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ABSTRACT

Thisprojectpresentstheapplicationofdistributionstaticcompensator

(DSTATCOM)formitigatingthefrequentlyoccurringproblemsofvoltage

dipsinautoomoussystems.Consumerloadsareexperiencing

proliferation

ofinductionmotors.Thestartingofinductionmotorsdrawslarge

current

causingvoltagesag(dip).AutonomousPowersystem iscomparatively

less

stiffthanthegridconnectedsystem.Largestartingcurrent,causing

objectionablevoltagedrop,iscriticalforanautonomoussystem.

DSTATCOM hasbeeneffectivelyusedtoredeem thispowerquality

problem.Anasynchronousgeneratorwithamotorloadhavinga

DSTATCOM connectedinshuntissimulatedonaMATLABplatform

using

SimulinkandPowerSystem Blockset.Thesimulationestablishesthe

capabilityofDSTATCOM tomitigatethevoltagedipproblem foran

autonomoussystem.
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INTRODUCTION

Depletionoffossilfuelanditsrisingcosthasforcedmankindtolookfor

(1)efficientandproperuseofconventionalfuel(2)alternativeor

nonconventionalsourceofenergy.Thusimprovingpowerqualityand

useofnonconventionalresourceshasbecomethethrustareaof

modernelectricpowersystem.Solarwindandhydroaresomeofthe

sourcesofenergywhichgetrenewedinnatureandhavenotbeenfully

exploited.Focushasnowshiftedtotheseuntappedsourcesofenergy.

Smallhydrogenerationpotentialexistsinquitelargenumberinthe

remotelocationsofthehills.Thesehavethecapabilitytofeedlocal

loadsandwithimprovedqualityofpoweratcomparativelyless

investments.Furtherreachingthegridpowertotheseisolatedareas

usingoverheadconductorsorcablesisnotfeasibleduetoprohibitive

costoftransmissionsystem.Thesmallhydrogenerationcallsfora

generatorwhichiseasytoinstall,costless,easytomaintain,ruggedand

reliable.Onegeneratorwhichmetalloftherequirementsistheinduction

generator[1].Thusautonomousasynchronousgenerator(AAG)withits

excitationrequirementbeingmetbyacapacitorbankconnectedacross

itsterminals[2]-[7],hasbecomethemostsuitableoption.Amongthe

consumerloadsinductionmotorloadsarequitepredominant.They

drawlargestartingcurrent(5-6timesoffullloadcurrent)andproducea

saginthepowersystem voltage[8].Thismaycausetheautonomous

generatortobeusedatde-ratedlevelifmanyinductionloadsarestarted

simultaneously.AneffectivesolutioncanbetheuseofaDSTATCOM

withtheinductiongenerator.Thisshallprovidefastcontrolonthe

voltagevariations&sags(dips)andshallalsoprovideadequatereactive

powersupplytothesystem [9]-[16].Furtherthestaticexcitation

requirementofAAGprovidedbythecapacitorbankcanbereducedtono
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-loadlevelandadditionalreactivepowerrequirementoftheAAGonload

andthatoftheloaditselfcanbeprovidedbytheDSTATCOM.Thyristor

basedreactivepowercompensationhasbeeninitiallyprovidedfor

reductionofvoltageflickerduetoarcfurnaceloads[9]-[10].However,

duetothedrawbacksofpassivedeviceslikelargesize,fixed&step

compensation,possibilityofresonanceetc.andthefactthatdynamic

compensationispossiblewithDSTATCOM,ithasbecomethestateor

artmeansforpowerqualityimprovement.UseofSTATCOM &

DSTATCOM forpowerqualityimprovementhasbeenreportedbymany

authors[11]-[16].Akagietal[17]proposedinstantaneousreactivepower

compensatorusingswitchingdeviceswithoutenergystorage

components.Howeverthiswasproposedforgridconnectedsystems.

GhoshandJoshi[18]proposeduseofDSTATCOM forcompensationof

distributionsystems.Larssonetal,Schauder,Blazic&Papic,andZhang

etal[12]-[15]proposedtheuseofSTATCOM forthemitigationof

flickersproducedbyarcfurnaceandotherloads.J.Sun,etal[16]

proposedtheuseofDSTATCOM forthemitigationofflickersproduced

byarcfurnace.

