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iAbstract: iiIn iiall iihome iiappliances iiand iiin iismall iiscale iiindustries, iisingle iiphase iiinduction iimotors iiare iimost 

iicommonly iiused. iRecently iiremarkable iiefforts iihave iibeen iimade iiin iiadjustable iispeed ii- iisingle iiphase iiinduction 

iimotor iidrives ii(SPIMD’s). iDifferent iitypes iiof iiPWM iistrategies iihave iibeen iiused iiin iispeed iicontrol iiof iiSPIMD’s, 

iimost iiwidely iisinusoidal iiPWM ii& iispace iivector iiPWM iistrategies. iiVarious iiconverter iitechnologies iiare iitaking iia 

iiplace iiin iiSPIMD’s iibecause iiof iiits iilow iicost. iiThe iiproposed iisystem iidescribes iithe iiseveral iiPWM iistrategies 

iiwith iian iiAC iichopper iito iicontrol iithe iispeed iiof iisingle iiphase iiinduction iimotor. iiAsymmetrical iiPWM iitechnique 

iihas iibeen iiused iito iioperate iithe iipower iielectronics iiswitches ii(Triac) iiof iian iiAC iichopper. iiThe iimain iiobjective 

iiof iithis iiwork iiis iito iimake iithe iispeed iiof iithe iisingle iiphase iiinduction iimotor iivarying iias iiper iithe iirequired 

iiload iiconditions iiby iiusing iiAsymmetrical iiPWM iitechnique, iiwhich iireduces iithe iiharmonic iicontents iiin iimotor 

iiand iiincreasing iithe iimotor iiefficiency. iiThe iisimulation iiis iicarried iiout iiin iiMATLAB/SIMULINK iiwith iia iiSplit 

iiPhase iiInduction iiMotor, iiwhere iithe iimotor iiis iioperated iiin iinormal iiPWM iistrategy iiand iiHysteresis iiPWM 

iistrategy. iiThe iihardware iiis iidesigned iifor iithe iiAsymmetrical iiPWM iitechnique iiand iiresults iihave iibeen iiobtained. 

Keywords— iAC iChopper, iAsymmetrical iPWM, iSingle iPhase iInduction iMotor, iSpeed iControl, iZero icrossing. 

 

1. Introduction 

This iiwork iipresents iithe iisimulation iipart iiof iiproject 

ii“speed iicontrol iiof iil iiphase iiinduction iimotor iiusing iiac 

iichopper iiby iiasymmetrical iiPWM”. iiOur iiaim iiis iithat 

ii“By iivarying iithe ii% iipulse iiwidth ii iiwe iican iicontrol 

iithe iispeed iiof iithe iiinduction iimotor iii.e. iiFor iidifferent 

iiPW iiwe iihave iidifferent iispeed iiof iiinduction iimotor iias 

iiwell iias iion iiand iioff iitime iiare iidepended iion 

iiPW”.The iiIGBT iiswitches iiof iiac iichopper iiare 

iioperated iiby iiPWM iitechniques. iiSingle iiphase 

iiinduction iimotor iiare iicommonly iiused iiin iihome 

iiappliance iiand iismall iiscale iiindustries. iiSo iiit iiwill iibe 

iigreat iiachievement iiin iitechnical iiarea iiof iiour iidaily 

iilife. iiThe iisimulation iiis iiperformed iiin iiMATLAB iiand 

iisplit iiphase iiinduction iimotor iiis iiused. iiUse iiof iiac 

iichopper ii iican iialso iiachieve iithe iiconstant iispeed iiat 

iidifferent iiPW. ii iiwe iican iiuse iiac iichopper iiby 

iiasymmetrical iiPWM. iiThe iiasymmetrical iiPWM 

iitechniques ii iireduces iithe iiharmonic iicontent iiin iimotor 

iicurrent iiand iiincreases iithe iimotor iiefficiency. 

