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ABSTRACT 
In the conventional structure of the wind turbines along with the doubly-fed induction generator (DFIG), the stator is 
directly connected to the power grid. Therefore, voltage changes in the grid result in severe transient conditions in the 
stator and rotor. In cases where the changes are severe, the generator will be disconnected from the grid and 
consequently the grid stability will be attenuated. In this paper, a completely review of conventional methodes for 
DFIG control under fault conditions is done and then a series grid side converter (SGSC) with sliding mode control 
method is proposed to enhance the fault ride through capability and direct power control of machine. By applying this 
controlling strategy, the over current in the rotor and stator windings will totally be attenuated without using 
additional equipments like as crowbar resistance; Moreover, the DC link voltage oscillations will be attenuated to a 
great extent and the generator will continue operating without being disconnected from the grid. In addition, the 
proposed method is able to improve the direct power control of DFIG in harmonically grid voltage condition. To 
validate the performance of this method, the simulation results are presented under the symmetrical and asymmetrical 
faults and harmonically grid voltage conditions and compared with the other conventional methods. 

 

KEYWORDS: Doubly-fed induction generator, Fault ride through capability, Sliding mode control, Series 
compensator. 

 

1. INTRODUCTION 
 In recent years, wind energy has made the most 
progress among other energy resources. The more 
development of wind energy utilization in electric 
power systems, the poorer performance of the wind 
farms in the case of fault. The reason is that the 
disconnection of the wind turbine from the grid 
causes instability. When a voltage drop occurs in the 
grid, it affects the connection point of the grid and 
generator and causes a sudden voltage drop in the 
stator which consequently increases the rotor current 
and the DC link voltage of back to back converter [1].  
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In such circumstances, the generator may be 
disconnected from the grid. This may; furthermore, 
leads to the frequency and voltage control problems. 
Therefore, it is recommended that the wind turbines 
stay connected and actively help in the stability of 
the power system during the fault occurrence. In 
other words, wind turbine should have the fault ride 
through capability. 

With the increasing penetration of wind plants in 
the power systems to ensure the quality of the grid, 
several grid regulations have been established. These 
regulations define the performance limit of wind 
turbines connected to the grid in terms of power 
factor, frequency range, voltage variations and the 
fault ride through capability. To meet the grid 
regulations, the wind turbines should be capable of 
neutralizing the additional currents which are the 
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result of the transient voltage drop and continue 
power transmission to the grid during the short 
circuit. Fig. 1 presents the grid regulations, 
according to the voltage changes for different 
countries [2]. 

There are many ways to protect and prevent 
damage to the wind turbine. In order to prevent 
excessive current damage to the rotor side converter, 
the generator rotor circuit will be blocked with a 
series short circuit resistor and the rotor side 
converter (RSC) which is called the crowbar [3-6]. 
Since the rotor side converter is di sconnected at the 
time of the fault, it makes impossible to control the 
reactive power. 

 
Fig. 1. The voltage through drop requirement and the grid 

regulations for different countries [2] 

Each of the above mentioned references applied 
different controlling method to control the RSC and 
the grid side converter (GSC). The oscillations in the 
rotor and stator current are the result of the DC 
component of the stator flux in the case of a fault [7]. 
Therefore, the demagnetization method is applied to 
control RSC in Ref. [7]. So if the DC component of 
the rotor current reduces, the stator linkage can be 
demagnetized and then the oscillation of the current 
will be attenuated. As well as, a crowbar along with 
a hysteresis controller is used for controlling. Since 
there was no reactive power control at the time 
istantof RSC disconnection, the transient time to get 
to the desired performance will be reduced by the 
reduction of the crowbar connection duration time. 
While in other references, the crowbar is still active 
at the total fault time or even some time after that. 

In Ref. [8] the application of a series resistor in the 
stator or rotor circuit is proposed to limit the 
machine currents at fault time. The vector control is 

used in this reference to control the converters; 
however, the DC link voltage is not controlled.  

