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 

Abstract-This paper deals with the operation of doubly fed 
induction generator (DFIG) with an integrated active filter 
capabilities using grid-side converter (GSC). The main 
contribution of this work lies in the control of GSC for supplying 
harmonics in addition to its slip power transfer. The rotor-side 
converter (RSC) is used for attaining maximum power extraction 
and to supply required reactive power to DFIG. This wind energy 
conversion system (WECS) works as a static compensator 
(STATCOM) for supplying harmonics even when the wind turbine 
is in shutdown condition. Control algorithms of both GSC and 
RSC are presented in detail. The proposed DFIG-based WECS is 
simulated using MATLAB/Simulink.   

Keywords— Doubly lfed linduction lgenerator l(DFIG), 
lintegrated lactive lfilter, lnonlinear lload, lpower lquality, lwind 
lenergy lconversion lsystem l(WECS). 

I. INTRODUCTION 

Wind lower lis lthe lconversion lof lwind lenergy linto la 
lsuitable lform lof lenergy, lsuch las lusing lwind lturbines lto 
lgenerate lelectricity, lwindmills lfor lmechanical lower, 
lwind lpumps lfor lwater lpumping, lor lsails lto lpropel 
lships. lThe ltotal lamount lof leconomically lextractable 
lower lavailable lfrom lthe lwind lis lconsiderably lmore 
lthan lpresent lhuman lower luse lfrom lall lsources. lWind 
lower, las lan lalternative lto lfossil lfuels, lis labundant, 
lrenewable, lwidely lspread, lclean, land lproduces lno 
lgreenhouse lgas lemissions lduring loperation. lWind lower 
lis lthe lworld‘s lrapid lgrowing lsource lof 
lenergy.Currently, la lhuge lamount lof ldoubly-fed 
linduction lgenerators l(DFIGs) lin lhigh-power lwind 
lturbine-generators l(WTGs) lare loperational las ldistributed 
lgenerators l(DGs) lunits lin lmicrogrids. lRecent lgrid lcodes 
lrequire la lWTG lremains loperational lduring ltransient 
land lsteady lstate lunbalanced lgrid lvoltages.A lvoltage 
lunbalance lcan lsteadily lexist lin la lmicrogrid ldue lto 
lunequal limpedance lof ldistribution llines, lnonlinear lloads 
lsuch las larc lfurnaces land lunequal ldistributions lof 
lsingle-phase lloads.A ldistributed lintelligent lresidential 
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lload ltransfer lscheme lwas lproposed lto ldynamically 
lreduce lvoltage lunbalance lalong llow lvoltage ldistribution 
lfeeders. lHowever, ldue lto lusing lwidely ldistributed land 
lvariable lloads lsuch las lsingle-phase lmotors, land 
lnonlinear lloads lin la lmicrogrid, lthe lvoltage lunbalance 
lcondition lcannot lbe lcompletely lmitigated. On lthe lother 
lhand, leven la lsmall lamount lof lvoltage lunbalance lcan 
lcause lnotable lcurrent lunbalance lin la lDFIG. lThis 
lcurrent lunbalance lcauses ltorque lpulsations land 
loverheating lof lthe lmachine lwindings lwhich leventually 
lreduce lthe llifetime lof la lDFIG-based lWTG lin la 
lmicrogrid. lModeling land lvector lcontrol lof lDFIG-based 
lwind lturbine lunder lunbalanced lconditions lin lmicrogrids 
lare lwidely laddressed lin lliterature.The lexisting 
lunbalanced lvector lcontrol lschemes lfor lDGs 
lconventionally luse ltwo lpairs lof lindividual lcontrollers 
lfor lthe lpositive land lnegative lsequence lcomponents lof 
lunbalanced lcurrents.Tuning lof lthese lcontrollers ldue lto 
lthe ldelays lof lthe ldecomposing lpositive/negative 
lsequences lfilters loften lrequires lcomplex lalgorithms lin 
lunbalanced lvector lcontrol lschemes.Alternative lmethods 
lhave lbeen lintroduced lwhich ldirectly lprocess lthe 
lunbalanced lrotor lcurrent lwithout ldecomposition linto 
lpositive/negative lsequences. lHowever, lin lthese lmethods, 
lthe lcalculation lof lcurrent lreferences lbased lon lthe lower 
lpulsations lalso lrequires lthe lpositive land lnegative 
lsequence lcomponents lof lthe lmachine lstator lvoltage, 
lcurrent, land lflux. lDirect lower lcontrol l(DPC) lmethods 
lhave lbeen lalso lsuggested lfor lunbalanced lvoltage 
lcondition lwhich lrelatively lreduce lthe lcomplexity lof lthe 
lcontrol lmethod lcompared lto lthe lvector lcontrol 
lscheme.However, lthe lDPC lmethods lsimilar lto lthe 
lunbalanced lvector lcontrol lmethods lstill lneed 
ldecomposition lof lpositive/negative lsequences land 
lcompensation lfor lthe lfilters ldelays. lThis lproject 
lpresents la lcontrol lmethod lfor la lDFIG lconnected lto lan 
lunbalanced lgrid lvoltage, lwhich luses lthe linstantaneous 
lreal/reactive lpowers las lthe lstate lvariables. lThe 
lproposed lcontrol lapproach loffers la lrobust lstructure 
lsince lits lstate lvariables lare lindependent lof lthe 
lpositive/negative lsequences lof lthe lDFIG lcurrent 
lcomponents.The lsuggested lcontrol lscheme lalso lreduces 
lthe lDFIG ltorque/power lpulsations lby lusing lthe 
lreal/reactive lower lcommands lof lthe lrotor-side 
lconverters lin la lDFIG lwind lenergy lsystem. 
lFurthermore, lat llow lwind lspeed land lhigh lunbalanced l 