iiHarmonics iigenerated iiby iispeed iicontrol iiunit iiare 

iifiltered iiby iian iiinput iifilter iiaccording iiharmonic 

iicurrent iiemissions iistandards. iiConventional iimethods 

iifor iistarting iiand iispeed iicontrol iiof iisingle-phase 

iiinduction iimotor iineed iioften iiquite iiexpensive iiexternal 

iielectrical iiequipment. iiMoreover, iithey iirequire 

iimechanical iiswitches, iiwhich iiare iithe iimost 

iitroublesome iiparts. iiThese iiswitches iisuffer iifrom 

iimechanical iiwear iiand iitear, iiwhich iiaffects iithe iimotor 

iiperformance. iiElectronic iimethods iibased iion iiusing iia 

iitriac iiin iiseries iiwith iithe iistator iimain iiwinding iior 

iiusing iifour iitriac iiin iia iibridge iitopology iihas iibeen 

iisuggested iito iicontrol iithe iispeed iiof iithe iimotor. 

iiStarting iiof iithe iimotor iiis iidone iiby iia iicapacitor ii 

iiwith iithe iiauxiliary iiwinding. iiIn iithe iiliterature iifew 
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iiauthors iihave iisuggested iiand iianalyzed iithe 

iiperformance iiof iisingle-phase iiinduction iimotors iifed 

iifrom iiinverter iicircuits iiwith iispace iivector iiPWM. iiIn 

iithis iisystem, iieither iisingle-phase iiinverter iiis iiused 

iiwith iipermanent iicapacitor iimotors iior iitwo iiphase 

iiinverter iiis iiused iiwhen iithe iicapacitor iiis iinot iiused. 

iiBoth iimethods iineed iicomplicated iicircuits iiand iinot 

iieconomical. iiAC iichopper iiis iian iiacceptable iisolution 

iiwhen iia iiwide iirange iiof iispeed iicontrol iiis iirequired. 

