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ABSTRACT—In the last 15 years, Double Fed Induction 

Generator (DFIG) had been widely used as a wind turbine 

generator, due its various advantages especially low 

generation cost so it becomes the most important and 

promising sources of renewable energy. This paper presents 

new control approach for a doubly-fed induction generator 

(DFIG) wind energy system in an unbalanced microgrid 

based on fuzzy logic controller. The proposed fuzzy logic 

controller model uses instantaneous real/reactive power 

components as the system state variables. This work focuses 

on studying of using DFIG as a wind turbine connected to a 

micro grid subjected to unbalanced loads. Furthermore the 

control of real/reactive powers, the controllers uses the 

rotor-side converter for mitigating the torque and reactive 

power pulsations. The control scheme also uses the grid-side 

converter for partial compensation of unbalanced stator 

voltage. The main features of the proposed control method 

are its feedback variables are independent of reference 

frame transformations and it does not require sequential 

decomposition of current components. These features 

simplify the structure of required controllers under an 

unbalanced voltage condition and inherently improve the 

robustness of the controllers. A power limiting algorithm is 

also introduced to protect power converters against over 

rating and define the priority of real/reactive power 

references within the control scheme. The performance of 

the proposed strategy in reducing torque ripples and 

unbalanced stator voltage is investigated based on the time-

domain simulation of a DFIG study system under 

unbalanced grid voltage. 

Index Terms—Doubly-fed induction generator, 

instantaneous power, microgrids, unbalanced grid voltage, 

wind energy. 

I. INTRODUCTION 

Wind power generation industry has become widely used in 

the last few years and takes more attention of manufactures. 

There are many reasons for adding more wind energy to the 

electric networks. For instance, wind generation is supported 

by not only being clean and renewable but also having 

minimal running cost requirements.Variable speed wind 

turbine topologies include many different 

generator/converter configurations, based on cost, 

efficiency, annual energy capturing, and control complexity 

of the overall system.  

Due to the fast enhancement and development in 

manufacture of power electronic converter technology as 

well as the development of induction machines specially 

Double Fed Induction Generators and its advantages of 

small capacity of converters, high energy and flexible power 

control, DFIG has been widely used for large-scale wind 

power generation systems due to its various advantages, 

such as variable speed operation, controllable power factor 

and improved system efficiency. The amount of energy 

extracted from the wind depends not only on the incident 

wind speed, but also on thecontrol system applied on the 

wind energy conversion system. The DFIG is equipped with 

a back-to-back power electronic converter, which can adjust 

the generator speed with the variety of wind speed. The 

converter is connected to the rotor windings, which acts as 

AC excitation system. Wind turbines began to contribute 

and increase steadily in electric power generation production 

in electric networks. 

Doubly-fed induction generators (DFIGs) in high-power 

wind turbine-generators (WTGs) are operational as 

distributed generators (DGs) units in microgrids. Recent grid 

codes require a WTG remains operational during transient 
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and steady-state unbalanced grid voltages [1], [2]. A voltage 

unbalance can steadily exist in a microgrid due to unequal 

impedance of distribution lines; nonlinear loads such as arc 

furnaces; and unequal distributions of single-phase 

loads.Shahniaet al. in [3] propose a distributed intelligent 

residential load transfer scheme to dynamically reduce 

voltage unbalance along low voltage distribution feeders. 

However, due to using widely distributed and variable loads 

such as single-phase motors, and nonlinear loads in a 

microgrid, the voltage unbalance condition cannot be 

completely mitigated. On the other hand, even a small 

amount of voltage unbalance can cause notable current 

unbalance in a DFIG. This current unbalance causes torque 

pulsations and overheating of the machine windings which 

eventually reduce the lifetime of a DFIG-based WTG in a 

microgrid [4]–[6]. 

Modeling and vector control of DFIG-based wind turbine 

under unbalanced conditions in microgrids are widely 

addressed in literature [7]–[11]. The existing unbalanced 

vector control schemes for DGs conventionally use two pairs 

of individual controllers for the positive and negative 

sequence components of unbalanced currents [12]–[15]. 

