Control-

lers (SMC) through simulation on MATLAB/Simulink soft-

ware to show its efficiency. 

Index Terms—DFIG, variable speed wind turbine, power 

control, PI control, SMC, ASMC. 

 

I.   INTRODUCTION 

 

Renewable energy sources such as solar, wind, geother-

mal, sea energy (tidal and wave) emerged as a solution 

for global warming effect, population growth, fossil-fuel 

depletion and its insecure transportation   

Among all these alternative renewable sources, wind en-

ergy received a great interest and become the fastest 

growing energy by rising from 59GW on 2005 to 

433GW on 2015 [1]. It is expected to reach 759GW by 

2020 and 1600GW by 2030 supplying more than 20% 

of worldwide power [2, 3]. 

The success of this energy is in part due to the fact that 

its cost has gone down by more than 80% since the early 

1980’s [4]. Now, in many countries we can find offers 

at less than 4 cents per KWH even less than 3 cents in 

USA [4] and in Morocco [5].  

However, integration into the electrical network of a 

large scale wind power is impacting the grid’s power 

quality. That is why transmission system operators 

(TSOs) in many countries are issuing grid code to regu-

late the connection of wind power installations to the 

grids.  

In wind energy conversion systems, many topologies are 

used [6], but the most popular is which uses DFIG for 

which stator is connected directly to the grid while the 

rotor is connected to grid through a double bi-directional 

converters separated by a DC-Link [7] as shown in fig.1.  

Fig. 1.   Synoptic scheme of DFIG Wind Energy Conversion System 

A lot of approaches are used to control DFIG WECS for 

different purposes, but most of them deal with speed or 

torque control for MPPT purpose and with reactive 

power to assure unit power factor in vast majority of 

cases. Few works have been dealing with PQ control to 

answer any powers profiles desired by Grid Managers.  

 

Linear algorithms such as PI, in spite of their simplicity 

as well as their performances in permanent state, are lit-

tle used in WECS because of their limitation to face pa-

rameters variations and to fight with strong intrinsic 

nonlinearities. 

 

Nonlinear algorithms based on Artificial Intelligence 

(AI) have received a great interest since last decade be-

cause they are suitable for processes that have strong in-

trinsic nonlinearities and parameters variations. Among 

these, the most popular are Fuzzy Logic Controller 

(FLC) [8, 9], Neuronal Network Controller (NNC) [10] 

and Particle Swarm Optimization (PSO) [11]. These al-

gorithms are generally relatively complex and need trial 

and error to settle their parameters. They are still not ma-

ture for WECS domain. In literature concerning WECS, 

these algorithms applied to control power flow give in 

general good tracking reference but unsatisfactory ex-

ceeding rates (between 10 and 20%). 

 

In contrast, classical nonlinear algorithms such as SMC 

and its derivative ASMC are more familiar and widely 

used in varied fields. They are easier and more appropri-

ate for WECS and generally give better performances. 

Consequently, we opted for basic SMC that gives satis-

factory results (6% only of exceeding rate for active 
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power and 11% for reactive power) along with good ro-

bustness to parameters variations. Then, these results are 

drastically improved by modifying the SMC to an 

ASMC by making its gain variable according to a new 

algorithm. This latter was used first time by [12] to con-

trol a pneumatic actuator. We have slightly adapted it to 

our case. All dynamics performances are really irre-

proachable. 

 

This paper is organized as follow: Next section (section 

II) gives the modelling of the wind turbine and presents 

MPPT strategy and how PQ approach is important for 

new grid codes, followed by section III where DFIG is 

modelled for power control purpose. section IV is di-

vided to three subsections that present respectively 

SMC, ASMC and simulations results. Finally, conclu-

sion is provided in last section. 

 

II.   MODELLING OF THE WIND TURBINE 

 

A part of Kinetic energy of the wind is captured by tur-

bine blades according to a power coefficient, specific to 

each turbine [13]: 
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  is the blade pich angle and tR

v


   is the tip speed 

ratio where R  and 
t  are respectively rotor radius and  

rotor speed of the turbine and v  the wind speed. 

( , )pC    illustrated on Fig. 2 cannot exceed the Betz 

limit 16 / 27 0.59  and his optimal value in our case is

0.48p optC   obtained for 0   and 8opt  . 

Fig. 2.   Power Coefficient Variations against λ and β. 

