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Abstract— iThe iproposal iof ithis iproject iaddresses ithe ireactive ipower 

igeneration  iof ioffshore iwind iparks iusing idouble ifed iinduction 

i generators i (DFIG)  i connected i to i the i main i grid iwith ilong 

icables. iDuring isteady  istate ioperation,  ireactive ipower ican ibe 

igenerated  iwith iminimum  ipower iloss iof iwind ienergy  isystem iwhile 

imeeting  ithe igrid icode irequirement. iDuring  igrid idisturbance, ithe 

iwind ipower igenerators ihave ito iprovide ivoltage isupport iby iincreasing 

ireactive icurrent isupply. iDFIG iare ithe imachines iof ichoice ifor ilarge 

iwind iturbines. iThe idoubly  ifed iinduction igenerator isystem iis 

iinvestigated  ias iviable ialternative ito iadjust ispeed iover ia iwide irange 

iwhile ikeeping  icost iof ithe ipower iconverters iminimal.  iDecoupled 

icontrol iof iactive iand ireactive ipower ican ibe irealized iusing  ithe idynamic  

imodel iof ithe iDFIG. iThe imodeling  iand icontrol iof iDFIG iand ithe 

isimulation  iwas idone iin iMATLAB iSimulink  ienvironment iand ithe 

iresults iare iverified. 

Keywords—Double ifed iinduction igenerator,  iWind iturbine, iGrid 

ifault,  iReactive ipower igeneration. 
 

 

I. INTRODUCTION 

lectrical i power  i can i be  i alternatively  i generated  i by 

i renewable i energy. i There i are i various i renewable i energy  

isources i available i and i one i of i the i well i advanced  i sources i is 

iwind  i energy  i also i commonly  i used  i for i generating  i electrical 

ipower.  iWind ienergy  iis iconverted  iinto  ielectrical ipower  iusing  iwind 

iturbine  i(WTs) iand iit ican ibe ioperated  iat ieither ifixed  i(or)  ivariable 

ispeed. iThe igenerated  iof ithe ifixed  iand ivariable ispeed iwind 

i turbines i are i controlled i by i electrical  i grid  i and i power 

electronic  iequipment irespectively. 

The iVariable ispeed iwind iturbines iare imost icommonly  iused  

ibecause iit i has icharacteristics iof i noise ireduction, iactive iand 

ireactive ipower  icontrol iand ireduction  iof  imechanical i[8]. 

In i recent i years, i for i large i wind i turbines i double-fed 

iinduction  igenerators iare imostly iused  iby iindustries. iDouble- ifed  

iinduction  igenerator  ihas ithe iadvantage  iof ihandling  ifraction  i(20-

30%) iof ithe itotal ipower  iby iits ipower  ielectronic  i equipment, iwhich  

imade iits ivery  ipopular. 

In idirect-driven  isynchronous igenerator  ithe ipower  ielectronic 

iequipment ihas ito ihandle ithe itotal isystem  ipower  iso ithe ilosses iin iits 

ipower  ielectronic iequipment ican ibe ihigher  ithan  ithe idouble- ifed 

iinduction  igenerator. 

 

 

Fig.1. iWind iturbine ibased iDFIG. 

So, ithe imain  iobjective iof ithis ipaper iis 

▪ To istudy  ireactive ipower  iperformance  iof ithe iDFIG iunder 

isteady istate iand itransients iconditions. 

▪ DFIG ioperation  ifor ivariable ispeed  iand iits icorresponding 

icapacity itowards ithe ireactive  ipower  icontrol. 

In  ithis ipaper ipresents ireal iand ireactive  ipower  icontrol iof iDFIG 

iduring  inormal iand ifaulty iconditions.  iIntegration  iof iwind ienergy 

iinto  i existing  ipower  i systems ileads ito i various ipower iquality 

iproblems.  iDuring  igrid  ifaults iDFIG ican iable ito iinject ireactive 

ipower  ito ithe igrid. 

 

II. DOUBLE iFED iINDUCTION  iGENERATOR 

The iA istandard  idouble ifed  iinduction  igenerator  iconsists iof iwound 

irotor  iinduction  imachine iand iIGBT-based iPWM iconverter.  iThe 

istator iand irotor i windings iof ithe idoubly  ifed iinduction igenerator iis 

iconnected  ito ithe i50Hz igrid  ithrough  iAC/DC/AC iconvertor 

iconnected  ito irotor iwinding  iand iDC/AC iconverter  iconnected ito 

igrid  iis icalled igrid  iside iconvertor. 

