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ELECTRICALMACHINESIITUTORIALQUESTIONS

1a.Asinglephaseinductionmotor,unlikea3phaseinductionmotor,doesnothaveaself

startingtorque.

b.Thedoublerevolvingfieldtheoryofasinglephaseinductionmotorstatesthatapulsating

magneticfieldisresolvedintotworotatingmagneticfields.Theyareequalinmagnitudebut

oppositeindirections.Theinductionmotorrespondstoeachofthemagneticfieldsseparately.

Thenettorqueinthemotorisequaltothesum ofthetorqueduetoeachofthetwomagnetic

fields.

Theequationforanalternatingmagneticfieldisgivenas

working-principle-of-single-phase-indcution-motor-eq-1

Whereβmaxisthemaximum valueofthesinusoidallydistributedairgapfluxdensityproduced

byaproperlydistributedstatorwindingcarryinganalternatingcurrentofthefrequencyω,andα

isthesypacedisplacementanglemeasuredfrom theaxisofthestatorwinding.

Asweknow,

working-principle-of-single-phase-indcution-motor-eq-2

So,theequation(1)canbewrittenas



working-principle-of-single-phase-indcution-motor-eq-3j

Thefirstterm oftheright-handsideoftheequation(2)representstherevolvingfieldmovingin

thepositiveαdirection.ItisknownasaForwardRotatingfield.Similarly,thesecondterm

showstherevolvingfieldmovinginthenegativeαdirectionandisknownastheBackward

Rotatingfield.

Thedirectioninwhichthesinglephasemotorisstartedinitiallyisknownasthepositive

direction.Boththerevolvingfieldrotatesatthesynchronousspeed.ωs=2πfintheopposite

direction.Thus,thepulsatingmagneticfieldisresolvedintotworotatingmagneticfields.Both

areequalinmagnitudeandoppositeindirectionbutatthesamefrequency.

Atthestandstillcondition,theinducedvoltagesareequalandoppositeasaresult;thetwo

torquesarealsoequalandopposite.Thus,thenettorqueiszeroand,therefore,asinglephase

inductionmotorhasnostartingtorque.

c.Asinglephaseinductionmotorconsistsofasinglephasewindingonthestatorandacage

windingontherotor.Whena1phasesupplyisconnectedtothestatorwinding,apulsating

magneticfieldisproduced.Inthepulsatingfield,therotordoesnotrotateduetoinertia.

Thereforeasinglephaseinductionmotorisnotself-startingandrequiressomeparticular

startingmeans.

d.

From thefigure,weseethatataslipofunity,bothforwardandbackwardfielddevelopsequal

torquebutthedirectionofwhichareoppositetoeachothersothenettorqueproducediszero

hencethemotorfailstostart.From herewecansaythatthesemotorsarenotselfstarting

unlikethecaseofthreephaseinductionmotor.Theremustbesomemeanstoprovidethe

startingtorque.Ifbysomemeans,wecanincreasetheforwardspeedofthemachinedueto

whichtheforwardslipdecreasestheforwardtorquewillincreaseandthereversetorquewill

decreaseasaresultofwhichmotorwillstart.



From herewecanconcludethatforstartingofsinglephaseinductionmotor,thereshouldbea

productionofdifferenceoftorquebetweentheforwardandbackwardfield.Iftheforwardfield

torqueislargerthanthebackwardfieldthanthemotorrotatesinforwardoranticlockwise

direction.Ifthetorqueduetobackwardfieldislargercomparedtoother,thenthemotorrotates

inbackwardorclockwisedirection.

e.i.Split-phasemotor.

ii.Capacitorstartmotor.

iii.Permanentcapacitorrunmotor.

iv.Capacitorstartcapacitorrunmotor.

v.Shadedpolemotor.

i.SplitPhaseMotor

Asplitphaseinductionmotorisasinglephaseinductionmotorthathastwowindingscalledthe

runwindingandasecondarystartwindingandacentrifugalswitchasshowninfigure6.Split

phasemotorsusuallyoperatesat1/20HPTO1/3HP.

Thesesquirrelcagemotorsareastepabovetheshadedpolemotors,becausetheycantoa

littlemoreworkwithaheavierloadattachedtotheshaftoftherotor.

SplitPhaseMotorWiringDiagram

Thesplitphasemotorcanbefoundinapplicationsrequiring1/20HPupto1/3HP,meaningit

canturnanythingfrom bladesonaceilingfan,washingmachinestubs,blowermotorsforoil

furnaces,andsmallpumps.