Utilizing a series compensator with the stator 
widingsis another strategy which helps to enhance 
the performance compared with the other methods 
[9-13]. In this method, the stator voltages of the 
disturbed lines will be refined by this compensator 
and the generator continues operating without 
getting disconnected from the grid. In Ref. [9], the 
RSC and GSC are controlled based on vector 
control method with the aim of controlling the active 
and reactive powers and limiting the currents in the 
case of an asymmetric fault. As well as, 
aproportional+resonant controller is used for the 
series converter. This structure has to tolerate the 
total power through of the grid because of the 
existence of a series converter in the grid. 
Furthermore, this controlling method is not robust to 
the parameters’ changes because of the application 
of PI controllers; therefore, it cannot maintain the 
system stability in the case of fault occurrence. 

In Ref. [10], the vector control method is applied 
for both converters to control the active and reactive 
power and the DC link voltage. As well as, the series 
converter is used to inject the desired voltage to the 
grid voltage in order to balance the stator voltages. 

In Ref. [11], the control structure of the back to 
back converters is the same as [10], but an adaptive 
fuzzy PI controller is used for series converter. In 
Ref. [12], using a supercapasitor energy storage 
system is used to store the rotor energy in fault 
conditions and return it to the network whenever 
needed.  

In most of the above mentioned references, the 
DC link voltage regulation and the rotor current 
limitation were not both concurrently controlled in 
the case of the symmetric and asymmetric faults. 

In Ref. [13], a nine-switchesinverter with two 
independent output voltage is proposed to be used 
instead of GSC and series converter. It is known that 
multi-output inverters increase the voltage stress of 
DC link capacitor and the switching losses because 
of the higher switching frequency in comparison 
with the conventional inverters. 

Another method for the rotor current limitation in 
fault conditions is proposed in Ref. [14], in which 
the additional energy of the wind turbine is stored in 
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the rotor moment of inertia by increasing the rotor 
speed with the pitch angle control; however, it is 
impossible due to the mechanical system’s time 
constant. 

A sensitivity analysis approach integrated with a 
novel hybrid approach combining wavelet 
transform, particle swarm optimization and an 
adaptive-network-based fuzzy inference system 
known as Wavelet-ANFIS-PSO is proposed in Ref. 
[15] to acquire the optimal control of DFIG based 
wind generation. In Ref. [16], a multi-objective 
economic load dispatch model is developed for the 
system consisting of both thermal generators and 
wind turbines. Using two optimization methods, 
sequential quadratic programming and particle 
swarm optimization, the system are optimally 
scheduled. The objective functions are total emission 
and a total profit of units. 

In Ref. [17] the sliding mode control method 
without decomposition of negative and positive 
sequences of unbalanced variables is used for 
control of active and reactive power under 
unbalanced and harmonic distorted grid voltage, but 
stator voltages and currents and rotor currents are 
still unbalanced and DC link voltage is not 
controlled properly. 

In Ref. [18] a DC-capacitor current control 
method is investigated for a grid-side converter to 
eliminate the negative impact ofunbalancedgrid 
voltage on the DC-capacitor. Although Vdc 
fluctuations is reduced, the oscillation and unbalance 
of other variables still exist.  

In this paper, a series compensator, placed in the 
DFIG stator, will be used to control the rotor and 
stator currents in the case of symmetric and 
asymmetric fault. Using this compensator, there is 
no need for a crowbar. Moreover, for the robustness 
of the controller structure respect to the changes in 
the machine parameters, the sliding controller will 
be used to control the series compensator converter 
and RSC and GSC converters. This compensator is 
directly fed by the DC link between the two RSC 
and GSC converters and at the same time, it has the 
fault ride through capability in the case of symmetric 
and asymmetric faults. Due to the rapid response 
rate of the controller, there would not be any 
oscillations in the rotor and stator currents in the case 

of different types of fault. Furthermore, the DC link 
voltage regulation and control of active and reactive 
power and torque is well achieved. 

   The present paper has the following structure. In 
Section II, Introducing different DFIG structures 
with additional equipment in fault ride through. In 
Section III, the generator has been modeled. In 
Section IV, all three converters have been 
investigated using sliding mode control. In Section 
V, simulation results using this method of control 
are compared with vector control method presented 
in Ref. [9] and finally, the general conclusion of this 
paper is presented in the last Section. 
 
