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Abstract:- DC imotor ihas ihigh idynamic iperformance, 

ibecame iachievable ifrom iinduction imotors iwith ithe 

iadvances iin ipower isemiconductors, idigital isignal 

iprocessors iand idevelopment iin icontrol itechniques. 

iBy iusing ivector icontrol, itorque iand iflux iof ithe 

iinduction imotors ican ibe icontrolled iindependently ias 

iin iDC imotors. iThe icontrol iperformance iof ifield 

ioriented iinduction imotor idrive igreatly idepends ion 

ithe istator iflux iestimation. iIn ithis iproject ifield 

ioriented icontrol i(Vector icontrol) imodel iis iusing 

idifferent itypes iof ipulse iwidth imodulation i(PWM) 

itechnique. iPWM itechniques iare ispace ivector ipulse 

iwidth imodulation i(SVPWM), isine ipulse iwidth 

imodulation i(SPWM) iand icurrent icontroller. iIn 

ithese iPWM itechniques iSVPWM iis ibetter ithan 

iSPWM iand icurrent icontroller, ibecause iit ihas iless 

itotal iharmonic idistortion i(THD) iand ibetter 

ielectromagnetic itorque i(Te). iThis iproject iis ialso 

iconsidered iabout ioptimization itechnique ifor 

iminimize ithe ipower iloss iin iinduction imotor. iThe 

isimulation iis idone iby iusing iMATLAB/SIMULINK 

iR2017a isoftware. iHardware iis iplanned ito 

iimplement iusing iTMS320F28335 ias idigital isignal 

iprocessor. 
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I. INTRODUCTION I 

 
Variable ispeed idrive isystems iare ibasically iin imany 

iindustrial iapplications.iDC imotors iwere iused imassively 

iinithis iareas iwhere ivariable ispeed ioperation iwas 

ielaborated, isince itheir iflux iand itorque icould ibe 

imanaged ieasily iby ithe ifield iand iarmature icurrent. iDC 

imotors ihave icertain idisadvantages, iwhich iare idue ito 

ithe ipresence iof ithe icommutator iand ithe ibrushes. iThat 

iis, ithey ineed iperiodic imaintenance; ithey icannot ibe 

iused iin iflammable ior icorrosive ienvironments iand ithey 

ihave ilimited icommutator ipotential iunder ihigh ispeed, 

ihigh ivoltage ioperational iconditions. iThese icomplications 

ican ibe iovercome iby ithe iapplication iof ialternating 
icurrent imotors, iwhich ican ihave isimple iand irugged 

istructure, ihigh imaintainability iand ieconomy; ithey iare 

ialso irobust iand iimmune ito iheavy ioverloading. i iThese 

iadvantages ihave irecently imade iinduction imachines 

imostly iused iin iindustrial iapplications. iHowever, ithe 

ispeed ior itorque icontrol iof iinduction imotors iis imore 

iarduous ithan iDC imotors idue ito itheir inonlinear iand 

icomplex istructure. iThe itorque iof ithe iDC imotors ican 

ibe isuperintended iby itwo iindependent iorthogonal 

ivariables, istator icurrent iand irotor iflux, iwhere isuch ia 

idecoupling idoes inot iexist iin iinduction imotors. 

 
 The icontrol iof iAC imachine iis iessentially 

iclassified iinto iscalar iand ivector icontrol. iThe iscalar 

icontrols iare ieasy ito iimplement ithough ithe idynamics 

iare isluggish. The iobjective iof vector icontrol iis ito 

iachieve ia isimilar itype iof icontroller iwith ian iinner 

itorque icontrol iloop iwhich imakes ithe imotor irespond 

ivery ifast ito ithe itorque idemands ifrom ithe iouter ispeed 

icontrol iloop. iIn ivector icontrol, ithe iprinciple iof 

idecoupled itorque iand iflux icontrol iare iapplied iand iit 

irelies ion ithe iinstantaneous icontrol iof istator icurrent 

ispace ivectors. Control iof iinduction imotor iis icomplicated 

idue ito ithe icontrol iof idecoupled itorque iand iflux 
iproducing icomponents iof ithe istator iphase icurrents. 

There iis ino idirect iingress ito ithe irotor iquantities isuch as 

irotor ifluxes iand icurrents. To iovercome ithese idifficulties, 

ihigh iperformance ivector icontrol ialgorithms iare 

ideveloped iwhich ican idecouple ithe istator iphase icurrents 

by iusing ionly ithe imeasured istator icurrent, iflux iand 

irotor ispeed ifollow. 

 

“Field iOriented iControl ihas ibeen iuniquely 

ielaborated ifor ihigh-performance imotor iapplications 

iwhich ican iemploy ismoothly iover ithe iwide ispeed irange, 
ican ifabricate ifull itorque iat izero ispeed, iand iis iskilled 

iof iquick iacceleration iand ideceleration." 