The imain  iapplication  iof idouble-fed  iinduction  igenerator  i(DFIG)  iis 

ithe ihigh-power  iwind iapplication.  iDFIG ihas ian  iadvantage iof 

icontrol irotor  icurrent iflows iwhich  ileads ito itwo imain  ifunctions 

inamely  ireactive ipower  icontrol iand  i variable ispeed ioperation.  iBy 

ithis i featured  iit ican iworks iat ithe i wide irange iof ithe iwind ispeeds 

iwith imaximum  iefficiency. iThe  iAC/DC/AC iconversion  iis 

inormally  iPWM iconvertors,  iwhich  ireduces ithe i harmonics, 

ipresent iin i the i wind iturbines idriven  iDFIG isystem iusing 

isinusoidal iPWM itechnique.  iHere i Crotor irepresents irotor  iside 

iconvertor  iand iCgrid i represents igrid  iside iconvertor.  iThe ispeed iof 

ithe iwind iturbine ican ibe icontrolled  iby ielectronic icontrol i(or)  igear 

iboxes. 
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The imain icharacteristics iare 

-- iLimited  ioperating ispeed irange i(30% ito  i20%). 

-- i Small i scale i power  i electronic i converter  i (reduced  i power  

ilosses  iand iprice). 

-- i Active i power  i and i reactive i power  i control i exchanged  i with 

igrid. 
-- iNeed  ifor islip-rings. 

--Need ifor igearbox i(normally ia ithree-stage ione). 

 

III. DYNAMIC iMODELING  iOF iTHE iDFIG 

The icompact iset iof imodel idifferential  iequation  irepresents ithe 

idynamic  imodeling  iof iDFIG. iThe idynamic  imodeling  ican ibe 

isimulated  iusing  icomputer  ibased  isoftware  iand ithe iinformation 

ideals iwith imachine ivariables iare iprovided. 

Fig.1  irepresents ithe isimplified  imodel iof  iDFIM iwith ithree iwinding 

istator  iand ithree iwinding  irotor iwhich  irepresents ithe ireal imachine. 

iBy ithis ithe iequivalent icircuit imodel ican ibe iderived  iand ithe 

ifollowing  iequation  irepresents ithe iinstantaneous istator ivoltages, 

icurrent iand ifluxes iof ithe imachine irespectively. 

where iRr irepresents ithe irotor  iresistance  ireferred  ito istator, i iar(t), 

iibr(t) iand iicr(t) irepresents ithe istator ireferred  irotor icurrents iof iphases  

ia, ib, ic; ivar(t), ivbr(t) iand ivcr(t) i denotes ithe istator ireferred  irotor  

ivoltages, iand i iar(t), i ibr(t) iand i icr(t) i
indicates ithe irotor  ifluxes.  

iRotor  imagnitudes ihave iconstants iangular  ifrequency  iwhen  iits 

ioperates iunder  isteady istate iconditions. 

The i stator i and i rotor i angular  i frequency  i can i be i related  

ias ifollows, 

r i

+ im i

= is  i

− i− i− i− i− i− i− i−− i→ i(7) 

m i

= i pm i

− i− i− i− i− i− i− i−− i→ i(8) 

A. Synchronously iRotating iReferences iFrames 

 

The imodel iof ithe iDFIM iis irepresented  iby ithe idifferential iequation 

iwhich  iis iderived  iby iusing  ithe ispace ivector inotation  iinthe 

isynchronous ireference  iframe. 

The ifollowing  iequations i(9) iand i(10)  irepresent ithe istator iand 

( i) i= ( i)+  i

 id  i

as  i

(t i) i

− i− i− i− i→  i(  i) rotor ivoltage iequations → 
vas i

t Rsias  i  i

t 
dt 

1 
→ i

= 
→ i

( i) i+ i

d i

a i

+   i
→ 

− −− i→ 
 i  i  i ( i) v i

a R i i i

a
 i t  s i  j a (9) 

( i)  i= ( i)+  i

d bs 

i

t − i− i− i− i→ i( i ) s s i s 
dt 

s i  i s 

vbs i

t Rsibs i  i

t 
dt 

2 → → i

( i) d
→ ia ( ) i

→ 

 ( i) v i

a
 i = iR i i i

a
 i t i + r

 i + i j i i − i  i

a
 i → i(10) 