iiAC iichopper iiis iithe iiadvance iimethod iiof iithe iitriac 

iiwhich iiare iiused iito iiobtain iivariable iiRMS iivoltage 

iifrom iifixed iiAC iisource. iiIt iiis iiused iiin iithe 

iiapplication iisuch iias iilight iidimmers, iiindustrial iiheating 

iifurnaces iiand iiinduction iimotor iispeed iicontrollers. iiThe 

iidifferent iitype iiof iiPWM iitechnique iisuch iias 

iiconventional iiPWM, iiasymmetrical iiPWM, iisymmetrical 

iiPWM iietc, iiis iiused iito iidrive iithe iiAC iiChopper. iiThe 

iihysteresis iiPWM iitechnique iioffers iia iicomparatively 

iiclean iioutput iivoltage iiwaveform iiat iihigh iipower iifactor 

iiand iiless iiharmonic iidistortion iifactor iiof iithe iimotor 

iicurrent. iiA iilarge iinumber iiof iimotors iiare iibeing iiused 

iifor iigeneral iipurposes iiin iiour iisurroundings iifrom iibasic 

iihouse iihold iiequipments iito iimachine iitools iiused iiin 

iiindustrial iiapplications. iiThe iielectric iimotor iiis iinow iia 

iinecessary iiand iiindispensable iisource iiof iipower iiin 

iimany iiindustries. iiThe iiworking iiand iithe iiapplications 

iiof iithese iimotors iiare iiwide-ranging. iiFor iithe iimany 

iiapplications, iithe iispeed iicontrol iiof iithe iimotor iiplays 

iia iivital ii iirole, iiwhich iican iibe iidone iiusing iia iiwide 

iirange iiof iicontrol iitechniques. iiThe iipurpose iiof iia 

iimotor iispeed iicontroller iiis iito iitake iia iisignal 

iirepresenting iithe iidemanded iispeed, iiand iito iidrive iia 

iimotor iiat iithat iispeed. iiThe iicontroller iimay iinot 

iiactually iimeasure iithe iispeed iiof iithe iimotor. iiIf iiit 

iidoes, iiit iiis iicalled iia iiFeedback iiSpeed iiController iior 

iiClosed iiloop iiSpeed iiController, iiif iinot iiit iiis iicalled 

iian iiopen iiloop iiSpeed iiController. iiFeedback iispeed 

iicontrol iiis iibetter, iibut iiit iiis iicomplicated, iiand iimay 

iinot iibe iirequired iifor iia iisimple iidesign. iiGenerally 

iispeed iicontrol iiof iithe iimotor iican iibe iiachieved iiby 

iivarying iithe iiinput iiparameters iiof iithe iimotor iisuch iias 

iicurrent, iivoltage. iiThis iican iibe iiachieved iiby iivarious 

iimethods iisuch iias iifield iicontrol iimethod, iiarmature 

iicontrol iimethod, iiWard-leonard iimethod iietc iifor iiDC 

iimotors iiand iiAC iimotors, iiby iithe iiimprovement iiof 

iithe iipower iielectronic iidevices, iithe iiflow iiof iipower iito 

iithe iimotor iiis iicontrolled iiby iithe iiswitching iiaction iiof 

iithe iipower iiswitches ii(MOSFET, iiIGBT, iiIGCT iietc). 

iiThe iinature iiof iithe iispeed iicontrol iirequirement iifor iian 

iiindustrial iidrive iiapplication iidepends iiupon iiits iitype. 

iiSome iidrives iimay iirequire iicontinuous iivariation iiof 

iispeed iithroughout iithe iioperation, iiwhich iiranges iifrom 

iizero iito iifull iispeed, iior iia iiover iia iiportion iiof iithe 

iirange. iiFor iimost iiof iithe iidrives, iihowever iia iicontrol 

iiof iispeed iiwithin iithe iirange iiof ii±l0% iiof iirated iispeed 

iimay iibe iisuitable. 

II. DESIGN 

 

 

 
FIG: I I1 I IASSYMMETRICAL IPWM ICIRCUIT 

 

Components iiand iitheir iiratings iiused iiin iisimulation ii: 

Ac iisupply ii: ii230v,50hz 

Power iidiode(RC iiSnubber) ii– ii230 iiV ii, iiVf ii= ii0.8 iiV 

ii,Rs ii= ii500 iiohm, iiCs ii= ii250 iinf 

IGBT(RC iisnubber) ii– iil2v, iiVf ii= iilv ii,Rs ii= iile5 iiohm 

ii, iiCs ii=in iif 

l iiphase iiIM ii(Split iiPhase) ii 

Nominal iivoltage(Vn iirms) ii=110v,  

f ii= ii60HZ ii, iinp ii=0.25*746 iiw 

Power iidiode(rc iisnubber): 

 

Power iidiode iihave iihigh iivoltage iiand iicurrent 

iicharacteristics. iiA iipower iidiode iiis iia iistandard iidiode 

iiwith iimuch iihigher iicurrent iirating. iiThe iihigher iicurrent 

iiusually iicomes iiat iithe iicost iiof iilarger iiforward 
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iivoltage. iiDue iito iihigh iicurrent iiand iiand iivoltage 

iicharacteristics iithey iican iibe iiused iiin iifreewheeling 

iidiodes iiand iisnubber iinetworks. iiWe iihave iicurrent 

iirating iiof iilA iifor iil.l iiV iiforward iivoltage. iiSo iifor 

ii0.8 iivf iiwe iihave ii0.727A. iiForward iivoltage iiis iithe 

iivoltage iidrop iiacross iithe iidiode. iiA iisimple iiRC 

iisnubber iiuses iia iismall iiresistor iiin iiseries iiwith iismall 

iicapacitor. iiRC iisnubber iicircuits iiare iigenerally iiused iiin 

iielectrical iisystem iiwith iian iiinductive iiload iiwhere iithe 

iisudden iiinterruption iiof iicurrent iiflow iileads iito iisharp 

iirise iiin iivoltage iiacross iithe iicurrent iiswitching iidevice 

iiin iiaccordance iiwith iifaraday’s iilaw. iiIf iithe iivoltage 

iigenerated iiacross iithe iidevice iiis iibeyond iiwhat iithe 

iidevice iiis iiintended iito iitolerate, iiit iimay iidamage iior 

iidestroy iiit. iiThe iisnubber iiprovides iithe iishort iiterm 

iialternative iipath iiaround iithe iicurrent iiswitching iidevice 

iiso iithat iithe iiinductive iielement iimay iibe iisafely 

iidischarge. 