 

 

Control & Design for FOPID Based Line-Side 
Converter of the Brushless Doubly-Fed 

Induction Generator 
 Hazara Begum, K. Sandhya Rani, V. V. Manga Lakshmi Chinni 

https://www.openaccess.nl/en/open-publications
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijeat.B2073.1210220&domain=www.ijeat.org


 
Control & Design for FOPID Based Line-Side Converter of the Brushless Doubly-Fed Induction Generator 

149 

Published By: 
Blue Eyes Intelligence Engineering 
and Sciences Publication  
© Copyright: All rights reserved. 
 

Retrieval Number: 100.1/ijeat.B20731210220 
DOI:10.35940/ijeat.B2073.1210220 
Journal Website: www.ijeat.org 
 

grid lvoltage lconditions, lthe lexcess lcapacity lof lgrid-side 
lconverter lcan lbe lused lfor lpartial lcompensation lof 
lunbalanced lstator lvoltage. Two lcurrent/power llimiting 
lalgorithms lare lalso lintroduced lfor lboth lrotor- land 
lgrid-side lconverters lto lavoid lover lrating lof lthe 
lconverters. lThe lperformance lof lthe lproposed lmethod 
lunder lunbalanced lgrid lvoltage lcondition  lis linvestigated 
lvia ltime-domain lsimulation lof la lMW-scale lDFIG lwind 
lturbine-generator lstudylsystem lin lwhich la lsingle-phase 
lload lis lused lto limpose la lsteady lvoltage lunbalance lto 
lthe lmicrogrid.This paper discussed the design of the 
Proposed system and performance characteristics of PI 
Controller Model in Section II, Modified Control Scheme in 
Section III. Simulation results & Analysis and conclusions 
are elaborated in Section IV and V respectively. 

II. DESIGN OF PROPOSED SYSTEM 

A. System configuration 

The proposed system modelled on the Matlab / Simulink 
platform to improve the performance. In lthe lproposed 
lmethod, lthe lrotor-side lconverter lcan lbe lused lfor lthe 
lmitigation lof lthe ltorque land lstator lreactive lower 
lpulsations. lAlso, lthe lgrid-side lconverter lcan lbe lused 
lfor lreduction lof lunbalanced lstator lvoltage. lIn lthe 
lproposed lcontrol lmethod, lthe lfeedback lloops lare 
ldeveloped lbased lon linstantaneous lreal/reactive lower 
lcomponents lwhich lcan lbe ldirectly lcalculated lin labc 
lframe land lused lin lany lother lreference lframe. lIn lthe 
lfollowing, lfirst lthe linstantaneous lower lmodel lof la 
lDFIG lis lexplained land lthen lthe ldetails lof lthe lproposed 
lcontrol lstrategy lare lexplained lwithin lthe 
lfollowingsections 

 
Fig. 1 lconventional lunbalanced lvector lcontrol lscheme 

lfor lDFIG. 