Thecentrifugalswitchisanormallyclosecontroldevicethatiswiredintothestartwinding.The

purposeofthisconfigurationisthatthemotorstartwindingwouldbetakenoutthecircuitonce

themotorreaches75to80%ofitsratedspeed.Eventhoughitisconsideredtobeareliable

motorthiscentrifugalswitchisamovingpartthatsometimesfailstoreengagewhenthemotor

stopsspinning.

HowSplitPhaseMotorsOperate

Tostartasplitphasemotorthestartandtherunwindingshastobeconnectedinparallel

At75%fullspeedthecentrifugalswitchopens,disconnectingthestartwinding.

Sincethestartwindingisdisconnectedfrom thecircuit,themotorisoperatingthroughtherun

winding.

Toremovepowerfrom asplitphasemotorat40%fullloadspeedthecentrifugalswitchcloses.

Poweringoffthemotor.

ii.CapacitorMotors

Singlephasecapacitormotorsarethenextstepinthefamilyofsinglephaseinductionmotors.

Capacitorsmotorscontainthesamestartandrunwindingasasplitphasemotordoeswiththe

exceptionofthecapacitorwhichgivesamotormoretorqueonstartuporwhenitisrunning.

Thepurposeofthecapacitoristoreturnvoltagetothesystem whenthereisnovoltagebeing

producedandDACsinewaveofasinglephasesystem.

IntheACsinglephasesystem thereisonlyonevoltagewaveform andduringonecycleofthe

sick60cpsthatittakestoproducevoltagenovoltageisproducedattwopoints.Itisthejobof

thecapacitortofillthisvoidsothemotorisalwaysseeingavoltagewhichmeansalotof

torqueisproducedwhenthemotorisrunning.

Thethreetypesofcapacitormotorsarecapacitorstart,capacitorrun,andcapacitorstartand

runmotors.



CapacitorStartInductionMotor

Capacitorstartinductionrunmotors,asseeninfigure7,isasinglephaseinductionmotorwith

thecapacitorisconnectedinserieswiththestartwindingandthecentrifugalswitchofthe

motor.Thisconfigurationgivesthemotorpaststartingpowerbuttheapplicationdoesnot

requirealotofpowerdoingtheruntime.Duringtheruntimetheinertiaoftheloadplaysabig

partinthemotoroperationwhenthereisaproblem withthemotoritisusuallyduetoabad

capacitor.Themotorwillgenerallynotrotateunlessanoutsideforcespinstheshaft;onceitis

starteditwillcontinuetooperatefineuntilpowerisremovedfrom themotor.

CapacitorstartmotorsaregenerallyfoundinACunits,largeblowermotors,andcondenserfans.

Thecapacitorofthesemotorsaresometimesbuiltontothemotororlocatedremotelyaway

from themotorprimarilymakingiteasiertoreplace.

CapacitorMotorOperation

Hasastartwinding,runwinding,andcentrifugalswitchthatopensat60to80%fullloadspeed.

Thestartwindingandthecapacitorarenolongerinuseoncethecentrifugalswitchopens.

Thecapacitorisonlyusedforhightorquestarting.

CapacitorRunInductionMotor

Capacitorruninductionmotors,asseeninfigures10and11,aremuchlikethecapacitorstart

inductionrunwiththeexceptionofthestartwindingandrunwindingstayinthecircuitatall

times.Thistypeofmotorrequireslowstartingtorquebutneedstokeepaconstanttorquewhile

running.Thistypeofmotorcansometimesbefoundintheair-conditioningcompressor.The

startwindingispermanentlyconnectedtothecapacitorinseries.

CapacitorRunOperation

Usesalowerratedcapacitorbecausethecapacitorisinthecircuitatfullloadspeedatalltimes.

Usedforhigherrunningtorque.

CapacitorStart-CapacitorRunInductionMotor

Capacitorstartcapacitorruninductionmotorsaresinglephaseinductionmotorsthathavea

capacitorinthestartwindingandintherunwindingasshowninfigure12and13(wiring



diagram).Thistypeofmotorisdesignedtoprovidestrongstartingtorqueandstrongrunning

forapplicationssuchaslargewaterpumps.

CapacitorStart-CapacitorRunMotorWiringDiagram

CapacitorStart-CapacitorRunMotorOperation

Consistoftwocapacitors

Onecapacitorisconnectedinserieswiththestartwinding;theothercapacitorisconnectedin

serieswiththerunwinding.

