
 

 

  
Abstract— In this paper, we propose a control strategy based on 

the control loops of ADRC (Active Disturbance Rejection Control) to 
allow a wind system based on a DFIG (Doubly Fed Induction 
Generator) to stay connected to the grid during voltage dip, and to 
resume production of electrical energy within milliseconds after the 
fault has disappeared. This strategy is essentially based on the control 
of the stator flux for maintaining the magnetization of the generator 
during voltage dip, and the use of a crowbar resistive circuit to 
protect the electronic power converters by limiting rotor currents and 
the DC bus voltage. The dynamic model of this wind system and the 
ADRC controllers are simulated in Matlab-Simulink environment. 
 

Keywords—ADRC, Control of stator flux, Crowbar, DFIG, 
Maximum Power Point Tracking, Voltage dip.  

I. INTRODUCTION 
HE development of renewable energy is the best way to 
deal with the dangers posed globally by the massive use 

of fossil fuels. It will also satisfy electricity needs of the planet 
that would increase by 50% or more by 2030 [1]. Renewable 
electricity comes from six sources: hydroelectric, wind energy, 
biomass, solar, geothermal and marine energy. Among these 
renewable energy sources, wind power is the one that has the 
most important energy potential. The power of the wind 
turbine installed worldwide is increasing more and more every 
year. Several studies have been conducted to investigate the 
integration and the impact of wind power on the distribution 
grids. Previously, the installed wind power was low, and wind 
farms had only one constraint: produce electrical energy when 
there is enough wind and disconnect from the grid in event of 
default in it. The protection plans consisted, in default, of 
disconnecting the turbine of the grid and stop it. This implied 
for the network operator to cope with lack of production for 
several minutes, the time to reboot and reconnect the turbine 
to the grid [2]-[13]. Today, due to the significant increase in 
the installed power of wind farms, the latter are subject to 
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standards and technical requirements imposed by the network 
operator. By these standards, the wind turbines are required to 
ensure the continuity of production of electrical energy or at 
least be capable of resuming production as soon as the fault 
disappears. In addition to this constraint, the standards in some 
European countries indicate that wind farms must contribute 
to the return of voltage by injecting reactive power on the 
network during a voltage dip [2]. The intermittent nature of 
wind power production and the increase of its penetration rate 
in power systems generate several problems for operators such 
as voltage variation, frequency variation and grid instability. 
The network operators impose some attachment requirements 
one the distribution grid of power plants. When a fault occurs 
and when the drop in voltage is not too high, the turbine must 
stay connected to the grid and continue to function normally. 
If the voltage drop is important, the wind turbine must provide 
reactive power to maintain the level of the voltage supply and 
contribute to its rapid recovery. In case the voltage drop is too 
high and/or too long, the wind turbine may be disconnected 
from the grid [2]-[3]-[4]-[13].  

In this paper, we study the behavior of the DFIG used in 
wind system during voltage dips. The objective is to develop 
control strategies of the DFIG based on an ADRC method to 
satisfy the constraint of staying connected during the drop of 
voltage terminal of the wind turbine. The voltage drop across 
the DFIG causes an increase of the stator current. Due to the 
magnetic coupling between the stator and the rotor, a high 
intensity goes also through the rotor coiling and the rotor side 
power converter, this leads to an increase of the DC voltage 
bus [2]-[3]-[7]. Without protection, this can lead to the 
damage of power converters. A protection system by crowbar 
circuit is used in this paper to limit the peaks of rotor currents 
at the appearance and disappearance of the fault. A stator flux 
control strategy based on an ADRC is proposed in this piece 
of work to improve the controllability of the DFIG and regain 
normal operation after the voltage dip.  