2. FAULT RIDE THROUGH CONTROL STRUCTURES 
As it was stated in the previous parts, different 
topologies exist for the fault ride through control. In 
one of these structures, while a fault happens in the 
grid, the rotor side converter will be disconnected 
and the rotor windings will have a short circuit with 
a series of external resistors known as a crowbar. An 
example of this structure is shown in Fig. 2 [4]. In 
many papers, the three-phase crowbar structure with 
different controlling methods is simultaneously used 
by RSC and GSC  for the fault ride through [5, 6]. 
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Fig. 2. Crowbar three-phase structure and its placement [4] 

To reduce the rating power of crowbar switches, 
the various structures of crowbar connections are 
presented in Ref. [19]. In this reference, the 
allowable voltage of each switch and the current of 
each switch in the Delta connection will be reduced 
to 0.577 by the use of Wye connection (Fig. 3). 

Another topology proposed in Ref. [20] for the 
fault ride through is a switching resistive load which 
is paralleled with the DC link capacitor. This 
structure prevent the DC link voltage to reach to an 
unauthorized value in the fault condition (Fig. 4). 
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Fig. 3. The crowbar structure with connection a)Wye and b) 

Delta [19] 
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Fig. 4. The placement of DC brake chopper [20] 

Another structure, proposed in Ref. [21], is the 
simultaneous use of DC brake chopper and crowbar. 
As shown in Fig. 5, this strategy will be capable of 
limiting the rotor current and the DC link voltage to 
an authorized limit.  

DFIG
Gear
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Rotor-side
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Dc-chopper

crowbar

Fig. 5. Simultaneous use of DC brake chopper and crowbar [21] 

In Ref. [8], limiting the stator and rotor currents in 
the fault condition has been achieved through the 
application of a controllable resistor in the stator 
circuit. As presented in Fig. 6, when the bidirectional 
switch is turned off, the resistor enters the circuit and 
is able to limit the rotor and stator currents. 

One of the other methods for the fault ride 
through control is using a series compensator to 
inject a voltage in the stator circuit in fault condition 
[9], [22]. This structure in some research works 
known as dynamic voltage restore (DVR) and is 
depicted in Fig. 7. In  [9], the DC link capacitor of 

DVR is an independent capacitor while in Ref. [22], 
a common capacitor is used for RSC, GSC and 
DVR. 
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Fig. 6. Using the series crowbar structure in a) stator, b) rotor [8] 
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Fig. 7. Using a series compensator and feeding it with a separate 
capacitor [9] 

Besides the structures which are based on the 
series compensator, another structure has been 
proposed in Ref. [12] in which not only the series 
compensator is fed by the DC link capacitor, but 
also another storage capacitor or battery, parallel 
with the DC link capacitor is also considered to 
storge the additional energy absorbed from the RSC 
in the fault condition. In the other words, any 
electrical generated energy in fault condition will be 
stored in this supercapacitor and after fault clearing, 
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the energy will be transferred to the grid. Fig. 8 
presents the structure of this compensator. 
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Fig. 8. The series compensator along with the energy storage 
capacitor (battery) [12, 24] 

 
3. MATHEMATICAL MODEL  

The equivalent circuit of a DFIG in the stationary 
reference frame is presented in Fig. 9. In this circuit, 
all the rotor parameters are transferred to the stator 
side. The rotor and stator voltage equations are as 
follows.  

 
Fig. 9. The equivalent circuit of the induction machine in the 

stationary reference frame 
 

Ԧ௦ఈఉݒ 	ൌ 	ܴ௦ଓԦ௦ఈఉ 	൅	
ௗఅሬሬሬԦೞഀഁ
ௗ௧

                                               (1)  

Ԧ௥ఈఉݒ 	ൌ 	ܴ௥ଓԦ௥ఈఉ 	൅	
ௗఅሬሬሬԦೝഀഁ
ௗ௧

݆߱௥ߖሬሬԦ௥ఈఉ                             (2) 

where Rs and Rr are stator and rotor resistances. 
The flux linkage of the stator and rotor will be 

obtained from the Eqs. (3) and (4). 

ሬሬԦ௦ఈఉߖ 	ൌ 	 ௦ଓԦ௦ఈఉܮ 	൅	ܮ௠ଓԦ௥ఈఉ                                            (3) 

ሬሬԦ௥ఈఉߖ 	ൌ 	 ௥ଓԦ௥ఈఉܮ 	൅	ܮ௠ଓԦ௦ఈఉ                                           (4) 
 where Ls, Lr and Lm are the stator, rotor and the 
magnetizing inductances respectively. 

