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  Abstract: This paper focus on various loading conditions on 

the Permanent Magnet Synchronous Motor and its application 
using field oriented control technique. Constant torque 
application irrespective of speed is also presented. This technique 
helps in lift and belt conveyors handling constant weight of 
material per unit time, in pumping and compressing and electric 
locos. Results of simulation shows that proposed system has high 
acceleration and deceleration rate with vector control, overall 
quick and dynamic response as well as excellent controlling 
ability. The vector control is a excellent technology for analysis 
and design of PMSM drive system.  It provides designing and 
debugging for practical drive system. Modeling and different 
kinds of Permanent Magnet Synchronous Machines are studied 
and Simulation is carried out in Matlab and performance is 
studied at different operating conditions.  

Keywords: Permanent magnet synchronous motor; field 
oriented control; loop current control; loop speed control. 
Abbreviations  
P                      Number of poles of stator poles 
ia, ib, ic                        stator phase currents (Amp) 
id, iq                  d and q axis currents (Amp) 
  ea, eb, ec              back Emf (Volts) 
va, vb, vc              phase voltages (volts) 
vd, vq                 d & q axis voltages (volts) 
vdc                     DC voltage (volts) 
J                        Moment of Inertia, kg-m2 
La, Lb, Lc           Self inductance of  phase (Henrys) 
Lab                     Coupled inductance between a, and b 
                          Phase (Henrys)   
Ld, Lq                d & q axis inductance (Henrys) 
λaf                      Mutual flux due to rotor magnet (Webers) 
λd, λq                 d & q axis  link fluxes (Webers) 
R s        Resistance of stator winding 
Ls               Average inductance    Ls= (Lq+Ld)/2 
Lx          Inductance fluctuation Lx= (Lq-Ld)/2 
        λm           linkage flux due to magnet 
        θr           Electrical angle between d-axis and q-axis     
        ωs          angular Synchronous speed (Rad/sec) 
        ωr           ωr = pθ,  rotational speed (rad/sec) 
        Te           Motor developed torque in (N-M) 
        α and     Stationary frame α-axis and -axis. 
        B             friction coefficient (N/rad/sec) 
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I. INTRODUCTION 

InT servoT applicationsT PMSMT canT beT usedT 
veryT efficiently.T [1]-[3],.T TheT PMSMT requiredT aT 
sinusoidalT backT emfT andT sinusoidalT statorT currentT 
toT produceT constantT torque.T TheT PMSMT 
consideredT inT theT paperT hasT noT damperT barsT andT 
excitationT throughT theT permanentT magnetT insteadT 
ofT aT fieldT winding. ThisT motorT isT mostlyT usedT inT 
lowT andT mediumT powerT applicationsT likeT 
computers,T robotics,T variableT speedT applications,T 
electricT carsT andT constantT torqueT applicationT inT 
variousT industriesT likeT steelT millsT andT inT 
transportationT forT materialT handling.T [2],T [3],[11]. 

T IndustryT hasT demandedT theT needT ofT simulationT 
toolsT forT permanentT magnetT motorT andT theseT 
systemT helpedT theT processT ofT developingT newT 
systemsT includingT motorT drives,T byT reducingT costT 
andT time.T SimulationT toolsT haveT theT capabilitiesT 
ofT performingT dynamicT simulationsT ofT motorT 
drivesT inT aT visualT environmentT soT asT toT facilitateT 
theT developmentT ofT newT systems.T [7],[8],[10]. 
T InT permanentT magnetT machineT theT fluxT canT beT 
distributionT radialT andT axiallyT pattern.T SurfaceT 
permanentT magnetT andT buriedT permanentT magnetT 
isT aT typeT ofT sinusoidalT statorT supply.T InT surfaceT 
permanentT magnet,T permanentT magnetsT areT gluedT 
onT theT rotorT surfaceT usingT epoxyT adhesive.T 
UnlikeT inT anT interiorT permanentT magnetT theT 
magnetsT areT mountedT insideT theT rotorT [9],T [12],[13] 
T ThisT paperT showsT theT mathematicalT modeling,T 
simulationT ofT PermanentT MagnetT SynchronousT 
MotorT inT MATLABT environmentT usingT vectorT 
controlT underT differentT operationsT likeT i)T stepwiseT 
riseT inT loadT ii)T stepwiseT changeT inT speedT iii)T 
reversalT ofT speed,T andT simulationT forT electricT 
vehicleT load.T  
T TheT paperT isT arrangedT asT follows: 
SectionT IIT isT theT modellingT ofT theT PMSM.T 
SectionT IIIT scalarT followedT byT vectorT controlT 
method.T SectionT IV.VariousT kindsT ofT load.T 
SectionT V.T ElectricT transportationT load,T VI.T 
SystemT ofT drive.T InT sectionT VIIT ResultsT ofT 
Simulation.T VIII.T PMSMT AC-6T systemT ofT drive.T 
SectionT IXT .Conclusion 