ThispaperpresentstheapplicationofDSTATCOM forcompensationof

dynamicloadsofanautonomousasynchronousgeneratorsystem.

AutonomousPowersystem iscomparativelylessstiffthanthegrid

connectedsystem andvoltagesagproducedmaybemoresevere.The

DSTATCOM isusedfor

providingdynamicvoltageregulationduringshortdurationofinduction

motorstartingandtherebyavoidinglargevoltagedips.Furtheritsuse

reducesthesizeofthestaticcapacitorbank,whichisnowusedto

provide

onlythenoloadexcitation.B.SinghandJ.Solanki[19]presenteda

comparativestudyofthecontrolalgorithmsusedwithDSTATCOMsfor
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loadcompensation.KazmierkowskiandMalesani[20]madea

surveyofthecurrentcontrolTechniquesofPWM voltagesource

converters.ManyofthereporteduseofDSTATCOMswithasynchronous

generatorsinautonomousgenerationsystemsarebasedonhysteresis

controlorcarrierlesscontrol[21].Hysteresisbasedswitchingofthe

converters,dependingonthedynamicsofload,maycauseexcessive

switchinglosses.Howeveralinearcontrol,SPWM,isusedinthispaper

forcontrolofDSTATCOM.Theswitchingisdoneatafixedfrequency,

allowingtheswitchinglossestobe

limitedwithintheratingoftheconverter.Thistypeofcontrolis

inherentlylinear&robustandusesPIorPIDcontrols,whicharevery

easytoimplementinrealtimeandarelesscomplexinhardwarethan

theabovecontrol.
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POWERSYSTEM CONFIGURATION

Fig.1showstheschematicoftheautonomouspowersystem.Athree

phasesquirrelcageinductionmotor4kW,400V,50Hz,1430rpm has

beenusedasinductiongeneratorandfeedspowertoanisolated

distributionsystem.Amicrohydroturbineprovidesconstantpowerto

theinductiongenerator.TheAAG

system feedsaloadcomprisingofaninductionmotor.Thecurrentand

voltageoftheasynchronousgeneratorandtheloadareusedas

feedbacktothecontrolsystem oftheDSTATCOM.

TheDSTATCOM isconnectedinshunttotheAAGandloadsystem.Itis

madeupofthreephasecurrentcontrolledvoltagesourcedconverter

(CC-VSC).TheVSCismadeupofathreephasetwolevelIGBTbridge

converter.AcapacitorisconnectedtoitsDCbustomakeitself-

supporting.TheACoutputterminalsoftheDSTATCOM areconnectedto

thepointofcommonconnection(PCC)throughaseriesfilter(LRfilter).

Itrepresentstheresistanceandthereactanceoftheconnecting
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transformerofapracticalsystem.ASPWM controlcircuit,whichgets

feedbackinformationaboutthegeneratorandloadvoltagesand

currents,isusedtoprovidetriggeringpulsestotheIGBTsoftheVSC.
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DSTATCOM CONTROLSCHEME

Fig.2showstheschematicdiagram ofDSTATCOM controlforthe

voltageregulation.TheDSTATCOM regulatesvoltagesatitsterminalby

controllingtheamountofreactivepowerinjectedintoorabsorbedfrom

thepowersystem.WhenPCCvoltageislow,theDSTATCOM generates

reactive(DSTATCOM capacitive).WhenthePCCvoltageishigh,it

absorbsreactivepower(DSTATCOM inductive).TheVSCisanIGBT

basedPWM converter.ItusesPWM techniquetosynthesizea

sinusoidalwaveform from aDCsourcevoltagewithatypicalchopping

frequencyofafewkilohertz.Harmonicsareremovedbyconnecting

filtersattheACsideoftheVSC.ItusesafixedDCvoltage.TheAC

outputvoltageoftheVSCisvariedbychangingthemodulationindexof

thePWM modulator.Aphase-lockedloop(PLL)synchronizesonthe

positivesequencecomponentofthethreephasesupplyvoltageor

voltageofPCC.The

outputofthePLLisusedtocomputethedirect-axisandthequadrature-

axiscomponentsoftheACthreephasevoltageandcurrents(labelledac

Vd,VqorId,Iqonthediagram).
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ThecontroloftheoutputvoltageofVSCiscontrolledbycontrolofthe

firingpulsesoftheIGBTs,whichinturnisdonebytworegulationloops

namelytheoutervoltageregulationloopandtheinnercurrentregulation

loop.TheouterregulationloopconsistsofanACvoltageregulatoranda

DCvoltageregulator.TheoutputoftheACvoltageisthereference

currentIqrefforthecurrentregulator.TheoutputoftheDCvoltage

regulatoristhereferencecurrentIdrefforthecurrentregulator.Theinner

currentregulationloopconsistsofin-phasecurrentregulatorand

quadraturecurrentregulator.Theoutputofin-phasecurrentregulator

generatesVdandoutputofquadraturecurrentregulatorgeneratesVq

whicharethenusedbyPWM convertertogeneratethegatepulsesof

theIGBTs.
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ALGORITHM FORMODELLINGOFCARRIERBASEDCONTROL
OFDSTATCOM

MATLABplatform [22]isusedtodesignthemodelofautonomous

powersystem showninFig.1.Thediscretemodeusingode23tbisused

forthemodel.ForthecontrolofVSC,showninFig.2,thediscretetime

integratorblock[23]isusedtoimplementthePIcontroller.Forward

Eulermethodisusedforintegration.Thediscrete-timeintegratorblock

approximates1/sbyT/(Z-1),whichresultsinthefollowingexpression

fortheoutputY(n)atthenthstep.

Y(n)=Y(n-1)+KT*U(n-1) (1)

WhereU(n-1)istheinputtothecontrolleratthe(n-1)thstep.Tisthe

discretizationtimeinterval.

PCCVoltageControl

Theamplitudeofthethreephasesinusoidalsupplyvoltage(vsavsband

vsc)canbecomputedas:

Vt=√{(2/3)(v2
sa+v2

sb+v2
sc)} (2)

ComparingthedesiredterminalvoltageVtrefwiththeamplitudeVt

computedabovegivestheacvoltageerrorVer(n)atthenthsampling

instant

Ver(n)=(Vtref-Vt(n)) (3)

WhereVt(n)istheamplitudeofthesensedthreephaseacvoltageatthe

PCCterminalatthenthinstant.

TheouterPIcontroller,usingdiscretetimeintegration,generatetheIqref

usingtheerrorVer(n)fedtoitsinput.

Iqref(n)=Iqref(n-1)+Kap{Ver(n)-Ver(n-1)}+KaiVer(n)(4)

WheretheproportionalandintegralgainconstantsoftheouterPI
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controllerfortheacterminalvoltagecontrolatthePCCareKapandKai

respectively.

An‘abctodq’convertorusingparkstransformationovertheloadcurrent

generatetheactualIq.TheIqrefandIqarecomparedandtheerrorisfed

toaninnerPIcurrentcontrollertogenerateVq.

Iqer(n)=(Iqref(n)-Iq(n)) (5)

Vq(n)=Vq(n-1)+Kbp{Iqer(n)-Iqer(n-1)}+KbiIqer(n)(6)

WheretheproportionalandintegralgainconstantsoftheinnerPI

controllerfortheacterminalvoltageatthePCCareKbpandKbi

respectively.

DCbusVoltageControloftheVFC

ThedesireddcbusvoltageVdc_refiscomparedwiththesenseddc

voltageVdc(n)atthenthsamplinginstanttoarriveatthedcvoltageerror

Vder(n)

Vdcer(n)=(Vdc_ref-Vdc(n)) (7)

TheouterPIcontrollerusesthedcvoltageerrorVder(n)togeneratethe

Idref.

Idref(n)=Idref(n-1)+Kap{Vdcer(n)-Vdcer(n-1)}+KaiVdcer(n)(8)

WheretheproportionalandintegralgainconstantsoftheouterPI

controllerofthedcbusvoltageareKapandKairespectively.

