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Abstract— The proposal of this project addresses the reactive power
generation of offshore wind parks using double fed induction
generators (DFIG) connected to the main gridwithlong
cables. During steady state operation, reactive power can be
generated with minimum power loss of wind energy system while
meeting the grid code requirement. During grid disturbance, the
windpowergeneratorshavetoprovidevoltagesupportbyincreasing
reactive current supply. DFIG are the machines of choice for large
wind turbines. The doubly fed induction generator system is
investigated as viable alternative to adjust speed over a wide range
while keeping cost of the power converters minimal. Decoupled
controlofactiveandreactivepowercanberealizedusingthedynamic
model of the DFIG. The modeling and control of DFIG and the
simulation was done in MATLAB Simulink environment and the
resultsareverified.
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I. INTRODUCTION

lectrical power can be alternatively generated by
renewable energy. There are various renewable energy
sources available and one of the well advanced sources is
wind energy also commonly used for generating electrical
power. Windenergyisconvertedintoelectricalpowerusingwind
turbine(WTs)anditcanbeoperatedateitherfixed(or)variable
speed. Thegenerated ofthe fixedandvariablespeedwind
turbines are controlled by electrical grid and power
electronicequipmentrespectively.

The Variable speed wind turbines are most commonly used
because it has characteristics of noise reduction, active and
reactivepowercontrolandreductionofmechanical[8].

In recent years, for large wind turbines double-fed
induction generators are mostly used by industries. Double- fed
induction generator has the advantage of handling fraction (20-
30%)ofthetotal powerbyitspowerelectronic equipment, which
madeitsverypopular.

In direct-driven synchronous generator the power electronic
equipment has to handle the total system power so the losses in its
power electronic equipment can be higher than the double- fed
inductiongenerator.
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Fig.1.WindturbinebasedDFIG.
So,themainobjectiveofthispaperis

=  Tostudyreactive power performance ofthe DFIGunder
steadystateandtransientsconditions.

=  DFIGoperationforvariablespeedanditscorresponding
capacitytowardsthereactivepowercontrol.

In this paper presents real and reactive power control of DFIG
during normal and faulty conditions. Integration of wind energy
into existing power systems leads to various power quality
problems. During grid faults DFIG can able to inject reactive
powertothegrid.

II. DOUBLEFEDINDUCTIONGENERATOR

The A standard double fed induction generator consists of wound
rotor induction machine and IGBT-based PWM converter. The
statorandrotor windings ofthe doubly fed induction generator is
connected to the 50Hz grid through AC/DC/AC convertor
connected to rotor winding and DC/AC converter connected to
gridiscalledgridsideconvertor.

Themainapplicationofdouble-fed induction generator (DFIG)is
the high-power wind application. DFIG has an advantage of
control rotor current flows which leads to two main functions
namely reactive power controland variable speed operation. By
this featured it can works at the wide range of the wind speeds
with maximum efficiency. The AC/DC/AC conversion is
normally PWM convertors, which reduces the harmonics,
present in the wind turbines driven DFIG system using
sinusoidal PWM technique. Here Ciowor represents rotor side
convertor and Cgig represents grid side convertor. The speed of
the wind turbine can be controlled by electronic control (or) gear
boxes.
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Themaincharacteristicsare

--Limitedoperatingspeedrange(30%t020%).

-- Small scale power electronic converter (reduced power
lossesandprice).

-- Active power and reactive power control exchanged with
grid.

--Needforslip-rings.
--Needforgearbox(normallyathree-stageone).

III. DYNAMICMODELINGOFTHEDFIG

The compact set of model differential equation represents the
dynamic modeling of DFIG. The dynamic modeling can be
simulated using computer based software and the information
dealswithmachinevariablesareprovided.