Tuning of these controllers due to the delays of the 

decomposing positive/negative sequences filters often 

requires complex algorithms in unbalanced vector control 

schemes [14], [15]. 

Alternative methods have been introduced which directly 

process the unbalanced rotor current without decomposition 

into positive/negative sequences [7], [8] and [16], [17]. 

However, in these methods, the calculation of current 

references based on the power pulsations also requires the 

positive and negative sequence components of the machine 

stator voltage, current, and flux. Direct power control (DPC) 

methods have been also suggested for unbalanced voltage 

condition which relatively reduce the complexity of the 

control method compared to the vector control scheme [11], 

[18]–[20]. However, the DPC methods similar to the 

unbalanced vector control methods still need decomposition 

of positive/negative sequences and compensation for the 

filters delays. 

This paper presents a control method for a DFIG connected 

to an unbalanced grid voltage, which uses the instantaneous 

real/reactive powers as the state variables. The proposed 

control approach offers a robust structure since its state 

variables are independent of the positive/negative sequences 

of the DFIG current components.The suggested control 

scheme also reduces the DFIG torque/power pulsations by 

using the real/reactive power commands of the rotor-side 

converters in a DFIG wind energy system. Furthermore, at 

low wind speed and high unbalanced grid voltage 

conditions, the excess capacity of grid-side converter can be 

used for partial compensation of unbalanced stator voltage. 

Two current/power limiting algorithms are also introduced 

for both rotor- and grid-side converters to avoid over rating 

of the converters. The performance of the proposed method 

under unbalanced grid voltage condition is investigated via 

time-domain simulation of a MW-scale DFIG wind turbine-

generator study system in which a single-phase load is used 

to impose a steady voltage unbalance to the microgrid. 

II. CONVENTIONAL VECTOR CONTROL SCHEME 

FOR DFIG SYSTEM  

Fig. 

1.Schematic diagram of DFIG-based Wind Generation 

System. 

Figure 1 shows the schematic diagram of a DFIG WTG 

including rotor-side (RSC) and grid-side (GSC) converters. 

Under balanced voltage condition, the converter controllers 

can be designed based on conventional vector control or 

other design techniques such as resonance controller and 

direct power control using instantaneous power model of the 

DFIG [17], [21]. However, under unbalanced voltage 

condition, auxiliary control loops using negative sequences 

quantities must be added to the conventional vector speed 

controllers which form an extended unbalanced vector 

control scheme [7], [17].Figure 2 shows details of the 

unbalanced vector control scheme for the rotor-side 

converter [12], [13]. This control strategy mitigates the 

torque pulsations and the grid unbalanced effects on the 

generator via independent control of the stator real/reactive 

power components, p∗
s and q∗

s. The sequential 
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decomposition unit in Fig. 2 calculates the positive/negative 

sequence components in postive/negative sequence qd 

reference frame. The output of this unit are denoted by f+/−
+/− 

where f represents the voltage or current quantities; 

superscripts identify +/- sequence reference frame; and 

subscripts represent +/- sequence components. In Fig. 2, the 

+/- reference frame transformations are realized by 

ej(θs−θr)
ande

j(−θs−θr)
. 

As shown in Fig. 2, the unbalanced vector control method is 

established based on decompensation of the positive and 

negative sequences of the rotor current. Practically, this 

decomposition can be realized by transferring the current to 

the synchronous reference frame and using digital filters, or 

signal delay cancelation technique. These methods introduce 

time delays and obvious errors in amplitude and phase 

which adversely affect on the dynamic performance of the 

control system [20]. 

Recently, alternative methods such as the Proportional 

Integral Resonant (PIR) controller [7], [8] and the main and 

auxiliary controllers [16] have been introduced which 

directly process the unbalanced rotor current without 

decomposition into positive/negative sequences. In these 

methods, the current references are calculated according to 

the power pulsations in a feed-forward manner so the stator 

voltage, current, and flux have to be decomposed into the 

positive and negative sequences for calculating the rotor 

current references [20]. 

