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Abstract 

 

An integrated active filter Capabilities for wind energy conversion systems 

with Doubly fed induction generator using grid side converter (GSC) is 

presented in this paper. GSC converter is used for supplying harmonic in 

addition it transfer slip power. The main contribution of rotor side converter 

(RSC) is for attaining maximum power extraction and to supply reactive 

power to the DFIG. This wind energy conversion system (WECS) works as a 

static compensator (STATCOM) for supplying harmonics even it supply when 

the wind turbine is in shutdown condition. Control algorithms of both GSC 

and RSC are presented. Here fuzzy logic is used for controlling and the 

MATLAB/Simpower systems tool has proved that the power electronics tools 

and electrical elements tools are used for DFIG-based WECS for simulation. 

 

Keywords: Doubly fed induction generator (DFIG), integrated active filter, 
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NOMENCLATURE 

 

vab, vbc, vca Three phase stator voltages. 

isa, isb, isc  Three phase stator currents. 

ira, irb, irc  Three phase rotor currents. 

iga, igb, igc  Three phase grid currents. 

ila, ilb, ilc  Three phase load currents. 

igsca, igscb, igscc Three phase grid-side convertor (GSC) currents. 

Pg Active power fed to the grid. 

Qg   Reactive power fed to the grid. 

Ps  Stator active power. 

Qs Stator reactive power. 

Qs Stator reactive power. 

Pl Load active power. 

Ql  Load reactive power. 

Pgsc  GSC active power. 

Qgsc GSC reactive power 

vw Wind speed in m/s. 

ωr   Rotor speed in rad/s. 

vdc    DC-link voltage. 

 

 

I. INTRODUCTION 

Now-a-days the electrical energy consumption is more due to increase in population 

& industrialization conventional energy sources such as coal, petrol, gas etc., are 

unlimited in nature. So we concentrate on renewable energy sources as solar energy, 

wind energy etc. The main advantage of the wind energy is ecofriendly and cost is 

free. In these days, wind turbines have been used as fixed speed wind turbines with 

squirrel cage induction generator and capacitor banks. Most of the wind turbines are 

fixed speed because of their simplicity and low cost. By observing the characteristics 

of the wind turbines it is clear that for getting maximum power, machine must rotate 

at variable rotor speed. So by using variable wind turbine system we can produce 

maximum amount of electrical energy. DFIG be the one of the most variable speed 

wind turbines are preferred because of low cost, higher energy output , lower 

converter rating. 

 

The other uses of variable speed WECS such as power smoothening and harmonic 

mitigation and in addition to its power generation. Super magnetic energy storage 

systems are used for power smoothening. The other auxiliary requirement such as 

reactive power and transient stability limit are achieved including STATCOM. 
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A distribution STATCOM/(DSTATCOM) coupled with fly-wheel energy storage 

system is used at the wind farm for mitigating harmonics and frequency disturbances. 

Unified power quality conditioner (UPQC) is also used for improving power quality 

and reliability. Up to now separate converters are used for compensating the 

harmonics and also for controlling the reactive power. In a Single controller the 

harmonics compensation and reactive power control are achieved with the help of 

existing RSC. Therefore, harmonics are injected from the RSC into the rotor 

windings. This creates losses and noise in the machine. These methods increase the 

RSC rating. Now we are using GSC control for harmonic compensation and reactive 

power control. So harmonics cannot passes through the windings of the machine. RSC 

and GSC are needed for compensating the harmonics and controlling the reactive 

power.    

 

Previously we are using direct current control of GSC. Therefore, harmonic 

compensation is not so effective and total harmonic distortion (THD) is not less than 

5% as per IEEE-519 standard. An indirect current control technique is simple and 

shows enhanced performance for eliminating harmonics as compared to direct current 

control. 

 

In this, a new control algorithm is proposed for GSC for compensating harmonics 

created by nonlinear loads and by using an indirect current control. RSC is used for 

the reactive power control of DFIG. The main advantage of proposed DFIG is work 

as an active filter even when the wind turbine is in blackout condition. Therefore, it 

compensates load reactive power and harmonics at wind turbine stalling case. By 

using Fuzzy the dynamic performance of the proposed DFIG is also demonstrated for 

varying wind speeds and also changes unbalanced nonlinear loads at point of common 

coupling (PCC). 

 

 

II. SYSTEM CONFIGURATION AND OPERATING PRINCIPLE 

Fig. 1 shows a schematic diagram of the proposed integrated active filter Capabilities 

for WECS with DFIG. In DFIG, the stator is directly connected to the grid as in Fig. 

1. Two back-to-back connected voltage source converters (VSCs) are placed among 

the grid and rotor. Nonlinear loads are connected at PCC.  DFIG can acts as an active 

filter even when wind energy conversion system is in shutdown condition. The PCC 

voltage is distorted at the PCC point due to nonlinear loads. These non-linear load 

associated at the PCC voltage. 
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Fig. 1: Proposed system configuration. 

 

 

These nonlinear load harmonic currents are mitigated by GSC control, so that the 

stator and grid currents are free from harmonics. RSC is controlled for achieving 

maximum power point tracking (MPPT) and also for unity power factor at the stator 

side using voltage-oriented reference frame. Synchronous reference frame (SRF) 

control method is used for extracting the fundamental component of load currents for 

the GSC control. 

 

 

III. DESIGN OF DFIG-BASED WECS 

For the successful operation of DFIG the selection of ratings for VSCs and dc-link 

voltage is very much important. In this section, a detailed design of VSCs and dc-link 

voltage is discussed for the simulation system used in the simpower systems. 

 

A. Selection of DC-Link Voltage 

Normally, the dc-link voltage of VSC must be greater than twice the peak of 

maximum phase voltage. The choice of dc link voltage depends on both rotor voltage 

and PCC voltage. While from the rotor side, the rotor voltage is slip times the stator 

voltage. DFIG used in this prototype has stator to rotor turns ratio as 2:1. Generally, 

the DFIG operating slip is ±0.3. So, the rotor voltage is always less than the PCC 

voltage. So, the design criteria for the selection of dc-link voltage can be achieved by 

considering only PCC voltage. Though considering from the GSC side, the PCC line 

voltage (vab) is 230 V, as the machine is connected in delta mode. 
Therefore, the dc-link voltage is estimated as 

 

𝑣𝑑𝑐 ≥  
2√2

√3∗𝑚
 𝑉𝑎𝑏                                                   (1) 

 

where Vab is the line voltage at the PCC. Maximum modulation key is selected as 1 

for linear range. The value of dc-link voltage (Vdc) by (1) is valued as 375 V. Hence, it 

is nominated as 375 V. 
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B. Selection of VSC Rating 

The DFIG pulls a lagging volt-ampere reactive (VAR) for its excitation to outline the 

rated air gap voltage. It is calculate from the machine parameters that the lagging 

VAR of 2 kVAR is needed when it is running as a motor. In DFIG situation, the 

operating speed range is 0.7 to 1.3 p.u. Therefore, the maximum slip (smax) is 0.3. For 

making unity power factor at the stator side, reactive power of 600 VAR (Smax * Qs= 

0.3 * 2 kVAR) is wanted from the rotor side (Qrmax). The maximum rotor active 

power is (Smax *P). The power rating of the DFIG is 5 kW. Therefore, the maximum 

rotor active power (Prmax) is 1.5 kW (0.3 * 5 kW = 1.5 kW).  

 

So, the rating of the VSC as RSC Srated is given as 

 

𝑆𝑟𝑎𝑡𝑒𝑑 =  √𝑃𝑟 𝑚𝑎𝑥
2 + 𝑄𝑟 𝑚𝑎𝑥

2                                    (2) 

 

Thus, kVA rating of RSC Srated is intended as 1.615 kVA. 