B. InstantaneousPowerModelofaDFIG 

The lmodel lof lthe linduction lmachine lin lterms lof lthe 
lstator lreal/reactive lower lcomponents, lps land lqs, 

 

 

Where 
 l  

(3) 
And 

 l  
v  the ldynamic lmodel lof lthe ldc llink lis: 

 
    

  
 
   

 
where lthe lreal lower ldelivered lto lthe lrotor, 

lpr, lis: 

 
Equations l(1)-(6) lsummarize lthe lmodel lof la lDFIG lwind 
lower lsystem lincluding lthe lmachine land lconverters 

III. CONTROL SCHEME 

A. Compensation lof Unbalanced Voltage Using GSC 
The lexcess lcapacity lof lgrid-side lconverter lat llow 

lwind lspeed lcan lbe lused lfor la lpartial lcompensation lof 
lunbalanced lstator lvoltage. lThis lcan lbe lachieved 
lthrough lthe lcontrol lof lthe lreal/reactive lower lin lGSC 
lcorresponding lto lthe lnegative lsequence lof lthe lgrid 
lvoltage. lThis lsection ldevelops lthe lmathematical 
lrelationship lbetween lthe lower lpulsation land lthe 
lnegative lsequence lvoltage lwhich lis lrequired lin lthe 
ldesign lprocedure lof lthe lcontrol lsystem. 

 

 
Fig. 2 GSC lmodel lfor lcompensa tingthenega 

tivesequence lof lthe lgrid lvoltage 
The lschematic ldiagram lof lthe lgrid lside lconverter 

lmodel land lDFIG lin lterms lof lower lcomponents. lIn lthis 
lmodel, lower lpulsation lreferences lfor lGSC lare lused lfor 
ladjusting lthe lnegative lsequence lgrid lvoltage. lIn lthis 
lcontrol lsystem, lGPg, lGQgandGdccontrollers lare 
ldesigned lbased lon lbalanced lmodel las lelaborated lin 
l[21]. lThen, lextra lcontrol lloops lincluding lKvdg, lKvqg, 
lKrpgGresandKrqgGres Are lemployed lto lcontrol lpower 
lpulsations lof lconverter lcorresponding lto lpulsations lof 
lgrid lvoltage lat lpositive lsequence lreference lframe. lThe 
lresonant lcompensator l(Gres) ltuned lat lthe ldouble 
lfrequency lof lthe lgrid lwhich lis limplemented lin lthe 
lpositive  
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lsequencelreference lframe. lThe lnotch lfilter lGnfis lalso 
lused lfor lsuppressing lthe ldc-link lvoltage 
ldouble-frequency l(2ωe) lripple. lThe ltransfer lfunctions lof 
lresonant lcompensator land lnotch lfilter l(Gnf) lwhich lare 
ltuned lat lω0 l= l2ωe lfrequency lare 

 

     

  
  

   
  
     

 
 

 

                               
     

 

   
  
     

 
 

 
Fig.3proposed lunbalanced lcontrollers lfor lthe 

lgrid-side lconverter. 
 

 

Fig. 4lproposed lunbalanced lcontrollers lfor lthe 
lrotor-side lconverter 

Where lQ lis lthe lband-width lof lthe lfilters. lIn 
lthe lproposed lcontrol lscheme, lthe linstantaneous lpowers 
lare lcontrolled lwithout ldecomposing lthe lpositive land 
lnegative lsequences lof lcurrents. lHowever, lcompensating 
lof lthe lunbalanced lvoltage lrequires lthe lnegative 
lsequence lofstator lvoltage lat lpositive lsequence lreference 
lframe. 
B. llMitigationlofTorque/ReactivePower lPulsations 

lUsing lRSC 
Although lGSC lto lsome lextent lcan lcompensate lthe 
lunbalanced lgrid lvoltage, lthe ltorque land lpower 
lpulsations lstill lexist ldue lto l2ωe lripple lwhich 
lsuperimposed lon lthe ldc-link lvoltage. lThe ltorque 
lpulsation lin la lgenerator lincreases lstress lon lthe lrotating 
lshaft lof lthe lDFIG lwhich lcan lcause lshaft lfatigue lor 
lother lmechanical ldamages lto la lWTG. lThus, la lcontrol 
lprovision lis lrequired lfor lthe lrotor-side lconverter lto 
lmitigate lthe ltorque/power lpulsations lof lDFIG.Thus, lthe 
lproposed lcontrol lscheme lherein lis ldesigned lto 
lcompensate lthe ltorque land lreactive lpower lpulsations las 
lshown lin lFig. l5. lThis lcontrol lscheme lessentially 
lconsists lof ltwo lcontrollers, lGPs land lGQs, lwhich lare 