 By instituting the Eqs. (3) and (4) in Eqs. (1) and 
(2) and the calculation of the space phasor of the 
stator currents, we have: 

'

1
[

(L L ) L ]

s
ss rr m s r

r

r s rr m r m m r

di
L V L V R L i

dt L

j L i i R i


 

  


  

  

  

  

                      (5) 

In the above equation, L’
r = Ls Lr – L2

m. 
Equation (6) presents the relation between active 

and reactive power of the stator with machine 
variables. 

(6)൞
௦ܲ ൌ

3
2
൫ݒఈ௦݅ఈ௦ ൅ ఉ௦݅ఉ௦൯ݒ

Qୱ ൌ
3
2
൫vஒୱi஑ୱ െ v஑ୱiஒୱ൯

 

 
4. CONTROL STRUCTURE 

4.1. DFIG vector control 

As it was mentioned in section one, one of the ways 
for the fault ride through is the application of the 
series compensator on the grid. In Ref. [9], a vector 
control method has been used to control the active 
and reactive powers of the stator. Furthermore, to 
control the DC link voltage and the GSC reactive 
power, the vector control method is used. The series 
converter control has been achieved using a 
proportional+ resonant controller. To control the 
series converter, first the voltage phase of the grid will 
be identified through a phase lock loop by which the 
positive and negative sequences of the grid voltage 
will be obtained. Now, the series converter sets the 
amount of the injected voltage to each phase through 
the obtained values. By this method, a safe and 
normal voltage is achievable. Since the PI controller is 
used for controlling in this reference, this controller is 
not tolerant of the parameter’s changes. The 
controlling block diagram used is shown in Appendix 
C. 

4.2. SMC of the RSC  

RSC is generally used to control the active and 
reactive power of the stator and the rotor speed. In 
this paper, the active and reactive powers are 
controlled by RSC.  
    Considering the controlling variables of Ps and Qs 
for RSC, the sliding surface will be considered with 
integral type. 

(7)
ܵ௉ೄ ൌ ݁௉ೄ ൅ ݇௉ೄ ׬ ݁௉ೄ ݁ , ݐ݀ ௉ೄ ൌ ௌܲ

∗ െ ௌܲ 
ܵொೞ ൌ ݁ொೞ ൅ ݇ொೞ ׬ ݁ொೞ ݁ , ݐ݀ ொೞ ൌ ܳ௦∗ െ ܳ௦ 
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݇௉ೞand ݇ொೞare positive constants. Moreover, 

݁௉ೞand	݁ொೞ are the errors of active and reactive 

powers of the stator. By the derivation of the sliding 
surface with respect to time in Eq. (7), we have:  

(8)
ሶܵ௉ೄ ൌ ሶܲௌ

∗ - ܲ ሶௌ + ݇ ௉ೄሺ ௌܲ
∗ െ ௌܲሻ 

	 ሶܵ ொೞ ൌ ሶܳ௦∗ - ܳ ሶ ௦ + ݇ ொೞሺܳ௦
∗ െ ܳ௦                                         

ሶܲୱ	and ሶܳ ௦	can be obtained based on Eq. (6) as 
follows: 

(9)

3
( )

2

3
( )

2

s ss s s
s s s s

s ss s s
s s s s

dv didP dv di
i i v v

dt dt dt dt dt
dv didQ di dv

i v i v
dt dt dt dt dt

  
   

  
   


   


    

 

In the case of a balanced voltage source, we have: 

(10)
cos( t)

sin( t)
s m s

s m s

V V

V V








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Therefore, the voltage deviation respect to time 
obtained as fallows: 

V sin( t)

V cos( t)

s s m s s s

s s m s s s

d
V V

dt
d

V V
dt

 

 
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  

    

  


                         (11) 

By separating Eq. (5) to real and imaginary 
parts and substituting Eq.  (11) in Eq. (9) can be 
rewritten as: 

(12)  
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By substituting Eq. (12) in Eq. (8) the ࡿሶ  yields: 

(13)
*

*

( P )

( )

PS PS s ss
r

QS s QS s s

S k PPd d
F DV

S Qdt dt k Q Q


    
              

 

Finally the control input can be expressed as: 

(14)
11

1

(S )
( )

(S )
r PS PS

r QS QS

V k sign
D F

V k sign




   
     
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4.3. SMC of the GSC 

The controlling objectives of the grid side converter 
control are: 1) DC link voltage control and 2) the 
grid side reactive power control. To design the GSC 
controller, first a sliding surface, as Eq. (15), should 
be considered to attain the controlling objectives. 

