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ABSTRACT — Pulse Width Modulation (PWM) technique to
control the speed of three phase induction motor was analyzed.
The induction motor is a type of AC motor whereby power is
provided to rotor by technique of electromagnetic induction by
way of. Controlling the speed of induction motor is mostly
which in the motion industry appliances. PWM inverter
control technique was used to vary the three phase induction
motor speed by varying frequency applied to inverter for three
phase induction motor. PWM is the efficient method of
providing the quantity of electrical source between fully off
state and fully on state. MOSFET and IGBT are used as the
inverter switching element that provides a smooth way to
control the frequency, voltage magnitude and current supply
to the motor. Simulation on this method was carried out by
using the software for simulation of power electronic and
motor drive module called PSIM. Results obtained from the
simulation indicated that PWM inverter is capable for
controlling the speed of three phase induction motor.

KEYWORDS — MOSFET (Metal Oxide Semiconductor Field
Effect Transistor), IGBT (Insulated Gate Bipolar Transistor),
PWM (Pulse Width Modulated), AC (Alternating Current).

L. INTRODUCTION

Induction motors are the most widely used motors for
appliances like industrial control, and automation; hence,
they are often called the workhorse of the motion industry
[1]. The induction motor may be operated as a motor and as
a generator but it is rarely used as a generator delivering
electrical power to the load since the performance are not
purposely for certain of applications. There are two
commonly used types of induction motor which are wound
rotor type and squirrel rotor type.

Many industrial applications required several speeds or a
continuously adjustable speed drive system. Traditionally a
DC motor have been used the adjustable drive systems but
DC motor are expensive, required periodic maintenance for
commutators and brushes and also not prohibited in
hazardous environment. Squirrel cage induction motors are
cheap, rugged, no commutators and suitable for high speed

applications. The availability of solid state controllers
although more complex than used for DC motors, has made
it possible to use induction motors in variable speed drive
systems.

There are several techniques to control the speed of
induction motor which are changing line frequency,
changing number of poles, changing line voltage and
changing the rotor resistance, slip frequency operation,
closed loop control, constant flux operation, constant current
operation and rotor slip energy recovery.

For changing number of poles is not very practical now since
the development of modern solid state control circuit. Motor
speed can be varied by changing the rotor resistance but
seriously reduce the efficiency of motor.

Controlling the motor speed by changing the line voltage is
limited by range such as in small motor driving fan.
Maintaining the voltage and torque at the certain limits as
long as the frequency can be varied is required to avoid the
motor saturation. For efficient operation of an induction
motor, it is desirable to operate it at a fixed or controlled slip
frequency. For closed loop feedback systems is required
complex system. To obtain high torque throughout the speed
range, the motor air gap flux should be maintained constant.
The motor flux should not be allowed to decrease at lower
frequencies as a result of the increasing effects of the stator
resistance. The motor can be operated at constant current by
providing a current loop around AC- DC converter. For rotor
resistance required the solid state control for smoother
operation. If the slip power lost in the resistance could be
returned to the AC source, the overall efficiency of the drive
system would be increase rapidly.

Synchronous speed is proportional to the line frequency, so it
is possible to adjust the speed of induction motor by varied
the line frequency. In order to control the rotating speed of a
three phase induction motor, a three phase inverter is
required [2]. The switching power converters such as
Isolated Gate Bipolar Transistor (IGBT) and Metal Oxide



Semiconductor Field Effect Transistor (MOSFET) has
offered an easy way for controlling the magnitude and
frequency of the voltage and current fed to 3 phase induction
motor. The ability that switching power converters distribute
to a motor is controlled by Pulse Width Modulated (PWM)
signals employ to the gates of the power switch at the
inverter. The inverter is provided to converts direct current to
alternating current and fed the converted current to the
motor.

The objective of this research is to control the speed of 3
phase induction motor by using PWM technique. A few
steps are taken for the analysis. Firstly, the induction motor
is studied to determine what kind of features can be
manipulated to control the speed. Secondly, studies are made
about the techniques to control three phase induction motor
speed. Then the PWM inverter circuit is designed to feed the
motor and recorded the simulated results. The speed of the
motor from the simulation will be a major result for this
thesis.

These projects have three objectives:

(A) To implement the technique speed control of 3-phase
induction motor.

(B) To verify the viability of PWM inverter can affect the
speed control of 3-phase induction motor.

(C) To mitigate the harmonic effect using harmonic filter.