 

A. Principal iof iField iOriented iControl 

The iprinciple iof iFOC isystem iof ian iinduction 

imotor iis ithat ithe id-q icoordinate ireference iframe iis 

ilocked ito ithe irotor iflux ivector, ithis iresults iin 

idecoupling iof ithe ivariables iso ithat iflux iand itorque ican 

ibe iindividually icontrolled iby istator idirect iaxis icurrent 

iisd iand iquadrature iaxis icurrent iisq irespectively ilike iin 

ithe iseparately iexcited iDC imachine. iPerformance iof iDC 

imachine ican ialso ibe iexpanded ito ian iinduction imotor iif 
ithe imachine iis iappraised iin ia isynchronously irotating 

ireference iframe iwhere ithe isinusoidal ivariables iappears 

ias iDC iquantity iin isteady istate. iThe iinduction imotor 

iwith ithe iinverter iand ivector icontrol iin ithe ifront iend iis 

ishown iin iFigure i(1). 
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Figi1:- iBlock iDiagram iof iField iOriented iControl 

 

The ithree-phase ivoltages, icurrents iand ifluxes iof 

iAC-motors ican ibe iinspected iin iterms iof icomplex ispace 
ivectors. iIf iwe itake iia, iib iand iic ias iinstantaneous 

icurrents iin ithe istator iphase, ithen ithe istator icurrent 

ivector iis idefined ias ifollow: 

 

𝑖𝑠
→ = 𝑖𝑎 + 𝑖𝑏𝑒𝑗2𝜋 3⁄ + 𝑖𝑏𝑒𝑗4𝜋/3 

 

Where ia, ib iand ic iare ithe iaxes iof ithree iphase 

isystem. iThis icurrent ispace ivector iconstitutes ithe ithree 

iphase isinusoidal isystem. iIt ineeds ito ibe itransformed 

iinto ia itwo itime icoordinate isystem. iThis itransformation 

ican ibe idivided iinto itwo isteps: ifirst iis i(a, ib, ic) ito i(α, 

iβ) i(the iClarke itransformation), iwhich igives ioutput iof 

itwo icoordinate itime ivariant isystem. iSecond iis i(α, iβ) ito 

i(d, iq) i(the iPark itransformation), iwhich igives ioutputs iof 

itwo icoordinate itime iinvariant isystem[1]. 
 

B. Clarke iTransformation 

Three-phase iquantities ieither ivoltages ior icurrents, 

ivarying iin itime ialong ithe iaxes ia, ib, iand ic ican ibe 

imathematically itransformed iinto itwo-phase ivoltages ior 

icurrents, ivarying iin itime ialong ithe iaxes iα iand iβ iby 

ithe ifollowing itransformation imatrix: 

 

𝑖𝛼𝛽𝑜 = (2 3)⁄ ⌊

1 −1 2⁄ 1 2⁄

0 √3 2⁄ −√3 2⁄

1 2⁄ 1 2⁄ 1 2⁄

⌋ 

 

Assuming ithat ithe iaxis ia iand iα iare ialong isame 
idirection iand iβ iis iorthogonal ito ithem, iwe ihave ithe 

ifollowing ivector idiagram: 

 
Figi2:- iClarke iand iPark itransformation 

 

𝑖𝑠𝛼 = 𝑖𝛼 𝑖 𝑖 𝑖 𝑖 𝑖 𝑖 𝑖 

𝑖𝑠𝛽 = 𝑖𝑎 √3⁄ + 𝑖𝑏 √3⁄  

 

But ithese itwo iphase i(α, iβ) icurrents istill idepends iupon 

itime iand ispeed. 

 
C. Park iTransformation 

This iis ithe imost iimportant itransformation iin ithe 

iFOC. iIn ifact, ithis iprojection imodifies ithe itwo iphase 

ifixed iorthogonal isystem i(α, iβ) iinto i(d, iq) irotating 

ireference isystem. iThe itransformation imatrix iis igiven 

ibelow: 

 

𝑖𝑑𝑞𝑜 = (
2

3
) ⌊

cos 𝜃 cos(𝜃 − 2𝜋 3)⁄ cos(𝜃 + 2𝜋 3)⁄

sin 𝜃 sin(𝜃 − 2𝜋 3⁄ ) sin(𝜃 + 2𝜋 3)⁄

1/2 1/2 1/2

⌋ 

 

Where, iθ iis ithe iangle ibetween ithe irotating iand 

ifixed icoordinate isystem. iThe itorque iand iflux 
icomponents iof ithe icurrent ivector iare idetermined iby ithe 

ifollowing iequations: 
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𝑖𝑠𝑞 = −𝑖𝑠𝛼 sin 𝜃 + 𝑖𝑠𝛽 cos 𝜃 

𝑖𝑠𝑑 = 𝑖𝑠𝛼 cos 𝜃 + 𝑖𝑠𝛽 sin 𝜃 

 

These icomponents idepend ion ithe icurrent ivector i(α, 

iβ) icomponents iand ion ithe irotor iflux iposition. iIf iyou 

iknow ithe iaccurate irotor iflux iposition ithen, iby iabove 

iequation, ithe id, iq icomponent ican ibe ieasily icalculated. 

iAt ithis iinstant, ithe itorque ican ibe icontrolled idirectly 

ibecause iflux icomponent i(isd) iand itorque icomponent i(isq) 
iare iindependent inow. 