ܵ௏೏೎ ൌ ሶ݁௏೏೎ ൅ ଵ݁௏೏೎ߣ ൅ ଶߣ ׬ ݁௏೏೎   ,	ݐ݀	
݁௏೏೎ ൌ 	 ௗܸ௖

∗ െ	 ௗܸ௖ 
ܵொ೒ ൌ ݁ொ೒ ൅ ொ೒ߣ ׬ ݁ொ೒  (15)                                        ,   ݐ݀	

݁ொ೒ ൌ ܳ௚∗  - ܳ ௚ 

By the derivation of the sliding surface, we will 
have: 
ሶܵ௏೏೎ ൌ െ ሷܸௗ௖ െ ଵߣ ሶܸௗ௖ ൅	ߣଶሺ ௗܸ௖

∗ െ ௗܸ௖ሻ 
	 ሶܵ ொ೒ ൌ ሶܳ௚∗  - ܳ ሶ ௚ + ߣொ೒ሺܳ௚

∗ െ ܳ௚ሻ                                 (16) 

 ொ೒are positive constants. The electricalߣ ଶandߣ,ଵߣ

equations of this converter in the stationary reference 
frame are as follows: 

ܥ ௗܸ௖
ௗ௏೏೎
ௗ௧

ൌ ௚ܲ െ ௥ܲ                                                       (17) 

In the above equation, 

P୥ ൌ
ଷ

ଶ
ሺe୬஑i୥஑ ൅ e୬ஒi୥ஒሻ                                              (18) 

Q୥ ൌ
ଷ

ଶ
ሺe୬ஒi୥஑‐e୬஑i୥ஒሻ                                                 (19) 

eሬԦ୬ 	ൌ 	UሬሬԦ୥୬ ൅ R୥ıԦ୥ 	൅	L୥
ୢనԦౝ
ୢ୲

                                         (20) 

Pg and Qg are the active and reactive power of the 
grid, respectively and Ԧ݁௡is the voltage space phasor 
of the grid. The relation between the voltages of 
each inverter base and the two-axial frame of αβ is 
as follows: 

ቂ
v୥஑
v୥ஒቃ
ฑ
୴ౝ

 = MଶMଵU୥                                                              (21) 
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In the above relation, M1 is the transformation 
matrix between Ur and the rotor winding voltage, M2 
is the Clark transformation matrix. 

By the derivation of Eqs. (18) and (19) and 
separating the real and imaginary sequences of the 
space phasor derivation of the grid current from the 
relation Eq. (20) and instituting in Eq. (16), we have: 

ቈ
ሶܵ௏೏೎
ሶܵொ೒
቉

ᇩᇪᇫ

ௌሶೇ೏೎	ೂ೒
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ொ೒ܨ

቉
ᇩᇪᇫ

ிೇ೏೎	ೂ೒

െ
ଷ

ଶ௅೒
ቈ
ି௘೙ഀ
஼௏೏೎
െ݁௡ఉ

ି௘೙ഁ
஼௏೏೎
݁௡ఈ

቉
ᇩᇭᇭᇭᇭᇪᇭᇭᇭᇭᇫ

௄

ቂ
௚ఈݒ
 ௚ఉቃ           (22)ݒ

In relation Eq. (22), ܨ௏೏೎	ொ೒is a function of state 

variables, the entrance reference values and their 
derivations; however, it is not related the controlling 
entrances of 	ݒ௚ఈand	ݒ௚ఉ. By instituting Eq. (21) in 

Eq. (22), we have: 
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ሶܵ௏೏೎	ொ೒ ൌ ொ೒	௏೏೎ܨ	 െ		ܯܭଶܯଵᇣᇤᇥ
ெ

ᇩᇭᇪᇭᇫ

	஼ೇ೏೎	ೂ೒

௚ܷ                        (23) 