Fig.1representsthesimplified model of DFIM withthree winding
stator and three winding rotor which represents the real machine.
By this the equivalent circuit model can be derived and the
following equation represents the instantaneous stator voltages,
currentandfluxesofth math)nerespectlvely
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where R; is the stator resistance; ias(t), ins(t), and ics(t) represents
the a, b, c phases of stator current, va(t),ves(t), and
vest) representsthe voltage applied for stator, and

cas(t),Cbs(t),andccs(t)denotesthestatorfluxes.
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Fig.2.DFIGelectricequivalentcircuit.
Similarly,themagnitudesofrotorare
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where R, represents the rotor resistance referred to stator, ia(t),
ipr(t) and ic(t) representsthe stator referredrotor currents of phases
a, b, ¢; va(t), vie(t) and ve(t) denotes the stator referred rotor
voltages, and Y a(t), W ur(t) and Y o(t) indicates the rotor fluxes.
Rotor magnitudes have constants angular frequency when its
operatesundersteadystateconditions.

The stator and rotor angular frequency can be related
asfollows,

o, +0, =0, ———————— —>(7)

A. SynchronouslyRotating ReferencesFrames

Themodelofthe DFIMisrepresented by thedifferentialequation
which is derived by using the space vector notation inthe
synchronousreferenceframe.

Thefollowingequations(9)and (10)representthestator and
rotorvoltageequations
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In these equations, the superscript indicates the space
vectorsreferredtoasynchronouslyrotating frame.

W Lz AL ia———>(12)
VY =Li +Lji -———————— —>(13)

Under the steady state condition, when the sinusoidal voltages are
supplied there will be constant values of dq components of the
voltages, currents, and fluxes. This is contrast to the off
componentsthataresinusoidalmagnitudes.
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Fig.3.Dynamicdeaxiscircuit.
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Fig.4.Dynamicqe axiscircuit.

Fig.3andFig.4representsthedqequivalentcircuitmodelofthe
DFIG,insynchronouscoordinates.

Thepowerexpressionsinthedqreferenceframeandtheafequation
areequ&valent

P=" (TR0 i boas
N —Re vV l.,v 5? ds qs qs

P =Re{” j.*}:{{zz i f——(15)
- re r qr qr

0 r:% {_' _’*}:32{’\/ io—vi }———>(16)
s —Re Vs.is S g ds qs

0 =3 . s IR SINCT

2 retr 2# qr dr qr
Thetorqiiegquationisgivenas, . — -
A R A i }———(18)
o 3T m¥od, A Yoo =Yoo

IV. DOUBLYFEDINDUCTIONGENERATORUNDER
FAULT

The stator voltage and flux start down to zero when the 3- phase
faultoccurs. Thevoltagedropsaredependsuponthelocationofthe
fault. Then the rotor current increases lead to maintain the flux
linkagewithintherotorwindingsconstant.

In this case, the two factors namely change in the stator flux and
change in rotor injected voltage determines the increases in the
rotorcurrentsuddenlyafterafaultinthe DFIG.

A.  Behaviorimmediatelyafterthefault

When the fault occurs immediately there is a drop of
voltage atthe DFIG generator terminal which causes the decrease
of stator and rotor flux ofthe generator. The decreases in the stator
flux leads to the release of magnetization which stored in the
magnetic fieldand its denoted inFig.9, by thereactive power peak
inthemomentoffault[6],[7].

Highcurrenttransientswillappearinthestatorandrotorwindingat
the time of fault. Increases in the rotor current can be compensated
as the rotor side converter increases the rotor voltage reference,
whichleadstothe “rush”ofpower fromtherotorterminalsthrough
converter.Intheanotherside,afterthe faultinstantgrid voltagehas
dropped, and the transformation of the whole power from
the rotor through the converter
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furthertothe grid cannotdonebythe grid sideand the control ofthe
dc-voltage by the grid side convertors quickly reaches its
limitation.

Finally,thedc-voltagerisesrapidlybecauseofchargingthedc-bus
capacitorwhenadditionenergy goesintoit.

B. Behavioroffaultclearance

At the time of fault, the rotor speed has been increases as the
reductionnthestatorvoltageandrotorfluxandthechangesin
injectedrotorvoltage. The faultiscleared. Immediately, the stator
voltageisrestored, and the increase in the stator and rotor currents
occurs when the demagnetized statorand rotor oppose thischange
influx[8].