 

D.  iiqs* icalculation 

The istator iquadrature-axis icurrent ireference iiqs* iis 

icalculated ifrom itorque ireference iTe* ias 

 

𝑖𝑞𝑠
∗ =

4𝑙𝑟𝑇𝑒
∗

3𝑃𝑙𝑚𝜑𝑟

 

 

where iLr iis ithe irotor iinductance, iLm iis ithe imutual 

iinductance, iand i[Ψr] iis ithe iestimated irotor iflux ilinkage 

igiven iby 

 

𝜑𝑟 =
𝑙𝑚𝑖𝑑𝑠

1 + 𝜏𝑟𝑠
 

 

where iτr i= iLr i/ iRr iis ithe irotor itime iconstant. 

 

E. ids* icalculation 

The istator idirect-axis icurrent ireference iids* iis 

iobtained ifrom irotor iflux ireference iinput i[Ψr]*. 

𝑖𝑑𝑠
∗ =

𝜑𝑟
∗

𝑙𝑚

 

F. Θe icalculation 

The irotor iflux iposition iθe irequired ifor icoordinates 

itransformation iis igenerated ifrom ithe irotor ispeed iωm 
iand islip ifrequency iωsl. 

 

𝜃𝑒 = ∫(𝜔𝑚 + 𝜔𝑠𝑙) 

 

The islip ifrequency iis icalculated ifrom ithe istator 

ireference icurrent iiqs* iand ithe imotor iparameters. 

𝜔𝑠𝑙 =
𝑙𝑚𝑅𝑟𝑖𝑞𝑠

∗

𝑙𝑟𝜑𝑟

 

The iiqs* iand iids* icurrent ireferences iare iconverted 

iinto iphase icurrent ireferences iia*, iib*, iic* ifor ithe 

icurrent iregulators. iThe iregulators iprocess ithe imeasured 

iand ireference icurrents ito iproduce ithe iinverter igating 

isignals. 

 

II. DIFFERENT IPWM ITECHNIQUES 

 
Switching itechniques iof ipulse iwidth imodulation 

i(PWM) ihave ibeen iapproved iin ithe iarea iof ipower 

ielectronics iand idrive isystems. iPWM iis ifrequently iused 

iin iapplications ilike imotor ispeed icontrol, iconverters 

iaudio iamplifiers ietc. iThe ipulse iwidth imodulation 

i(PWM) itechniques iare iregularly iused ifor ivoltage 

icontrol. iPWM itechniques iare iVoltage iMode iControl 

iand iCurrent iMode iControl. iIn iVoltage iMode iControl 

imainly itwo itypes iare iSinusoidal ipulse iwidth 

imodulation iand iSpace iVector ipulse iwidth imodulation. 
IniCurrent iMode iControl ione itechnique iis icurrent 

icontrol. 

 

A. Voltage iMode iControl 

 Voltage imode icontrol irepresents ithe imost 

ifundamental imethod, iin iwhich ionly ithe ioutput ivoltage 

iis ireturned ithrough ia ifeedback iloop. iThe idifferential 

ivoltage, iwhich iis iobtained ito icompare ithe ioutput 

ivoltage iwith ithe ireference ivoltage iby ian ierror iamp, iis 

icompared iwith itriangular iwaves iby ia iPWM igenerator. 

iAs ia iresult, ithe ipulse iwidth iof ithe iPWM isignal iis 

iresolved ito icontrol ithe ioutput ivoltage. iAdvantages iof 
ithis imethod iare iits irelative isimplicity ibased ion ithe iuse 

iof ia ifeedback iloop iconsisting isolely iof ivoltages, ithe 

iability ito icontrol ishorter ion-time, iand ihigh inoise 

itolerance. iPossible isnags iare ithe icomplexity iof ithe 

iphase icompensation icircuit iand ia icumbersome idesign 

iprocess. 

 

 
Figi3:--iVoltage iMode iControl 

 

Two itypes iof iVoltage iMode iControl: 

 Sinusoidal ipulse iwidth imodulation i(SPWM) 

 Space iVector ipulse iwidth imodulation i(SVPWM) 

 

 Sinusoidal Pulse Width Modulation 
The isinusoidal ipulse iwidth imodulation i(SPWM) 

itechnique iis iused ito iproduce ithe isinusoidal iwaveform 

iby ifiltering ian ioutput ipulse iwaveform iwith ivarying 

iwidth. iA ibetter ifiltered isinusoidal ioutput iwaveform ican 

ibe iobtained iby iusing ia ihigh iswitching ifrequency iand 

iby ivarying ithe iamplitude iand ifrequency iof ia ireference 

ior imodulating ivoltage. iIn iSPWM itechnique iit imaintains 

ithe ipulses iin idifferent iwidths iinstead iof imaintaining iin 

iequal iwidths ias iin imulti ipulse iwidth imodulation iwhere 

ithe idistortion ifactor i(DF) iand ilowest iorder iharmonics 

i(LOH) iare isignificantly ireduced. ithe icontrol isignal 
igenerator ifor iSPWM. iIn ithis iwe iuse itriangular iwave 

ias icarrier isignal iand isine iwave ias ia ireference isignal 

iand icompare ithe itwo iwaveforms iwith ithe ihelp iof 

icomparator. 

