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ABSTRACT

The power output and dynamic performance of PWM controlled ac drive can be
improved by increasing the inverter output voltage through overmodulation. As a result
this project is proposed to increase the output voltage in a continuously controllable
fashion up to maximum possible value. This project presented the features of control
method based on a modified suboscillation method with third-harmonic injection or well
known as third-harmonic pulse-width modulation (THIPWM).This method is optimal in
the following ways: increase maximize dc bus voltage utilization without overmdulation,
better performance with low total harmonic distortion, THD of the line current and
effectively eliminate the third harmonic component. The analysis and experimental
results from thethird-harmonic pulse-width modulation (THIPWM) and fundamental
(SPWM) method are shown through MATLAB simulation. Furthermore hardware
implementation can be accomplished by uses op-amp 741 integrated circuit for the

modulator circuit.

(© Universiti Teknikal Malaysia Melaka
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ABSTRAK

Kuasa keluaran dan keupayaan dinamik oleh pemacu arus terus kawalan PWM
boleh diperbaiki dengan meningkatkan voltan keluaran penyongsang sehingga tahap
modulasi yang lebih. Oleh yang demikian, projek ini diperkenalkan untuk meningkatkan
voltan keluaran yang mana berterusan boleh dikawal sehingga nilai tertinggi yang boleh
dicapai. Projek ini menerangkan kaedah kawalan berdasarkan kaedah pengubahsuaian
cabang pengayun dengan suntikan harmonik ketiga atau lebih dikenali sebagai harmonik
ke-3 PWM (THIPWM). Kaedah ini sangat berkesan pada perkara berikut: meningkatkan
penggunaan voltan dc bus semaksima mungkin tanpa melebihi modulasi, keupayaan
yang lebih baik dengan jumlah harmonik yang rendah pada arus talian dan juga berkesan
untuk menghapuskan komponen harmonik ke-3. Keputusan analisa dan kajian tentang
kaedah harmonik ketiga PWM (THIPWM) dan kaedah asas (SPWM) ditunjukkan
melalui simulasi menggunakan perisian MATLAB. Tambahan lagi perlaksanaan
perkakasan disempurnakan dengan menggunakan litar bersepadu 741 penguat operasi
untur litar modulator.

(© universiti Teknikal Malaysia Melaka
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Many three-phase loads require a supply of variable voltage at variable
frequency, including fast and high-efficiency control by electronics means.
Predominant applications are in variable speed ac drives, where the rotor speed is
controlled through the supply frequency, and the machine flux through the supply
voltage.

The power requirements for these applications range from fractions of
kilowatts to several megawatts. It is preferred in general to take the power from a dc
source and convert it to three-phase ac using power electronic dc-to-ac converters.
The input dc voltage, mostly of constant magnitude, is obtained from a public utility
through rectification, or from a storage battery in the case of an electric vehicle drive.

The conversion of dc power to three-phase ac power is exclusively performed
in the switched mode. Power semiconductor switches effectuate temporary
connections at high repetition rates between the dc terminals and the three-phase of
the ac drive motor. The actual power flow in each motor phase is controlled by the
on/off ratio, or duty-cycle, of the respective switches. The desired sinusoidal
waveform of the currents is achieved by varying the duty —cycle sinusoid ally with

time, employing techniques of pulse width modulation (PWM). The performance of



pulse width modulation (PWM) is characterized by the modulation index and at

given switching frequency by the harmonic distortion.

For this project we use third- harmonic injection PWM (THIPWM) method.

In fact, the modulation index can be increased when this voltage is modified by

addition third- harmonic component to the reference signal.

1.2 Objectives

There are several objectives that desired in this project. There are:

R

To investigate about the SPWM and THIPWM characteristic and operation.

To determine the suitable technique for analyzing ,designing and simulating

modulator for inverters by using MATLAB

To investigate the performance parameters of inverter

To investigate how total harmonic distortion THD can be reduce

To investigate the modulation and built circuit three phase balanced signals.

To implement the PWM circuit based on modified suboscillation method for

inverter

1.3 Scope

To realize this project, a few scopes were determined. The projects scopes are

very important to make sure that the project is on the right rails. The scopes of this

project are:

. Investigate behavior of third-harmonic injection of PWM (THIPWM) based

on simulation approach.
To utilized MATLAB simulation tools and its toolboxes.

Understanding the principles of THIPWM ., concept ,topology and theory of

control method, modulator, gate drive and power circuit



4. To study the effects of third harmonic injection in terms of: dc bus utilization,

power produced and THD

5. To design the simple and low cost PWM circuit using conventional Op-Amp

components.