An‘abctodqconvertorusingparkstransformationovertheloadcurrent

generatetheactualId.TheIdrefandIdarecomparedandtheerrorisfed

toaninnerPIcurrentcontrollertogenerateVd

Ider(n)=(Idref(n)-Id(n))(9)

Vd(n)=Vd(n-1)+Kbp{Ider(n)-Ider(n-1)}+KbiIder(n) (10)

WheretheproportionalandintegralgainconstantsoftheinnerPI

controllerofthedcbusvoltageareKbpandKbirespectively.
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PWM Controller

Modulationindex‘m’andphase‘Ф’arethengeneratedusingtheVdand

Vqsignalsgeneratedabove,whicharethenusedbythestandardPWM

modulatorblockofpowersystem libraryforproducingtherequired

pulsesforfiringtheIGBTsoftheVSC.ThiscausestheVSCtomaintain

theterminalvoltageofthe

generatorbygenerating/absorbingtherequiredreactivecurrentand

supplying/absorbingactivepowerfrom thegeneratortochargethe

batteryandmaintainthedcsidevoltageoftheconverter.



17

MATLABBASEDMODELINGOFTHESYSTEM

Fig.3showstheMATLABbasedsimulationmodeloftheAAGalongwith

DSTATCOM andthemotorload.A4kW,400V,50Hz,4-pole,Y-connected

asynchronousmachineisusedforautonomousgeneration.Datafor

characteristicsofthemachinesareobtainedbysimulationofsaturation.

TheyaregivenintheAppendixandareusedinthemodel.A4kW,400V,

50Hzinductionmotorisconnectedasloadtothegenerator.AnIGBT

basedPWM voltagesourcedconverter,asDSTATCOM,isimplemented

usingUniversalBridgeBlockfrom thePowerElectronicssubsetof

PowerSystem Block-set.Itisconnectedinshunttothemainsystem

throughthetransformerimpedanceLc,Rc.Thesimulationisperformed

onMATLABplatform (version7.1)indiscretemodeat0.5μsecstepsize

withode23tb(stiff/TR-BDF-2)solver.
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RESULTSANDDISCUSSIONS

TheperformanceoftheproposedDSTATCOM foranautonomous

asynchronousgeneratorisobservedwhensubjectedtodynamic

inductionmotorload.Simulatedandtransientwaveformsofthe

generatorvoltage(Vabc_B4),controllerbusvoltage(Vabc_B2),generator

currents(Iabc_B4),controllercurrent(Iabc_B2),consumermotorloadcurrent

(Iabc_B3),amplitudeofPCCvoltage(Vtm),asynchronousgenerator

rpm(Ng),consumermotorloadrpm (Nm),totalharmonicdistortionof

PCCvoltage(THDVaB4),DCbusvoltage(Vdc),atdifferentdynamic

conditionsareshowninFig.4andFig.5fordynamicmotorloadwithout

andwiththeDSTATCOM connectedtothePCCrespectively.The

simulationdemonstratesthedynamicvoltagecontrolaspectandthe

harmoniceliminationaspectoftheDSTATCOM attheinstantan

inductionmotorisswitchedonandisdrawing5-7timesthefullload

motorcurrent.Parametersoftheasynchronousgeneratorconsidered,is

presentedinAppendix.Fig.6andFig.9demonstratetheharmonic

spectrum ofsourcevoltageandcurrentattheinstantofswitchingon

themotorloadandattheinstantfullloadisapplied.

PerformanceofAAGwithmotorloadwithoutDSTATCOM

Fig.4showstheresponseoftheAAGsystem withadynamicinduction

motorloadwithouttheDSTATCOM connectedtothePCC.The

autonomoussystem startswiththeDSTATCOM connectedtothePCC

andwithoutthemotorloadbeingconnected.At0.5sectheDSTATCOM

isdisconnectedfrom thePCC.

Theasynchronousgeneratornowrunswithexcitationprovidedbyonly

staticcapacitorbankandnoloadisconnectedonitsterminalasshown

byIabcB4.Asthereisnovoltageregulationaspectafter0.5secthe
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voltageshootsup.At0.7sectheInductionmotorloadisappliedonthe

asynchronousgeneratorterminal.Morereactivepowerisnowneededby

theasynchronousgeneratortosustainitsterminalvoltageandalsofor

theinductionmotorload.Theasynchronousgeneratorterminalvoltage

collapsesastheadditionalreactivepowerreactivepowerisnowneeded

bytheasynchronousgeneratortosustainitsterminalvoltageandalso

fortheinductionmotorload.Theasynchronousgeneratorterminal

voltagecollapsesastheadditionalreactivepowerrequirementisnot

met.

PerformanceofDSTATCOM withAAGfeedingmotorload.

Fig.5showstheresponseofDSTATCOM connectedinshunt

configurationatPCCtotheAAGsystem feedingadynamicmotorload.