III. PROPOSED FUZZY LOGIC CONTROLLER FOR 

UNBALANCED VOLTAGE CONDITIONS 

In the proposed method, the rotor-side converter in Fig. 1 

can be used for the mitigation of the torque and stator 

reactive power pulsations. Also, the grid-side converter can 

be used for reduction of unbalanced stator voltage. In the 

proposed control method, the feedback loops are developed 

based on instantaneous real/reactive power components 

which can be directly calculated in abc frame and used in 

any other reference frame. In the following, first the 

instantaneous power model of a DFIG is explained and then 

the details of the proposed control strategy are explained 

within the following sections. 

 

Fig. 2.Schematic diagram of the conventional unbalanced 

vector control scheme for DFIG. 

A. Instantaneous Power Model of a DFIG 

The model of the induction machine in terms of the stator 

real/reactive power components, psandqs, is [21]: 

 

where details of urd,rq and g1 to g7 are given in Appendix. 

The grid-side converter and filter model in terms of 

instantaneous real and reactive power of grid-side converter, 

pg and qg, is [22]: 

 

Where 

𝑢𝑔𝑑 =
3

2
(|𝑣𝑠

2| − (𝑣𝑔𝑑𝑣𝑠𝑑 + 𝑣𝑔𝑞𝑣𝑠𝑞)) (3) 

 

And 

𝑢𝑔𝑑 =
3

2
(𝑣𝑔𝑞𝑣𝑠𝑑 − 𝑣𝑔𝑑𝑣𝑠𝑞)  (4) 

The dynamic model of the dc link is: 

𝑑𝑣𝑑𝑐

𝑑𝑡
=

𝑖𝑑𝑐

𝐶
=

𝑃𝐺−𝑝𝑟

𝐶𝑉𝑑𝑐
 (5) 

where the real power delivered to the rotor, pr, is: 

𝑝𝑟 =
3

2
(𝑣𝑟𝑑𝑖𝑟𝑑 + 𝑣𝑟𝑞𝑖𝑟𝑞)(6) 

Equations (1)-(6) summarize the model of a DFIG wind 

power system including the machine and converters. 

B. Compensation of Unbalanced Voltage Using GSC 
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The excess capacity of grid-side converter at low wind speed 

can be used for a partial compensation of unbalanced stator 

voltage. This can be achieved through the control of the 

real/reactive power in GSC corresponding to the negative 

sequence of the grid voltage. This section develops the 

mathematical relationship between the power pulsation and 

the negative sequence voltage which is required in the 

design procedure of the control system. 

The current/voltage vectors can be expressed in terms of 

their sequence components in +/- synchronous reference 

frames as: 

𝑓𝑑𝑞
+ = 𝑓𝑑𝑞

+ + 𝑓𝑑𝑞
+ = 𝑓𝑑𝑞

+ + 𝑓𝑑𝑞
− − 𝑒−𝑗𝜔𝑒𝑡

(7) 

Based on (7), the instantaneous real/reactive power 

components can be obtained via definition of complex 

power as: 

𝑠𝑔(𝑡) = 𝑝𝑔(𝑡) + 𝑗𝑞𝑔(𝑡) =
3

2
𝑣𝑠𝑑𝑞

+ 𝑖𝑔𝑑𝑞
+  

3

2
(𝑣𝑠𝑑𝑞

+ + 𝑖𝑔𝑑𝑞
+ − 𝑒−𝑖2𝜔𝑒𝑡

)(𝑖𝑔𝑑𝑞
+ + 𝑖𝑔𝑑𝑞

− − 𝑒𝑗2𝜔𝑒𝑡
) 

=
3

2
(𝑣𝑠𝑑𝑞+

+ 𝑖𝑔𝑑𝑞
+ + 𝑣𝑠𝑑𝑞

− 𝑖𝑔𝑑𝑞−
− ) 

   +
3

2
(𝑣𝑠𝑑𝑞

+ + 𝑖𝑔𝑑𝑞
− − 𝑒𝑗2𝜔𝑒𝑡

+ 𝑣𝑠𝑑𝑞
− − 𝑖𝑔𝑑𝑞

+ + 𝑒−𝐽2𝜔𝑒𝑡 (8) 