II. DYNAMIC MODEL OF THE STUDIED SYSTEM 
The wind system studied in this article is at variable speed. 

The stator of the DFIG is directly connected to the grid and 
the rotor is connected to the grid through two power electronic 
converters separated by a linking DC bus. The grid side 
converter is connected to the latter by means of a three-phase 
filter for filtering the current harmonics. The presence of 
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converters between the rotor and the grid allows to control the 
transfer of active and reactive power between the stator and 
the network (fig.1). These converters are designed to only pass 
the slip power, (i.e, from 20% to 30% of the rated power of 
the generator) [7]. In this study, we consider that the blade 
pitch angle is constant and wind speed never exceeds the rated 
speed [4]-[5]. 
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Fig. 1 Diagram of a wind turbine based on a DFIG 

A. Wind turbine 
The wind turbine extracts a part of the kinetic energy of the 

wind and drives the DFIG at variable speed through a speed 
multiplier [6]-[7].  

According to Betz law, the aerodynamic performance of the 
turbine is less than 59.3%. Its aerodynamic power is expressed 
as a function of its power coefficient as follow: 

                                                 (1) 
The power coefficient  depends on the blade pitch angle 

 and the speed ratio . 
      (2) 

where  and  
The aerodynamic torque: 

                                                (3) 

 is the radius of the turbine,  is the air density,  is the 
turbine speed,  is the pitch angle and  is the wind speed. 
The multiplier is modeled by a simple gain; its adjusts the 
speed of the turbine to the generator as follows: 

                                                                        (4) 
The evolution of the mechanical speed from the mechanical 
torque applied to the rotor is given by the following equation: 

                                           (5) 
where  is the mechanical torque, is the 
electromagnetic torque,  is friction coefficient.  

B. DFIG 
In Park’s reference synchronized with the stator flux, the 

mathematical model of DFIG is given by the following 
equations [4]-[6]: 

                                             (6) 

                                             (7) 

                                            (8) 

                                             (9) 
                                                            (10) 

                                                       (11) 

                                                       (12) 
                                                       (13) 
                                                       (14) 

                                      (15) 

                                                         (16) 
                                                        (17) 

 is the cyclic stator inductance,  is the cyclic rotor 
inductance,  is the mutual inductance,  is stator 
resistance,  is rotor resistance, is number of pole pairs. 

C. Converters 
The rotor side converter controls the torque and speed of the 

turbine. It also allows mastering the magnetic state of the 
generator and controlling reactive power exchanged between 
the stator and the grid [4]-[10]. 

The grid side converter’s role is to regulate the Dc bus 
voltage. This regulation ensures the exchange of active power 
between the rotor and the grid. This converter is also used for 
supplying or absorbing reactive power of the grid. Control of 
the two converters is achieved by pulse width modulation 
(PWM) [10]-[11]. 

III. CONTROLLERS 
To ensure the normal operation of the wind system, three 

commands are required: 
- Command for extracting the maximum power for the 

wind by a control MPPT. 
- Command of the rotor side converter controlling the 

electromagnetic torque and the stator reactive power of 
the DFIG. 

- Command of the grid side converter controlling the DC 
bus voltage and active and reactive power exchanged 
with the grid.  

These commands are provided by control loops of the 
ADRC type. The foundation of the ADRC is based on the use 
of an ESO (Extended State Observer) which estimates in real 
time and at the same time the external disturbances and the 
errors due to variation of system parameters and modeling 
uncertainties [8].  Figure 2 shows the basic structure of a 
control loop by ADRC [8]-[14].  
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Fig. 2 ADRC topology 

A. Control of rotor side converter 
By choosing Park’s referential linked to the rotating stator 

field and by directing the stator flux according to d-axis, we 
simplify the equations of the mathematical model of DFIG 
assuming  is negligible and stator flux  is constant [3]-
[11]-[12]. 