Since ሶܵ௏೏೎	ொ೒varies with time, a new sliding 

surface is used to obtain the control rule which is 
related to the previous sliding surface (ܵ௏೏೎	ೂ೒) as 

follows [25, 26]: 
ܵ௏೏೎	ொ೒
∗ ൌ ொ೒	௏೏೎ܥ

ା ܵ௏೏೎	ொ೒                                               (24) 

In this relation, ܥ௏೏೎	ொ೒
ା  is the Moor-Penrose 

pseudo-reverse matrix for	ܥ௏೏೎	ொ೒. Similar to the 

rotor side controller, the control rule for the grid side 
parallel converter is: 

௚ܷ ൌ u଴	sgn	ሺܵ௏೏೎	ொ೒
∗ ሻ                                                   (25) 

4.4. SMC of the SGSC  

The main objective in the series converter control is 
the injection of the balanced or imbalanced voltage 
(or both) to the grid so that the stator voltages and as 
a consequence, stator and rotor currents get 
balanced. A balanced voltage in the stator reduces 
the oscillations of the electromagnetic torque and 
other under control variables. Therefore, the 
following sliding surfaces can be defined: 

ቊ
௩ഀݏ ൌ 	 ௩ഀߣ ׬ ݁௩ഀ ,		ݐ݀	 ݁௩ഀ ൌ ௜௡௝ഀݒ

∗ െ		ݒ௜௡௝ഀ
௩ഁݏ ൌ 	 ௩ഁߣ ׬ ݁௩ഁ ,		ݐ݀	 ݁௩ഁ ൌ ௜௡௝ഁݒ

∗ െ ௜௡௝ഁݒ
          (26) 

 ௩ഁare the positive constants. Assumingߣ ௩ഀ andߣ

that ܴ௚௦ ൌ 0, the relation between the injected 

voltage in line and the voltage of each inverter leg in 
the stationary reference  frame will be obtained from 
Eq. (27). 

௜ܸ௡௝ഀୀ	௏೎೚೙ೡഀ
 

௜ܸ௡௝ഁୀ௏೎೚೙ೡഁ
                                                                      (27) 

The reference voltages for the series converter 
will be obtained from the following relations: 

ቊ
௜௡௝ഀݒ
∗ ൌ 	 ݁௡ఈ െ ௦ഀݒ

∗

௜௡௝ഁݒ
∗ ൌ ݁௡ఉ 	െ ௦ഁݒ

∗                                                        (28) 

In the above relation, ݒ௦ഀ
∗ and ݒ௦ഁ

∗ are the stator 

reference voltages, ݒ௜௡௝ഀ
∗ and ݒ௜௡௝ഁ

∗ are the reference 

voltages of the grid side series converter in the 
stationary reference frame and ݁௡ఈ	and	݁௡ఉ	are the 

desired voltages for the grid. By the derivation of the 
relation Eq. (26) and replacing from Eq. (27) in 
terms of ݒ௖௢௡௩ഀand ݒ௖௢௡௩ഁ , we will have: 

ቈ
ሶ௩ഀݏ
ሶ௩ഁݏ

቉ ൌ ቈ
௜௡௝ഀݒ௩ഀߣ

∗

௜௡௝ഁݒ௩ഁߣ
∗ ቉ െ ൤

௩ഀߣ
0

0
௩ഁߣ

൨
ᇩᇭᇭᇪᇭᇭᇫ

்

൤
௖௢௡௩ഀݒ
௖௢௡௩ഁݒ

൨=A+T൤
௖௢௡௩ഀݒ
௖௢௡௩ഁݒ

൨  (29) 

Therefore, the control rule for the switching of the 
series converter can be obtained as follows: 

൤
௖௢௡௩ഀݒ
௖௢௡௩ഁݒ

൨ ൌ െ1
ܶ
ሾܣ ൅ ቈ

ሻߙݒݏሺ݊݃݅ݏ௩ഀభߣ
ሻߚݒݏሺ݊݃݅ݏ௩ഁభߣ

቉ሿ                           (30) 

 
5. SIMULATION RESULTS 

In this section, the simulation results for a 2 MW 
DFIG are presented (Appendix A). The controllers’ 
coefficients are presented in Appendix B Simulation 
is performed in five tests. 
Test 1: Three-phase symmetric fault which reduces 
the PCC voltage to 95% of the nominal grid voltage 
with the proposed method. 
Test 2: Two-phase asymmetric fault which reduces 
the voltage to 63% of the nominal grid voltage at the 
PCC point with method used in Ref. [9]. 
Test 3: Two-phase asymmetric fault which reduces 
the voltage to 95% of the nominal grid voltage at the 
PCC point with the proposed method. 
Test 4: DFIG with SGSC is connected to a network 
with voltage harmonic amplitudes: V5=6% and 
V7=5%. 
Test 5: The robustness of the proposed control 
algorithm against parameter variations is cheked. 