( i) ( i) d ics i

t 
( i) r 

r i r 
dt 

s m r 

vcs 

i

t 

= iRsics i

t 

i + 

− − i− i− i→  i 3 
dt s i −  im = ir − i− i− i− i→ i(11) 

where iRs iis ithe istator iresistance; iias(t),  iibs(t), iand iics(t) irepresents 

i the i a, i b, i c  i phases i of i stator i current, i vas(t), ivbs(t), i and 

i vcs(t) irepresents ithe ivoltage iapplied  ifor  istator, iand 

In  i these i equations, i the i superscript i “a” i indicates i the i space 

ivectors ireferred  ito ia isynchronously  irotating  iframe. 

cas(t),  icbs(t), iand iccs(t) idenotes ithe istator ifluxes. → → 


a 
L ii + iL 

→ 
i − i−− i→ i(12) 

s s i s m i r 

→ i

a 
→ i

a 
→ i

a 

r i  i

=  iLmis i  i

+  iLr i

ir i  i

−  i−  i− i−  i− i−  i− i−  i→ i(13) 
 

 
 

 

 

Fig.2. iDFIG ielectric iequivalent icircuit. 

Similarly,  ithe imagnitudes iof irotor  iare 

 

Under  ithe isteady istate icondition, iwhen  ithe isinusoidal ivoltages iare 

isupplied  ithere iwill ibe iconstant ivalues iof idq icomponents iof ithe 

ivoltages, icurrents, iand ifluxes. iThis iis icontrast ito ithe iαβ 

icomponents ithat iare isinusoidal imagnitudes. 

 

var 

 
v 

(t i) i=  iRriar 

(t i) i= iR ii 

(t i)+  i

d iar i

(t i) i

−  i− i−  i− i→ i(4) 
dt 

(t i)+  i

d ibr i

(t i) i

− i− i−  i− i→ i(5) 
 

br 
 

 

vcr 

r i br 

 

(t i) i= iRricr 

dt 

(t i) i+ i

d icr i

(t i)  i

− i− i− i− i→ i(6) 
dt 

 

 

 
 

 

Fig.3. iDynamic id
e i

axis icircuit. 
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Fig.4. iDynamic iq
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axis icircuit. 

further ito ithe igrid  icannot idone iby ithe igrid  iside iand ithe icontrol iof ithe 

idc-voltage iby ithe igrid iside iconvertors iquickly ireaches iits  

ilimitation. 

Finally,  ithe idc-voltage irises irapidly  ibecause iof icharging  ithe idc-bus 

icapacitor  iwhen  iaddition  ienergy  igoes iinto iit. 

B. Behavior iof ifault iclearance 

At ithe itime iof ifault, ithe irotor  ispeed  ihas ibeen  iincreases ias ithe 

ireduction in ithe istator ivoltage iand irotor iflux iand ithe ichanges iin 
Fig.3  iand iFig.4  irepresents ithe idq iequivalent icircuit imodel iof ithe 

iDFIG,  iin isynchronous icoordinates. 

The ipower iexpressions iin ithe idq ireference iframe iand ithe iαβ iequation  

iare iequivalent 

injected  irotor  ivoltage.  iThe ifault iis icleared.  iImmediately,  ithe istator 

ivoltage iis irestored,  iand ithe iincrease iin ithe istator iand irotor  icurrents 

ioccurs iwhen  ithe idemagnetized  istator  iand irotor  ioppose ithis ichange 

iin  iflux  i[8]. 

P  i  i =  i

3 → i

→
* i= i

3 iv i i +  iv i i − i→ i(14) V. iSIMULATION  iRESULTS 
s 

2 i

Re  i vs  i

.is 
 

 

2 
ds 

i ds 
qs i qs 

P i =  i

3 i

Re→ i

→
* i= i

3 v i i + iv  i i −  i−  i→ i(15) 
A. i Doubly fed induction generator under normal 
condition 
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3 iv i i − v i i i − i− i→ i(16) 

s 
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Re ivs i
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qs 

i ds 

ds i qs 
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→
* i= i

3 iv i i − v  i i i − i−  i→  i(17) 
r 

2  i
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2 
qr 
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dr i qr 