1I. INDUCTION MOTOR

The induction motor usually can be used in a volatile or
aggressive environment because there are no problem with
spark and corrosion. These advantages however are
superseded by control problems when using an induction
motor in industrial drives with high performance demands
[3]. Induction motor with squirrel-case rotors are wide range
of power ratings such as fractional horsepower to 10 MW.
Both 3® and 1® motors are widely used. The induction
generators are seldom used. Their typical application is the
wind power plant. A typical motor that separated by a small
air gap contains two parts which is stator and rotor. Stator is
static part while rotor is rotation part. There are two category
of inside rotor which is squirrel-cage rotor and wound rotor.
The stator is made up by layered iron core alongside the
slots. Three or single phase winding are constructed by
arrange the coils in the slots. Squirrel-cage rotor is layered
iron core with the slots. Alternatively winding along two

rings circuit, the Metal such as Aluminum bar type is form
alongside the slots forming a squirrel-cage shaped circuit.
For cooling the circuit, fans are connecting to shaft besides
of the rotor. Winding of Wound rotor are similar to Squirrel-
cage winding but Squirrel-cage winding are cheaper than
wound rotor winding since the brushes and slip ring of
wound rotor winding are required maintenance. Therefore
the wound rotors are not popular for industry application
purpose. Usually it for large 3® induction motors. When the
current flows into the stator, it produces the magnetic field
which is rotating. The speed of rotation of magnetic field is
given by [4]:

P(number of poles per phase)

Ns =120x

Ns: rotating speed in RPM
F = frequency (Hertz)
P = Number of poles per phase

The rotor speed depends on the magnetic field rotation and
the speed of rotation of stator and rotor magnetic field is
called synchronous speed. The shaft speed (rotor speed) of
induction motor when driving load will always be less than
the synchronous speed. The percent difference in
synchronous speed and shaft speed is called slip [5].

Nslip = Nsync — Np )

Naiip: slip speed of the motor
Nsyne: speed of magnetic fields

Nm: mechanical shaft speed of rotor

5= x 100 (%) A3)

N: rotor speed in RPM
s: speed slip
A. SPEED CONTROL METHOD.

In the stable region of operation in the motoring mode, the
curve is rather steep and goes from zero torque at
synchronous speed to the stall torque at a value of slip s ="s



[6]. Before introduction of solid state device, induction
motor was not popular machine for speed variable
application. After the introduction of solid state device such
as Isolated Gate Bipolar Transistor (IGBT) and Metal Oxide
Semiconductor Field Effect Transistor (MOSFET), the
cheaper AC Drive introduced. Several
techniques are available for the speed control purpose as
listed below [7]:

system was

i) Pole Changing,

ii) Line Voltage Control,

iii) Supply Frequency Control,
iv) Rotor Resistance,

V) Slip Frequency Operation,
vi) Closed Loop Control,

vii) Constant Flux Operation,
viii) Constant Current Operation,
ix) Rotor Slip Energy Recovery.

Pole changing method is applicable for a cage rotor motor.
Rotor resistance is applicable for wound rotor only. Line
voltage control and supply frequency control are applicable
for both types of rotor motor.

For Supply frequency control, voltage induced in stator is
equivalent to the product of supply frequency (f;) and air-

gap flux (b, ).

V =444 N b, fs )
N = the number of the turns per phase

bm = Air-gap flux

fs = the supply frequency

The motor terminal voltage is directly proportional to the
product of frequency and flux. At the constant terminal
voltage, any reduction in the supply frequency fs can cause
the increase of air gap flux (¢p). The increased of in flux
will cause the motor saturated. Therefore, the variable
frequency control below rated frequency is generally carried
out at rated air gap flux by varying supply voltage with
frequency so as to maintain V/F ratio constant at the rated

value. Applications of line frequency speed control ways
need the frequency alter. To maintained the air gap (),
V/F ratio must be increase for low frequency. The voltage
input for the induction motor will be changed by PWM
inverter.

