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 This paper introduces a robust and inhanced version of dual control 

approach based on sequence decomposition loops in order to limit transient 

over-currents and improving the wind turbine’s operation during 

asymmetrical voltage dips faults. Indeed, the doubly fed induction generator 

(DFIG), employed in wind energy conversion system (WECS) to produce 

electrical energy from wind, highly susceptible to voltage drops, which can 

cause transient overcurrents in both the stator and the rotor. Without any 

protection system, these over-currents might damage the DFIG and its 

converters. The strategy put forward in this work minimizes the 

consequences of voltage dips on wind system functioning, such as 

electromagnetic torque fluctuations and it enables wind turbines to maintain 

electrical connection with the grid in the occurrence of such disturbances. 

The carried-out results are promising and showed that the proposed control 

method can effectively minimise the oscillations in electromagnetic torque, 

reactive power and DC bus voltage during the asymmetrical voltage dip. 

This analysis also demonstrated its ability to limit the transient over-currents 

of the DFIG. 

Keywords: 

Doubly fed induction generator 

Low cost low voltage ride 

through  

Rotor side converter  

Voltage dip 

Wind turbine 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Youssef Moumani 

Advanced Systems Engineering Laboratory, National School of Applied Sciences, Ibn Tofail University 

B.P 242, Kenitra, Morocco 

Email: youssef.moumani@uit.ac.ma 

 

 

1. INTRODUCTION 

The strong focus on renewable energy sources, in particular wind power, is leading to an increase in 

installed wind capacity in electricity grids [1]. Due to this high penetration of wind power, to produce green 

electricity, the grid faces challenges to ensure stability [2]. Consequently, grid codes allow wind systems to 

participate more actively in maintaining the operability and power quality of the electricity generated and 

distributed [3]. The doubly fed induction generator (DFIG) based wind power systems have been widely used 

thanks to their several benefits. The most adopted topology of this type of WECS is illustrated in Figure 1. 

However, because the DFIG’s stator is directly connected to the grid, when there is a voltage dip, 

the voltage at the DFIG’s terminals rises. and a significant amount of current flows through the stator and 

rotor windings [3]-[5]. This affects the normal operation of wind turbine (WT) and can lead to the destruction 

of the DFIG and it is converters [6]. WTs were previously permitted to disconnect from the power grid in 

order to protect themselves from these faults, but this was not beneficial to the producer or the grid operator 

since disconnecting a wind farm with hundreds of megawatts of power could cause disruptions to the grid 

and increase the amount of time it took to restore nominal voltage. This is why network operators were 

constrained to update the standards and requirements of the network codes. Today WTs are no longer 

https://creativecommons.org/licenses/by-sa/4.0/
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allowed to disconnect during voltage dips and must participate in voltage restoration by injecting reactive 

power [7]. WTs should behave as much like conventional power stations as possible. 
 

 

 
 

Figure 1. DFIG based WECS topology 
 

 

In order to keep WT protected and efficient while connected to the grid in case of the voltage sags, 

several protection approaches have been proposed and documented. These approaches can be classified into 

two broad categories [8]-[10]: the first category focus on improving control schemes (software solution), 

while the second category is based on hardware solutions (adding auxiliary equipment) [11]-[16]. In this 

research paper we will be focusing on the first category that represents a low cost low voltage ride through 

(LVRT) solution to deal with transients during grid disturbances. 

In the literature, several studies were conducted to deal with this issue. Wang et al. [17] and  

Lopez et al. [18] are among the main contributors in this research area. These two studies have given thorough 

backdrop about the dynamic behaviour of DFIG_WT under most typical voltage dips. Thus, other contributors 

have exploited their results to build a modified control strategies as Mensou et al. did in [19]. In this recent 

interesting study, they developed a direct power control method (DPC), but it’s limited only to the operation of 

DFIG wind turbine under symmetrical voltage dips. Moreover, in this context, another study is performed by 

Kerrouche et al. [20] in which they proposed a dual sequence decomposition. Technique and Lyapunov based 

control which is very performant as it minimises transient oscillations compared to conventional vector control. 