ldesigned lfor la lbalanced lcondition las ldiscussed l[21]. 
lThen, lextra lfeedback lcontrol lloops lincluding lKrpsGres, 
lKrqsGres land lKrTeGres lare laddedlto lcompensate lthe 
ldouble-frequency ltorque land lreactive lpower lpulsations 
lwithout ldecomposing lthe lpositive land lnegative 
lsequences lof lcurrents land lvoltages. lThe lKrps, lKrqs 
landKrTe lare lconstant lgains land lGres lis la lband lpass 
lfilter ltuned lat ldouble lfrequency las lgiven lin l(23). lThe 
lelectric ltorque lcan lbe lestimated lby lstator land lrotor 
lcurrent lcomponents lin lthe lstationary lreference lframe las 

 
Te=3pLm/2(isQirD l-isdirQ) 
 

 
Fig. 5lPower llimiter lfor lthe lgrid-side lconverter 

The lsuggested lcontrol lscheme lin lcan lbe lalternatively 
lused lfor lelimination lof lreal land lreactive lpower 
lpulsations lif lKrTeis lset lto lzero 

. 
C. CURRENT/POWERlLIMITINGlALGORITM 

Using lpower las la ldynamic lvariable lcan lcause lover 
lcurrent lof lthe lpower lconverter lduring ltransients land 
lfaults lin la lgrid. lThis lsection lpresents lan lalgorithm lfor 
llimiting lpower lreferences lvia lsensing lthe lconverters 
lcurrents. 
lGrid-Side lConverter 
In lthe lcontrol lscheme lfor lthe lgrid-side lconverter l(Fig. 
l4), lthe lpower lcapacity lof lthe lconverter lcan lbe lused lfor 
lpartially lcompensating lthe lunbalanced lstator lvoltage. 
lHowever, lit lis lnecessary lthat lthe lconverter lmaintain lthe 
ldc-link lvoltage lvia lcontrol lof laverage lreal lpower land 
lsupplying lthe lrotor lreal lpower lhas lthe lhighest lpriority. 
lThus, lthe lmaximum land lmini-mum llimits lof laverage 
lreal lpower lwill lbe lset lto lthe lmaximum land lminimum 
lcomplex lpower. 
Based lon  
 p*

g.ac=Kvdg  u
+

ds-qg,ac=Kvqs u
+

qs 

, lpresents la lmethod lfor llimiting lthe lpower lpulsation 
lreferences lvia ladjusting lKvdg land lKvqg. lIn lthis lmethod 
lKvdg land lKvqgare linitially lset lto lpre-adjusted quantities 
lKvdg0 land lKvqg0. lThe lunbalanced lgrid lvoltage lis 
lcompensated lusing lthese lfixed lgains luntil lthe lpeak 
lcurrent lof lconverter l(Ipeakg) lpasses litslmaximum llimit. 
lThen, lin lthe lfirst lstep, lKvqgis ldecreased lto lreduce lthe 
lq∗ lg,acand lif lq∗ lg,ac lreaches lzero land lstill lIpeak lg lis 
lbeyond lits llimit, lthen lKvdgis ldecreased lto lreduce lp∗ 
lg,ac.Therefore, lthe lunbalanced lgrid lvoltage 
lcompensation lcan lbe lpartially lor lcompletely ldeactivated 
lduring lthe lover lcurrent lof lthe lgrid-side lconverter. 
l 
Rotor-Side lConverter 
Under la lnormal loperating lcondition, lthe lreference lfor 
lthe lstator lreal lpower lis ladjusted lto lcapture lthe 
lmaximum lwind lenergy. L 
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This lreference lcan lbe lobtained lvia lany lmaximum lpower 
lpoint ltracking l(MPPT) lalgorithm l[24]. lThe lstator 
lreactive lpower lreference lis lalso ladjusted lto lsatisfy lthe 
lpower lfactor lrequirements lat lthe lgrid. lTherefore, lthe 
lmaximum lcurrents lof lthe lrotor land lstator lwindings 
ldetermine lthelupper llimits lof lthe lgenerator lreal land 
lreactive lpowers. LSimilar lto lthe lgrid-side lconverter, lthe 
llimits lfor lthe lgenerator lreal/reactive lcan lbe lobtained.