The popular approach called MPPT (Maximum Power 

Point Tracking) is widely used in WECS and it consists 

to adjust the Generator speed to capture the Maximum 

Power from the wind for any wind speed 𝑣 as shown in 

Fig. 3. 

Fig. 3.  Turbine Power Variations against Angular Speed of DFIG. 

MPPT stays a particular case of the PQ approach as new 

grid codes are dictating now profiles for active and 

reactive powers.  

As an example, German grid code asks wind farmes to 

reduce active power by 40% for each 1Hz of extra 

elevation of frequency (gradient 0.4
P

f





) while 

reactive power must be able to vary from -30% 

(absorption) to +30% (production) [14]. 

III.   MODELLING OF THE DFIG 

DFIG is described in the d-q Park reference frame rotat-

ing at synchronous speed 
s  as follow [15]: 
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With: 

sd s sd rd

sq s sq rq

rd r rd sd

rq r rq sq

L i Mi

L i Mi

L i Mi

L i Mi









 


 


 
  

                                       (3) 

The active and reactive powers at the stator side of DFIG 

are defined by 

s sd sd sq sqP v i v i   and s sq sd sd sqQ v i v i                           (4)                                                                 
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The electromagnetic torque is given by : 

( )em sd sq sq sdC p i i                                                                   (5) 

To simplify equations, we opted for aligning the stator 

flux on the d-axis to obtain: 

sd s   and 0sq                                                         (6) 

Hence, 
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with: 
²

1
s r

M

L L
     is leakage factor. 

In addition, while resistance of the stator sR  is neglected 

(that is legitimate for medium and large machines) and 

s  is supposed constant (steady grid), thus: 

0sd

dt


  ; 0sdv   ; 

sq s s sv v                                    (8) 

Then s s rq

s
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2
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It can be noticed that active power and reactive powers 

are independently controlled respectively by quadrature 

and direct rotor currents. 

The  Fig. 4 shows the internal functional diagram of the 

DFIG in PQ control purpose.  

 
Fig. 4.  Internal functional diagram of DFIG for PQ control purpose 

 

Currents and voltages are linked by same first order 

transfer function 
1

( )
r r

H p
R L p




 with a cross cou-

pling that should be compensated as shown in Fig. 5. 

 

Fig.5.  Decoupling bloc 

The rotor currents rdi  and 
rqi  are now linked to compen-

sated rotor voltage  𝑢𝑟𝑑 and 𝑢𝑟𝑞  as follow: 
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IV.  SLIDING MODE CONTROL OF ACTIVE AND 

REACTIVE POWERS 

Sliding Mode Control (SMC) is nowadays frequently 

used because of its simplicity and insensitivity to param-

eters variations and externals disturbances [16]. 

The principle of this variable structure control consists 

in bringing a state vector of the system to a sliding sur-

face and force it to stay. Once this surface reached, dy-

namics of the system are then imposed by this one, in-

dependently of disturbances and parameters variations 

of the model. 

A.  Conventional Sliding Mode Control (SMC) 

Sliding surface for active power is defined by: 

( ) ref

s sS P P P    and  ( ) ref

s sS P P P                     (11) 

From (9) we deduct ( )
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s
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1
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               (14) 

We put: 
N D

rq rq rqu u u                                                             (15) 

( N  for Nominal and D  for discontinuous) 

 

Then, 
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          (16) 

We choose: 
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N refs r
rq s r rq

s

L L
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
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to cancel the first term between brackets. 

And then  Ds
rq

s r

Mv
S u
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                                           (18) 

Thus, .Ds
rq

s r

Mv
SS u S

L L
                                            (19) 

By wisely choosing 

( )D

rqu Ksign S   with 0K  ,                                  (20) 

Equation (19) becomes 
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Stability condition of Lyapunov ( 0SS  ) is then perma-

nently assured. 

Finally, the SMC law for Active Power is: 
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By the same approach, SMC reactive power law is: 
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Synoptic scheme is shown in Fig. 6.

 
Fig. 6 . Synoptic Scheme for PQ Control. 

Theoretically, any positive value of K  can then assure 

the stability. Unfortunately, it is true only in ideal case 

where parameters are constant. 

The minimum value of K  assuring permanently the sta-

bility 0SS   even if parameters vary is defined by: 

min 0.8 s s
r

s

P L
K R

Mv
                                                       (24) 

Calculation for (24) is based on variation range estima-

tion around nominal value for each parameter that will 

be detailed in future work. 