However, in this study the performance of the controller proposed is tested during asymmetrical voltage dips 

type A (phase-ground fault). In order to extend the research work in this direction we propose a modified and 

improved control approach based dual sequence decomposition of grid voltage and current to control the  

DFIG-WT. In addition, the performance of this method will be evaluated under unbalanced voltage dips type C 

(phase-phase_ground fault). Which is one of the most typical power grid disturbances. 

This paper is organised as follows: at first the normal operation mode of the DFIG is presented in 

section 2. Next, its dynamic behaviour under voltage dips is studied in section 3. After that, the control 

strategy proposed is designed and applied to the WECS in section 4. In order to evaluate the effectiveness 

and robustness of this controller simulation results obtained are analysed and discussed in section 5. Finally, 

conclusions and future perspectives are summarised in section 6. 

 

 

2. NORMAL OPERATION MODE OF DFIG 

The equivalent circuit of DFIG is given in Figure 2. As mentioned by [19]-[23] the park model of 

DFIG is described using (1): 
 

{
 
 

 
 𝑣⃗𝑠 = 𝑅𝑠𝑖𝑠 +

𝑑𝛹⃗⃗⃗⃗𝑠

𝑑𝑡

𝑣⃗𝑟 = 𝑅𝑟𝑖𝑟 +
𝑑𝛹⃗⃗⃗⃗𝑟

𝑑𝑡
− 𝑗𝜔𝑚 𝛹⃗⃗⃗𝑟

𝛹⃗⃗⃗𝑠 = 𝐿𝑠𝑖𝑠 + 𝐿𝑚𝑖𝑟

𝛹⃗⃗⃗𝑟 = 𝐿𝑟𝑖𝑟 + 𝐿𝑚𝑖𝑠

  (1) 

 

With all rotor variables are referred to the stator and 𝜔𝑚 is the electrical speed of the rotor. Since the rotor 

flux is calculated by (2): 
 

𝜓⃗⃗𝑟 =
𝐿𝑚

𝐿𝑠
𝜓⃗⃗𝑠 − 𝜎 𝐿𝑟𝑖𝑟⃗⃗ ⃗  (2) 

 

The expression of the rotor voltage is given by (3): 
 

𝑣⃗𝑟 = 𝑣⃗𝑟0 + 𝑣⃗𝑟1  (3) 
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Where 𝑣⃗𝑟0 corresponds to the rotor voltage when the rotor windings are open-circuited and 𝑣⃗𝑟1 is a term that 

is added to the expression of 𝑣⃗𝑟 when the rotor is connected to rotor side converter (RSC) ( 𝑖𝑟⃗⃗ ⃗ ≠ 0) [4]: 
 

{
𝑣⃗𝑟0 =

𝐿𝑚

𝐿𝑠
(
𝑑

𝑑𝑡
− 𝑗𝜔𝑚) 𝛹⃗⃗⃗𝑠

𝑣⃗𝑟1 = (𝑅𝑟 − 𝜎 𝐿𝑟 ( 
𝑑

𝑑𝑡
− 𝑗𝜔𝑚)) 𝑖𝑟⃗⃗ ⃗

  (4) 

 

In normal operating conditions the stator resistance 𝑅𝑠 is negligible especially for high power 

generators which is the case of this proposed study, thus the expression of rotor voltage caused by the forced 

rotor flux is calculated by (5): 
 

𝑣⃗𝑟0 = 𝑔
𝐿𝑚

𝐿𝑠
𝑉𝑠̂ (5) 

 

Where 𝑔 is the slip of the generator and 𝑉𝑠̂ is the amplitude of stator voltage. 

The resistance 𝑅𝑟 and transient inductance 𝜎𝐿𝑟 of the rotor are often very low. Depending on the 

speed variation range, rotor currents have a relatively small frequency (𝜔𝑟≤15 Hz). Therefore, the value of 

𝑣𝑟, given by (6), won’t differ too much from 𝑣𝑟𝑜. 
 

𝑣⃗𝑟 = 𝑣⃗𝑟0 (6) 
 

 

 
 

Figure 2. Equivalent circuit of DFIG 

 

 

3. DFIG BEHAVIOUR DURING VOLTAGE DIP 

Often, faults causing voltage dips do not always affect the three phases in the same way. In fact, 

more than 90% of power system faults result in asymmetrical voltage dips [17]. The effects of asymmetrical 

faults on the generator are much more significant. Consequently, it is very judicious to study the behaviour of 

the generator in the case of asymmetrical voltage dips. 