 

where�̂�represents the complex conjugate of �̅�. Substituting 

for 𝒊̅−gdq− = ˆ_i+
gdq−ej2ωetand �̅�−

sdq− = _v+
sdq−ej2ωetin the last 

term of (8), we can express complex power in terms of its 

average and ac components as s = sg,ave+ sg,acwhere: 

𝑠𝑔.𝑎𝑣𝑒 = 𝑝𝑔.𝑎𝑣𝑒 + 𝑗𝑞𝑔.𝑎𝑣𝑒 ≜
3

2
(𝑣𝑠𝑑𝑞+

+ 𝑖𝑔𝑑𝑞
+ + 𝑣𝑠𝑑𝑞−

− 𝑖𝑔𝑑𝑞−
− )(9) 

𝑠𝑔.𝑎𝑣𝑐 = 𝑝𝑔.𝑎𝑐 + 𝑗𝑞𝑔.𝑎𝑣 ≜
3

2
(𝑣𝑠𝑑𝑞+

+ 𝑖𝑔𝑑𝑞
+ + 𝑣𝑠𝑑𝑞−

− 𝑖𝑔𝑑𝑞−
− )(10) 

 

Based on (10), control of power pulsations (pg,acandqg,ac) 

via grid-side converter can indirectly compensate 

unbalanced voltage by reducing �̅�+
sdq−. To design power 

pulsation controllers, we start with the model of the grid-side 

converter and network in the positive synchronous reference 

frame as: 

𝑣𝑠𝑑𝑞
+ − 𝑣𝑔𝑑𝑞

+ = 𝑟𝑓𝑖𝑔𝑑𝑞
+ + 𝐿𝑓

𝑑𝑖𝑔𝑑𝑞
+

𝑑𝑡
+ 𝑗𝜔𝑒𝐿𝑓𝑖𝑔𝑑𝑞  (11)

+  

𝑣𝑠𝑑𝑞
+ − 𝑣𝑙𝑑𝑞

+ = 𝑟𝑓𝑖𝑔𝑑𝑞
+ + 𝐿𝑓

𝑑𝑖𝑔𝑑𝑞
+

𝑑𝑡
+ 𝑗𝜔𝑒𝐿𝑓𝑖𝑔𝑑𝑞  (11)

+  

𝑖𝑔𝑑𝑞
+ = −𝑖𝑙𝑑𝑞

+ − 𝑖𝑠𝑑𝑞
+    (12) 

To obtain the power model for the negative sequence model, 

the negative sequence power components in the positive 

sequence reference frame are defined as: 

𝑠𝑔−
+ ∆𝑝𝑔−

+ + 𝑗𝑞𝑔
+ =

3

2
𝑣𝑠𝑑𝑞

+ + 𝑖𝑔𝑑𝑞
+ (14) 

𝑠𝑠−
+ ∆𝑝𝑠−

+ + 𝑗𝑞𝑠
+ =

3

2
𝑣𝑠𝑑𝑞

+ + 𝑖𝑠𝑑𝑞
+  (15) 

By separating positive and negative sequences in (11)-(13) 

and using (14) and (15) to substitute for_i+
sdq−and_i+

gdq− in 

(11)-(13) and re-arranging the equation, we deduce: 

 

where the p+
s−,q+

s− are obtained from the negative sequence 

model of DFIG extracted from (1) in the positive sequence 

reference frame and 

              [
𝑢𝑖𝑑−

+

𝑢𝑖𝑞−
+ ] =

3

2
[
𝑣𝑠𝑑+

+ 𝑣𝑠𝑞+
+

𝑣𝑠𝑞+
+ −𝑣𝑠𝑑+

+ ] [
𝑣𝑙𝑑−

+

𝑣𝑙𝑞−
+ ]             (17) 

 

Fig. 3.Schematic diagram of the GSC model for 

compensating the negative sequence of the grid voltage. 