                                                                                 (18) 
                                                          (19) 

                                    (20) 
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                 (21) 

                                                           (22) 

                                                                   (23) 

                                                          (24) 

where  : dispersion coefficient between the coilings 
d and q. 
The equations of rotor voltage (20) and (21) can be written as 
follows: 

                                       (25) 

                (26) 
The control of this converter is structured around two ADRC 
control loops of rotor currents  and . The expressions 
(25) and (26) can be put in the canonical form of an ADRC 
regulator [14]: 

                                                            (27) 

where:  

 
                                                            (28) 

where 

 

 et  are external and internal disturbances respectively 
affecting the rotor currents  and .  and  are 
respectively the control inputs of the currents loops  and 

.  is the known part of the system parameters. Figure 3 
shows the control loop of rotor currents. 
Equations (22) and (23) show that the electromagnetic torque 
produced by DFIG and active stator power are proportional to 
the rotor current of q-axis. The reference current  is 
from MPPT control via the electromagnetic torque reference 
[12]. 

                                                   (29) 

                                                  (30) 
Equation (24) shows that the reactive stator power is related to 
current rotor d-axis by a constant imposed by the grid. 

                                                  (31) 
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Fig. 3 Control loops of rotor currents 

B. Control of grid side converter 
Modeling in dq reference of the set of binding to the electric 

network consisting of the DC bus, the grid side converter and 
the filter are given by the equation below [6]-[13]: 

                              (32) 

                               (33) 

                                                              (34) 

                                                                         (35) 

                                                                        (36) 
                                                             (37) 

The control of this converter can control the currents flowing 
through the filter and the DC bus voltage (figure 4). To 
implement the ADRC regulators, we write equations (32) and 
(33) as follows: 

                                                        (38) 

where:   

                                                       (39) 

where:  

The reference current  is determined to impose a zero 
grid side reactive power. 

                                                             (40) 

The reference current  stems from the control loop of 
DC bus voltage. 

                                          (41) 
 : equation of ADRC controller. 

From (34), (35) and (37), the following expression of DC bus 
voltage is deduced: 

                                            (42) 
we set  , we obtain: 

                                                   (43) 
We put (43) in the canonical form of ADRC regulator: 

                                                             (44) 

where:  
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Fig. 4 Control of grid side converter 
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IV. CONTROL STRATEGY OF DFIG DURING VOLTAGE DIP 
The wind generators are very sensitive to grid disturbance 

and tend to disconnect during a voltage dip. In order to 
contribute to the stability of the grid, wind turbines must be 
controlled to stay connected even in the presence of a fault 
[2]-[13]. 

A. Control of stator flux during voltage dip 
 During the voltage dip, the stator flux decreases which 

causes demagnetization of the DFIG. At the end of the fault 
and when the grid voltage becomes normal, the generator can 
re-magnetize abruptly which leads to a high current call that 
could cause damages [3]-[4]. So, the stator flux control 
strategy must be used during voltage dip to keep the flux to a 
level ensuring the magnetization of the generator. This 
strategy is based on an ADRC closed loop control of both 
direct and quadrature components of the stator flux. The 
reference rotor currents are generated by these loops of flux 
control  and . 

                                         (45) 
                                          (46) 

During the voltage dip, the stator flux is not considered 
constant and aligned with the d-axis; therefore, its dynamics 
should not be neglected in the synthesis of controllers. 
Substituting (11) and (12) into (6) and (8), the expressions of 
stator voltages become as follows: 

                          (47) 

                           (48) 
To control the stator flux by ADRC regulator, we put (47) and 
(48) as follows: 

                                                       (49) 

where:  

                                                       (50) 

where:  

The reference flux are chosen so that the stator flux is 
regulated around the forced flux. 

                                                                         (51) 

                                                                          (52) 
 is the stator voltage during the fault. 

Figure 5 shows the block diagram of DFIG control strategy 
during the voltage dip. 
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Fig. 5 Control of stator flux during voltage dip 

B. Protection by crowbar 
Maintaining the operation of the DFIG in a failure regime is 

limited by the relatively small dimensions of the rotor side 
converter. The latter lacks the capacity to withstand rotoric 
over-currents and over-voltages produced during the voltage 
dip. In this case, an additional physical protection of the 
system by resistive circuits called « crowbar » is deemed 
necessary (figure 6) [9]-[13]-[15]-[16].  