 

According to our DFIG parameters given in appendix, 

we obtain min 14K  . And for our simulation results, we 

use 15K   for sP  and 30K   for sQ . 

B.  Adaptive Sliding Mode Control (ASMC) 

Contrary to the previous case where the gain K  is fixed, 

we intend to establish a command law that allows to ad-

just the gain K  until the sliding mode becomes estab-

lished. The purpose is to increase the convergence speed 

when the gain is not sufficient, and save energy when 

the gain is oversized requesting pointlessly the system. 

Adaptive command variable is: 

( ) ( )u K t sign S                                                          (25) 

where ( )K t  is the time varying gain. 

The gain adaptation law relies on the observation of the 

N  last states of the sliding variable (duration of N

where   is the sampling time) as shown in Fig.7. 

Fig. 7.  Adaptive Sliding Mode Approach. 

 

It is demonstrated in [17] that the precision for a first 

order sliding mode is proportional to  . 
We define the sliding surface as a rectangle with width 

proportional to   (  ,   ) and length equal to N

as depicted in Fig.7. 

( )K t  variation is made exponentially or linearly de-

pending on status of the system that is informed by ( )t  

[12, 18]: 
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and  ,  , m , mK , and MK  are fixed according to dy-

namic requested and to ensure the stability [12, 18]. 

For our simulations results 200  , 1mK  , 5MK  , 

6m   . 
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C.  Simulations and Comparison 

Simulation is made by hardly submitting the system to 

reference profiles of active and reactive power as illus-

trated in Fig.8. In practice, variations of ref

sP  and ref

sQ  

are not instantaneous but made according to defined 

ramps. 

Fig. 8.  Waveforms of ref

sP and ref

sQ  

The simulation results are given in Fig.9 and Fig.10 for 

SMC and in Fig.11 and Fig.12 for ASMC. 

It can be noted that exceeding rates are drastically im-

proved with ASMC in comparison with conventional 

SMC. In fact, exceeding rates are reduced from 6% to 

1% for Active Power and from 11.3% to 0.7% for Reac-

tive Power. Moreover, ASMC presents less chattering 

and it is faster than SMC. 

Furthermore, cross coupling effects, that may remain 

when using linear controllers such as PI, are here defi-

nitely disappeared with ASMC as well with SMC. 

Fig. 9.  Active Power Control(SMC) 

Fig. 10.  Reactive Power Control (SMC)

Fig. 11.  Active Power Control (ASMC)

Fig. 12.  Reactive Power Control (ASMC) 

Robustness against parameters and external disturb-

ances is confirmed for both controllers but it is better 

with ASMC. 

Fig.13 shows the robustness of SMC against stator re-

sistance 𝑅𝑠 that it was increased by 50% and 100% from 

its rated value while Fig.14 shows its robustness to stator 

inductance 𝐿𝑠 that was increased by 10% and 20% from 

its rated value. 

Fig.15 and Fig.16 confirm the higher robustness of 

ASMC to the same parameters with same variations. It 

can be noticed that response time of ASMC and its chat-

tering amplitude are reduced by more than 50% com-

pared with SMC. 

 

Fig. 13.  Robustness of SMC to Stator Resistance Rs 
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Fig. 14.  Robustness of SMC to Stator Inductance Ls 

 

Fig. 15.  Robustness of ASMC to Stator Resistance Rs 

 

Fig. 16.  Robustness of ASMC to Stator Inductance Ls 

 

VI.  CONCLUSION 

The main contribution of this work is to show how to 

track any references of active and reactive powers with 

high dynamic performances using Sliding Mode Con-

trollers. In addition of its response time improvement by 

at least 50% and its very important reduction of chatter-

ing compared with conventional Sliding Mode Control-

ler, Adaptive Sliding Mode Controller has irreproacha-

ble robustness to parameters variations and external dis-

turbances. 

 
 

APPENDIX 
 

DFIG parameters: 3NS MVA ; 0.012sR   ; 0.021rR   ; 

0.0137sL H ; 0.0136rL H ; 0.0135M H ; 2p  ; 

0.07 . ²J Kg m ; 10.0024 . .f N m s  . Gear-Box:  90G  . 

Turbine parameters: 4tNP MW  ; 35.25R m  

1 2 3 4 5 60.5872, 116, 0.4, 5, 21, 0.0085c c c c c c       
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