 ii iiSo iiwe iichoose iito iiuse iipower iidiode iiwith iiRC 

iisnubber iibecause iiour iisupply iiis iisingle iiphase iiac 

iisupply, ii230v iiand iithe iiload iiis iisingle iiphase iiinduction 

iimotor ii(inductive iiload). iiThe iipower iidiode iihave iilarge 

iip-n iijunction iiarea iias iia iiresult iithey iihave iihigher 

iiforward iibias iicurrent iicarrying iicapacity. iiIn iiour iimain 

iicircuit iidiagram iiproposed ii(ac iichopper) iiwe iican iisee 

iithat ii+ve iiof iiac iisupply iiis iigiven iito iianode iiof iidl 

iiwhich iiwill iilead iito iiforward iivoltage iias iithe iianode 

iivoltage iiis iimore iipositive iithen iicathode iivolage. iiSo iiit 

iileads iito iilarge iiforward iivoltage iiwhich iifurther iileads 

iito iilarge iiforward iicurrent iiand iias iia iiresult iipower 

iidiode iican iicarry iithe iihigher iiforward iibias iicurrent 

iieasily. iiWe iiare iiusing iiinductive iiload iiand iiwhen iithere 

iiis iisudden iiinterruption iiof iicurrent iiflow, iithis iileads iito 

iisharp iirise iiin iivoltage iiacross iithe iicurrent iiswitching 

iidevice. iiIf iithe iivoltage iigenerated iiis iihigh iithen iiRC 

iisnubber iicircuit iiwill iiprovide iithe iipath iiso iithat iithe 

iiinductive iielement iiis iisafely iidischarged iiand iiour iidevice 

iiis iiprotected iifrom iiproper iiheat iidissipation. 

 

 

 

 i i i i i i iIGBT iiwith iiSnubber 

 

 i i i i i iWe iihave iiused iiIGBT iibecause iiof iifollowing 

iiadvantages ii:IGBT iiis iieasy iito iiturn iion iiand iioff. iiThe 

iiswitching iifrequency iiof iiIGBT ii iiis iigreater iithan iithat 

iiof iipower iiBJT. iIExhibits iilow iion iistate iipower 

iidissipation. iiIGBT iihave iieasy iidriver iicircuit. iiWe 

iihave iicurrent iirating iiof ii iilA iifor iil.lV iiforward 

iivoltage. iiSo iifor ii ii ii ii iil iiv ii iiwe iihave ii0.909A. 

Importance iiof iisunbber iiin iiIGBT 

 

The iitrapped iienergy iiin iithe iicircuit iistray iiinductance 

iiis iidissipated iiin iithe iiswitching iidevice iiwhen iia 

iipower iidevice iiis iiabruptly iiturned iioff iiwhich iicause iia 

iivoltage iiovershoot iiacross iithe iidevice. iiMagnitude iiof 

iithe iitransient iivoltage iiis iiproportional iito iithe iiquantity 

iiof iistray iiinductance iiand iithe iirate iiof iifall iior iiturn 

iioff iicurrent. iiFor iifast iiswitching iiof iiIGBT iimodules 

iithe iicondition iiis iivery iiworst. iiThe iidevices iiswitch iiat 

iia iihigh iimagnitude iiof iicurrents iiin iia iishort iiduration 

iiof iitime, iigiving iirise iito iipotentially iidestructive 

iivoltage iitransients. iiThe iihigher iicurrent iimodules 

iinormally iiconsist iiof iiseveral iiIGBT iichips iiin iiparallel. 

iiEach iidifferent iichip iiswitches iishare iiof iithe iiload 

iicurrent iiat iia ii(di/dt) iithat iiis iidetermined iiby iithe iigate 

iidrive iicircuit. iiThe iitotal iicurrent iiand iidi/dt iiseen iiby 

iithe iiexternal iipower iicircuit iiis iithe iisum iiof iicurrents 

iiand iidi/dts iithrough iieach iiIGBT iichip. iiThe iidi/dts 

iiproduced iicould iieasily iibe iia iifew iithousand iithus iia 

iiProper iiattention iineeds iito iibe iipaid iito iiprotect iithese 

iidevices iifrom iidestruction. iiIt iiis iidetermined iithat iithe 

iisnubbers iiOffer iioptimized iiprotection iiagainst iivoltage 

iitransients iiduring iithe iinormal iiturn-on iiand iiturn-off 

iiswitching iistates. iiUsage iiof iisuch iiprotection iicircuits 

iiallow iifaster iiand iisafer iioperation iiby iicontaining iithe 

iioperating iiloci iiwithin iithe iiboundaries iiof iithe iirated 

iiSafe iioperating iiArea. 

