
{ffA

The Simulation of Single Phase Induction Motor
(SPIM) Operation Using Insulated-Gate-Bipolar

Transistors (IGBT) AC/DC/AC Converter
Fazarudin bin A.Wahab

Bachelor of Electrical Engineering (Hons)
Faculty of Electrical Engineering

Universiti Teknologi MARA Malaysia
,10450 Shah Alam, Selangor, Malaysia
Email: fazarudinwahab@yahoo.com

Abstract - Thb prpcr dcccribes r gencralized simulation
model of e single-phesc inductbn motor (SPIM) using
SIMIJLINK softrvere pckrge of MATLAB. An anrlysb of
SPIM performrnce using porrer ehctronics app[cation is
studicd The instelletfrm of power electronics cen stvc enGtgr
consumption of electricel rpparitus witb morc cfiichnt usc of
chctricity. Imulrtcd4rtc Bipoler Trensistor OGBT) was uscd
es a swfuhing device for both rectificr rnd invcrtcr pert The
IGBT has low switching timcs es wcll es lotw powcr losscs end
thus can mrkc bettcr per{omrnce. Sirusoidrl Pukc rilidth
Modutetion (SPWM) tcchnique wrs used to switch on or ofr
the IGBTs in both convcrtcr circuits. Thc switching frequcncy
in the PWM gcacrator for IGBTs wes edjostcd end
detcrmined. Speed performrnce of thc SPIM using AClDC.lAC
convettcr end dircctty conncctcd to AC supply wes obscrvcd.
The pcrcenteges of Totd llermonic Distortion ([ID) of the
input and output currcnt thrt comdy with IEEE 519-1982
werr obteined eftcr edjusting fil&r velue erd the switching
frcqucncy.

Keymrh - singl+phae indudiorr rrorot (SPIM), Ircaldc&
GateBipolu Tralrrlistors QGBI), Pulse Wi&h Moduldiaa
(PWM) Techaique, Mdob Sittal,linh aplicaian

I. INTRODUCTION

Single-phase induction motors are widely used in
fractional and subfractional horsepower applications,
usually in locations where only single-phase energy supply
is available. These types of motors typically have a main
and auxiliary stator winding displaced 90 elecuical degree
apart from each other. Since the main winding and the
auxiliary winding do not have the same number of turns it
can be consider a two-phase asymmetric motor if the startup
and running capacitors are rernoved [U. Adjustable speed

&ivers can be used to achieve variable-frequency operation.

ln order to have beuer performance of SPIM, power
electronics circuit was employed and connected between
AC supply and SPIM. Unfortunately, powtr electronics
installed will be produce the harmonic spectrum thus
increasing the percentage of Total Harmonic Distortion
(THD) t2l. In order to overcome this problem which is to

reduce the TIID percentage, the filter at the input and output
was added. The lower the percentage of THD, the better
sigrral will get" The power electronics application that has

been applied in this project was rectifier and inverter. The
rectifier is connected from AC supply and then connected
with inverter. It is then connected to the output load which
is SPIM.

The main purpose of this project is to enhance the
operation of SPIM in terms of its speed and torque
performance after the implementation of power electronic
devices. Moreover, the objective of this study is to
investigate the value ofTHD for input and output current
after adjusting the value of the filter and the switching
frequency for PWM used in the circuil

II. IGBT

Until recently, fiower bipolar transistors and MOSFET'S
have been commonly used for inverters driving ac motors.
As a third possible alternativg insulated-gate-bipolar
transistors (IGBT's) have emerged recently. IGBT's offer
low on resistance and require very litle gate drive power

t21.

In this projec! IGBT was used as the swirching device
for both rectifier and inverter circuit. The IGBT is the
combination between the simple gatedrive characteristics
of the MOSFETs with the high-current and low saturation
voltage capability of bipolar transistors. The IGBT has the
output switching and conduction characteristics ofa bipolar
transistor but is voltage-controlled like a MOSFET. In
general, this means it has the advantages of high-current
handling capability of a bipolar with the ease of control of a
MOSFET. However, the IGBT still has the disadvantages of
a comparatively large current tail and didn't have body drain
diode [3].