According to the theory of symmetrical components developed by fortescue. The positive, negative, 

and homopolar components of an asymmetrical three-phase system can be added together. The space vector 

of the stator voltage, given by (7), can therefore be broken down into three vectors, one for each component. 

 

𝑣⃗𝑠 = 𝑉1⃗⃗ ⃗⃗ 𝑒
𝑗𝜔𝑠𝑡 + 𝑉2⃗⃗ ⃗⃗ 𝑒

−𝑗𝜔𝑠𝑡 + 𝑉0⃗⃗ ⃗⃗  (7) 

 

The Figure 3 shows an example of a 50% asymmetrical voltage dip. The fault affecting the system is 

a voltage dip type C (phase-phase-ground), where the voltages of the phases “b” “c” and drops by 50% of it 

is nominal value. Figure 3(a) illustrates the time evolution of the voltage before and after the voltage dip, 

while Figure 3(b) shows the signature of this dip. 

Assuming identical impedances, the positive sequence generates a flux that rotates at synchronism 

speed, while the negative sequence generates a flux that rotates at the same speed but in the opposite 

direction. The zero sequence produces no flux. In steady state, the forced flux consists of two terms that 

correspond to the stator voltage’s positive and negative components. If the stator resistance (𝑅𝑠) is ignored, 

these fluxes, noted by 𝜓𝑠1 and 𝜓𝑠2, can be expressed by (8) [3]: 

 

{
𝜓⃗⃗𝑠1 =

𝑉1⃗⃗⃗⃗⃗

𝑗𝜔𝑠
 𝑒𝑗𝜔𝑠𝑡

𝜓⃗⃗𝑠2 = −
𝑉2⃗⃗⃗⃗⃗

𝑗𝜔𝑠
 𝑒−𝑗𝜔𝑠𝑡

 (8) 
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(a) (b) 

 

Figure 3. 50% asymmetrical voltage type C (phase-phase fault); (a) vector representation and (b) abc voltages 

 

 

The natural flux appears at the first moments. The total stator flux is therefore expressed by (9): 

 

𝜓⃗⃗𝑠 =
𝑉1⃗⃗⃗⃗⃗

𝑗𝜔𝑠
 𝑒𝑗𝜔𝑠𝑡 + −

𝑉2⃗⃗⃗⃗⃗

𝑗𝜔𝑠
 𝑒−𝑗𝜔𝑠𝑡 + 𝜓⃗⃗𝑛0𝑒

−
𝑡

𝜏𝑠  (9) 

 

The total rotor voltage induced in an open circuit is then given by (10): 

 

𝜓⃗⃗𝑠 =
𝑉1⃗⃗⃗⃗⃗

𝑗𝜔𝑠
 𝑒𝑗𝜔𝑠𝑡 + −

𝑉2⃗⃗⃗⃗⃗

𝑗𝜔𝑠
 𝑒−𝑗𝜔𝑠𝑡 + 𝜓⃗⃗𝑛0𝑒

−
𝑡

𝜏𝑠  (10) 

 

By substituting (8) into (4), In the rotor reference frame, the two rotor voltages generated by the 

positive and negative sequences can be stated with (11): 

 

{
𝑣⃗𝑟1

(𝑟)
= 𝑉1̂

𝐿𝑚

𝐿𝑠
 𝑔𝑒𝑗𝑔𝜔𝑠𝑡

𝑣⃗𝑟2
(𝑟)
= 𝑉2̂

𝐿𝑚

𝐿𝑠
 (2 − 𝑔)𝑒−𝑗(2−𝑔)𝜔𝑠𝑡

 (11) 

 

Since the slip g is generally low, the amplitude of 𝑣𝑟1
(𝑟) will be low and that of 𝑣𝑟2

(𝑟) will be relatively high. 