[
𝑢𝑔𝑑−

+

𝑢𝑔𝑞−
+ ] =

3

2
[
𝑣𝑠𝑑+

+ 𝑣𝑠𝑞+
+

𝑣𝑠𝑞+
+ −𝑣𝑠𝑑+

+ ] [
𝑣𝑔𝑑−

+

𝑣𝑔𝑞−
+ ]  (18)             

Let the output variables u+
sq− and u+

sd− are defined 

corresponding to the negative sequence of the stator voltage 

as: 
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[
𝑢𝑠𝑑−

+

𝑢𝑠𝑞−
+ ] =

3

2
[
𝑣𝑠𝑑+

+ 𝑣𝑠𝑞+
+

𝑣𝑠𝑞+
+ −𝑣𝑠𝑑+

+ ] [
𝑣𝑠𝑑−

+

𝑣𝑠𝑞−
+ ]  (19)               

Then, by substituting for_i+
gdq− in terms of power 

components from (14) in (12), we deduce: 

[
𝑢𝑠𝑑

+ −

𝑢𝑠𝑞−
+ ] =[

𝑢𝑔𝑑−
+

𝑢𝑔𝑞−
+ ]+[

𝑟𝑓
𝐿𝑓

⁄ −𝜔𝑒

𝜔𝑒
𝑟𝑓

𝐿𝐹
⁄

][
𝑃𝑔−

+

𝑝𝑔
+ −

]+ [
𝑑𝑝𝑔\𝑑𝑡−

+

𝑑𝑞𝑔−\𝑑𝑡
+ ] (20 

Finally, to associate the negative sequence power 

components with the power pulsations, the new disturbance 

terms sgc, pgcandqgcare defined as: 

𝑠𝑔𝑐 = 𝑝𝑔𝑐 + 𝑗𝑞𝑔𝑐 ≜ 𝑣𝑠𝑑𝑞−
+ 𝑖𝑔𝑑𝑞+

+  (21) 

Thus, based on (10), (14), and (21), we deduce: 

𝑝𝑔,𝑎𝑐 = 𝑝𝑔−
+ + 𝑝𝑔𝑐 , 𝑞𝑔,𝑎𝑐 = 𝑞𝑔−

+ + 𝑞𝑔𝑐  (22) 

Figure 3 shows the schematic diagram of the grid side 

converter model and DFIG in terms of power components 

based on (1) and (16)-(22). In this model, power pulsation 

references for GSC are used for adjusting the negative 

sequence grid voltage. Figure 4 depicts the proposed control 

system for grid-side converter. In this control system, GPg, 

GQgandGdccontrollers are designed based on balanced 

model as elaborated in [21]. Then, extra control loops 

including Kvdg, Kvqg, KrpgGresandKrqgGresare employed 

to control power pulsations of converter corresponding to 

pulsations of grid voltage at positive sequence reference 

frame. The resonant compensator (Gres) tuned at the double 

frequency of the grid which is implemented in the positive 

sequence reference frame. The notch filter Gnfis also used 

for suppressing the dc-link voltage double-frequency (2ωe) 

ripple. The transfer functions of resonant compensator and 

notch filter (Gnf) which are tuned at ω0 = 2ωe frequency 

are: 

𝐺𝑟𝑒𝑠 =

𝜔𝑜
𝑄

𝑠

𝑆2+
𝜔0
𝑄

𝑠+𝜔0
2, 

𝐺𝑟𝑒𝑠 =
𝑆2+𝜔0

2

𝑆2+
𝜔0
𝑄

𝑠+𝜔0
2    (23) 

 

Fig. 4.Details of the proposed unbalanced controllers for the 

grid-side converter. 

 

Fig. 5.Details of the proposed unbalanced controllers for the 

rotor-side converter. 

whereQis the band-width of the filters. In the proposed 

control scheme, the instantaneous powers are controlled 

without decomposing the positive and negative sequences of 

currents. However, compensating of the unbalanced voltage 

requires the negative sequence of stator voltage at positive 

sequence reference frame. 