.Motor parameters are as under: 
     Power Rating = 1.1 KW 

Armature Resistance = 2.875 ohm 
                        Flux = 0.175 weber 

                 Direct Axis Inductance = 0.0085H 
          Quadrature Axis Inductance = 0.0085H 

              Moment of Inertia = 0.008 kg-m^2 
                             Number of Poles = 2 

https://www.openaccess.nl/en/open-publications
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
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II.  MODELLING OF PMSM MACHINE 

TheT statorT ofT areT similar.T TheT electromotiveT 
forceT generatedT byT bothT theT machinesT isT 
same.T TheT mathematicalT modellingT ofT aT PMSMT 
hasT sameT toT thatT ofT theT woundT rotorT 
synchronousT motor.TheT assumptionsT forT 
derivation.T [1]-[4].T AssumptionsT suchT asT inT theT 
airT gapsT spaceT harmonicsT areT neglectedT dueT 
statorT windingT magnetoT motiveT forceT 
distribution.T ReluctanceT airT gapT hasT sinusoidalT 
varyingT component.T ThreeT phaseT balanceT supply.T 
SaturationT dueT toT magnetT isT consideredT andT 
ironT lossesT areT neglected.T AbsenceT ofT damperT 
bars.[1],[9],[12] 

 

Fig 2.1. Permanent Magnet Synchronous Motor 

Rotor reference frame equation of stator d, q [2], [3] 
                                                           (1) 

                                                                          
                                                                   (2) 
where 
                                                                                                              (3) 

        
                                                           (4) 

      is the  magnet mutual flux linkage 
The power input pi is indicated as 

                                                         (5) 
 in terms of d, q variables 

                                                     (6) 

 
(a) q-axis circuit                             (b) d-axis circuit 

 
Fig 2.2.Equivalent Circuit of a PM Synchronous Motor 

          Fig.2.2 indicates the circuit of IPM machine. Due to 
saturation magnetic circuits the current is increases. When iq 
is rises, the value of Lq is fall and Lm and Ld are suffer to 
armature reaction. Here id is zero or negative value for 
operating conditions, saturation of Ld is not occurs.[2],[3], 
[4].The torque Te generated by machine 
                       Te = 3P [ λmiq + (Ld - Lq) idiq ] /2                       
(7) 
           Equation for the dynamics of machine 
                                                                (8) 
 Equation (7) shows that the motor torque is consisting of 
two different operations. “the mutual reaction torque” 

occurring between iq and the permanent magnet and the “the 

torque due to reluctance” due to the non uniform air gap. 
For constant flux operation when id equals zero, the motor 
torque Te  

       Te = 3λmiq/2 = ktiq                                                 (9) 
Where kt is the motor torque constant. This torque equation 
is similar that of the dc machine and provides ease to 
control. [2]-[3]. 
vd and vq are obtained from va, vb, and vc with park’s 

transformation as given  below.[2-6] 
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 The zero sequence components vo under balanced three 
phase system is always zero. Since it is a linear 
transformation a, b, c variables are obtained from d, q 
variables through the inverse of the park’s transformation as 

given below. 
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Where θ is the position of rotor. Ld > Lq , id must be 
negative. 