The rotor voltage induced by natural flux is expressed in the rotor reference by (12) [24]: 

 

𝑣⃗𝑟𝑛
(𝑟)
= −

𝐿𝑚

𝐿𝑠
(
1

𝜏𝑠
+ 𝑗𝜔𝑚) 𝜓⃗⃗𝑛0𝑒

−
𝑡

𝜏𝑠 𝑒−𝑗𝜔𝑚𝑡 (12) 

 

With the term 
1

𝜏𝑠
 negligible the previous expression becomes: 

 

𝑣⃗𝑟𝑛
(𝑟)
= −𝑗𝜔𝑚

𝐿𝑚

𝐿𝑠
 𝜓⃗⃗𝑛0𝑒

−
𝑡

𝜏𝑠  𝑒−𝑗𝜔𝑚𝑡  (13) 

 

The initial value of natural flux (𝜓⃗⃗𝑛0) at t0 is illustrated by (14): 

 

{
𝜓⃗⃗𝑠(𝑡0

−) = 𝜓⃗⃗𝑠(𝑡0
+)

𝜓⃗⃗𝑠(𝑡0
+) = 𝜓⃗⃗𝑛0 = 𝜓⃗⃗𝑠(𝑡0

−) − [𝜓⃗⃗𝑠1(𝑡0
+) + 𝜓⃗⃗𝑠2(𝑡0

+)]
 (14) 

 

The second in (14) shows that the amplitude of 𝜓⃗⃗𝑛0 depends on the instant at which the fault starts, 

in other words, it depends on the phase angle between the positive and negative sequence of the flux at the 

instant of the trough 𝑡0. This phase angle changes with time due to the opposing rotational directions of the 

two flux terms. Consequently, the result of the previous equation depends on the moment of start of the 

voltage dip. 

 

 

4. APPLICATION OF SEQUENCE DECOMPOSITION AND DESIGN OF THE CONTROLLER 

In this section, a positive and negative sequence decomposition (PNSD) method based on a a second 

order generalised integrator (SOGI) three phase PLL is proposed, in order to: i) extract the components of 

positive and negative sequences from the three-phase grid voltage; ii) eliminate the second-order harmonics 
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(including the 2 𝜔𝑠 frequency) due to the negative sequence using a notch filter; iii) ensure independent 

control of the positive and negative sequences of currents; and iv) improve the system’s operating 

performance. Figure 4 displays the grid voltage’s space vector in the synchronous reference frames for both 

positive and negative sequences. 

 

 

 
 

Figure 4. Space vector of the grid voltage in synchronous markers dq(+) and dq(-) 

 

 

The stator and rotor voltages, currents and fluxes of the DFIG are given by (15) [25], [26]: 

 

{
 
 
 

 
 
 
𝑣𝑠𝑑𝑞

(+) = 𝑣𝑠𝑑𝑞𝑝
(+) + 𝑣𝑠𝑑𝑞𝑛

(−)𝑒−2𝑗𝜔𝑠𝑡

𝑖𝑠𝑑𝑞
(+) =𝑖𝑠𝑑𝑞𝑝

(+) + 𝑖𝑠𝑑𝑞𝑛
(−)𝑒−2𝑗𝜔𝑠𝑡

𝜓𝑠𝑑𝑞
(+) =𝜓𝑠𝑑𝑞𝑝

(+) + 𝜓𝑠𝑑𝑞𝑛
(−)𝑒−2𝑗𝜔𝑠𝑡

𝑣𝑟𝑑𝑞
(+) = 𝑣𝑟𝑑𝑞𝑝

(+) + 𝑣𝑟𝑑𝑞𝑛
(−)𝑒−2𝑗𝜔𝑠𝑡

𝑖𝑟𝑑𝑞
(+) =𝑖𝑟𝑑𝑞𝑝

(+) + 𝑖𝑟𝑑𝑞𝑛
(−)𝑒−2𝑗𝜔𝑠𝑡

𝜓𝑟𝑑𝑞
(+) =𝜓𝑟𝑑𝑞𝑝

(+) + 𝜓𝑟𝑑𝑞𝑛
(−)𝑒−2𝑗𝜔𝑠𝑡

 (15) 

 

The expression for the stator’s active and reactive powers is (16): 

 

