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perttrsDcDt rDagDd sytrchronoos rDolors
ar€ widely used itr kry aDd mid power applicatioDs bec3use have
some peIforDince advaDtrses over wound stato. types, rnd
have becomc prdomiDrnt iD hactioDd hoE€power
applicatl,orN" However, users D€ed to coDtml the speed of the
,rotot dependiDg otr the dcsired speed aDd rpplicstiDn. So, tbis
project prcseots the thftc phasa pem|str.lDt rrrgDet
syDchmDous molor slrecd cotrtrol by r'srlinS tbe electrical
frtqueocy. In tbis project, the frequeocy is sdjusted by usiog
itrsulrted 8ate bipolar transistor (IGBT) and pulse ddth
modulsdon (PWM) techdque ba6€d oD Maflab slnulation as f,
variabl€ frequeDcl drive. The speed of permatrclt mrgoet
motor wlll depeDds olr the rate of rotation of its mlgnedc field.
So, the obje{tiye ls to study the geDeral chsracterisdc of tt€
thrtc.,phrse permatrent Drgtrel motor and the specd coDtrol
tecbnique by usinS IGBTS ad PWM, SiDulrtloD rEsrlts src
pr€seDtad, with d€sign PVyM control algorithm for switcbirg of
IGBTS to cotrtrol the speed of pennroent mrgtet motor. Thc
simulation Nsults rerc car ed oot udng Mstlab/Stmulltrk
R20(Bo (versiotr 7.4.0J24).

Kqtvor^ - Perrnanerrt magnct synchtonous ,notor,
Insulalion Gdte Bidar Tla4sistor (IGBT), Pulse Width
Modulation (PWML

I. INTRODUCTION

The three-phase permanent magnet motor is a rotating
electric machine with permanent maglet rotor designed to
operate from a three-phase source of altemating voltage. I I ]

The permanent-magnct s)mchronous motor (PMSM) has
advantages over other machines that are conventionally used
for ac servo drive. Compared with the invener-fed induction
motor ddve, the (PMSM) has no mtor loss and hence it is
more efficient than other machines. In a voltage source
inverter, both the sinusoidal output voltage and curent is
obtained by puts€ width modulation (PWM) strategies using
insulated-gate bipolar thlristoN (IGBTS). [3]

This project was laurched sp€cifically to control the
speed of thre€ phase permanent magnet motor. Basically this
project will focus€s on controlling the electrical frequency
connol using hrls€ Width Modulation (PWM) technique.

A PWM IGBTs voltage source inverter circuit which
consists of six IGBTS was designed. The proposed inverter
can supply the sinusoidal curent containing no harrnonics,
not or y to a motor but also to static loads, by utilizing the
optimal PWM pattem. Morcover, a pernanent magnet
synchronous motor can tre smoothly driven with no torque
pulsation in the range of the low speed.

h o.der to generate the standad conEol algorithm for the
speed conrol of permanent magnet motor, this prcject
required the usage of MATI-AB/SIMULINK that has the
function Sim Power System. This projecl also presents the
development of tbe a.lgorithm to perform the PWM operalion
using Matlab Simulink.

2. INSULAIED PwM and IGBTS

PIYNI is a inlluentia.l technique for controlling analog
circuits with a prccessols digital outputs. PWM is employed
in a wide vadety of applications, ranging from measurcment
and comnunications to power control and conversion. [8]

In PWM, thele are three main important elements, which
are saw-t@th wave siglal genentor, input sigml control
voltage and comparator. lt is imponant because it is involve
in the proc.ss of modifying the width of the puls€. Insulated
Gate Bipolar Transistor will be used in the inverter circuit.
PWM signa.l is used to control the IGBTS switches gate.

Tbe main pupose of using the PWM technique is to
extract the low fiequency signal ftom a train of high
frcquency signal square waves. Howcver, in PWM, there are
two classes available. The first cla6s is the non-sinusoidal
PWM and the s€cond class is the sinusoidal P\Iy'M.
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In the irst class, all the pulses in the signal arc having the
same width and are trormally modulated equally to control
the output ofthe voltage. ln the second class, the pulse width
is modulated sinusoidal (Figure 2.1). TIla widrh of each pulse

is pmportional to the insta areous value of a referencr
sinusoid whose fiequency equals to that of the fundamental
components.

Figure 2. I : The sinusoidal pulse width modulatiotr sigml

The Insulated Gale Bipotar Transistor (IGBTS) is a three-
terminal power semicondudor device, noted for high
efficiency ald fast switching. It funcion is to invert voltage
from dc to ac. [2]

c

G

Figure 2.2: Equivalent circuit of the IGBTS

The power inverter that is available in the lnsulaled Gate

Bipolar Transistor is used to implement the PWM technique.
To simplify the order, here is the simplified block diagam of
the project outcome.

Figurc 2.3: Geoeral block diagmm of the project

3. METHODOLOGY

Figure 3.1 shows the methodology for the study on the thrEe
phase permanent magnet motor speed control using IGBTS
and PwM.