III. SCALAR AND VECTOR CONTROL 

InT scalarT controlT theT magnitudeT ofT variablesT isT 
controlT andT scalarT controlT isT easT toT implement.T 
CouplingT effectT causesT theT poorT dynamicT responseT 
andT theT systemT isT easilyT sufferT instabilityT becauseT 
ofT aT highT orderT fifthT harmonicT systemT effect,T 
i.e.T ifT torqueT isT increasedT byT increasingT theT slipT 
(frequency),T theT fluxT tendT toT decreaseT andT fluxT 
variationT isT alwaysT sluggish.T ForT controllingT theT 
fluxT additionalT voltageT isT requiredT (BoostT 
voltage).TheT temporaryT dropT inT fluxT decreasesT theT 
torqueT sensitivityT withT slipT andT increasesT theT timeT 
response.T ThisT problemT isT overcomeT byT usingT theT 
FieldT orientedT controlT method.T [7-12] 
InT fieldT orientedT control,T magnitudeT andT phaseT 
alignmentT bothT vectorT variablesT canT beT control.T 
VectorT controlT driveT operatesT sameT asT aT 
separatelyT excitedT directT currentT motorT driveT 
becauseT ofT performanceT isT likeT directT currentT 
machineT andT vectorT controlT isT knownT asT 
decouplingT control.T VectorT controlT methodologyT 
canT applyT toT inductionT asT wellT asT PMSMT 
drives.T [8],T [12].bothT torqueT andT fieldT componentT 
isT orthogonalT inT separatelyT excitedT directT currentT 
machineT andT henceT independentlyT control.T TheT 
electricT torqueT equationT ofT aT separatelyT excitedT 
directT currentT machineT asT givenT below 

 
              Te = Kt f a = Kt Ia If                                                  (12) 

Where kt = motor torque constant, ia =Torque component 
(armature current), if = Field component (field current) 
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This vector control technique is somewhat similar to that of 
permanent magnet synchronous motor vector control, 
except, in vector control of PMSM for maximum torque 
sensitivity with the stator current, we can set id = 0 and ia = 
iqs. The slip frequency sl = 0 because the machine runs at 
synchronous speed e. The magnetizing current ids= 0 
because rotor flux is produced by permanent magnet [8], 
[12]. This condition is also gives a minimum inverter power 
rating.  Equation (3) and (4) can be represented in phasor 
diagram as given below in fig.3.2. 
      

 
Fig.3.2. phasor diagram of vector controller 

IV. DIFFERENT TYPES OF LOAD  

 TheT variousT kindsT ofT electricalT loadsT whichT 
includeT constantT typeT loadT torque:T e.g.T MachineT 
tools,T Extruders,T Mixers,T LiftT machines,T PositiveT 
displacementT pumpsT andT compressors.T TorqueT 
proportionalT toT squareT ofT theT speedT e.g.T electricT 
fanT typeT load,T pumpsT andT propellers.T [6],[12].T 
ConstantT powerT typeT load:T TheT powerT remainsT 
constantT whileT theT torqueT varies.T TheT torqueT isT 
inverselyT proportionalT toT speed.T ThisT includesT 
electricT vehicleT drives,T itT requiresT moreT startingT 
torqueT atT lowT speedT forT initialT acceleration,T thenT 
aT reducedT torqueT whenT atT runningT speed.[3],[4] 

V. ELECTRIC VEHICLE LOAD 

 

 
        Fig4.5.speed-torque curve for electric vehicle 

Fig4.5 shows the torque-speed curve of an electric vehicle 
load. The stiction is large near zero speed because of its 
heavy weight and total torque is due to stiction. The stiction 
may loss at some finite speed and then windage and viscous 
friction loss is dominant. Because of high stiction and need 
for accelerating a heavy mass, the initial torque required for 
staring a electric vehicle is much larger than required to run 
it at full speed.[12],[5] 

VI. DRIVE SYSTEM 

TheT mainT componentT ofT driveT systemT consistT ofT 
permanentT magnetT synchronousT machine,T speedT 
andT positionT feedback,T aT PWMT inverterT andT 
signalT builderT forT loading.T AT 3-phaseT motorT 
ratedT 1.1kw,T 220V,T andT 3000T rpmT isT fedT byT 
PulseT widthT modulatedT inverterT [12],T [13].T ItsT 
outputT voltageT providedT throughT controlledT sourceT 
blockT beforeT givenT toT theT statorT windings.T  
 TheT loadT torqueT mountedT toT theT rotorT shaftT isT 
buildT withT theT helpT ofT signalT builderT fromT 
MATLABT library.T UsingT signalT builderT weT canT 
constructT differentT typesT ofT loadT torqueT curve.T 
TwoT controlT loopsT areT used.T ToT controlT theT 
motorT currentsT innerT loopT isT used.T ToT controlsT 
theT motorT speedT outerT loopT isT used.T TheT id=0T 
controllingT methodologyT isT usedT [1],T [2]. 