{
𝑃𝑠 =

3

2
ℜ𝑒 {𝑣𝑠𝑑𝑞

(+)𝑖𝑠𝑑𝑞
(+)∗}

𝑄𝑠 =
3

2
ℑ {𝑣𝑠𝑑𝑞

(+)𝑖𝑠𝑑𝑞
(+)∗}

 (16) 

 

Therefore, Ps and Qs are calculated by (17): 

 

{
𝑃𝑠 = 𝑃𝑠0 +𝑃𝑠𝑖𝑛2 sin(2𝜔𝑠𝑡) + 𝑃𝑐𝑜𝑠2 cos(2𝜔𝑠𝑡)
𝑄𝑠 = 𝑄𝑠0 +𝑄𝑠𝑖𝑛2 sin(2𝜔𝑠𝑡) + 𝑄𝑐𝑜𝑠2 cos(2𝜔𝑠𝑡)

 (17) 

 

With 

 

[
𝑃𝑠0
𝑄𝑠0

] =
2

3
[ 
𝑣𝑠𝑑𝑝 𝑣𝑠𝑞𝑝 𝑣𝑠𝑑𝑛 𝑣𝑠𝑞𝑛
𝑣𝑠𝑞𝑝 −𝑣𝑠𝑑𝑝 𝑣𝑠𝑞𝑛 −𝑣𝑠𝑑𝑛

]

[
 
 
 
𝑖𝑠𝑑𝑝
𝑖𝑠𝑞𝑝
𝑖𝑠𝑑𝑛
𝑖𝑠𝑞𝑛]

 
 
 

 (18) 

 

The electromagenetic torque of the generator is written by (19): 

 

𝑇𝑒𝑚 =
3

2
𝑝
𝐿𝑚

𝐿𝑠
ℑ {𝜓𝑠𝑑𝑞

(+)𝑖𝑟𝑑𝑞
(+)∗} (19) 

 

The development of (19) leads to the following result: 
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𝑇𝑒𝑚= 𝑇𝑒𝑚0 +𝑇𝑒𝑚𝑠𝑖𝑛2 sin(2𝜔𝑠𝑡) + 𝑇𝑒𝑚𝑐𝑜𝑠2 cos(2𝜔𝑠𝑡) (20) 

 

With 

 

𝑇𝑒𝑚0 =
3

2
𝑝
𝐿𝑚

𝐿𝑠
[ −𝑣𝑠𝑑𝑝 −𝑣𝑠𝑞𝑝 𝑣𝑠𝑑𝑛 𝑣𝑠𝑞𝑛]

[
 
 
 
𝑖𝑟𝑑𝑝
𝑖𝑟𝑞𝑝
𝑖𝑟𝑑𝑛
𝑖𝑟𝑞𝑛]

 
 
 

 (21) 

 

To overcome the undesirable effect of the negative sequence due to the asymmetrical voltage dip, it 

is desirable to reduce the oscillations of the electrical quantities concerned. To do this, the rotor current 

references could simply be set to zero for negative sequence and calculated for positive sequence. The 

control law becomes as illustrated by (22): 

 

[
 
 
 
 
𝑖𝑟𝑑𝑝

∗

𝑖𝑟𝑞𝑝
∗

𝑖𝑟𝑑𝑛
∗

𝑖𝑟𝑞𝑛
∗
]
 
 
 
 

= 𝐴 [

𝑣𝑠𝑑𝑝 𝑣𝑠𝑞𝑝
𝑣𝑠𝑞𝑝 −𝑣𝑠𝑑𝑝
0 0
0 0

] [
𝑃𝑠0
𝑄𝑠0

] +
1

𝜔𝑠𝐿𝑚
[

𝑣𝑠𝑞𝑝
−𝑣𝑠𝑑𝑝
0
0

] (22) 

 

With 𝐴 = −
2𝐿𝑠

3𝐿𝑚(𝑣𝑠𝑑𝑝
2+𝑣𝑠𝑞𝑝

2)
. The control objectives of the RSC and grid side converter (GSC) converters can 

be easily achieved during normal DFIG operation. However, during asymmetrical voltage dips, the behaviour 

of the DFIG changes and these objectives cannot be easily achieved. Therefore, an appropriate control 

approach must be adopted for both RSC and GSC converters as depicted in Figures 5 to 7.  