 

 
Figi4:- iControl isignal igenerator ifor iSPWM 
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 SPACE Vector Pulse Width Modulation I 

Another imethod ito iincrease ithe ioutput ivoltage 
iabout ithat iof iSVPWM itechnique iis ithe ispace ivector 

ipulse iwidth imodulation i(SVPWM) itechnique. iThis 

imethod iis iused ifor iadjustable ispeed idrives. iThis 

itechnique ican iincrease ithe ifundamental iup ito i27.3% 

iwhen icompared iwith iSPWM. iSVPWM iuses ithe 

irotating isynchronous ireference iframe. iSVPWM iworks 

ion ithe iprinciple ithat iwhen iupper itransistor iis iswitched 

iON; icorresponding ilower itransistor iis iswitched iOFF. 

iThe iON iand iOFF istate iof ithe iupper iswitches i(S1, iS3, 

iS5) ievaluates ithe ioutput ivoltages. 

 

 
Figi5:- iSVPWM iSwitching iStates 

 

B. Current iMode iControl 

The icurrent imode iis ia imodification iof ivoltage 
imode icontrol, iwhere ithe iinductor icurrent iin ithe icircuit 

iis idetected iand iused iinstead iof ithe itriangular 

iwaveforms iused iin ithe ivoltage imode icontrol. iThe 

icurrent isensing ican ialso ibe idone iby iusing ithe ion-

resistance iof ihigh iside iMOSFET ior ia icurrent isense 

iresistor iinstead iof ithe iinductor icurrent. iSince ithe 

icurrent imode ihas itwo itypes iof ifeedback iloops: ivoltage 

iloop iand icurrent iloop, ithe icontrol iexerted iis irelatively 

icomplex. iHowever ithe icurrent imode iprovides ithe 

iadvantage iof ia isubstantially isimplified iphase 

icompensation icircuit idesign. iOther ibenefits iinclude ithe 

ihighly istable ifeedback iloop iand ia ifaster iload itransient 
iresponse ithan ithat iof ithe ivoltage imode. iA idrawback iis 

ilow-noise itolerance idue ito ithe ihigh isensitivity iof 

icurrent idetection. 

 

 
Fig i6:--iCurrent iMode iControl 

 
 

 

III. OPTIMIZATION IOF IPOWER ILOSS IIN 

IINDUCTION IMOTOR 
 

In ithe isimplest icase, ian ioptimization iproblem 

iconsists iof imaximizing ior iminimizing ia ireal ifunction 

iby isystematically ichoosing iinput ivalues ifrom iwithin ian 

iallowed iset iand icomputing ithe ivalue iof ithe ifunction. i 

 

Optimization itechnique iis iused ito iminimize ithe 

ipower iloss iof iIM, iin ipower iloss itwo itypes iof ilosses 

iare ihere ione iis iohmic iloss iand iother iis itransient iloss. 

iTwo ivariables iare iids iand iTe, iohmic iloss iis idirectly 

iproportional ito isquare iids, itransient iloss iis iinversely 

iproportional ito isquare iids iand idirectly iproportional ito 
isquare iTe iand ithis iis ia inon-linear iequation iso iwe ineed 

ia inon-linear itwo ivariables ioptimization itechnique iwhich 

ican iminimize ithe ipower iloss iof iIM.  

i 

𝑃𝐿𝑜𝑠𝑠 = 𝑖𝑑𝑠
2 (𝑅𝑠 + 𝑙𝑠

2(𝑘ℎ𝑓 + 𝑘𝑒𝑓2)) +
1

𝑖𝑑𝑠
2 (

𝑇𝑒
∗𝑅𝑠

𝑘𝑇
2𝑙𝑚

(1 +
𝑅𝑟𝑙𝑚

2

𝑙𝑟
2

)

+
𝜎2𝑙𝑠

2

𝑘𝑇
2𝑙𝑚

2
(𝑘ℎ𝑓 + 𝑘𝑒𝑓2)) 

 

Here itwo itypes iof inon-linear ioptimization 

itechnique iare iused: 

(1) Gradient iConjugate iMethod 

(2) Quasi iNewton iMethod 

 
A. Gradient iConjugate iMethod 

The inonlinear iconjugate igradient imethod iis 

igenerally iused ito ifind ithe ilocal iminimum iof ia 

inonlinear ifunction iusing iits igradient i∇xf ialone. iIt iworks 

iwhen ithe ifunction iis iapproximately iquadratic inear ithe 

iminimum, iwhich iis ithe icase iwhen ithe ifunction iis 

itwice idifferentiable iat ithe iminimum[7] iand ithe isecond 

iderivative iis inon-singular ithere. iSteps iare igiven ibelow: 

1. Start iwith ian iinitial ipoint iX1, iSet ithe iiteration ii i= 1. 

2. Find ithe isearch idirection iSi i= i-∇f(Xi). 
3. Find ithe ipoint iX2, 

 

𝑋2 = 𝑋1 + 𝜆1
∗ 𝑆1 

 iλ1
* iis ithe ioptimal istep ilength iin ithe idirection iS1. 

 

4. Set ii i=2 iand ifind i 

∇fi = ∇f(Xi) 

𝑆𝑖 =  𝑖 − ∇𝑓𝑖 +
|∇𝑓𝑖|

|∇𝑓𝑖−1|2
𝑆𝑖−1 

 

5. Compute ithe ioptimum istep ilength iλi
* iin ithe idirection 

iSi iand ifind ithe ipoint 

𝑋𝑖+1 = 𝑋𝑖 + 𝜆∗𝑆𝑖 
 

6. Test ithe ipoint iXi+1 ifor ioptimality. iIf iXi+1 iis 

ioptimum, istop ithe iprocess iotherwise, iset ii i= ii+1 

iand igo ito istep i4. 
 

Continue ithis iprocess iuntil iwe iget ian ioptimum 

ipoint. 
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B. Quasi i iNewton’s i iMethod 

Newton’s imethod iis iused ifor isingle ivariable 
ifunction iwhile iquasi inewton’s imethod ican ibe iused ifor 

iminimization iof imultivariable ifunction. iSolving iprocess 

iare igiven ibelow: iConsider ithe iquadratic iapproximation 

iof ifunction if’(x) iat ix i= ixi iusing iTaylor iseries 

iexpansion[8] 

 

𝐹′(𝑋) = 𝐹′(𝑋𝑖) + 𝐹′′(𝑋𝑖){𝑋 − 𝑋𝑖} = 0 

∇𝐹 = ∇𝐹𝑖 + 𝐽𝑖{𝑋 − 𝑋𝑖} = 0 
 

Solution iof inext ipoint, 

𝑋𝑖+1 = 𝑋𝑖 −
∇𝐹𝑖

𝐽𝑖

 

 
where iJi i= i[j]xi iis ithe imatrix iof isecond ipartial 

iderivative. ithis iiterative iprocess ican ibe iassumed ito 

iconverge iwhen if’(xi+1) iis iclose ito izero. 

 

After isubstituting iall iconstants ivalues iin iequation 

ipower iloss i 

 

𝑃𝐿𝑜𝑠𝑠 = 17.3432𝑖𝑑𝑠
2 +

1

𝑖𝑑𝑠
2 {2.0754𝑇𝑒

2 + 0.0554} 

 

Above iequation itwo ivariables iids iand iTe iare 

ithere. iFrom itwo ivariables ione iis itorque iwhich iwe iare 

igoing ito iassume ias iconstant irated itorque ithat iis ione 

itype iof ioptimization iand iin isecond itype iboth iwill ibe 

iconsider ias ivariables. 

 

C. Optimization iResults i iwith i iConstant iTorque i 

In ithis isection iwe iwill isee iwhen itorque iis 

iincreased ifrom ione iconstant ivalue ito iother, iis ithis iids 
ifollowing itorque ior inot? iRated itorque ifor i1Hp 

iinduction i imotor iis i14Nm, iin ifirst icase iwe iwill itake 

izero itorque i, isecond icase iwe iwill itake ione iby ifour iof 

itorque i,third icase iwe iwill itake ione iby itwo iof itorque i, 

ifourth icase ithree iby ifour iof itorque iand iin ifinal icase 

iwe iwill itake ifull irated itorque iand iwe iwill isee 

iaccording ito iabove icases iwhat iis ithe ivalue iof iids iand 

iwhat iis iminimum ipower iloss iand ialso iefficiency iwith 

idifferent icases. 

 

 
Figi7:-iOptimum iValue iof iids iand iPLoss iwith irespect ito 

iRated iTorque 

 

From iabove ifigure iwe ican isay ithat iids iis 

ifollowing irated itorque ias itorque iis iincreasing, iids iis 
ialso iincreasing iand ipower iloss iis ialso iincreasing. iNow 

iwe iare iassuming irated iids iis iequal ito i8A, iand igoing ito 

icalculate ipower iloss ifor idifferent icases iafter ithat iwe 

iwill icalculate iefficiency. 

 

 
Table i1:-iEfficiency iTable 

 

After iseen iabove itable iwe ican isay iat ioptimize 

ivalue iof iids ipower iloss iis ivery iless icompare ito irated 
ivalue iids idue ito ithis ioptimize ivalue iof iids ihas ivery 

igood iconstant iefficiency. iAt irated ivalue iids iefficiency iis 

iincreasing ias irated itorque iis iincreasing ibut inot ireached 

iup ito ilevel iof iefficiency iof ioptimize ivalue iof iids. 