Bothcapacitorshavedifferentvalues.

Capacitorstartandrunmotorhasthesamestartingtorqueandhigherrunningtorquebecause

thereismorecapacitance.

Largervaluecapacitortostart,andlesservaluecapacitortorun.

f.Thistheoryforsinglephasestatesthatastationarypulsatingmagneticfieldcanberesolved

intotwoRMF,eachofequalmagnitudebutrotatingintheoppositedirection.

Theinductionmachinerespondstoeachmagneticfieldseparately,andthenettorqueinthe

motorisequaltosomeofthetorqueduetoeachofthetwomagneticfields.

Theequationforanalternatingmagneticfieldwhoseaxisisfixedinspaceisgivenby:



WorkingPrincipleofaSinglePhaseInductionMotor

βmaxisthemaximum valueofsinusoidallydistributedairgapfluxdensity.'B'representsthe

equationofrevolvingfieldmovinginthepositiveαdirection,and'A'representequationof

revolvingfieldmovinginapositivedirection.Thefieldmovinginthepositiveαdirectioniscalled

theforwardrotatingfieldandinnegativeαdirectioniscalledthebackwardrotatingfield.

Itisthereforeconcludedthatastationarypulsatingmagneticfieldcanberesolvedduetotwo

rotatingmagneticfieldsbothofequalmagnitudeandmovingatsynchronousspeedinthe

oppositedirectionatthesamefrequencyasthestationarymagneticfield.

Thetheorybasedonsucharesolutionofanalternatingfieldintotwocounter-rotatingfieldsis

calledtheDoublerevolvingfieldtheoryofsinglephaseinductionmachine.

2a.TheuniversalmotorisatypeofelectricmotorthatcanoperateoneitherACorDCpower

andusesanelectromagnetasitsstatortocreateitsmagneticfield.

ii.Portabledrillmachine.

Usedinhairdryers,grindersandtablefans.

Auniversalmotorisalsousedinblowers,polishersandkitchenappliances.

b.ConstructionofauniversalmotorisverysimilartotheconstructionofaDCmachine.It

consistsofastatoronwhichfieldpolesaremounted.Fieldcoilsarewoundonthefieldpoles.

However,thewholemagneticpath(statorfieldcircuitandalsoarmature)islaminated.

LaminationisnecessarytominimizetheeddycurrentswhichinducewhileoperatingonAC.

Therotaryarmatureisofwoundtypehavingstraightorskewedslotsandcommutatorwith

brushesrestingonit.ThecommutationonACispoorerthanthatforDC.becauseofthecurrent

inducedinthearmaturecoils.Forthatreasonbrushesusedarehavinghighresistance.

3a.Thethree-phaseACinductionmotorisarotatingelectricmachinethatisdesignedto

operateonthreephasesupply.This3phasemotorisalsocalledasanasynchronousmotor.

ThisACmotorsareoftwotypes:squirrelandslip-ringtypeinductionmotors.Theprincipleof

operationofthismotorisbasedontheproductionofrotatingmagneticfield.

b.InductionMotorAdvantages:

Inductionmotorsaresimpleandruggedinconstruction.Advantageofinductionmotorsarethat



theyarerobustandcanoperateinanyenvironmentalcondition

Inductionmotorsarecheaperincostduetotheabsenceofbrushes,commutators,andslip

rings

Theyaremaintenancefreemotorsunlikedcmotorsandsynchronousmotorsduetothe

absenceofbrushes,commutatorsandsliprings.

Inductionmotorscanbeoperatedinpollutedandexplosiveenvironmentsastheydonothave

brusheswhichcancausesparks

3phaseinductionmotorswillhaveselfstartingtorqueunlikesynchronousmotors,henceno

startingmethodsareemployedunlikesynchronousmotor.However,single-phaseinduction

motorsdoesnothaveselfstartingtorque,andaremadetorotateusingsomeauxiliaries.

Theseadvantagesininductionmotorsmakethem moreprominentinindustrialanddomestic

applications.