IGBT's control terminals are the gate and emitter. The
device turns-on when a voltage V6 greater than gate-

emitter threshold voltage V6sd, is applied between the gate
and emiter [l]. To tum-offthe device a resistance R6s must
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be connected between gate and emitter, which provides a

discharge path for the gate-to emitter capacitance [].
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Fig. I IGBT's symbol.

III. METHODOLOGY

Fig. 2 shows the flow chart for the methodology used

along the way to complete this project. The research of this
project is to investigate the operation of the load, SPIM
which use IGBT full-bridge rectifier with IGBT full-bridge
inverter. The circuit topology is shown in Fig.3 below.
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Fig. 2 Flow chart ofproject's process.

Fig. 3 Circuit topology.

AC suppk
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Fig.4 Block diagnm.

Fig.4 shows the block diagram for this project. The
rectifier will convert the AC supply voltage to DC voltage
and then convert back to AC by using inverter.
Theoretically, the process of converting AC/DC/AC will
give better performance for SPIM by comparing with SPIM
that directly connected from AC supply. The performance
has been observed through rotor speed and torque
waveform. Besides that, the THD of input and output
current has also been observed in order to see the effect of
using power electronics device. In order to fum on the
IGBTs used in the circuit, Sinusoidal Pulse Width
Modulation (SPWM) technique was implemented.

SPWM technique is a technique used for this project for
the purpose of controlling the IGBTs. PWM generator

injects pulse at the IGBT's gate in order to turn on and off
the IGBT. There are two types of PWM technique which are

unipolar PWM and bipolar PWM. For this project unipolar
PWM was used and the carrier sigrral is in a triangular form.
The block diagram and the output simulation for the PWM
generation with switching frequency 500H2 is shown in Fig.
5.
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IV. RESULTS AND DISCUSSION

The simulation of the circuit was executed using
MATLAB Simulink. This result of the project was focused
on the THD ofthe input and output current, the rotor speed

and output torque.

In order to uvlyze the output, SPWM switching
technique circuit has been successfrrlly developed. By
referring to Fig. 5(a) to 5(e), the switching frequency used is
500 Hz in order to make the triangular form to be seen

clearly. As known, the lower value of switching frequency, f
will give higher number of period, T according to T : l/f
formula. So, each cycles of the carrier signal can be seen

clearly. However, for both rectifier and inverter project's
circuig the optimum switching frequency used is 4 kllz.
After adjusting the variable switching frequency from 500
Hz to 5 klla the optimum switching frequency that will
give better performance of the speed and torque is 4 kHz.

Even though it gave better performance to SPIM, but the
THD for input and output current is slightly higher than the
lower swirching frequency. Thus, the filters have been
adjusted by increasing their value to ensure that the THD
will less than 5o/o.

(e)

Fig. 5 (a) PWM generator. O) Canier signal and modulation signal during
positive rycle. (c) Pulse during positive cycle. d) Canier signal and

modulation signal during negative cycle. (e) Pulse during negative cycle.

In the most straightforward implementation, generation

of the desired output voltage is achieved by comparing the
desired reference waveform (modulating sigtal) with a high
frequency triangular carrier signal as depicted schematically
in Fig.6. When the amplitude of the modulation signal is
higher than the amplitude of the carrier signal, the positive
dc bus voltage is applied at the output and vice versa [3]. By
conholling the magnitude and frequency of the modulated
sinusoidal sigrral, the output voltage magnitude and
frequency of the PWM inverter are controlled accordingly

121.

caier signal

modulation

Fig.6 Principal of Pulse Width Modulation.

(d)

Fig. 7 lnput current waveform.

Fig. 8 OuQut current waveform.

Waveforms of the input current and the output current
are shown in Fig. 7 and Fig. 8 respectively. Both waveforms
show that they are most likely the same in term of the
amplitude of the current but the difference is at the starting
current. In Fig. 7, it can be seen that the starting current for
the input is high which is 4l A and it is unstable. After
about 0.1 seconds, it starts to stabilize to 17 A. Compared to
the output current as shown in Fig. 8, the starting current is
low which is 6 A. After about 0.1 seconds, it starts to
stabilize to 17 A.
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The THD percentages ofthe input current and the output
current are shown in Fig.9 and Fig. 10 correspondingly. It
can be seen that THD percentages for the ouFut current is
higher than THD percentages for the input curent. Based on
the circuit which connected directly to AC supply, the THD
is 0.10%. Theoretically, the ideal THD according to IEEE
519 - 1982 for current should be less than 57o to show that
the output is good enough and give better signal [3]. So, the
THD percentages for both input and output current are

complied with IEEE 519 - 1982.