 
Fig.6lSchematic ldiagram lof lthe lstudy lsystem. 

Thus, lthe llimits lfor lthe lstator lpower lcomponents lcan lbe 
lexpressed las: 

 
and lthe lreal/reactive lpower llimits lfor lthe lrotor-side 
lconverter lcan lbe ldefined las: 
 

 
By lusing lthese llimits lduring ltransients 

lconditions, lthe lcapacity lof lRSC lis lpartially lused lfor 
linjecting lreactive lpower lto lthe lgrid lwhile lthe lcapacity 
lof lGSC lis lused lfor lmaintaining lthe ldc-link lvoltage land 
lcompensation lof lunbalanced lvoltage. 

IV. SIMULATION AND RESULTS 

MATLAB/SIMULINK lcomes labout lare lintroduced lin 
lthis lsegment lfor lapproving lunfaltering lstate land 
ldynamic lexhibitions lof lthis lproposed lDFIG lwith 
lcoordinated ldynamic lchannel lcapacities. lIn lthis larea, 
lthe lworking lof lthis lproposed lGSC lis ldisplayed las la 
ldynamic lchannel lnotwithstanding lwhen lthe lbreeze 
lturbine lis lin lshutdown lcondition. lThe lpower lthat lis 
lcoming linto lthe lPCC lthrough lGSC lis lconsidered las 
lpositive lin lthis lpaper.In lthis larea, lthe lworking lof lthis 
lproposed lGSC lis lexhibited las la ldynamic lchannel 
lnotwithstanding lwhen lthe lbreeze lturbine lis lin lshutdown 
lcondition. lThe lpower lthat lis lcoming linto lthe lPCC 
lthrough lGSC lis lconsidered las lpositive lin lthis lpaper. 
lThe lreproduced lexecution lof lthis lproposed lDFIG lis 
ldisplayed lat la l10.6-m/s lwind lspeed. lAs lthe lproposed 
lDFIG lis lworking lat lMPPT, lthe lreference lspeed lof lthe 
lDFIG lis lchosen las l1750 lrpm. lThe lheap lstreams lare 
lseen lto lbe lnonlinear lin lnature. lThe lGSC.lis lproviding 

lrequired lsounds lstreams lto lthe lheap lfor lmaking 
lnetwork lebbs land lflows l(igabc) land lstator lebbs land 
lflows l(isabc) ladjusted land lsinusoidal. lAt labove 
lsynchronous lspeed, lthe lpower lstream lis lfrom lthe lGSC 
lto lPCC, lso lthe lGSC lcontrol lis lappeared las lpositive. 
lAdd lup lto lcontroldelivered lby lthe lDFIG lis lthe lwhole 
lof lstator lcontrol l(Ps) land lGSC lcontrol l(Pgsc). 
lSubsequent lto lsustaining lenergy lto lthe lheap l(Pl), lthe 
lrest lof lthe lpower lis lnourished lto lthe lnetwork l(Pg). 

 
Fig. 7 MATLAB lSIMULINK lModel lof lthe lProposed 

lDFIG 
A. Simulation waveforms 

 
Fig. 8 The lDFIG lperformance lunder lunbalanced 
lvoltage lusing lbalanced lcontroller: lconstant wind 
speed 10.6m/s, wind voltage, load current and source 

current. 

 
Fig.9 Simulated lperformance lof lthe lproposed 

lDFIG-based lWECS lat lfixed lwind lspeed lof l10.6 lm/s. 
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Fig.10 Total lHarmonic lDistortion lof lLoad lcurrent 

l(Ilabc)in l% 

 
Fig. 11 Total lHarmonic lDistortion lof lSource lcurrent 

l(Isabc) lin l% 

V. 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 appears in any 
balanced con-trol scheme under an unbalanced grid voltage 
condition. The control method uses the grid-side converter to 
partially com-pensate the unbalance stator voltage when the 
wind speed is low and turbine works below nominal power. 
Two cur-rent/power limiting algorithms are alsointroduced 
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 
promis-ing solution for DFIG control under unbalanced grid 
voltage conditions for non-linear loads. 
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