The crowbar is a short-circuiting device of the rotor coiling 
in case of fault. Its main role is to limit the current in rotor and 
the voltage in DC bus. At the appearance of the voltage dip 
and when the crowbar is activated (Scrow=1), the rotor side 
converter is disconnected and the grid side converter stays 
connected to maintain the voltage DC bus constant. To ensure 
the controllability of the generator for the maximum of time 
during the voltage dip, the crowbar is activated during 0.01s 
only at the appearance and disappearance of the fault. The 
rotor side converter resumes its normal operation when the 
crowbar is disconnected from the rotor coiling [4]-[13]. 
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Fig. 6 Wind system with crowbar 

V. SIMULATION RESULTS 
To study the influence of voltage dip on the control strategy 

proposed, a symmetrical three-phase of 60% and a duration of 
500 ms voltage dip is applied to the DFIG (figure 7). Since the 
duration of voltage dip is smaller than the fluctuations in wind 
speed, we consider the wind speed constant during the fault 
and equals 10m/s.  resistance of crowbar circuit is taken 
to be . The parameters of the simulated wind system in 
Matlab-Simulink environment as well as the parameters of 
regulators are given in the appendix. 

 
Fig. 7 Stator voltage 
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The rotor speed is shown in figure 8. It is found that, at the 
appearance of the voltage dip at t=2s, speed increases almost 
linearly during the period of the fault. This acceleration of the 
turbine is due to the inertial storage power. Indeed, during the 
voltage dip, the power transmitted to the grid decreases and 
that captured by the turbine is considered constant, which 
causes an excess of power within the system. This power 
excess is stored mechanically in the turbine and therefore 
causes its acceleration. At the disappearance of the fault and 
after a transient regime of 1.5s, the rotor speed returns to its 
value before the voltage dip (150 m/s) and the turbine returns 
to its normal operation. 

 
Fig. 8 Rotor speed 

Figures 9 and 10 show the evolution of the electromagnetic 
torque of the generator. At the appearance of the fault, torque 
decreases and cancels after a transitional regime, which further 
explains once again the acceleration of the turbine. It resumed 
its value before the voltage dip 0.7s after the fault disappears, 
contributing to the slowing of the turbine. 

 
Fig. 9 Electromagnetic torque 

 
Fig. 10 Zoom on electromagnetic torque 

Figure 11 shows the DC bus voltage during the voltage dip. 
Although, during the fault, this voltage increases due to the 
amount of an extra power fed into power converters, the 
control system can regulate this voltage to the reference value 
during the fault. After the disappearance of voltage dip, the 
DC bus voltage perfectly follows its reference exactly as 
before the fault occurred.  

 
Fig. 11 Voltage Udc and its reference 

Figure 12 shows the stator active power during voltage dip. 
At the appearance of the fault and after a transitional regime, 
active power becomes very low. The transfer of the stator 
active power of the generator to the grid resumes after the 
disappearance of the voltage dip and regains its initial value 
0.7s after the resoration of the stator voltage.  

 
Fig. 12 Active stator power 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
140

150

160

170

180

190

200

210

time(s)

Ro
to

 s
pe

ed
 (r

ad
/s

)

0.5 1 1.5 2 2.5 3 3.5 4 4.5
-4

-3

-2

-1

0

1

2
x 10

4

time (s)

El
ec

tro
m

ag
ne

tic
 to

rq
ue

 (N
.m

)

1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4
-4

-3

-2

-1

0

1

2
x 10

4

time (s)

El
ec

tro
m

ag
ne

tic
 to

rq
ue

 (N
.m

)

0.5 1 1.5 2 2.5 3 3.5 4 4.5
500

600

700

800

900

1000

1100

1200

1300

1400

1500

time (s)

Vo
lta

ge
 U

dc
 a

nd
 it

s 
re

fe
re

nc
e 

(V
)

 

 
Udc-ref
Udc

0.5 1 1.5 2 2.5 3 3.5 4 4.5
-5

-4

-3

-2

-1

0

1

2

3
x 10

6

time (s)

A
ct

iv
e 

st
at

or
 p

ow
er

 (W
)

INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING Volume 9, 2015

ISSN: 1998-4464 285



 

 

Figures 13 and 14 show the stator reactive power during 
voltage dip. This power is not null during the fault, which 
shows that the control strategy of the stator flux allows the 
magnetization of the generator during the voltage dip. 
Reactive power perfectly regains its reference 0.4s after the 
return of the voltage supply. 