 

C. Design of Interfacing Inductor 

The design of interfacing inductors between GSC and PCC be contingent upon 

allowable GSC current limit (igscpp), dc-link voltage, and switching frequency of GSC. 

Maximum conceivable GSC line currents are used for the calculation. Maximum line 

current depends upon the maximum power and the line voltage at GSC. The 

maximum conceivable power in the GSC is the slip power. In this case, the slip power 

is 1.5 kW. Line voltage (VL) at the GSC is 230 V. So, the line current is obtained as 

Igsc = 1.5 kW/(√3* 230) = 3.765 A. As the peak ripple current as 25% of valued GSC 

current, the inductor value is calculated as 

 

𝐿𝑖 =  
√3𝑚𝑉𝑑𝑐

12𝑎𝑓𝑚∆𝑖𝑔𝑠𝑐
                                                        (3) 

 

Interfacing inductor between PCC and GSC is designated as 4 mH. 

 

 

IV. CONTROL STRATEGY 

Control algorithms for both GSC and RSC are shown in this control strategy. 

Complete control schematic is specified in Fig. 2. The control algorithm for emulating 

wind turbine features using dc machine and Type A chopper is also shown in Fig. 2. 

 

A. Control of RSC 

Mainly the RSC is to extract maximum power with independent control of active and 

reactive powers. The RSC is controlled in voltage-oriented reference edge. Therefore, 

the active and reactive powers are controlled by adjusting direct and quadrature axis 

rotor currents. Direct axis reference rotor current is nominated such that maximum 

power is extracted for a particular wind speed. Therefore, the outer loop is selected as 

a speed controller for achieving direct axis reference rotor current as 
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𝑖𝑑𝑟
∗ (𝑘) = 𝑖𝑑𝑟

∗ (𝑘 − 1) + 𝑘𝑝𝑑{𝑤𝑒𝑟(𝑘) − 𝑤𝑒𝑟(𝑘 − 1)} + 𝑘𝑖𝑑𝑤𝑒𝑟(𝑘)                 (4) 

 

where the speed error (ωer) is got by subtracting sensed speed (ωr) from the reference 

speed (ω∗r ). kpd and kid are the proportional and integral constants of the speed 

controller. ωer (k) and ωer (k−1) are the speed errors at kth and (k−1)th instants. i*dr(k) 

and i*dr(k−1) are the direct axis rotor reference current at kth and (k−1)th instants. 

Reference rotor speed (ω∗r ) is estimated by optimal tip speed ratio control for a 

particular wind speed. 

 

The correction of PI controllers used in both RSC and GSC are reached using Ziegler 

Nichols method. Initially, kid value is set to zero and the value of kpd was increased 

until the response stars oscillating with a period of Ti. Now, the value of kpd is taken 

as 0.45 kpd and kid is taken as 1.2 kpd/Ti. 

 

B. Control of GSC 

The originality of this work lies in the control of this GSC for mitigating the 

harmonics formed by the nonlinear loads. 

The control block diagram of GSC is shown in Fig. 2. Here, an indirect current 

control is applied on the grid currents for making them sinusoidal and balanced. 

Therefore, this GSC supplies the harmonics for making grid currents sinusoidal and 

balanced. These grid currents are designed by subtracting the load currents from the 

summation of stator currents and GSC currents. Active power component of GSC 

current is obtained by processing the dc-link voltage error (vdce) between reference 

and estimated dc-link voltage (V∗
dc and Vdc) through PI controller as 

 

𝑖𝑔𝑠𝑐
∗ (𝑘) = 𝑖𝑔𝑠𝑐

∗ (𝑘 − 1) + 𝑘𝑝𝑑𝑐{𝑣𝑑𝑐𝑒(𝑘)𝑣𝑑𝑐𝑒(𝑘 − 1)}  + 𝑘𝑖𝑑𝑐𝑣𝑑𝑐𝑒(𝑘)              (5) 

 

where kpdc and kidc are proportional and integral improvements of dc-link voltage 

controller. Vdce(k) and Vdce(k−1) are dc link voltage faults at kth and (k−1)th times. 

i∗
gsc(k) and i∗

gsc(k − 1) are active power component of GSC current at kth and (k−1)th 

instants. 
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Fig. 2. Control algorithm of the proposed WECS. 