In Fig. 10, the overall scheme of the system 
investigated in this paper is presented. In Appendix, 
the system parameters are provided. Since most 
faults in the control systems are of the asymmetric 
type, the simulation results of both symmetric and 
asymmetric faults are presented here.  

 
Fig. 10. the overall scheme of the proposed system 

Test 1 
In Fig. 11, the simulation results for the three-phase 
symmetric fault which reduces the voltage to 95% of 
the nominal grid voltage at the PCC point is 
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presented. As it is shown in the wave shape of the 
PCC voltage (Fig. 11.a), the fault happens at 1.7 s  
which takes 150 ms time. The stator and rotor 
currents continue without any fluctuation at the fault 
time (Fig. 11.b). The DC link voltage reaches to the 
desired value of 1200V after a small oscillation. It is 
worth mentioning that while the above mentioned 
points are desirable in the control strategy, the active 
and reactive powers and the electromagnetic torque 
will be successfully controlled as well (Fig. 11. e, f 
and g, respectively). As the results indicate, the 
proposed strategy limits the current amplitude at a 
desired value even at fault condition and the DC link 
voltage is regulated. At the same time, the torque 
and power control is well achieved. 
Test 2 
The simulation results with the structure proposed in 
Ref. [9] are presented in Fig. 12. As it can be seen a 
two-phase fault with the grid voltage nominal value 
of 63% at the 1.7 s causes the voltage drop and the 
fault continues for 150 ms. Stator and rotor voltages 
have oscillations even after fault clearing to reach to 
the desired values (Fig 12. b and c). In this control 
method, the active and reactive power control has 
been achieved; however, as it is shown in Fig. 12. d, 
they have oscillations at the fault time. As well as, 
the DC link voltage control has not been done in this 
reference.  
Test 3 
Figure 13 is the simulation results in the two-phase 
fault condition which the voltage drop in two phases 
is 95% of the nominal voltage at the PCC point. The 
results for this type of faults have been attained 
without any change in the controller and system 
structure. As it is shown in Fig. 13. a, the fault is 
occurred at 1.7 s and takes 150 ms time. The stator 
and rotor currents will continue without any 
oscillation at the fault time (Fig. 13. b and c). The DC 
link voltage, with a small oscillation at the start of the 
fault time instant, tends to its reference value of 1200 
V. Similar to the symmetric fault, the control of 
active and reactive powers and the electromagnetic 
torque is possible (Fig. 13 e, f and g). 
Test 4  
In this test, DFIG simulation is presented with 
harmonic distorted grid voltage. It is assumed that 
the network voltage, in addition to fundamental 

harmonic, has fifth and seventh order of harmonics 
with 8% THD. The simulation results are shown in 
Fig. 14. Since the resultant rotating magnetic field of 
the fifth order harmonic is in the opposite direction 
of rotating field caused by fundamental harmonic, 
the existence of this harmonic order creates breaking 
torque on machine shaft which will reduce shaft 
lifetime and increase Te ripple. 

 

 

 

 

 
Fig. 11. Simulation results for the three-phase fault with 95% 
decreasing of nominal grid voltage a) grid voltage, b) stator 
current, c) rotor current, d) DC link voltage, e) stator’s active 

power, f) stator’s reactive power and g) electromagnetic torque. 
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Fig. 12. Simulation results for the two-phase fault in the nominal 
value of 63%. a) grid voltage, b) stator current, c) rotor current 

and d) stator active and reactive powers [9]. 

 

 

 

 

 

Fig. 13. Simulation results for the two-phase fault in the nominal 
value of 95%. a) grid voltage, b) stator current, c) rotor current, d) 

DC link voltage, e) stator’s active power, f) stator’s reactive 
power and g) is the electromagnetic torque. 
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Fig. 14. Simulation results under harmonic distorted grid voltage. 
a) grid voltage, b) stator current, c) zooming stator current, d) 
rotor current,e) DC link voltage, f) stator’s active power, g) 

stator’s reactive power and h) electromagnetic torque. 