B. PULSE-WIDTH MODULATION (PWM)

The inverter job is to take this DC input and convert to AC
output, where the magnitude and frequency can be
controlled [8]. The inverter is called PWM inverter because
it using PWM inverter switches to regulate the magnitude
and frequency of the AC voltage with the supply voltages of
DC voltage that are originally uniform in magnitude. The
pulse-width modulation (PWM) for three-phase inverter is
generated by comparing three phase sinusoidal control
signals with a high frequency triangular carrier waveform.
The triangular voltage waveform (Vr) is compared with
three sinusoidal voltages (Vag, VBg, and Vcc), which are
120° out of phase with each other. Definition of terms in
PWM can be expressed as:

Vmodulating_signal

Modulation Index = M= 5)

Vcarrier_signal

Frequency Index = M¢= L 6)

fsine

A graphical representation of the generated PWM waveform

for three phase system is shown in Figure 1.
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Figure 1: Sine-triangle, Pulse Width Modulated control waveforms
(upper left), phase voltages Vac and Vg, and line voltage Vas

C. HARMONIC MITIGATION

There are several types of harmonic filter that already install
in the electrical network. Many studies on harmonic
mitigation technique using different types of filter and effect
of ASD load in contributing harmonics at the point of
common coupling has been carried out [9]. Since the Vo of
3 phase of PWM is not pure direct voltage, a filter used to
eliminate spikes, harmonics and ripple component.



The scope of work in this project is described as below:

1.

III. METHODOLOGY

SIUDY THE CHARACTERISTICS
OF INDUCTION MOTOR

i)

DEVELOP PWM INVERTER

!

EUN THE SIMULATION

NO

RESULTS
ACCEPTAELE

INSTALL THE LCFILTER

L

TUNE THE PARAMETERS

RESULTS
ACCEPTAELE

ANALYZED THE RESULTS

Study the operation on three phase asynchronous

motor.

Study the method or technique to control the three

phase asynchronous motor speed.

NO

A. DEVELOP THE PWM CIRCUIT

Inverter is a power electronic converter that converts direct
current to alternating current. In this project, one three phase
based inverter were used to fed the three phase induction
motor. Inverter consists of 6 IGBT or MOSFET power
switch to produce three phase current fed into the induction
motor. The switching of the IGBT/MOSFET for the inverter
was controlled by pulses that were produced from control
circuit which consists of references sinusoidal and triangular
voltages sources, comparators and Not-gates.

There are several considerations relevant when using PWM
technique:

1) Frequency index (My): The fundamental frequency
at the PWM voltage output of the Fourier series is
same as the reference signal. At and around
multiple of switching frequency, the harmonic
frequency is produced. The simple low-pass filter
installation might be efficient ways to remove the
harmonic. Increment of the carrier frequency (f;
with the increment of Modulation frequency index
(fs) will raise the harmonics produced.

1)) Modulation Index (M): Modulation Index are
control the amplitude of fundamental frequency of
the PWM output. Modulation index value might be
tuned to satisfy the constant amplitude output of
DC voltage variations. Therefore, M must be less
or equal than 1 to satisfy that. If M is bigger than 1,
the amplitude of the output will not linearly
proportional to M.

110 Switches: The switch must be able to conduct
current in both direction for PWM. The real switch
will not function immediately, so it is required to
allow for switching times in the control of the
switches. For IGBT/MOSFET switch, only two

Study the PWM technique and its application to
control the three phase asynchronous motor speed.
Run the simulation of PWM inverter fed the three
phase asynchronous motor by using PSIM software.
Install the LC filter to reduce harmonic produce by
PWM before fed the voltage supply to induction V)
motor.

Analyze the results and conclude the finding for this

project

switches are conduct at a time. One from upper
group (S1, S3, S5) and the other one from the
lower group (S2, S4, S6).

Reference voltage: The sinusoidal reference
voltage generated must be within the control circuit
of the inverter. DC supply is provided to the motor
as the power source. Therefore the  reference
signal is not necessary to be a sinusoidal signal.



Table 1 show the parameters used in this project including
induction motor parameters, DC source parameters, and
Sinusoidal with Triangular sources.

Table 1: Parameters

Vbe DC supply voltage 220V
Triangular Vep 2
waveform
Frequency 1500Hz
Duty cycle 0.5
DC offset -1
Tstart 0
Phase Delay -90°
Sinusoidal Peak Amplitude 0.5
Waveform
Frequency 30Hz
40Hz,
50Hz
60Hz
70Hz
Phase Angle, VA 0°
Phase Angle, Vg 120°
Phase Angle, V¢ 240°
Dc offset 0
Tstart 0
Induction Rs (stator) 0.294
Motor
Ls (stator) 1.39m
Rr (rotor) 0.156
Lr (rotor) 0.74m
Lm (magnetizing) 41m
No. of Poles P 6

B. RUN THE SIMULATION AND
ANALYZE THE RESULT
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Figure 2: Simulation Circuit