 

 

 
 

Figure 5. Schematic diagram of the proposed control 

 

 

 
 

Figure 6. Sequence decomposition loops 
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Figure 7. Schematic diagram of the proposed control for RSC converter 

 

 

5. SIMULATION RESULTS 

The suggested control’s performance is evaluated using the system’s global dynamic model in 

MATLAB/Simulink-2021a. The voltage dip profile was applied to the system at the time interval 3.5 to 4.5 s 

as illustrated in Figure 8 that shows the stator voltages. The fault period is brief in comparison to the changes 

in wind speed, hence the wind speed profile is maintained constant and equal to 8.5 m/s during the fault 

phase. The system parameters used in the simulations are shown in the Table 1. 

 

 

 
 

Figure 8. Stator voltages Vs (V) 

 

Table 1. WECS parameters 
Parameter name Symbol Value Unit Parameter name Symbol Value Unit 

Rated power Pn 2 MW Magnetizing inductance  Lm 2.5  mH 

Rated voltage Un 690 V Rated wind speed  v 12  m/s 
Nominal-frequency f 50 Hz Air-density ρ 1,225 kg/m3 

Rated rotor speed N 1500 rpm Blade-radius R 42 m 

Number of pole pairs p 2  Gearbox-ratio  G 100  
Stator-resistance  Rs 2.6 mΩ DC-link-voltage  Udc 1200  V 

Rotor-resistance Rr 2.9 mΩ DC-link-capacitor  C 80  mF 

Stator-leakage-inductance Lsσ 0.087 mH Filter-resistance Rg 0.02  mΩ 
Rotor-leakage-inductance  Lrσ 0.087 mH Filter-inductance  Lg 0.4 mH 

 

 

The Figures 9 and 10 show the evolution of rotor current components generated by the controller. In 

these figures we can obviously see that the currents loops follow their references for both positive and 

negative components. Consequently they keep control of the torque Tem despite some slight fluctuations 

during transients. 
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Figure 9. Rotor current (direct component) Ird 
 

 

 
 

Figure 10. Rotor current (q component) (A) 
 
 

In Figure 11 one can see the damping of these oscillations of the torque after a very short time. 

Therefore it will reduce the effects of the unbalanced voltage dip. Since the voltage dip is also seen by the 

GSC, the same control strategy was applied to keep the DC bus voltage Vbus and reactive power. The DC 

bus voltage response is presented in Figure 12. In this figure, one can see that, despite voltage unbalance 

disturbance the DC bus voltage is still being able to follow its reference with damped fluctuations at the 

beginning and at the end of disturbance. 
 

 

 
 

Figure 11. Electromagnetic torque (N.m) 
 

 

The effectiveness of the control loops for both RSC and GSC converters limit the increase of rotor 

and stator currents during voltage dip. The currents in the stator and the rotor are shown respectively in 

Figures 13 and 14 where there are slight oscillations at the start as well as at the disappeance of voltage sag, 

but due to the fast response of the controller those fluctuations are quickly damped and eliminated. 
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Figure 12. DC bus voltage Vbus (V) 

 

 

 
 

Figure 13. Rotor currents Irabc (A) 

 

 

 
 

Figure 14. Stator currents Isabc (A) 

 

 

6. CONCLUSION 

This research presents an investigation of the dynamic behavior of the DFIG_WT under asymmetric 

voltage dips. Then, a control strategy is proposed as a software solution to improve the transient stability of 

the DFIG and LVRT capability during and after unbalanced voltage drops event. The analysis of the 

simulation results showed that the DIGSO-PLL-based PNSD method can effectively minimise the 

oscillations in electromagnetic torque, reactive power and DC bus voltage during the asymmetrical voltage 

dip. This analysis also demonstrated its ability to limit the transient over-currents which ensures the 

protection of the DFIG and power converters. Although this method is more complex to implement and 

requires more computation time, it does not require any additional devices to be implemented, and it is able 
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to control fault currents and improve the dynamic behaviour of the DFIG during voltage dips, thus meeting 

the strict network code requirements for integrating WTs into distribution networks. However, more research 

efforts should be performed in this direction to design more advanced control algorithms based on non-linear 

approaches. 
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