 

 

V. FUZZY LOGIC CONTROLLER 

In FLC, basic control act is resolute by a set of linguistic rules. These rules are 

determined by the system. Since the numerical variables are converted into linguistic 

variables, mathematical modeling of the system is not required in FC.  

 

 
 

 

Fig. 3: Fuzzy logic Controller. 

 

 

The FLC involves of three parts: fuzzification, interference engine and 

defuzzification. The FC is considered as i. fuzzy sets for every input and output. ii. 

Triangular membership functions for simplicity. iii. Fuzzification using continuous 

universe of address. iv. Implication using Mamdani’s, ‘min’ operator. v. 

Defuzzification using the height method. 

 

Fuzzification: Membership function principles are assigned to the linguistic 

variables, using seven fuzzy subsets: Negative Big, Positive Small, Positive Medium 

Negative Medium, Negative Small, Zero, and Positive Big. The Partition of fuzzy 

subsets and the shape of membership role adapt the shape up to appropriate system. 
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The value of input error and variation in error are normalized by an input mounting 

factor. 

 

The input scaling factor has been designed such that input ethics are between -1 and 

+1. The triangular shape of the membership function of this arrangement presumes 

that for any particular E(k) input there is only one main fuzzy subset. The input error 

for the FLC is given as 

 

E(k) =  
Pph(k)−Pph(k−1)

Vph(k)−Vph(k−1)
                                            (6) 

 

CE(k) = E(k) – E(k-1)                                        (7) 

 

Inference Method: Several composition methods such as Max-Dot and Max–Min 

have been planned in the literature. In this paper Min method is used. The output 

membership function of each rule is specified  

by the minimum operator and maximum operator. 

 

 
 

Fig.4: Membership functions 

 

 

Defuzzification:  As a plant usually requires a non-fuzzy value of control, a 

defuzzification period is wanted. To compute the output of the FLC, „height‟ method 

is used and the FLC output modifies the control output. Further, the output of FLC 

controls the switch in the inverter. In UPQC, the active power, reactive power, 

terminal voltage of the line and capacitor voltage are required to be preserved. In 

order to control these parameters, they are sensed and compared with the reference 

values. To attain this, the membership functions of FC are: error, modification in error 

and output 

 

The set of FC rules are derived from  

 

u=-[α E + (1-α)*C]                                               (8) 

 

Where α is self-adjustable factor which can adjust the whole operation. E is the error 

of the system, C is the change in error and u is the control variable. A large value of 

error E indicates that given system is not in the balanced state. If the scheme is 

unbalanced, the controller should enlarge its control variables to balance the system as 
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early as possible. One the other hand, small charge of the error E indicates that the 

system is near to stable state. 

 

 

VI. SIMULATION VALIDATION 

By Fuzzy logic controller the simulated results are presented in this section for 

validating steady-state and dynamic performances of this DFIG with integrated active 

filter capabilities. 

 

 
 

Fig. 5: Simulated Model 

 

 

A. Steady-State Performance of DFIG-Based WECS with Integrated Active 

Filter Capabilities 

The simulated performance of the DFIG is presented at a 10.6-m/s wind speed as 

shown in Fig. 6.The DFIG reference speed of the machine is taking as 1750 rpm when 

operating at MPPT. The load currents are 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. At above synchronous speed the power flow 

from GSC to PCC, so now the GSC power is become positive. The total power 

generated by the DFIF is sum of the stator power(Ps) and GSC power(Pgsc).The load 

power(Pl) is supplied then the remaining power is sent back to grid(Pg). 
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Fig. 7 shows the GSC working as an active filter even when the wind turbine is in 

stall condition. Here, stator currents are zero, as there is no power production from the 

DFIG then the load power is supplied from the grid. Therefore, the grid power (Pg) is 

observed to be negative. Now, this GSC supplies harmonic currents and reactive 

power. So, the reactive power taken from the grid (Qg) is observed to be zero. Grid 

currents are observed to be balanced and sinusoidal even load currents are nonlinear. 