III iiINPUT iiAND iiOUTPUT iiOF iiDESIGN 

 

Input iiis iil iiphase ii230v iiac. iiThe iiAC iichopper iiis i 

used iito iicontrol iithe iispeed iiof iiInduction iiMotor iiby 

iasymmetrical iiPWM ii. 
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Formulae iiused ii: 

Output iivoltage ii(Vo) ii= ii(ton ii/ ii(ton ii+ iitoff)) ii* iiVs ii 

Time ii(T) ii= iiton ii+ iitoff 

Duty iicycle ii(A) ii= ii(ton ii/ ii(ton ii+ iitoff)) 

Slip(S) ii= ii((Ns-Nr) ii/ iiNs) 

Ns ii= ii(l20f ii/ iip) 

P ii= ii4 ii(given iiin iimotor iiwhich iiwe iihave iiused) 

F ii= ii60HZ ii(as iiper iiAmerican iistandard iias iiwe iihave 

iiused iiin iimatlab) 

Nr ii= iirotor iispeed iiwhich iiwe iiwill iiget iifor iidifferent 

iipw iiin iigraph. 

Calculations: 

Ns ii= iil20f/p ii= iil800 iirpm 

Nr iifor ii60% iiduty iicycle ii= iil080rpm 

Slip(s) ii= ii0.4 

Vo ii= ii0.6*230= iil38v 

Nr iifor ii90% iiduty iicycle ii= iil200rpm 

Slip(s) ii= ii0.333 

Vo ii= ii0.9*230 ii= ii207v 

 

IV iSIMULATION 

 

  Simulation iiis iian iianimitation iiof iithe iioperation iiof iia iireal 

iiworld iiprocess iior iisystem. iiThe iiact iiof iisimulating 

iisomething iifirst iirequires iithat iia iimodel iibe iideveloped iithis 

iimodel iirepresents iithe iikey iicharacteristics iibehaviours iiand 

iifunctions iiof iithe iiselected iiPhysical iior iiabstract iisystem iior 

iiProcess. iiMATLAB, iiSimulink iisimulation iihas iibeen 

iiperformed iifor iithe iiproposed iisystem iiand iiobtained iithe 

iipromising iiresults. 

    

   Components iiUsed 

[1] Power iigui. 

[2] AC iivoltage iisource. 

[3] Voltage iimeasurement. 

[4] Pulse iigenerator. 

[5] Not iilogic iioperator. 

[6] Step. 

[7] Diode. 

[8] Igbt. 

[9] Single iiPhase iiAsynchronous iiMachine 

[10] Bus iiselector 

[11] Gain 

[12] Scope 

 

Power iigui: iiTo iisupply iipower iito iiour iiconnection iiwe iiuse 

iipower iigui. 

AC iivoltage iisource: iiOur iiinput iisupply iiis iil iiphase iiac 

iisupply. 

Voltage iimeasurement: iiWe iiuse iivoltage iimeasurement 

iito iiconnect iithe iiboth iiends iiof iisource iiand iigive iiit iito 

iioutput iiscope iias iioutput iiscope iiwill iibe iiconnected iionly 

iiwith iione iiline. iiIt iialso iimeasures iithe iivoltage. 

Pulse iigenerator: iiWe iiuse iipulse iigenerator iito iigenerate 

iithe iipulse. iiPulse iiwidth iican iibe iigiven iihere iias iiper iiour 

iirequirement. iiThe iipulse iitype iiis iitime iibased, iitime(t) iiis 

iiuse iisimulation iitime, iiamplitude iiis iil2 ii,period ii(secs) iiis 

iil/300, iiphase iidelay iiof ii0 iisec. iiPhase iidelay, iiin 

iicontrast, iiis iithe iitime iidelay iiof iithe iiphase iias iiopposed 

iito iithe iitime iidelay iiof iithe iiamplitude iienvelope. 