 
Fig. 13 Reactive stator power 

 
Fig. 14 Zoom on reactive stator power 

Figure 15 shows the rotor current before, during and after 
the voltage dip. A current peak is observed at t=2.1s, instant of 
disconnection of crowbar after the appearance of the fault, and 
another peak is observed at t=2.6s, instant of disconnection of 
crowbar after the disappearance of voltage dip. The first peak 
current is due to the additional power introduced into the 
system following the decrease of the power transmitted to the 
grid during the voltage dip, while the second peak is the result 
of the re-magnetization of the generator. One second after the 
disappearance of the fault, the rotoric currents perfectly regain 
their forms and values before voltage-dip.

 
Fig. 15 Rotor current 

Figures 16 and 17 show the evolution of direct and 
quadrature components of the rotor current. In a normal 
operation, the two components of the rotor current perfectly 
follow their references. During the voltage dip, the  and  
currents regain their references after a transitional regime 
characterized by oscillations that appear at the beginning and 
the end of the fault. 

 
Fig. 16 Rotor current  and its reference 

 
Fig. 17 Zoom on rotor current  and its reference 
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Fig. 18 Rotor current and its reference 

 
Fig. 19 Zoom on rotor current and its reference 

Figures 20 and 21 show the direct and quadrature 
components of the stator flux. It is found that the flux during 
voltage dip is equal to the value of the forced flux after a 
transitional regime characterized by oscillations of the flux. 
After the fault, the two components of the stator flux perfectly 
follow their values before the voltage dip. The control of the 
stator flux is maintained after the fault for some time (0.01s in 
this simulation) for the generator to re-magnetize properly and 
returns to its normal operation. 

 
Fig. 20 Stator flux 

 
Fig. 21 Zoom on stator flux 

VI. CONCLUSION 
In this article, we have been interested in the behavior of 

internal greatness of the variable speed wind system during the 
voltage dip, and we have proposed a control strategy based on 
the ADRC control loops to improve the controllability of 
DFIG and maintaining its connection to the grid during and 
after a voltage dip. 

The control strategy of the stator flux proposed in this study 
takes into account the stator flux dynamics and allows 
magnetization of the generator during the voltage dip and a 
few milliseconds after its disappearance. The rotor current and 
DC bus voltage are limited by the use of the crowbar that can 
evacuate a portion of power excess generated after the 
reduction of the power transmitted to the grid during the 
voltage dip. 

Simulation results have been presented to show the validity 
and effectiveness of the stator flux control strategy based on 
an ADRC method, which has allowed the DFIG to staying 
connected during the voltage dip and regain its normal 
operation after a few hundred milliseconds once the fault 
disappears. 

APPENDIX 
Doubly fed induction generator parameters 

Rated power 1.5 MW 
Stator and rotor resistance:  ,     
Stator and rotor inductance: ,

  
Mutual inductance:   
Number of pole pairs:  
Resistance of crowbar  

Turbine parameters 
Radius of the turbine  
Gain multiplier  
Inertia total moment  
Air density  
Coefficient of viscous friction  
Optimal tip speed ration  
Maximal power coefficient  
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Connecting to the grid parameters 
Filter inductance  
Filter resistance  
DC link capacity  

ADRC controller parameters 
Rotor currents controller gain  
Rotor currents parameter  
Observation parameters of the loop currents rotor  

,   
Filter currents controller gain  
Filter currents parameter  
Observation parameters of the loop currents filter        

,  
DC link voltage controller gain  
DC link voltage parameter  
Observation parameters of the loop DC link voltage 
 ,  
Stator flux controller gain  
Stator flux parameter  
Observation parameters of the loop stator flux , 
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