 

D. Optimization iResults iwith iTwo iVariables 

After iapplying igradient iconjugate imethod iand 

iquasi inewton imethod iof ioptimization iwe ifound iat 

i1.9604 iwhich iis ifunction ilast iiteration ivalue iso iit iis. 

 

𝑃𝐿𝑜𝑠𝑠 = 1.9604𝑊 
 

At ilast iiteration iwhich iis i14, iids ivalue iis i0.2378A iand 

itorque ivalue iis i-3.2336 ie-6 iNm. iDue ito ilocal iminima 

iPloss iminimum ivalue iis inot igoing ito ichange, iif iu 

iplace iany ivalue iof istarting iX iexcept i[0,0] ithen iu iwill 

iget isame ipower iloss iminimum ivalue ionly inumber iof 

iiteration iis igoing ito ichange iand iids iand itorque ivalue 

iis ialso isame ionly isign iwill ibe ichanged iaccording ito 

istaring ivalue. 

 

 
Fig i8:- iBy iusing iGradient iMethod iOptimization 
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Fig i9:- iBy iusing iQuasi iNewton’s iMethod 

 

IV. SIMULIATION IRESULTS IAND ICOMPARE 

ISTUDY 

 

A. Simulink i iResult iwith iDifferent iPWM iTechnique i 

In iSimulink imodel iof ivector icontrol iinduction 

imotor idrive, ithere iis ia idiode irectifier, ian iinverter i1HP 

iinduction imotor iand ia iclose icontrol iprocess ito 

igenerate iPWM. iSimulation iparameters iare icalculated 

iby iusing iNo-load itest iand iblocked irotor itest iand 
isimulated iin iMATLAB i2017a. iIn ithis ipaper ithree 

iPWM itechniques iare iavailable iand iwe iwill iuse ithat 

iPWM itechniques iand icompare itheir iresults. iAll 

iparameters iis igoing ito isame iduring isimulation ionly 

iPWM itechniques iis igoing ito ichange. 

 

1) Using iCurrent iController iPWM iTechniques 

 

 
Fig 11::- iUsing iCurrent iController iSimulation iResult 

i(a) iIabc i(b) iNrpm i(c) iTe i(d) iVDC 

 

2) Using iSpace iVector iPWM iTechniques 

 

 
Fig i12:- iUsing iSpace iVector iPWM iSimulation iResults 

i(a)VDC i(b)Iabc i(c)Nrpm i(d)Te 

Figure i12 ishows ioutput iof iVector icontrol iIM 

iwhich iis iusing ispace ivector iPWM itechnique ito 
igenerate iPWM, iIt iis iused ifor ithe icreation iof 

ialternating icurrent i(AC) iwaveforms; imost icommonly ito 

idrive i3 iphase iAC ipowered imotors iat ivarying ispeeds 

ifrom iDC iusing imultiple iclass-D iamplifiers. iThere iare 

ivariations iof iSVPWM ithat iresult iin idifferent iquality 

iand icomputational irequirements. iOne iactive iarea iof 

idevelopment iis iin ithe ireduction iof itotal iharmonic 

idistortion i(THD) icreated iby ithe irapid iswitching 

iinherent ito ithese ialgorithms. 

 

 

3) Using iSinusoidal iPWM iTechniques 
 

 
Figi13:-iUsing iSinusoidal iPWM iSimulation iResults 

i(a)Iabc i(b)Nrpm i(c)Te i(d) iVDC 

 

Figure i13 ishows ioutput iof iVector icontrol iIM 

iwhich iis iusing iSinusoidal iPWM itechnique ito igenerate 

iPWM.iIn isinusoidal iPWM, ithe imodulation isignal iis 

isinusoidal, iwith ithe ipeak iof ithe imodulating isignal 

ialways iless ithan ithe ipeak iof ithe icarrier isignal. 

 

B. Compare iStudy iof iResults 

After iusing ithree iPWM itechniques iwe ihave ithree 
idifferent iresults, ithat iis igiven ibelow: 

 

Parameter Current 

iController 

SPWM SVPWM 

THD 27% 23.9% 20.4% 

Te(Nm) 16.15 15.16 21.73 

Table i2:-iComparative iStudy 

 

Table i2 ishows iSVPWM iPWM itechnique iis ibetter 

ithan iother iPWM itechniques ibecause iTHD iis ilesser iand 

ielectromagnetic itorque iis igreater ithan iSPWM iand 

icurrent icontroller. iSVPWM itechnique iother iadvantages 

iare: i(1) ibetter ifundamental ioutput ivoltage, i(2) iUseful 

iin iimproving iharmonic iperformance iwhen ivectorally 
iadding itwo, iotherwise iidentical, iout iof iphase i(by i1200) 

ipulses isome i(odd itriplen) iharmonics ialgebraically iadd 

ito ithe i(odd itriplen) iharmonics iof ithe iother iwhile 

icanceling iout ianother igroup iof iharmonics ileaving ia 

isine-wave-like iresult itwice ias ilarge ias ieither iof iits 

iconstituent ipulses, i(3) iExtreme isimplicity iand iits ieasy 

iand idirect ihardware iimplementation iin ia iDigital iSignal 

iProcessor i(DSP), i(4) iSVPWM ican ibe iefficiently 
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iexecuted iin ia ifew imicroseconds, iachieving isimilar 

iresults icompared iwith iother iPWM imethods. I 
  

C. Simulation iResults iwith iTransient 

 

1) Speed iis iConstant iand itorque iis ivarying 

For isimulation ispeed ireference ihas itaken ias 

i1500rpm ifor iall itime iperiod iand iload itorque iis 

ivarying iat i0s itorque iis i0Nm, iat i0.5s iit iis i7Nm iand 

iat i1.5s iit iis i-7Nm[3]. 

 

 
Fig i14:- (a) iIas i(b) iNrpm i(c) iTe i(d) iVDC 

 

At it=0s,the ispeed iset ipoint iis i1500rpm iand 
iobserve ithat ithe ispeed ifollows iacceleration iramp. iAt 

it=0.5s ithe iload itorque i7Nm iis iapplied ito imotor ishaft 

iwhile ithe imotor ispeed iis istill iramping ito iits ifinal 

ivalue. iAt it=1.5s inext itorque iload i-7Nm iis iapplied idue 

ithis iload iit iis itaking imore itime ito ireach iits ifinal 

ispeed ivalue. iAt it=2s ispeed iis iconstant iand iload 

itorque ialso. 

 

2) Speed iis ivarying iand itorque iis iconstant 

For isimulation ispeed ireference ihas itaken ias 

i500rpm iat i0s, i1000rpm iat i1s iand i1500rpm iat i2s, iload 
itorque iis iconstant iat i7Nm ifor iall itime iperiod. iIn 

ifigure i15 iAt it=0s,due ito iload itorque i7Nm iat istaring 

irotor ispeed iis istarted ifrom i-50 irpm iand iit irecover 

ifrom ithat isoon istarted ito ifollows ithe ispeed iset ipoint 

i500rpm iand iobserve ithat ithe ispeed ifollows 

iacceleration iramp. iAt it=0.5s ithe iload itorque i7Nm iis 

istill ito imotor ishaft iwhile ithe imotor ispeed iis istill 

iramping ito iits ifirst ireference ivalue i500rpm. iAfter i0.5s 

iit ireached iat i500rpm iand itorque iis ialso istable. iAt 

it=1s ispeed ireference iis ivarying ifrom i500 ito i1000rpm, 

iso itorque iis ialso iincreased iand iboth iare istable iafter 

i1.5s. iAt it=2s inext ispeed ireference iis iapplied ithat iis 
i1500rpm iso iagain itorque iis iincreased iand iboth iare 

istable iat iafter i2.5s. 

 

 
Figi15:- (a) iIas i(b) iNrpm i(c) iTe i(d) iVDC 

 

3) Speed iand itorque iboth iare ivarying 

For isimulation ispeed ireference ihas itaken ias 

i500rpm iat i0s, i1000rpm iat i1s iand i1500rpm iat i2s, iload 

itorque iis ivarying iat i0s itorque iis i0Nm, iat i0.5s iit iis 

i7Nm iand iat i1.5s iit iis i-7Nm. 

 

 
Figi16:- (a) iIas i(b) iNrpm i(c) iTe i(d) iVDC 

 

At it=0s,the ispeed iset ipoint iis i500rpm iand 

iobserve ithat ithe ispeed ifollows iacceleration iramp. iAt 
it=0.5s ithe iload itorque i7Nm iis iapplied ito imotor ishaft 

iwhile ithe imotor ispeed iis istill iramping ito iits ifinal 

ivalue. iAt it=1.5s inext itorque iload i-7Nm iis iapplied idue 

ithis iload iit iis itaking imore itime ito ireach iits ifinal 

ispeed ivalue. iAt it=2s ispeed iis ivarying ito i1500rpm iand 

iload itorque ialso iincreased. iAfter i2.5s iboth iare istable. 

 

V. HARDWARE IRESULT 

 

The igate ipulses iare igenerated iusing 

iTMS320f28335 iDSP iProcessor[2]. iIt’s ibased ion 

iHarvard iArchitecture iwith ia ihigh iperformance i32 ibit 
iCPU, iwith ian ion ichip imemory iof i256K i× i16 iFlash, 

i34K i× i16 iSARAM. iFor iconverter iand iinverter ipart 

iIntelligent iPower iModule i(IPM) iis iused. iIntelligent 

iPower iModules i(IPMs) iare iadvanced ihybrid ipower 

idevices ithat icombine ihigh ispeed, ilow iloss iIGBTs iwith 

ioptimized igate idrive iand iprotection icircuitry. 
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Figi17:-iLine ito iLine ivoltage i 