NOT iilogic iioperator: iiWe iiare iiusing iinot iilogic 

iioperator iifor iiremaining iitoff iipw iiso iithat iiit iiget 

iiconverted iito iil iiand iican iibe iisupplied iito iiIGBTl iias 

iiIGBTl iioperates iiwhen iiinput iifed iito iiit iiis iil. iiIGBT iiand 

iiIGBTl iiare iitwo iidifferent iiIGBTS iiused iiin iiac 

iichopper(figl) 

STEP: iiStep iitime iiis ii0, iiinitial iitime iiis ii0, iifinal iivalue 

iiis ii0.4, iisample iitime iiis ii0 ii. 

Step iiis iinothing iibut iiwe iiare iisupplying iia iiconstant iiload 

iito iithe iiIM ii. 

DIODE iiand iiIGBT: iiThe iidiode iiand iiigbt iiare 

iiexplained iiin iidesign iipart ii. 

Single iiphase iiAsynchronous iimachine(split iiphase): 

iiThis iiis iithe iimotor iiwe iihave iiused iiand iiits iiparameter 

iiare iilisted iibelow ii: 
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Bus iSelector i: iWe iare iusing ibus iselector ibecause 

ithe imotor ioutput iis imechanical ioutput iwhich iis 

iavailable iin ibus iand ionly ione iline iis iconnected 

ibecause iwe iare idisplaying ionly irotor ispeed iin iscope 

i 

Gain i: iWe iare iusing igain ito iconvert irad/s ito irpm 

i(30/pi). 

Scope i: iIt iis ijust iused ito idisplay ithe ioutput. 

V iSIMULATION iRESULT 

 

For 90%PW 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For 60% PW 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VI iCONCLUSION 

 

iSimulation iipart iiof iiour iiproject iiis iisuccessfully 

iicompleted. iiOur iiaim iiwas iito iiachieve iithe iispeed 

iicontrol iiof iiinduction iimotor iiusing iiac iichopper iiby 

iiasymmetrical iiPWM iiand iiwe iihave iiachieved iiit. iiWe 

iihave iiused iitwo iidifferent iiPW iiie. ii60% iiand ii90% ii. 

iiFor ii60% iipw iiwe iican iisee iithe iispeed iiis iiless iithan 

ii90% iipw. iiSo iiwe iican iisay iithat iithe iispeed iiis 

iidirectly iiproportional iito iipw, iiwhen iithe iipw iiis iihigh 

iispeed iiis iihigh iiwhen iithe iipulse iiwidth iiis iilow iispeed 

iiis iilow. iiThe iimain iiadvantage iiof iiour iiproject iiis iithat 

iiwe iican iisave iilots iiof iipower iiby iirunning iithe iimotor 

iias iiper iithe iirequirement iionly iiAs iilphase iiinduction 

iimotor iiis iiwidely iiused iiin iismall iiindustries iiand iihome 

iiappliance iithis iiproject iiwill iimake iigreat iiimpact iion 

iiour iidaily iilife. iiAC iichopper iiis iian iistatic iiconverter 

iiwhich iiconverts iifixed iiac iito iivariable iiac. iiSo iiac 

iichopper iimakes iigreat iiimpact iion iiac 

iicomponents/devices iiby iiimproving iithe iiworking iistyle 

iiof iithat iiparticular iiac iicomponent. iiDuring iiour iiproject 

iiwe iicame iiacross iiimportance iiof iiusing iisnubber 

iicircuits iiwith iidiode iiand iiIGBT.We iicame iiacross 

iidifferent iiparameters iiwhich iiwe iiwere iinot iifamilier 

iiwith.The iiimportance iiof iisnubber iicircuit iiwith iidiode 

iiis iithat iiit iiallows iipath iifor iiover iivoltage iiso iithat 

iiinductive iielement iican iisafely iidischarge iiand iiour 

iicircuit iican iibe iiprotected. iiThe iiimportance iiof iisnubber 

iiin iicircuit iiin iiIGBT iiis iithat iiit iiprotect iiagainst 

iitransient iivoltage iiduring iinormal iiturn iionn iiand iiturn 

iioff. 
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