Theautonomoussystem startswiththeDSTATCOM connectedtothe

PCCandwithoutthemotorloadbeingconnected.Theasynchronous

generatornowrunswithexcitationprovidedbystaticcapacitorbankand

DSTATCOM andnoloadareconnectedonitsterminalasshownbyIabcB3.

At0.5sectheinductionmotor(withnoLoad)isconnectedontheload

bus.Astartingcurrentof5-6

timesofratedcurrentisdrawnbytheinductionmotorloadasisshown

bytheIabcB3andIabcB2plots.HowevertheDSTATCOM dynamically

regulatesvoltageatPCCandverylittlechangeisobservedonVabcB2and

Vabc

B4plots.Theinductionmotoracquirestheratedspeedinabout0.05sec

asshownbytheplotofNm.FurthertheamplitudeofthePCCvoltage

Vtm showsaverysmalldipofabout30Voltsasisshownbytheplotof

Vtm.TheDSTATCOM dynamicallyprovidestheadditionalreactivepower

requirementandpreventsthecollapseoftheAAGterminalvoltage.This
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establishesthedynamicvoltageregulationaspectoftheDSTATCOM.
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At0.7secratedloadisappliedontheinductionmotor.Astheinduction

motorisalreadyconnectedtotheasynchronousgeneratorterminaland

isrunning,largechangeinloadcurrentisnotobservedandthe

autonomoussystem continuestorunwiththeadditionalreactivepower

requirementbeingprovideddynamicallybytheDSTATCOM.

Fig.6andFig.7presenttheharmonicspectrum ofthesourcevoltage

VabcB4andsourcecurrentIabcB4attheinstantofstartingtheinduction

motorload(i.e.0.5sec).ThisshowsthattheDSTATCOM takescareof

theharmonicandexcesscurrentrequirementatthisinstantanddoes

notallowthesecurrentstobe

drawnfrom theasynchronousgenerator.Fig.9andFig.10presentthe

harmonicspectrum ofsourcevoltageVabcB4andsourcecurrentIabcB4at

theinstantofloadingtheinductionmotorwithfullload(i.e.at0.7sec).
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CONCLUSIONS

Thedynamicregulationoftheterminalvoltageofanautonomous

asynchronousgeneratorconnectedtoaninductionmotorloadis

presentedinthispaper.ThesimulationFig.4showsthatwithoutthe

DSTATCOM theterminalvoltageofAAGshootsupbeingunregulated

andthencollapsesontheapplication

ofmotorload.ThesimulationsofAAGwithDSTATCOM connected,

showthatonapplicationofthemotorload,theDSTATCOM isableto

regulatetheAAGterminalvoltage,allowingonlyasmalldipandprevent

theAAGterminalvoltagecollapse.Furtherontheapplicationoffullload

onthemotorthereisno

disturbanceofthevoltageatPCCasthemotorisrunningatfullspeed

andthedynamicrequirementofreactivepowerismetbythe

DSTATCOM.Thisestablishesthedynamicvoltageregulationaspectof

theDSTATCOM.Further,thecontrolmethodusedinthispaperlimitsthe

switchinglossestothatwithintheratingoftheswitchesandisrobust&

easytoimplement.ThusDSTATCOM,withthecontrolschemeproposed

inthispaper,canbeusedtopreventvoltagedipsandflickersforan

autonomousasynchronousgenerationAAGsystem.
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APPENDIX

ASYNCHRONOUSGENERATOR

4kW 400V50Hz4poles1430rpm,Rs=0.435Ω,Ls=4mH,Rr=0.816Ω,

Lr=2mH,Lm=69.31mH,J=0.089kg-m2.PrimeMoverCharacteristic:

Tsh=K1-K2ωr,K1=3100,K2=2.Whereωr=Ng

INDUCTIONMOTOR

4kW 400V50Hz4poles1430rpm,Rs=0.435Ω,Ls=4mH,Rr=0.816Ω,

Lr=2mH,Lm=69.31mH,J=0.089kg-m2.

DSTATCOM

VSC3arm 6IGBTwithantiparalleldiodebridge.C=1500μF15kHz

SPWM control,Kap=0.01,Kai=3,Kbp=0.05,Kbi=2.Rc=0.004Ω,Lc=

800μH
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