Figure 14. c and h show that the problem of 
breaking torque and torque ripple are resolved by 
removing the fifth and seventh order harmonics. The 
stator and rotor currents in the three-phase windings 
are balanced while achieving the aforementioned 
object. (Fig. 14. b, d). 

 

Test 5 
In Fig. 15, the simulation results, similar to the two-
phase are presented. The only difference is that the 
rotor and stator resistance is increased up to 40%. As 
the results show, except for the electromagnetic 
torque, the parameter’s change does not affect the 
system performance. 

In order to show the effectiveness of the proposed 
method, some control methods in different grid 
faults are compared and their results are reported in 
Appendix D. The amplitude of the stator and rotor 
over currents and the DC link voltage are calculated 
from their corresponding Refs. [9-13]. 

According to the results presented in Table. C, the 
voltage drop rate of the grid in the proposed method 
is considered higher than the other references, and 
has a better performance compared with the other 
published researches.  
 

 

 

 

 

 

 
Fig. 15. Simulation results under parameter variations at t=2s. a) 
grid voltage, b) stator current, c) rotor current, d) DC link voltage, 

e) stator’s active power, f) stator’s reactive power and g) 
electromagnetic torque. 

6. CONCLUSION 
Since the grid regimes urge wind turbine generators 
to remain connected to the grid during the voltage 
drop conditions, a method to achieve the fault ride 
through condition is the application of series 
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compensators to stator voltage correction. In this 
paper, sliding mode control method has been 
proposed to control the back-to-back RSC and GSC 
and the series compensator converter. In addition, 
the DC link voltage and the active and reactive 
output powers of the generator are controlled and 
limits the rotor and stator over currents without 
using the crowbar resistors at the time of fault. 
Furthermore, this control method has an acceptable 
performance in all fault conditions without any 
change in controller’s coefficients. 

AS well as, the sliding mode method is robust to 
generator parameter variations due to its variable 
structure nature. Finally an effective comparison 
between the proposed method and some 
conventional techniques is presented. Simulation 
results show the effectiveness of the proposed 
technique. 

 
APPENDIX 

Table A.1. DFIG  Parameters 
Parameter Value 

Rs 10 mߗ 
Rr 2.9 mߗ 
Lls 77.306 ܪߤ 
Llr 83.369 ܪߤ 
Lm 3.7 mH 

Vdc* 1200 V 
Rg 0 ߗ 
C 7.5 mF 
Lg 0.25 mH 

Stator voltage (rms) 690 V 
Rated Power 2 MW 
P (pole pairs) 3 

 
Table A.2. Controller coefficients 

Parameter Value 
݇௉ೞభ  10 

݇ொೞభ  10 

݇௉ೞ  20000 

݇ொೞ  20000 

 ଵ 1ߣ

 ଶ 1ߣ
௩ഀߣ  1 

௩ഁߣ  1 

λொ௚ 1 

௩ഀభߣ  100 

௩ഁߣ  100 
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Table A.3. Comparing different structures for fault ride through control 

DC- Link Over 
voltage 

Over current 
stator 

Over current rotor
The voltage 

drop
Fault Type 

Location series 
converter 

FRT Scheme 

4% 85% 60% 10% Tree phase grid 
vector control and adaptive 

fuzzy for series converter [11]

Not checked100% 100%93%Single phase
Stator terminal vector control and SCESS[12]

Not checked105% 105%93%Three phase

10% Not checked 5%33%Single phase
 

Stator terminal 

Vector control and Nine switch 
converter [13] 

10% Not checked 5%33%Two phase

10% 5% 10%80%Three phase

Not checked 20% 30% 63% Two  phase grid 
vector control and resonance for 

DVR[9] 

4% Not checked 18% 90% Three phase grid 
vector control for all 

converter[10] 

11.1% 0% 0%95%Two phase

Stator terminal 
Proposed method 

With sliding mode control 

48% 0% 0%95%Three phase

0% 0% 0% 
V5= 6% and 

V7=5%

Grid voltage 
harmonic 
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Fig. A. Fault ride through control based on vector control and dynamic voltage restore [9] 
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