C. Mitigation of Torque/Reactive Power Pulsations Using 

RSC 

Although GSC to some extent can compensate the 

unbalanced grid voltage, the torque and power pulsations 

still exist due to 2ωe ripple which superimposed on the dc-

link voltage. The torque pulsation in a generator increases 

stress on the rotating shaft of the DFIG which can cause 

shaft fatigue or other mechanical damages to a WTG. Thus, 

a control provision is required for the rotor-side converter to 

mitigate the torque/power pulsations of DFIG. Santos-

Martin et al. in [23] show that the simultaneous elimination 

of the torque and real power pulsations can not be performed 

under unbalanced grid voltage condition. Thus, the proposed 

control scheme herein is designed to compensate the torque 

and reactive power pulsations as shown in Fig. 5. This 

control scheme essentially consists of two controllers, GPs 

and GQs, which are designed for a balanced condition as 

discussed [21]. Then, extra feedback control loops including 

KrpsGres, KrqsGresandKrTeGresare added to compensate 
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the double-frequency torque and reactive power pulsations 

without decomposing the positive and negative sequences of 

currents and voltages. The Krps, KrqsandKrTeare constant 

gains and Gresis a band pass filter tuned at double frequency 

as given in (23). The electric torque can be estimated by 

stator and rotor current components in the stationary 

reference frame as 

𝑇𝑒 =
3𝑝𝐿𝑚

2
(𝑖𝑠𝑄𝑖𝑟𝐷 − 𝑖𝑠𝐷𝑖𝑟𝑄)  (24) 

 

Fig. 6.The schematic of the power limiter for the grid-side 

converter. 

The suggested control scheme in Fig. 5 can be alternatively 

used for elimination of real and reactive power pulsations if 

KrTeis set to zero. 

IV. CURRENT/POWER LIMITING ALGORITHMS FOR 

THE GRID- AND ROTOR-SIDE CONVERTERS 

Using power as a dynamic variable can cause over current of 

the power converter during transients and faults in a grid. 

This section presents an algorithm for limiting power 

references via sensing the converters currents. 

A. Grid-Side Converter 

In the control scheme for the grid-side converter (Fig. 4), the 

power capacity of the converter can be used for partially 

compensating the unbalanced stator voltage. However, it is 

necessary that the converter maintain the dc-link voltage via 

control of average real power and supplying the rotor real 

power has the highest priority. Thus, the maximum and 

mini-mum limits of average real power will be set to the 

maximum and minimum complex power as: 

𝑝𝑔,𝑎𝑣𝑒
𝑚𝑎𝑥 = −𝑝𝑔,𝑎𝑣𝑒

𝑚𝑖𝑛 = 𝑠𝑔
𝑚𝑎𝑥 =

3

2
|𝑣𝑠

+|𝐼𝑔
𝑚𝑎𝑥  (25) 

whereSmax g and Imax g are the maximum complex power 

and maximum current of GSC, respectively. Then, the limits 

for average reactive power should be calculated with respect 

to instantaneous real power as given by: 

𝑞𝑔,𝑎𝑣𝑒
𝑚𝑎𝑥 = −𝑞𝑔,𝑎𝑣𝑒

𝑚𝑖𝑛 = √(𝑆𝑔
𝑚𝑎𝑥)2 − 𝑝𝑔,𝑎𝑣𝑒

2  (26) 

The references for power pulsation components, Fig. 4, are: 

𝑝𝑔,𝑎𝑐
∗ = 𝐾𝑣𝑑𝑔𝑢𝑑𝑠−

+ , 𝑞𝑔,𝑎𝑐
∗ = 𝐾𝑣𝑞𝑠𝑢𝑞𝑠−

+  (27) 

Based on (27), Fig. 6 presents a method for limiting the 

power pulsation references via adjusting KvdgandKvqg. In 

this method KvdgandKvqgare initially set to pre-adjusted 

quantities Kvdg0 and Kvqg0. The unbalanced grid voltage is 

compensated using these fixed gains until the peak current 

of converter (Ipeakg) passes its maximum limit. Then, in the 

first step, Kvqgis decreased to reduce the q∗ g,acand if q∗ 

g,acreaches zero and still Ipeak g is beyond its limit, then 

Kvdgis decreased to reduce p∗ g,ac. Therefore, the 

unbalanced grid voltage compensation can be partially or 

completely deactivated during the over current of the grid-

side converter. 