C. RESULTS

Simulation waveform

Figure 3: Sinusoidal Modulating Voltage

Figure 4: Triangular Carrier Signal



[N ‘[ /
| ‘ T /
™) - ¢ n/
Figure 5: Pulse from the comparator Figure 9: Speed vs. Time (600 rpm) of induction motor for
30Hz
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Figure 6: PWM waveform at the output of the inverter
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Figure 7: Line voltage waveform for induction motor input
(Red) vs. PWM waveform (Blue)

Figure 10: Speed vs. Time (800 rpm) of induction motor for
40Hz
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Figure 11: Speed vs. Time (1000rpm) of induction motor for

50Hz
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Figure 8: Harmonic Spectrum Line voltage waveform for

induction motor input (Red) vs. PWM waveform (Blue) Figure 12: Speed vs. Time (1200rpm) of induction motor for

60Hz



Figure 13: Speed vs. Time (1400rpm) of induction motor for
70Hz

Table 2: Simulation results

Frequency | Modulation | Ns Nr
(Hz) Index
30 0.3 600 596
40 0.4 800 797
50 0.5 1000 998
60 0.6 1200 1199
70 0.8 1400 1399

Iv. DISCUSSIONS

In the simulation, there are three sinusoidal signals such as
in Fig. 3 which are 120° out of phase between each other.
Each of the signal is fed to different comparator. The
sinusoidal signal are compared with a high frequency
triangular signal such as in Fig. 4. From the comparison of
sinusoidal modulating and triangular carrier signal, pulses as
shown in Fig. 5 are produced. These are fed to Isolated Gate
Bipolar Transistor (IGBT)/MOSFET (Metal Oxide
Semiconductor Field Effect Transistor) to control the
switching. The waveform produced from the inverter is
shown in Fig. 6. After through the filter, the PWM
waveform is changed to sinusoidal waveform such as Fig. 7
(Red). That waveform is fed to 3 phase induction motor for
controlling the speed. Since the PWM produced a spikes in
the waveform, therefore the filter is used to smoothing the
waveform fed to the induction motor. The presence of
spikes can harm the induction motor. The filter is a passive
filter since it only consists of an inductor and a capacitor
and it does not has any active component that can dissipate
the energy like resistance component. Fig. 8 show the
Harmonic Spectrum before (Blue) and after (Red) the
waveform being alter by the passive filter. Fig 9 until Fig.
13 shown the speed of 3 phase induction motor varied along
the supply frequency. Based on the results shown in Table.
2, the speed of three phase induction motor is decreasing
with the decreasing of line frequency value. This prove that
the PWM inverter using supply frequency control technique
can control the speed of three phase induction motor. The

three phase induction motor speeds obtained are near to
speeds as given by Eq. 1. The difference between motor
speed and synchronous speed is called slip speed. The slip
speed is always exists because the three phase induction
motor speed cannot be equal to synchronous speed value. If
the induction motor speed is equal to synchronous, voltage
will not be induced then there will be no rotor current and
rotor magnetic field. Thus the induction motor can speed up
only near the synchronous speed. When the value of supply
frequency is changed, the line voltage also has to be change
in order to maintain V/F ratio. It is really necessary to
maintain the V/F ratio value to prevent motor saturation
condition. The performance of an IGBT is closer to the
MOSFET but only differ in switching frequency range
which is MOSFET is higher than IGBT. Since the rating
used in this simulation is all below IGBT and MOSFET
maximum range, both is shown the similar performance.

V. CONCLUSION

The PWM technique to control the three phase induction
motor has successfully studied. The PWM circuit was
design, simulated and the results showed that PWM inverter
using line frequency control method can vary the speed of
three phase induction motor. Speed of three phase induction
motor depends on the line voltage and frequency of the
motor input. The higher line voltage and line frequency of
the three phase induction motor input will produced the
higher speed of three phase induction motor. The PWM is
the efficient way to control voltage of three phase induction
motor. Since PWM generate harmonics that are huge than
fundamental frequency, therefore PWM spikes are able to
reduce by installing the passive filter. The motor reached
steady state speed after 2s. This issue can be improved by
altering the value of inductance and capacitance.

VI RECOMMENDATION

This project has done successfully proves that three phase
induction motor can be controlled by using PWM technique.
For future recommendation, some modification can be used
in this simulation circuit to improve the speed control
performance. Adding speed controller feedback might be
improved the performance of 3 phase induction motor.
Furthermore, the voltage booster is required at lower speed.
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