 

Figure i17 ishows iline ito iline ivoltage iof ivector 

icontrolled iInduction iMotor. I 

 

VI. CONCLUSION 

 

By iusing ivector icontrol iusing iin iinduction imotor 

iwe iare igetting itransient iresponse iwill ibe ifast ibecause 

itorque icontrol iby iiqs idoes inot iaffect iflux. iIt iallows ifor 

ispeed icontrol iin iall ifour iquadrants i(without iadditional 
icontrol ielements) ias inegative itorque iis idirectly itaken 

icare iof iin ivector icontrol iand ialso ilow ipower 

idissipation. It iautomatically ilimits ioperation ito ithe 

istable iregion. In iPWM itechnique iSVPWM iis ibetter 

ithan iSPWM iand icurrent icontroller ibecause itotal 

iharmonic idistortion i(THD) iin iSVPWM iis iless ithen 

iSPWM iand icurrent icontroller, ielectromagnetic itorque 

i(Te) iis ialso igreater ithan iSPWM iand icurrent icontroller, 

iall iresults iare idone ion isame iparameters ivalue ifor iall 

ithree iPWM itechniques. iBy iapplying ioptimization 

itechnique ian ioptimal ifunction ivalue icalculated ito 

iminimum ithe ipower iloss iin iinduction imotor ithere iby 
iimproving ithe iefficiency iof iinduction imotor. 

 

REFERENCES 

 

[1]. Yuan iLin iand iVijay iVittal i, i“Modeling iof 

iRectifier-Controlled iInduction iMotor iDrive iLoad 

iin iTransient iStability iSimulation iTools i” iIEEE 

iTransactions ion iPower iSystem, iJan. i2018. 

[2].  iAkrem iElrajoubi, iSimon iS. iAng iand iAli 

iAbushaiba i, i“TMS320F28335 iDSP iProgramming 

iusing iMATLAB iSimulink iEmbedded iCoder: 
iTechniques iand iAdvancements i,” iIEEE iControl 

iand iModeling iof iPower iElectronic, iJuly i2017. 

[3]. Y. iLiu, iV. iVittal, iJ. iUndrill, iand iJ. iH. iEto, 

i“Transient imodel iof iairconditioner icompressor 

isingle iphase iinduction imotor i,” iIEEE iTrans. 

iPower iSystem, ivol. i28, ino. i4, ipp. i4528 i- i4536, 

iNov. i2013. 

[4]. B. iK. iBose, i“ iGlobal ienergy iscenario iand iimpact 

iof ipower ielectronics iin i21st icenturary”, iIEEE 

iTransaction iIndustrial iElectronics, ivol. i60, ino. i7, 

ipp. i2638 i- i2651, iJul. i2013. 

[5]. Y. iLiu iand iV. iVittal, i“Distribution iside imitigation 
istrategy ifor ifault iinduced idelayed ivoltage 

irecovery,” iIEEE iPES iGeneral iMeeting, ipp. i1-5, 

iJuly i2014 

[6]. N. iMohan, iT. iUndeland, iand iW. iRobbins, i“Power 

iElectronics: iConverters, iApplications, iand iDesign,” 
i3rd ied. iNew iYork: iWiley i, i2003 

[7]. S.S. iand iRao i, i“optimization itheory iand 

iapplications,” iNew iYork: iWiley,1979 

[8]. Raju iN iV iS i, i“optimization imethods ifor 

iEngineers i,” iPHI, i2010 

 

http://www.ijisrt.com/

	I. INTRODUCTION i
	A. Principal iof iField iOriented iControl
	B. Clarke iTransformation
	C. Park iTransformation
	D.  iiqs* icalculation
	E. ids* icalculation
	F. Θe icalculation

	II. DIFFERENT iPWM iTECHNIQUES
	A. Voltage iMode iControl
	B. Current iMode iControl

	III. OPTIMIZATION IOF IPOWER ILOSS IIN IINDUCTION IMOTOR
	A. Gradient iConjugate iMethod
	B. Quasi i iNewton’s i iMethod
	C. Optimization iResults i iwith i iConstant iTorque i
	D. Optimization iResults iwith iTwo iVariables

	IV. SIMULIATION IRESULTS IAND ICOMPARE ISTUDY
	A. Simulink i iResult iwith iDifferent iPWM iTechnique i
	1) Using iCurrent iController iPWM iTechniques
	2) Using iSpace iVector iPWM iTechniques
	3) Using iSinusoidal iPWM iTechniques
	Figi13:-iUsing iSinusoidal iPWM iSimulation iResults i(a)Iabc i(b)Nrpm i(c)Te i(d) iVDC

	B. Compare iStudy iof iResults
	C. Simulation iResults iwith iTransient
	1) Speed iis iConstant iand itorque iis ivarying
	2) Speed iis ivarying iand itorque iis iconstant
	3) Speed iand itorque iboth iare ivarying


	V. HARDWARE iRESULT
	VI. CONCLUSION
	REFERENCES