B. Rotor-Side Converter 

Under a normal operating condition, the reference for the 

stator real power is adjusted to capture the maximum wind 

energy. This reference can be obtained via any maximum 

power point tracking (MPPT) algorithm [24]. The stator 

reactive power reference is also adjusted to satisfy the power 

factor requirements at the grid. Therefore, the maximum 

currents of the rotor and stator windings determine the upper 

limits of the generator real and reactive powers. Similar to 

the grid-side converter, the limits for the generator 

real/reactives can be obtained as: 

𝑝𝑠
𝑚𝑎𝑥1 = −𝑝𝑠

𝑚𝑖𝑛1 = 𝑠𝑠
𝑚𝑎𝑥 =

3

2
|𝑣𝑠

+|𝐼𝑠
𝑚𝑎𝑥(28) 

𝑞𝑠
𝑚𝑎𝑥1 = −𝑞𝑠

𝑚𝑖𝑛1 = √(𝑠𝑠
𝑚𝑎𝑥)2 − 𝑝𝑠

2 (29) 

whereIs
max and Ss

max are the stator maximum current and 

complex power, respectively. Since the stator power is 

mainly controlled via the rotor-side converter (RSC), the 

limits of the rotor complex power should be adjusted based 

on the stator complex power. The rotor complex power is 

𝑠𝑟 = 𝑝𝑟 + 𝑗𝑞𝑟 =
3

2
𝑣𝑟𝑑𝑞

+ 𝑖𝑟𝑑𝑞
+  (30) 

 

Assuming that the stator and rotor resistances in a high-

power generator are small quantities, the rotor 

voltage/current can be approximately expressed by: 

𝑣𝑟𝑑𝑞
+ =

𝐿𝑚𝜔𝑠𝑡

𝐿𝑚𝜔𝑒
𝑣𝑠𝑑𝑞

+ + 𝑗𝐿𝑟𝜔𝑠𝑙𝑖𝑟𝑑𝑞
+ (31) 

𝑖𝑟𝑑𝑞
+ = −

𝑗𝑣𝑠𝑑𝑞
+

𝐿𝑆𝜔𝑒
−

𝐿𝑠

𝐿𝑚
𝑖𝑠𝑑𝑞

+ (32) 

Substituting (31) and (32) in (30), we deduce: 

𝑠𝑟 = 𝑝𝑟 + 𝑗𝑞𝑟 =
3𝜔𝑠𝑙

2𝜔𝑒
(−𝑣𝑠𝑑𝑞

+ 𝑖𝑠𝑑𝑞
+ + 𝑗(|

𝑣𝑠

𝐿𝑆𝜔𝑒

+
| + |𝑖𝑟𝑑𝑞

+ | 
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𝜔𝑠𝑙

𝜔𝑒
(𝑝𝑠 + 𝑗𝑞𝑠 +

3𝑣𝑠
+2

2𝐿𝑆𝜔𝑒
+

3

2
𝐿𝑟𝜔𝑒|𝑖𝑟

+|  (33) 

Thus, the limits for the stator power components can be 

expressed as: 

𝑝𝑠
𝑚𝑎𝑥2 = −𝑝𝑠

𝑚𝑖𝑛2 =
𝜔𝑒𝑠𝑟

𝑚𝑎𝑥

𝜔𝑠𝑙
=

3|𝑣𝑠
+|𝐼𝑟

𝑚𝑎𝑥

2𝑁𝑠𝑟
 (34) 

 

and the real/reactive power limits for the rotor-side converter 

can be defined as: 

𝑝𝑠
𝑚𝑖𝑛=max(𝑝𝑠

𝑚𝑖𝑛1, 𝑝𝑠
𝑚𝑖𝑛2) , 𝑝𝑠

𝑚𝑎𝑥 = min(𝑝𝑠
𝑚𝑎𝑥1 , 𝑝𝑠

𝑚𝑎𝑥2) (37) 