InductionMotorDisadvantages:

Someofthedisadvantagesofinductionmotorscomparedtodcmotorsandsynchronous

motorsare:

3phaseinductionmotorshavepoorstartingtorqueandhighhaveinrushcurrents.Therefore

thesemotorsarenotwidelyusedforapplicationswhichrequirehighstartingtorqueslike

tractionsystems.Squirrelcageinductionmotorhavepoorstartingtorque.Startingtorqueinthe

caseofslip-ringinductionmotoriscomparitivelybetterbecauseofthepresenceofexternal

resistorintherotorcircuitduringstarting.OtherimportantdisadvantageofInductionmotoris

thatitdrawshighinrushcurrentscausinglargemomentaryvoltagedipduringstartingofthe

machine.Highinrushcurrentscanbereducedbyemployingsomestartingmethodsininduction

motor

Inductionmotorsalwaysoperateunderlaggingpowerfactorandduringlightloadconditions

theyoperateatveryworstpowerfactor(0.2to0.4lagging).Someofthedisadvantagesofpoor

powerareincreaseinI2Rlossesinthesystem,reductionintheefficiencyofthesystem.Hence

somepowerfactorcorrectionequipmentssuchasstaticcapacitorbanksshouldbeplaced

neartothesemotorstodeliverthereactivepowertothem.

Oneofthemaindisadvantagesofinductionmotorsisthatspeedcontrolofinductionmotors

aredifficult.Henceforfinespeedcontrolapplicationsdcmotorsareusedinplaceofinduction



motors.Duetoadvanceinpowerelectronics,variablefrequencydrivesusinginductionmotors

areusedinindustriesforspeedcontrolnowadays.

Thesearesomeofthedisadvantagesassociatedwithinductionmotors.

d.Thetorqueslipcurveforaninductionmotorgivesustheinformationaboutthevariationof

torquewiththeslip.Theslipisdefinedastheratioofdifferenceofsynchronousspeedand

actualrotorspeedtothesynchronousspeedofthemachine.Thevariationofslipcanbe

obtainedwiththevariationofspeedthatiswhenspeedvariestheslipwillalsovaryandthe

torquecorrespondingtothatspeedwillalsovary.

Thecurvecanbedescribedinthreemodesofoperation-

Torqueslipcurveforthreephaseinductionmotor

Thetorque-slipcharacteristiccurvecanbedividedroughlyintothreeregions:

Lowslipregion

Medium slipregion

Highslipregion

MotoringMode

Inthismodeofoperation,supplyisgiventothestatorsidesandthemotoralwaysrotates

belowthesynchronousspeed.Theinductionmotortorquevariesfrom zerotofullloadtorque

astheslipvaries.Theslipvariesfrom zerotoone.Itiszeroatnoloadandoneatstandstill.

From thecurveitisseenthatthetorqueisdirectlyproportionaltotheslip.

Thatis,moreistheslip,morewillbethetorqueproducedandvice-versa.Thelinearrelationship

simplifiesthecalculationofmotorparametertogreatextent.



GeneratingMode

Inthismodeofoperationinductionmotorrunsabovethesynchronousspeedanditshouldbe

drivenbyaprimemover.Thestatorwindingisconnectedtoathreephasesupplyinwhichit

supplieselectricalenergy.Actually,inthiscase,thetorqueandslipbotharenegativesothe

motorreceivesmechanicalenergyanddeliverselectricalenergy.Inductionmotorisnotmuch

usedasgeneratorbecauseitrequiresreactivepowerforitsoperation.

Thatis,reactivepowershouldbesuppliedfrom outsideandifitrunsbelowthesynchronous

speedbyanymeans,itconsumeselectricalenergyratherthangivingitattheoutput.So,asfar

aspossible,inductiongeneratorsaregenerallyavoided.

BrakingMode

IntheBrakingmode,thetwoleadsorthepolarityofthesupplyvoltageischangedsothatthe

motorstartstorotateinthereversedirectionandasaresultthemotorstops.Thismethodof

brakingisknownasplugging.Thismethodisusedwhenitisrequiredtostopthemotorwithina

veryshortperiodoftime.Thekineticenergystoredintherevolvingloadisdissipatedasheat.

Also,motorisstillreceivingpowerfrom thestatorwhichisalsodissipatedasheat.Soasa

resultofwhichmotordevelopsenormousheatenergy.Forthisstatorisdisconnectedfrom the

supplybeforemotorentersthebrakingmode.

Ifloadwhichthemotordrivesacceleratesthemotorinthesamedirectionasthemotoris

rotating,thespeedofthemotormayincreasemorethansynchronousspeed.Inthiscase,it

actsasaninductiongeneratorwhichsupplieselectricalenergytothemainswhichtendsto

slowdownthemotortoitssynchronousspeed,inthiscasethemotorstops.Thistypeof

breakingprincipleiscalleddynamicorregenerativebreaking.