The itorque iequation  iis igiven  ias, 
T i  i = i

3 i

P i

Lm i I i → 
→

*=  i

3  i

P i

Lm i
→ i

i 
→ i

i i − i−− i→ i(18) 

em 
2 

m is i

.ir 

s 2 Ls 

qr  i dr i

− idr i qr 

 

IV. DOUBLY iFED iINDUCTION iGENERATOR iUNDER 

iFAULT 

The istator ivoltage iand iflux  istart idown  ito izero  iwhen  ithe i3- iphase 

ifault ioccurs. iThe ivoltage idrops iare idepends iupon ithe ilocation  iof ithe 

ifault. iThen  ithe irotor  icurrent iincreases ilead  ito imaintain  ithe  iflux 

ilinkage  iwithin ithe irotor  iwindings iconstant. 

In ithis icase, ithe itwo  ifactors inamely  ichange  iin ithe istator iflux  iand 

ichange iin irotor  iinjected  ivoltage idetermines ithe iincreases  iin ithe 

irotor  icurrent isuddenly  iafter ia ifault iin ithe iDFIG. 

A. Behavior iimmediately iafter ithe ifault 

When  i the i fault i occurs i immediately  i there i is i a i drop  i of 

ivoltage  iat ithe iDFIG igenerator  iterminal  iwhich  icauses ithe idecrease 

iof istator  iand irotor iflux  iof ithe igenerator.  iThe idecreases iin ithe istator 

iflux  ileads ito ithe  irelease  iof imagnetization  iwhich  istored  iin  ithe 

imagnetic ifield iand iits  idenoted  iin iFig.9,  iby ithe ireactive ipower  ipeak 

iin ithe imoment iof ifault i[6], i[7]. 

High  icurrent itransients iwill iappear iin ithe istator iand irotor  iwinding  iat 

ithe itime iof ifault. iIncreases iin ithe  irotor  icurrent ican ibe icompensated  

ias ithe irotor  iside iconverter  iincreases ithe irotor  ivoltage ireference, 

iwhich  ileads ito ithe i“rush” iof ipower  ifrom  ithe irotor  iterminals ithrough 

iconverter.  iIn ithe ianother  iside, iafter  ithe ifault iinstant igrid  ivoltage ihas 

idropped,  iand ithe itransformation  iof i the i whole i power  i from 

i the i rotor  i through  i the i converter 

 

 

Fig.5. iDouble iFed iInduction iGenerator iunder iNormal  iCondition. 

Fig.5  irepresents ithe isimulation  imodel iof iDFIG iunder  inormal 

icondition.  iA i9MW iwind ifarm  iconsisting  iof isix i1.5MW iwind  

iturbine  iconnected  ito ia i25kv idistribution  isystem iexports ipower  ito ia  

i120kv  igrid ithrough ia i30km, i25kv  ifeeder. iWind iturbines iuse ia  

iDFIG iconsisting  iof ia iwound  irotor  iinduction  igenerator  iand 

iAc/Dc/Ac/ iIGBT ibase iPWM iconverter. 
 

(a) 

 
(b) 

Fig.6. iReal iand iReactive ipower iof iDFIG. 

L 
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During  inormal icondition  ireal iand ireactive  ipower  idoes inot ichanges  

iacross ithe igrid. iThe ireal ipower  iis imaintain  iconstant iat 
1.87MWand ireactive ipower iis i-0.04177Mvar ishown  iin iFig i6. 

 

(a) 

 
(b) 

 
(c) 

Fig.7. iVoltage, iCurrent iand iDc ilink  ivoltage iof iDFIG. 

Similarly,  iunder  inormal icondition  iDFIG iwill  ibe imaintained 

iconstant ivoltage iand icurrent. iDc ilink  ivoltage  imaintain  iconstant iat 

i1200V ishown  iin iFig7. 
 

(a) 

 
(b) 

Fig.8. iRotor iand iWind ispeed iof iDFIG. 

Rotor  iand i wind i speed iof i DFIG iunder  inormal icondition  ishown 

iin  iFig i8. iThe irotor  ispeed iis imaintained  iconstant i0.8926  ipu iand iwind 

ispeed  ivaries iafter i5ms. iThe iinitial ispeed iis iset iat i8m/s iand ifinal 

ispeed  iis i14m/s. 