Figure 3.l: Project Flow
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Familiarize with tlre software

Maflab / simulink

Desigr Pulse Width Modularion

Design the control algorithm by

applying the PWM technique

Improvc thr cofltrol algoritbm by
inuoducing rceleraioo and

deceleration funaion

Simulale to find any error and

obs€rve the output

It is a combination of BJT and MOSFET. B-IT has low
conduction loss ard having longer switching period.
MOSFET has high conduction loss aod having lower
switching period. Therefore, ICBT has low conduction loss
and lower switching period- The gate of the ICBT can b€
control by applying reverse voltage.
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3-l Designing lho single phase Palse Vlidth Modalation

Figure 3.2: The single PWM

j-2 Desigr,ing the thtee phasc Pulse Width Moddation

Figure 3.3: The thrce phase PwM
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33 Sirnularirrg lho inecrter using IGBT, block set

Figure 3.4 show the step to design the three-phase invener
using the IGBTS. All six IGBTs are aranged into b.idge
connectiol. For phase A, the phase is 0". Phase B was set for
-120o. Then for the phase C, set it for -2,10'. This is for to get

right se-quence. The 400 DC source is used in this simulation
to provide a constant dirEct curreot. The thrEe-phase output is
connected to the output symbols which is representing the
output pons aI the subsystem when it will be implemented
into the motor model.

Figure 3.4: The btockset wirh IGBTs in bridge connection for
simulation

3-4 Sitnukring ttith rcsistive and inductive load

Figure 3.5: Simulating with resistive and inductive load
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Figure 3.2 shows designing the single PwM. The
comparator process has b€en designed using the signal
processing blockets such as $N,looth Jigaal block and
control sigral bla(k.

By adding atrother two PWM signal generators, a thrEe-
phase signal is implemented to the model- The phase angel
between all three sigoal generators must be 120" and 2,10e

which is equal to 2 *pi/3 tudiui and 4*pi/3 tudiao.
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When the PWM Inveier subsystem block is connected to
the motor and DC source, the simulation could not run
because of this discrctized error. ln the PWM Ioverter block,
therE are six units of individual ICBT connected in bridge.
Circuits co aining individual IGBT blocks cannot be
disdetized. However, discretization is pemitted for ICBT
bridges simulated with the Univetsal Bidge bLxk.

35 Simuldiag vilh pomane rrragnet rnotor mdal

The PWM signal generator is connected to the IGBTS
model, and pemanent magnet motor model in Matlab
Simulink. The complete simulation model is shown in Figure
3.6. The simulation was done to make surc thc PWM signal
genemtor created, is able to control the speed of permanent
magnet motor.

Figure 3.6: Complete simulation model in Matlab Simulink

4. RESULTS AND DISCUSSION

4.1 Designing the siagle phase Palse Width Modulatioa

The rcsult ftom the simulatio[ was obtained in term of the
outFrt waveform from the Relatio al Operator block (Figure
4.1). ln the simulation, tte PWM signal waveform fmm the
output is similar to the theoretical waveform as shown in
Figure 2.1.

Figurc 4.1: The generated PWM signal ifl the simulation

4.2 Designing three phuse Pulsc Width Modularion

The amplitude is set to be 08. This value represents the
value of modulating index sinc€ the amplitude of carrier
frequency is ,.o. The output waveform for the thrce-phas€
P'lfM signal is shown h Figure 4.2-

FigurE 4.2: The 3-phase signal altd its generated 3-pha-se
PWM output signal

43 Sirnalaling ,he inyert.r using IGBT! block se,

FiSur€ 4.3 show th€ rEsdt tha volBge ouput in the simulation is the
linc-to-line vohage
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Figure 4.3: The line to line output voltage
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4A Simulating vith rcsistivc oad iaductivc hnd

From Figure 4.4, since the output voltage for one of the
phase is in the PWM waveform, the curent in the thrce-
phase load is generaled with a small ripple which is the effect
of the sampling process during the pulse width modulation
output generation.

Figure 4.4: Cwrent at lhe load and output voltage fiom the inv€rt€t

45 Simulatiag with pqn Grrct rrrsgn ,r,otot mdcl

The simulation is done for about l0 seconds. From the
output waveform, the line to line voltage show Iigwe 4.5 was
the sarne as the PWM outpul voltage in Figure 4.3. By
observing the current output waveform show Figure 4.6, the
motor will draws high starting curent for both rotor and
stalor windings. The currents oscillate in large magnitude
from 0 to approximately 0.6 seconds. After that, currents
oscillate in low magnitude b€cause the motor alrEady reach a
constant speed. The slllle obs€rvatio[ call also be seen frcm
the electomagnetic torque to show figule 4.7.

Figure 4.5: Line to line voltage at inverter output

Figure 4.6: Three phase line current

In figurc 4.6, it is clear that the currert is non sinusoidal at
the staning atld b€comes sinusoidal when the motor reaches
the controller commalld sp€ed at steady state.

Egure 4.7: Electromagnetic torque of the motor

Figure 4.8: The rotor spe€d

Figure 4.8 shows a variation of the speed with time. The
steady state speed is the sarne as that of the commanded
rcference sp€ed. For other frequency signal value, the motor
speed is corresponding to its value as shown in TABLE I.
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TABLE I. The table of siglal frequency and irs

coffesponding motor s@

Si8!al
frtquercy

(Hz)

Motor
sPed
(rpm)

Adlrd
Motor
specd
(rpd)

Spe.d
ermr(%)

l0 209.5 2UJ 4.53

20 409.8 400 2.39

30 6095 600 1.56

40 79s.8 800 0.528

50 994.8 1000 0.523

60 l2l I 1200 0.908

70 1.3 94.09

80 551.9 1600 t89.91

g0 391.9 l8m 359.3

100 -171.6 20(n
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5. CONCLUSION
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deceleration fuoction'

6' tr'UTURE DEVELOPMEM

In future, this project can be imptoved hv implementing ramp

function to make lhe motor tul" 'ro* 
d'nrnuied with sudden
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