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Abstract — This paper describes a generalized simulation
model of a single-phase induction motor (SPIM) using
SIMULINK software package of MATLAB. An analysis of
SPIM performance using power electronics application is
studied. The installation of power electronics can save energy
consumption of electrical apparatus with more efficient use of
electricity. Insulated-Gate Bipolar Transistor (IGBT) was used
as a switching device for both rectifier and inverter part. The
IGBT has low switching times as well as low power losses and
thus can make better performance. Sinusoidal Pulse Width
Modulation (SPWM) technique was used to switch on or off
the IGBTs in both converter circuits. The switching frequency
in the PWM generator for IGBTs was adjusted and
determined. Speed performance of the SPIM using AC/DC/AC
converter and directly connected to AC supply was observed.
The percentages of Total Harmeonic Distortion (THD) of the
input and output current that comply with IEEE 519-1982
were obtained after adjusting filter value and the switching
frequency.

Keywords — single-phase induction motor (SPIM), Insulated-
Gate-Bipolar Transistors (IGBT), Pulse Width Modulation
(PWM) Technique, Matlab Simulink application.

I. INTRODUCTION

Single-phase induction motors are widely used in
fractional and sub-fractional 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 electrical 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 removed [1]. Adjustable speed
drivers can be used to achieve variable-frequency operation.

In order to have better performance of SPIM, power
electronics circuit was employed and connected between
AC supply and SPIM. Unfortunately, power electronics
installed will be produce the harmonic spectrum thus
increasing the percentage of Total Harmonic Distortion
(THD) [2]. In order to overcome this problem which is to

reduce the THD percentage, the filter at the input and output
was added. The lower the percentage of THD, the better
signal 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 of THD for input and output current
after adjusting the value of the filter and the switching
frequency for PWM used in the circuit.

. IGBT

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

[2].

In this project, IGBT was used as the switching device
for both rectifier and inverter circuit. The IGBT is the
combination between the simple gate-drive 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 of a 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 Vg greater than gate-
emitter threshold voltage Vg is applied between the gate
and emitter [1]. To turn-off the device a resistance Rgg must
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be connected between gate and emitter, which provides a
discharge path for the gate-to emitter capacitance [1].

Fig. 1 IGBT’s symbol.

II. 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 of project’s process.
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Fig. 3 Circuit topology.
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Fig. 4 Block diagram.

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 turn 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 signal is in a triangular form.
The block diagram and the output simulation for the PWM
generation with switching frequency 500Hz is shown in Fig.
3.
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Fig. 5 (@) PWM generator. (b) Carrier signal and modulation signal during
positive cycle. (c) Pulse during positive cycle. d) Carrier signal and
modulation signal during negative cycle. (¢) Pulse during negative cycle.

In the most straightforward implementation, generation
of the desired output voltage is achieved by comparing the
desired reference waveform (modulating signal) 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
controlling the magnitude and frequency of the modulated
sinusoidal signal, the output voltage magnitude and
frequency of the PWM inverter are controlled accordingly

2.

Fig.6 Principal of Pulse Width Modulation.

IV. RESULTS AND DISCUSSION

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

In order to analyze the output, SPWM switching
technique circuit has been successfully 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 = 1/f
formula. So, each cycles of the carrier signal can be seen
clearly. However, for both rectifier and inverter project’s
circuit, the optimum switching frequency used is 4 kHz.
After adjusting the variable switching frequency from 500
Hz to 5 kHz, 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 switching frequency. Thus, the filters have been
adjusted by increasing their value to ensure that the THD
will less than 5%.

It curr=at (4)
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Fig. 7 Input current waveform.
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Fig. 8 Output 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 41 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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Fundamental (50Hz) = 16.32 , THD= 2.72%
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Fig.9 THD for input current.
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Fig.10 THD for Output current.

The THD percentages of the input current and the output
current are shown in Fig.9 and Fig. 10 correspondingly. It
can be seen that THD percentages for the output current is
higher than THD percentages for the input current. 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 5% 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 2.72% while the THD for output current is 4.75%.
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.

Rotor speed (rpa)

Rotor speed (pm)
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Fig.11 Speed for SPIM without converter implementation
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Fig 12 Speed for SPIM with converter implementation.
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Fig.14 Torque for SPIM with converter implementation.

Analysis on SPIM load connected directly to AC supply
voltage has been done and the results are presented in Fig.
11 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, the 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 (1). 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
poles

Synchronous speed, Ng = a

_ 120 x50
-2

= 1500 rpm

Fig. 12 shows that the time for rotor speed 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 signal 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
implementation 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 electronics 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 electromagnetic torque in Fig.12 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 IGBTSs, 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 research on the operation of SPIM using IGBT
AC/DC/AC converter has been successfully experimented
and analyzed. The analysis of rotor speed and torque signal
has been proved that the use of power electronics switches
could improve SPIM performance. As it is well known,
power electronic converters are generators of harmonics [4].
This study has proved that the percentage of THD for the
input current is complied with IEEE 519 — 1982 which is
less than 5%. The filters have been adjusted over and over
again to achieve the IEEE compliance.

VI. FUTURE DEVELOPMENT

For future development, this project may apply the other
types of filters in order to reduce the THD of input current
such as active filters. Besides that, 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 SPWM, uniform PWM and space
vector PWM.
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APPENDICES
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Fig. 14 SPIM circuit without AC/DC/AC converter implementation.
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Fig. 15 SPIM circuit with AC/DC/AC converter implementation.
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