As shown in both Fig. 9 and Fig. 10, the THD for input
current is 2.72o/o while the THD for output current is 4.75o/o.

To have low THD, the switching frequency must be low as

well but the worst effect will goes to the speed of the motor.
The speed will drop to negative value after less than 0.5
seconds. This means that the motor is rotated counter-
clockwise. As the frequency increased, the speed curve is
getting better but the THD value will increase. To overcome
this problem, the filter value needs to be adjusted. When
adjusting the value of inductive and capacitive filters, the
rotor speed curve become well however, the time where the
speed reach steady-state become longer but it is still better
than the SPIM directly connected.

Fig.l l Speed for SPIM without converter implementalion

Fig.12 Speed for SPM converter implementation.

Fig.l3 Torque for SPIM without converter implementation.

Fig.14 Torque for SPIM with conyerter implementation.

Analysis on SPIM load connected directly to AC supply
voltage has been done and the results are presented in Fig.
l l and Fig. 13. While the results of analysis on SPIM load
connected to AC supply using power electronic devices
have been shown in Fig. 12 and Fig. 14.

Based on the SPIM connected without converter
implementation, the time for rotor speed of SPIM to starts
reach steady-state is at 1.7 seconds as shown in Fig. 11.
However, tle waveform is seen to have ripple signal and not
run smoothly. It is also swelling at certain time before it
became stable. Theoretically, the rotor speed should be less

than the synchronous speed which is 1500 rpm as calculated
in equation (l). This is because in order to produce torque,
the rotor must rotate at the speed slower or faster than the
synchronous speed. For this case, the rotor rotates at slower
speed than synchronous speed [4]. Thus, the condition is
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met since the revolution per minute for this circuit is 1200

rpm.

120f
Synchronousspeed,N" = Oo* 

(1)

120 x 50

2

= 1500 rpm

Fig. 12 shows that the time for rotor spoed starts to reach

steady-state are at 1.4 seconds for the circuit of the SPIM
connected with converter implementation. The waveform

seemed to have less ripple sigrral and smoothly run
compared to the direct SPIM connected. It is constant speed

at steady-state. For this circuit, the speed is about 1400 rpm
which is less than the synchronous speed and thus complied
with the theoretical expectation. This proved that the

implernentation of AC/DC/AC converter will give better
outcomes to the application in term of rotor speed.

Comparisons of torque signal for both circuits are shown

in Fig. 13 and Fig. 14. The signals have proven that the

SPIM connected with power elechonics application gave

enhanced starting torque as compared to the SPIM directly
circuit. As presented in Fig. 13, the fluctuation of
electromagnetic torque at the starting is much smoother than
the fluctuation of electromagrretic torque in Fig.l2 which is
directly connected SPIM. The implementation of power
electronics devices in SPIM application has proved that it
will improve the performance of the electromagnetic torque.

The use of controlled power electronics switches which
are IGBTs, at both rectifier and inverter part has made the
circuit more complex and difficult to control in order to get

the best results. This could be solved by improving the
filters which have been used in this project.

V. CONCLUSION

The reserch on the operation of SPIM using IGBT
ACIDCIAC converter has been successfully experimented
and analyzed The analysis ofrotor s@ and torque signal
has been proved that the use of power electronics switches
could improve SPIM performance. As it is well knovm,
power electronic converters are generators ofharmonics [4].
This study has proved that tlrc percentage of THD for the
input current is complied with IEEE 519 - 1982 which is
less than 5olo. The filters have been adjusted over and over
again to achieve the IEEE compliance.

YI. FUTUREDEVELOPMENT

For future development this project may apply the other
q'pes of filters in order to reduce the THD of input current
such as active filters. Besides thag variety switching
techniques can also be used to observe the performance of

the rotor and torque for SPIM. There are a lot of switching
techniques that can be applied to the circuit for instance

bipolar SPWM, sawtooth SPWI\A uniform PWM and space

vector PWM.
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Fig. 14 SPIM circuit without AC/DC/AC converter implementation.

Fig. 15 SPIM circuit with AC/DC/AC converter implementation.
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