V.SIMULATIONRESULTS
A. Doubly fed induction generator under normal
condition
SRR
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Fig.5.DoubleFedInductionGeneratorunderNormal Condition.

Fig.5 represents the simulation model of DFIG under normal
condition. A 9MW wind farm consisting of six 1.5MW wind
turbine connected toa2Skvdistribution system exportspowertoa
120kv grid through a 30km, 25kv feeder. Wind turbines use a
DFIG consisting of a wound rotor induction generator and
Ac/Dc/Ac/IGBTbasePWM converter.
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Fig.6.RealandReactivepowerofDFIG.
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Duringnormal conditionrealandreactive powerdoesnotchanges
acrossthegrid. Therealpowerismaintainconstantat
1.87MWandreactivepoweris-0.04177MvarshowninFig6.
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Fig.7.Voltage,CurrentandDclinkvoltageofDFIG.
Similarly, under normal condition DFIG will be maintained

constant voltage and current. Dc link voltage maintain constantat
1200V showninFig7.
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Fig.8.Rotorand WindspeedofDFIG.
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Rotorand wind speed of DFIGundernormal condition shown
inFig8. Therotorspeedismaintained constant0.8926 puandwind
speed varies after Sms. The initial speed is set at 8m/s and final
speedis 14m/s.

B. DoubleFedInductionGeneratorunderFault Condition
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Fig.9. Double Fed Induction Generator under FaultCondition.

Fig.9 represents the simulation model of DFIG under fault
condition. A 9MW wind farm consisting of six 1.5MW wind
turbine connected to a25kv distribution system. Inthis 3-phase
faultwill be connected across 25 km transmission line. Andsetthe
internalcontroltime Sms.
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Fig.10.RealandReactivepowerofDFIG.

During faultconditionreal powerdecreases2.624 MW to-0.5 and
Reactive power decreases -0.3576 Mvarto -3.11Mvar across the
griduptoS5to5.15m/speriod. Inthattime DFIGinjects 8.61Mvar
reactivepowertothe gridshowninfigl0. Afterthe faultperiod the
power will bereturnto normal operation. The faultclearance time
isafter5.15m/s.
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Fig.11.Voltage,CurrentandDclinkvoltageofDFIG.

During fault condition voltage decreases 1.001pu to 0 and current
suddenly increases 0.2642 to 1.135 across the grid up to 5 to
5.15m/s period. Similarly dc link voltage also increases. In that
time DFIG injects 8.6 1 Mvar reactive power to the grid. After the
fault period it will be return to normal operation. The fault
clearancetimeisafter5.15m/sshowninfigl 1.
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Fig.12.RotorandWindspeedofDFIG.

Rotor and wind speed of DFIG under fault condition shown in fig
12. Therotorspeedisdecreases 0.8946t00.7993 puandreturns to
normal operation after the fault clearance time. Wind speed is
varies after Sms. The initial speed is set at 8m/s and final speed is
14m/s.
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C. DFIGforVariableSpeeds

SN Wind Parameter Fault
Speed Conuitiumn
s Walues
RealPower 2.624MW
1. s Reactive Power -0.3576Mvar
RotorSpeed 0.8945pu
[ RealPower 2.005MW
2. Ay Reactive Power -0.2626Mvar
RotorSpeed 0.8184pu
RealPower 2.00IMW
3. 12m/s Reactive Power -0.2429Mvar
RotorSpeed 0.8369pu

Table.1.OutputsummaryofDFIGforvariablespeeds

VI.CONCLUSION

In this paper has presented the modeling and simulation of wind
turbine driven doubly fed induction generator which feeds to
powertotheutility grid. DFIG model hasbeen described based on
thedynamicapproachandthismodelcanbeapplicableforalltypes
of induction generator
configurationsforsteadystateandtransientanalysis. Duringgrid
fault condition voltage stability problem will occurs across the
grid. To overcomes this voltage stability problem DFIG able to
adjustreactive power to the grid. And ifthe wind speeds varies it
doesnotaffectsthe generator power and the injection voltage will
besameunderfaultperiod
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