 

 
Fig. 6: Simulated performance of the proposed DFIG based W ECS at fixed wind 

speed of 10.6 m / s 



An Integrated Active Filter Capabilities for Wind Energy Conversion Systems 165 

 
 

Fig. 7: Simulated performance of the proposed DFIG-based WECS working as a 

STATCOM at zero wind speed. 
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B. Dynamic Performance of DFIG-Based WECS with Integrated Active Filter 

Capabilities 

Fig. 8 shows the simulation results for a decrease in wind speed. The reference speed 

(ωrref) is decreased with the decrease in wind speed (vw) for achieving MPPT 

operation. The actual rotor speed of the DFIG (ωr) is also decreased with the 

reference speed. With the decrease in wind speed, the rotor speed (ωr) of the DFIG is 

decreased from super synchronous speed to the sub synchronous speed and also the 

slip of the DFIG becomes positive from negative. Therefore, the power flow in the 

rotor is reversed. Previously, the rotor supplies power through GSC into the grid. As 

the speed reaches below synchronous speed, the rotor starts taking power from GSC 

into the rotor. Therefore, the GSC power is becoming negative. 

 

The load power is taken as constant in this case. At high wind speeds, the excess 

power is feeding to the grid after supplying to the local load. As the wind speed 

decreases, the power generated by the DFIG is not sufficient to feed local loads. 

Therefore, the load is supplied from the grid. Therefore, the grid power(Pg) reverses 

its direction. As the speed changes from super synchronous speed to the sub 

synchronous speed, the change in the phase sequence of the rotor currents is observed. 

 

 
 

Fig.8: Simulated performance of proposed DFIG for fall in wind speed. 
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Fig.9: Dynamic performance of DFIG-based WECS for the sudden removal and 

application of local loads. 

 

Fig. 9 shows the simulated performance for demonstrating the load compensation 

capability of the DFIG. This unbalanced load is emulated suddenly by removing one 

phase of a load. From the results, one can clearly observe that the stator and grid 

currents are observed to be balanced and sinusoidal even for the unbalanced load. Fig. 

9 shows the dynamic performance of this DFIG-based WECS for the sudden removal 

and application of load on phase “a.” Even for the unbalanced or single phase loads, 

the stator and grid currents are balanced and sinusoidal by compensating the phase 

“a” current through GSC. GSC current (igsca) in phase “a” is increased suddenly for 

balancing grid currents. An increase in grid currents (igabc) is observed as net load 

decreases with removal of one phase. 

 

 

V. CONCLUSION 

The GSC control algorithm of the proposed DFIG has been modified for supplying 

the harmonics and reactive power of the local loads. The MATLAB/Simpower 

systems simulation shows sensible performances of this controller. When compared to 

alternative controllers here the Fuzzy Controller gives accurate performance. In this 

proposed DFIG, the reactive power for the induction machine has been supplied from 

the RSC and the load reactive power has been supplied from the GSC. The decoupled 

control of both active and reactive powers has been achieved by RSC control. The 

proposed DFIG has also been verified at wind turbine stalling condition for 

compensating harmonics and reactive power of local loads. This DFIG-based WECS 

with an integrated active filter has been simulated using MATLAB/Simulink 
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environment. Dynamic performance of this proposed GSC control algorithm has also 

been verified for the variation in the wind speeds and for local nonlinear load. 
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