VII. SIMULATION RESULTS 

 TheT proportionalT andT integralT controllerT isT usedT 
toT controlT theT speedT andT d-qT axisT current,T id=0T 
controlT methodT isT usingT forT PMSM.T TheT modelT 
runsT inT MATLABT usingT vectorT controlT ofT PMSM. 
T AtT startingT theT torqueT increasesT rapidlyT initialT 
point.T DuringT thisT period,T theT speedT isT alsoT 
risesT linearlyT dueT toT vectorT controlT andT theT 
commandedT torqueT isT equalT toT theT maximumT 
capabilityT ofT theT motor.T ThisT showsT thatT 
machineT speedT upT inT shortestT possibleT time.T 
Fig.8T (a),T 8(b),T 8(c)T showsT theT differentT 
operatingT conditionT ofT PMSMT usingT vectorT 
controlT methodologyT inT Matlab 
. 

 
Fig 8 (a).Step rise in load 

 
       ItT isT seenT thatT theT currentT andT torqueT 
responseT timeT isT minimumT andT veryT smallT 
fluctuationT inT speed.T ItT isT seenT thatT atT stableT 
operationT theT speedT isT remainsT constantT andT 
currentT maintainT aT goodT sinusoidalT natureT shownT 
inT figT 8(a).T 
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InT figureT 8(a)T showsT atT theT timeT ofT startingT 
motorT isT runningT atT noT loadT withT zeroT loadT 
torqueT soT itT isT calledT asT noT loadT operationT butT 
atT t=0.05T secT stepT changedT inT loadT fromT noT 
loadT toT aT torqueT ofT 6T N-M.theT torqueT isT veryT 
highT butT theT sameT timeT motorT achieveT theT 
referenceT speedT dueT toT vectorT control.T TheT 
systemT runsT veryT smoothly. 

 
Fig 8(b). Step change in reference speed 

FromT resultT itT isT seenT thatT speedT canT beT 
changeT fromT referenceT speedT toT desiredT speedT byT 
changingT theT frequencyT ofT supply.T TheT referenceT 
speedT isT 200T rpmT afterT 0.05T secT theT supplyT 
frequencyT isT changedT andT motorT speedT upT toT 
500T rpmT andT fromT figureT 8(b)T itT isT seenT thanT 
sinusoidalT currentT andT speedT responseT isT smooth.T 
FromT resultT weT canT seeT thatT speedT canT beT 
changeT fromT referenceT speedT toT desiredT speedT byT 
changingT theT frequencyT ofT supply.T TheT referenceT 
speedT isT 200T rpmT afterT 0.05T secT theT supplyT 
frequencyT isT changedT soT asT toT achieveT theT 500T 
rpmT andT fromT figureT 8(b):T currentT isT sinusoidalT 
andT speedT responseT isT veryT smooth 

.  
                              Fig 8 (c).Speed Reversal 
FromT figureT 8T (c)T theT speedT ofT PMSMT canT beT 
changedT byT changingT theT phaseT sequenceT ofT theT 
supplyT system,T fromT R-Y-BT toT R-B-Y. 
AtT startingT referenceT speedT isT 500T rpmT butT atT 
0.05T secT speedT becomesT -500T rpm.T AtT theT sameT 
timeT theT phaseT sequenceT ofT supplyT isT alsoT 
changeT asT shownT inT currentT waveform. 