B. Double iFed  iInduction iGenerator iunder iFault iCondition 
 

Fig.9. i Double i Fed i Induction  i Generator i under i Fault iCondition. 

Fig.9  irepresents ithe isimulation  imodel iof iDFIG iunder  ifault 

icondition.  iA i9MW iwind ifarm  iconsisting  iof isix i1.5MW iwind 

iturbine  iconnected  ito ia i25kv  idistribution  isystem. i In ithis i3- iphase 

ifault iwill ibe iconnected  iacross i25 ikm  itransmission  iline. iAnd iset ithe 

iinternal icontrol itime i5ms. 
 

(a) 

 
(b) 

Fig.10. iReal iand iReactive ipower iof iDFIG. 

During  ifault icondition  ireal ipower  idecreases i2.624  iMW ito i-0.5  iand 

iReactive ipower  idecreases i-0.3576  iMvar ito i-3.11Mvar iacross ithe 

igrid  iup ito i5 ito i5.15m/s iperiod. iIn ithat itime iDFIG iinjects i8.61Mvar 

ireactive ipower  ito ithe  igrid  ishown  iin ifig10.  iAfter ithe ifault iperiod  ithe 

ipower  iwill ibe ireturn  ito inormal ioperation.  iThe ifault iclearance itime 

iis iafter i5.15m/s. 
 

(a) 
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(b) 

 
(c) 

Fig.11. iVoltage, iCurrent iand iDc ilink ivoltage iof iDFIG. 

During  ifault icondition ivoltage idecreases i1.001pu  ito i0 iand icurrent 

isuddenly  iincreases i0.2642  ito i1.135  iacross ithe igrid  iup ito i5 ito 

i5.15m/s iperiod. iSimilarly idc ilink  ivoltage  ialso i increases. iIn ithat 

itime iDFIG iinjects i8.61Mvar  ireactive ipower  ito ithe igrid. iAfter ithe 

ifault iperiod  iit iwill ibe ireturn ito inormal  ioperation.  iThe ifault 

iclearance  itime iis iafter i5.15m/s ishown  iin  ifig11. 
 

(a) 

 

(b) 

Fig.12. iRotor iand iWind  ispeed  iof iDFIG. 

Rotor  iand iwind ispeed iof iDFIG iunder  ifault icondition  ishown  iin ifig 

i12. iThe irotor  ispeed iis idecreases  i0.8946  ito i0.7993  ipu iand ireturns ito 

inormal  ioperation  iafter ithe ifault iclearance  itime. iWind ispeed iis 

ivaries iafter i5ms. iThe iinitial ispeed iis iset iat i8m/s iand ifinal ispeed iis 

i14m/s. 

C. DFIG ifor iVariable iSpeeds 
 

S.No Wind 

i Speed

s 

Parameter Fault 

  Real iPower 2.624 iMW 

1. 
 

 
Reactive iPower -0.3576 iMvar 

  Rotor iSpeed 0.8945  ipu 

  Real iPower 2.005 iMW 

2. 
 

 Reactive iPower -0.2626Mvar 

  Rotor iSpeed 0.8184  ipu 

  Real iPower 2.001MW 

3. 12m/s 
Reactive iPower -0. i2429Mvar 

  Rotor iSpeed 0.8369  ipu 

 

Table.1. iOutput isummary iof iDFIG ifor ivariable ispeeds 

 

VI. iCONCLUSION 

In  ithis ipaper  ihas ipresented ithe imodeling  iand isimulation  iof iwind 

iturbine  idriven  idoubly  ifed  iinduction  igenerator iwhich  ifeeds ito 

ipower  ito ithe iutility igrid. iDFIG imodel ihas ibeen  idescribed  ibased  ion 

ithe idynamic iapproach  iand ithis imodel ican ibe iapplicable ifor iall  itypes 

iof induction generator 

iconfigurations ifor isteady istate iand  itransient ianalysis. i During  igrid  

ifault icondition  ivoltage istability  iproblem  iwill ioccurs iacross ithe 

igrid.  iTo iovercomes ithis  ivoltage istability  iproblem  iDFIG  iable  ito 

iadjust ireactive ipower  ito ithe igrid. iAnd  iif ithe i wind ispeeds ivaries iit 

idoes inot iaffects ithe igenerator  ipower  iand ithe iinjection  ivoltage iwill 

ibe isame iunder  ifault iperiod 
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