𝑞𝑠
𝑚𝑖𝑛=max(𝑞𝑠

𝑚𝑖𝑛1, 𝑞𝑠
𝑚𝑖𝑛2) , 𝑞𝑠

𝑚𝑎𝑥 = min(𝑞𝑠
𝑚𝑎𝑥1, 𝑞𝑠

𝑚𝑎𝑥2) (38) 

By using these limits during transients conditions, the 

capacity of RSC is partially used for injecting reactive 

power to the grid while the capacity of GSC is used for 

maintaining the dc-link voltage and compensation of 

unbalanced voltage. 

 

Fig. 7.Schematic diagram of the study system. 

V. MATLAB RESULTS AND DISCUSSION 

MATLAB/SIMULINK results are presented in this 

section for validating steady-state and dynamic 

performances of this proposed DFIG with integrated active 

filter capabilities. In this section, the working of this 

proposed GSC is presented as an active filter even when the 

wind turbine is in shutdown condition. The power that is 

coming into the PCC through GSC is considered as positive 

in this paper. 

In this section, the working of this proposed GSC is 

presented as an active filter even when the wind turbine is in 

shutdown condition. The power that is coming into the PCC 

through GSC is considered as positive in this paper. The 

simulated performance of this proposed DFIG is presented at 

a 10.6-m/s wind speed as shown in Fig. 4. As the proposed 

DFIG is operating atMPPT, the reference speed of the DFIG 

is selected as 1750 rpm. The load currents are observed to be 

nonlinear in nature. The GSC is supplying required 

harmonics currents to the load for making grid currents 

(igabc) and stator currents (isabc) balanced and sinusoidal. 

Fig. 4 also shows the stator power (Ps), GSC power (Pgsc), 

load power (Pl), and grid power (Pg). At above synchronous 

speed, the power flow is from the GSC to PCC, so the GSC 

power is shown as positive. Total power produced by the 

DFIG is the sum of stator power (Ps) and GSC power 

(Pgsc). After feeding power to the load (Pl), the remaining 

power is fed to the grid (Pg). Fig. 5 (a)–(d) shows harmonic 

spectra and waveforms of grid current (iga), load current 

(ila), stator current (isa), and grid voltage (vga), 

respectively. From these harmonic spectra, one can 

understand that grid current and stator current THDs are less 

than 5% as per IEEE-519 standard [35] limits given inTable 

I. Fig. 5 shows test results by performing tests on the 

developed prototype at a fixed wind speed of 10.6 m/s. 

These test results are observed similar to the simulated 

results. 

 

Fig 8.MATLAB SIMULINK Model of the Proposed DFIG 
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Fig. 9. The DFIG performance under unbalanced voltage 

using balanced controller: (a) stator real power; (b) stator 

reactive power; (c) torque; (d) stator and rotor currents. 

 

 

 

Fig. 10. Simulated performance of the proposed DFIG-based 

WECS at fixed wind speed of 10.6 m/s (rotor speed of 1750 

rpm). 

 

 

Fig 11Total Harmonic Distortion of Load current (Ilabc)in 

% 

 

 

 

Fig 12Total Harmonic Distortion of Source current (Isabc) 

in % 

 

 

VI. CONCLUSION 

An unbalanced control scheme for a DFIG wind 

turbine-generator has been presented in this paper which 

does not require the sequential decomposition of the DFIG 

stator/rotor currents and is less sensitive to the system 

parameters. This control scheme mitigates the stator reactive 

power and torque pulsations which obviously appear in any 

balanced control scheme under an unbalanced grid voltage 

condition. The control method uses the grid-side converter 

to partially compensate the unbalance stator voltage when 

the wind speed is low and turbine works below nominal 

power. Two cur-rent/power limiting algorithms are also 

introduced for both rotor- and grid-side converters to avoid 

over rating of the converters. It has been shown that 

proposed control approach based on its simple and robust 

structure can offer a promising solution for DFIG control 

under unbalanced grid voltage conditions. 
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