T Fig.8T (d),T resultsT showsT thatT systemT hasT rapidT 
accelerationT andT retardationT andT fromT fig.8T (c),T 
pluggingT reversalT isT alsoT possibleT whichT isT 
desiredT characteristicsT forT ElectricalT vehicles;T 
motorT canT runT stablyT andT hasT excellentT staticT asT 
wellT asT dynamicT performanceT whichT isT moreT 
efficientT forT ElectricT Vehicle.T InT eachT operatingT 
conditionT currentT andT torqueT responseT timeT isT 
veryT smallT andT veryT smallT fluctuationT inT speed.T 
OneT canT seeT thatT theT duringT steadyT stateT 
operationT theT speedT isT constantT andT currentT 
maintainT aT goodT sinusoidalT waveform 

VIII. AC6 – PERMANENT MAGNET 
SYNCHRONOUS MOTOR DRIVE 

TheT permanentT magnetT synchronousT motorT isT 
suppliedT byT aT pulseT widthT modulatedT voltageT 
sourceT inverter,T whichT isT builtT usingT aT UniversalT 
BridgeT Block.T TheT speedT controlT loopT usesT aT 
proportionalT andT integralT controllerT toT produceT theT 
fluxT andT torqueT referencesT forT theT vectorT controlT 
block.T TheT vectorT controlT blockT measuresT theT 
referenceT lineT currentsT ofT theT machineT 
correspondingT toT theT fluxT andT torqueT referencesT 
andT thenT supplyT toT theT motor,T usingT aT three-
phaseT currentT controller.T StatorT current,T speed,T 
andT torqueT signalsT outputT ofT thisT block. 

 
Fig.9 (a) Simulation result for electric vehicle load 

 
    FromT figureT 9T (a),T statorT current,T theT rotorT 
speed,T theT motorT torqueT andT theT busT voltageT onT 
theT scope.T TheT setT pointT ofT speedT andT theT 
torqueT areT display. 
AtT startingT t=0T setT speedT isT 300T rpm,T itT showsT 
thatT speedT followedT preciselyT theT accelerationT 
rampT itT isT calledT asT acceleration 
T AtT tT =1T sec,T theT ratedT loadT torqueT isT appliedT 
toT theT motor.T OneT canT observeT aT littleT 
disturbanceT inT theT motorT speed,T whichT stabilizesT 
rapidly. 
T AtT tT =T 6T sec,T setT pointT ofT speedT hasT 
changedT toT zeroT value.T 
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TheT speedT fallsT downT toT zeroT valueT followingT 
preciselyT theT decelerationT ramp.T ThisT timeT isT 
calledT asT retardation.T FromT thisT resultT oneT canT 
sayT thatT systemT exhibitT speed-torqueT curveT forT 
electricT vehicleT henceT thisT driveT systemT isT 
suitableT forT electricT vehicleT application. 

XI. CONCLUSION 

      ThisT paperT hasT presentedT modelling,T simulation,T 
andT fieldT orientedT controlT ofT permanentT magnetT 
synchronousT machineT underT differentT operatingT 
conditionT andT suitableT forT electricT vehiclesT 
applications.T SinceT vectorT controlT transformT theT 
permanentT magnetT synchronousT motorT toT anT 
equivalentT separatelyT excitedT directT currentT 
machine.T TheT resultT indicatesT thatT theT smallT andT 
largeT signalT responsesT areT veryT similar.T TheT 
largeT andT smallT signalT speedT responseT isT same.T 
ResultsT ofT SimulationT indicatesT thatT systemT hasT 
rapidT accelerationT andT retardationT andT itT canT runT 
smoothlyT andT hasT goodT staticT asT wellT asT 
dynamicT responsesT whichT isT moreT efficientT forT 
electricT tractionT applicationT andT ElectricT Vehicle. 
T TheT vectorT controlT isT aT excellentT technologyT 
forT analysisT andT designT ofT PMSMT driveT system.T 
ItT providesT designingT andT debuggingT forT practicalT 
driveT system. 
T FinalT conclusionT isT thatT ModellingT andT differentT 
typesT ofT permanentT magnetT synchronousT motorT isT 
studiedT andT SimulationT isT carriedT outT inT MatlabT 
andT performanceT isT studiedT atT variousT operatingT 
conditions.T ItT isT foundT thatT permanentT magnetT 
synchronousT motorT canT beT usedT forT varietyT ofT 
applicationT underT differentT operatingT conditionT dueT 
toT highT power,T highT torque,T andT highT dynamicT 
response. 
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