1.4 Problem Statement

The analysis and simulation of third-harmonic injection of PWM (THIPWM)

modulator model is developed to overcome the problems arise. The problems are:

1. Dc bus voltage is not fully utilize therefore insufficient power to drive high

load (torque produce must be large)

2. Low total harmonic distortion THD requirement in voltage source inverter

application.
3. Difficult to filter out harmonics due to low frequency harmonics contents.

4. Switching losses in high power application.



CHAPTER 2

LITERATURE REVIEW

2.1 Overview

A power converter has a power stage and a control stage. The power stage
comprises the semiconductor switches and energy storage components. The power
section converts the unregulated power at its input to regulated power at the load
.The controller section is concerned with providing control signals to the power

stage. This section can be implemented in analog or digital form

2.1.1 Power Section

The power stage basically consists of switched-mode semiconductor devices
that are turned on and off periodically by waveforms from the control stage. A low
pass filter with comer frequency considerably lower than the switching frequency is
employed to remove the undesirable harmonics in the output. The duty cycle D of the
switching waveform defines the fraction of time that the switch remains on. The
output voltage is a function of the duty cycle and the input voltage in an ideal

converter. In a real case, the parasitic resistances such as the inductor resistance,



equivalent series resistance of the capacitor and on resistance of the switching
devices also determine the output voltage.

2.1.2 Control Strategy

The control section of a converter deals with generation of switching signals
for the semiconductor devices in the power section. Conventional techniques rely on

comparison of a ramp waveform with a reference signal.

Conventional hysteresis control regulators produce rough output voltages due
to high ripple cusrent in the inductor caused by low switching frequency and sub-
harmonic oscillation. The response time from the drain voltage of the switch to the
converter output is also slow as the voltage information is used to regulate just the
output voltage. Consequently, switching frequency is low and ripples current and
conduction losses are high. In PWM control method, the switching frequency is
easily adjustable and the ripple in the output voltage and ripple in the inductor
current can made to be low by increasing the switching frequency. However, a
complex compensation circuit around the error amplifier depending on the load and

filter conditions is a serious shortcoming in this method

2.2 Pulse Width Modulation (PWM)

PWM is a switch-mode control method used to control motor voltages and
current to obtained higher efficiency than linear control. PWM refers to variable
on/off times or width of the voltage pulses applied to the switches. Voltage and
frequency are maintained at a constant relationship at any motor speed to maintain a

constant torque. Benefits to use PWM concept is:

1. Motors run smoothly at high and low speed (no cogging); however, they are
current limited.
2. PWM drives can run multiple parallel motors with acceleration rate matched

to total motor load.



3. At low speed, PWM drives may require a voltage boost to generate required

torque.

Figure 2.1 shows amplitudes of the triangular wave (Carrier) and sine wave

(modulating) are compared equivalent to generate PWM waveforms.
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Figure 2.1: A PWM waveform

The peak fundamental output voltage for PWM control can be found

approximately from:

Vml=dVs for 0<d<1.0 2.1)

For d= 1 Equation (2.1) gives the maximum peak amplitude of the
fundamental output voltage as Vml(max)=VFs. Vml(max)could be as high as
1.273Vs for a square-wave output. To increase the fundamental output voltage, d
must increased beyond d= 1.0. The operation beyond d= 1.0 is called over
modulation. Over modulation basically leads to square-wave operation and adds

more harmonics as compared with operation in the linear range (withd <1.0).
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Figure 2.2: Fundamental output voltages versus modulation index, ma

Over modulation is normally avoided in applications requiring low distortion
like UPS but used for high power level; in which case the magnitude of the dc input
must be adjusted. Over modulation occurs for ma greater than one and could result

in the inverter waveform degenerating into a square wave.
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Figure 2.3: A PWM waveform for ma= 0.3



Figure 2.4: A PWM waveform for ma=1.0
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Figure 2.5: Output waveform for ma > 1.0

2.3 Inverter

An inverter is use to converts DC to AC power by switching the DC input
voltage (or current) in a pre-determined sequence so as to generate AC voltage (or
current) output. The typical applications of inverters are in un-interruptible power
supply (UPS), industrial (induction motor) drives, traction and HVDC. The main
purpose of these topologies is to provide a three-phase source where the amplitude,
phase, phase and frequency of the voltages should be controllable. Each leg normally
is called by red, yellow; blue is delayed by 120 degrees. A three-phase inverter with

star connected load is shown below:



